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Letters
A robust palladium-catalyzed cyanation procedure:
beneficial effect of zinc acetate
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Abstract—Conditions that ensure a more reproducible Pd(0)-mediated procedure to convert aryl bromides to aryl cyanides have
been developed that entail the use of zinc dust to keep the Pd in the zero oxidation state and zinc acetate to ensure high catalytic
activity. This procedure is applicable to a wide range of substrates and obviates the need for stringent removal of oxygen from the
reaction medium.
� 2003 Elsevier Ltd. All rights reserved.
A very important and useful reaction in organic syn-
thesis is the conversion of an aryl bromide or chloride to
an aryl cyanide;1 several procedures involving the use of
transition metals are available.2 Unfortunately, most of
these procedures require high temperatures (�120–
140 �C), and more importantly, the reactions tend to be
capricious.

Our efforts were directed towards finding a general and
scalable procedure to convert substituted bromoacet-
anilide I to the corresponding proprietary cyano com-
pound II. The two most recently reported systems for
such a conversion are:

(a) Pd(OAc)2 as the catalyst, dppe as a ligand and acet-
one cyanohydrin as the cyanide source2 and

(b) Pd2(dba)3 in combination with dppf [1,10-bis(diph-
enylphosphino)ferrocene] as a ligand and Zn(CN)2
as the cyanide source.3

Due to safety concerns as well as availability issues
associated with acetone cyanohydrin, we decided to
focus on the use of the Pd2(dba)3/dppf system. We found
that the cyanation under the reported conditions was
not reproducible with conversions varying from 50 to
>98 AP (area percent, HPLC) even after careful deoxy-
genation of the DMF by bubbling in nitrogen at 90 �C.
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As expected, when the DMF was saturated with oxygen,
there was absolutely no conversion of I into II.

This implicated oxygen as the main source in deactiva-
tion of the catalyst, resulting in lower conversion.4 Since
oxygen most likely oxidizes the active palladium(0)
species to a palladium(II) species, the in situ use of a
reductant might reduce the palladium(II) back to the
palladium(0) species and reintroduce it into the catalytic
cycle. Since zinc has been used in cyanation reactions to
reduce palladium(II) species,3b;5 we added 3–4 mol %
zinc dust to our cyanation reaction and obtained
excellent conversion (>99 area percent) of I into II
without the need to deoxygenate the DMF. The cya-
nation procedure using zinc dust was then successfully
scaled up to produce multi-kilogram quantities of II.
However, attempted cyanation of I purchased from a
vendor was totally unsuccessful (<5 AP conversion).
The difference between the two lots of I was that acetic
acid was used in our procedure to prepare I, whereas the
vendor material was prepared in an acetic acid-free
environment. Addition of 5wt % of acetic acid to the
cyanation reaction using vendor supplied I gave a >99
AP conversion to II in �5 h.

Since acetic acid could potentially generate hydrogen
cyanide upon reacting with zinc cyanide, we started
looking at safer alternates that would produce the same
catalytic effect. Our investigations led to the observation
that the use of 3–4 mol % zinc acetate6 was just as
effective as acetic acid in catalyzing the cyanation. In
order to ascertain whether the effect of zinc acetate
had wide applicability, we examined a wide range of
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Table 1. Cyanation of aryl bromides in the presence of zinc acetate1

Ar Time

(h)

Conversion

(HPLC area

percent)

Isolated

yielda

12 >98 91

14 >99 94

2 >99 92

6 >99 89

9 >99 90

7 >99 87

3 <1 ––

3 >99 80

24 �20 Not

isolatedb

5 Not detected ––

a Unless otherwise stated, all reactions were carried out on a 5-g scale.

Isolated yields have not been optimized. The materials isolated were

compared with authentic samples (1H and 13C NMR). The reactions

were run with 0.1 mol% Pd2(dba)3, 0.25mol% dppf, 3–4mol% Zn

dust and 3–4mol% Zn(OAc)2 in DMF containing 1% by volume

water.
b The formation of product was checked by comparing the retention

time on the HPLC with an authentic sample.
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substrates with varying electronic and steric effects.7 In
all cases reagent grade DMF was used without any
additional purification other than performing the reac-
tion under nitrogen.

As seen in Table 1, with the exception of nitro compound
1g (entry 7) and the free amine 1i (entry 9), sub-
strates with different electronic and steric effects reacted
with excellent conversion and yields. In order to confirm
the beneficial effect of zinc acetate, the aryl bromides
were dissolved in an appropriate solvent, dried over
potassium carbonate to remove any traces of acetic acid
that may have been used for their preparation and then
cyanated in the presence of zinc dust and in the absence
of zinc acetate.8 The conversion rates were then com-
pared.

The results are summarized in Table 2.

As can be seen in Table 2, with the exception of electron-
deficient substrate 1c, which did not require Zn(OAc)2,
the conversions were sharply lower than those in which
zinc acetate was used. This pointed to a definite beneficial
effect of zinc acetate. In order to understand whether this
effect represented a rate enhancement due to the presence
of zinc or whether it was an effect of the counterion, the
cyanation of 1e was carried out in the presence of other
additives.9 The results are summarized in Table 3.

Additives such as magnesium acetate and zinc trifluoro-
acetate also had a beneficial effect, whereas zinc oxide
and zinc chloride did not, pointing to a counterion effect
rather than a metal effect.

Efforts were then directed towards understanding the
role of Zn(OAc)2 in the catalytic cycle. Cyanation of I
(Fig. 1) was carried out in the absence of Zn(OAc)2 for
about 3.5 h at which point there was <5 area percent
conversion as expected, 4mol % of Zn(OAc)2 and
3 mol % of zinc dust were then added to the reaction
mixture. The conversion increased to 50 area percent
after 4 h and then stalled. However, in a separate
experiment, when 3mol % of zinc dust and 4 mol % of
Zn(OAc)2 were introduced 24 h after the cyanation was
carried out in the absence of Zn(OAc)2, there was no
additional conversion beyond that observed early in the
experiment.10

The fact that the cyanation reaction slowed down sig-
nificantly and finally stalled suggests an irreversible
competitive deactivation of the catalyst and that
Zn(OAc)2 presumably keeps the catalyst �alive� in the
catalytic cycle long enough to complete the cyanation.

In the presence of cyanide ions, palladium is known to
generate species such as [Pd0(CN)n]

n�, which can no
longer participate in the catalytic cycle.2 These com-
pounds have strongly bound cyanide groups on the
palladium11 that interfere with the necessary oxidative
addition and thus slow down the conversion.

Additionally, when cyanation of 1e was carried out with
0.1 mol % of K2Pd(CN)4 or Pd(CN)2 along with 3–
4 mol % Zn dust and 3–4 mol % Zn(OAc)2, there was
only about a 50% conversion after 9 h (compared to
>99% conversion using normal conditions). Using
0.1 mol % of a less tightly bound, easily reducible pal-
ladium compound like Pd(OAc)2

11;12 to cyanate 1e, the
conversion was >95 AP after 9 h.
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Table 2. HPLC area percent conversion of substrates in the absence of

zinc acetate but in the presence of zinc dust

Substratea AP Conversion

[without Zn(OAc)2]
b;

(time, h)

AP Conversion with

Zn(OAc)2 (from Table 1);

(time, h)

1a 75 (12) >98 (12)

1b 11 (24) >99 (14)

1c >99 (2) >99 (2)

1d 14 (9) >99 (6)

1ec 60 (12) >99 (9)

1f 49 (6) >99 (6)

1h 80 (3) >99 (3)

a The substrates were dissolved in MTBE or ethyl acetate, dried over

potassium carbonate, filtered and then the solvents removed under

reduced pressure.
b The reactions were run with 0.1 mol% Pd2(dba)3, 0.25mol% dppf

and 3–4mol % Zn dust in DMF containing 1% by volume water.
c This potassium carbonate washed substrate was also cyanated in the

presence of Zn(OAc)2. The conversion was >99 area percent (�90–

92% isolated yields).

Table 3. Effect of other additives on the cyanation reaction with 1e

Additive Conversion (AP)a

NaOAc (9) 85 (stalled)

Mg(OAc)2 (9) >99

ZnCl2 (9) 55

Zn(OCOCF3)2 (9) >99

ZnO (9) 40

No additive 60

a The reactions were run for 9 h with 0.1 mol% Pd2(dba)3, 0.25mol%

dppf, 3–4mol% Zn dust and 4mol % additive in DMF containing 1%

by volume water.
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These data are again consistent with a scenario in which
Zn(OAc)2 keeps the catalyst active in the catalytic cycle.
In the absence of Zn(OAc)2, a palladium species that
can no longer be activated by the Zn/Zn(OAc)2 combi-
nation appears to form irreversibly. At this juncture it is
not clear as to whether the role of Zn(OAc)2 is to just
activate the palladium catalyst.

In summary, a much more robust and reliable cyanation
of aromatic bromo compounds has been developed in
which the introduction of zinc acetate in combination
with a reducing agent such as zinc dust keeps the pal-
ladium from being deactivated even when reagent grade
DMF is used without stringent deoxygenation controls.
Mechanistic implications of this observation as well as
other applications of this system are currently being
investigated.
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