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Abstract: An efficient and new method for the copper-catalyzed
cyanation of aryl halides is reported using a new oxazole ligand
and K4Fe(CN)g as a non-toxic source of cyanide.
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INTRODUCTION

Nitriles are an important intermediate in synthetic organic chemistry, since they not only
constitute key components of a range of pharmaceuticals, agrochemicals and dyes [1], but
can also easily be transformed into various classes of compounds such as nitrogen-containing
heterocycles, aldehydes, acids and acid derivatives [2].

The classical approaches to nitriles are based on the reaction of aryl halides with
stoichiometric amounts of CuCN [3], Sandmeyer reaction via the diazotization of anilines [4]
or the transition metal-catalyzed cyanation of aryl halides using KCN, NaCN, Me;SiCN and
Zn(CN), as cyanating agents [5].

However, each of these methods suffers from different drawbacks such as employing
expensive, toxic, hazardous and moisture sensitive reagents, harsh reaction conditions,
tedious work-ups, long reaction times, low yields, several-step methods, environmental
pollution caused by formation of heavy metal waste and formation of side products. Thus,
due to safety considerations, it is desirable to develop a more efficient and convenient method
for the synthesis of nitriles that reduce or eliminate the use and generation of hazardous
compounds is essential.

Among cyanation agents in the synthesis of nitriles, KsFe(CN)g is commercially available
on ton scale and cheaper than KCN and NaCN and even used in food industry for metal
precipitation. Also, it is a nonexplosive, non-flammable, nonexpensive and non-toxic cyanide
source and can be easily stored and is neither moisture sensitive and nor very volatile [6].

Among various methods for the cyanation of aryl halides with K;Fe(CN)s, very expensive
palladium catalysts have been widely investigated [7], while less expensive copper catalysts
received scanter attention. The high cost of palladium salts restricts their applications,
especially in large-scale process. Thus, it is desirable to develop a convenient and simple
method for the copper-catalyzed cyanation of aryl halides.
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Among various methods for the transition copper-catalyzed cyanation of aryl halides with
K4Fe(CN)g, diamines and 1-alkylimidazoles as effective ligand have been investigated [8a-
8c]. Recently, Ren and coworkers reported copper-catalyzed cyanation of aryl halides and
benzyl halides with K4[Fe(CN)g] under microwave irradiation and thermal conditions. In
spite of these methods, there are no reports on the synthesis of aryl nitriles via cyanation of
aryl halides using efficient heterocycles such as oxazoles.

Nasrollahzadeh and coworkers recently published synthesis of 3,3'-(1,4-phenylene)bis-(2-
imino-2,3-dihydrobenzo[d]-oxazol-5-ol) (3) in high yields (Scheme 1) [9]. We believe that
ligand 3 can plays an important role in this reaction for the synthesis of aryl nitriles.
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Scheme 1

As part of our ongoing interest in heterocyclic chemistry [10], we now wish to report the
copper-catalyzed cyanation of aryl halides with K4;Fe(CN)g as the cyanating agent and 3,3'-
(1,4-phenylene)bis-(2-imino-2,3-dihydrobenzo[d]-oxazol-5-0l) (3) as a new ligand under
thermal conditions (Scheme 2).
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RESULTS AND DISCUSSION

For optimization of the reaction conditions, we chose the reaction of 2-bromotoluene (1
mmol) with KsFe(CN)g (0.22 mmol) in the presence of 0.3 mmol of Cul and 0.8 mmol of
ligand 3 as the model reaction, and the effects of the base and solvents were examined. First,
several solvents were screened for the reaction. According to data given in Table 1, DMF was
the most efficient solvent for this reaction (Table 1, entry 5). After choosing DMF as the
solvent, we examined several different bases. As shown in Table 1, the reaction was
influenced significantly by the base employed and the best result obtained in the case of
cesium carbonate (Table 1, entry 5). In our study, the optimal stoichiometry of K4Fe(CN)g
was found to be 0.2 mmol. Moreover, as each mol of KsFe(CN)g contains six-fold cyanide
ions, the ratio of K4Fe(CN)g to aryl halide was chosen 0.2:1.0. The reaction was also not very
effective in absence of Kl (Table 1, entry 11). Thus, Kl was added to improve the reaction
yield. According to a related report [8b,8d], the Kl-acceleration effect resulted possibly from
a conversion of the aryl bromide into the more reactive aryl iodide followed by the cyanation
of the resulting aryl iodide (Scheme 3). The optimum conditions were found to be 1.0 mmol
of aryl bromide, 0.3 mmol of Cul, 0.8 mmol of ligand 3, 50 mol% of KI, 25 mol% of Cs,CO3
and 0.2 mmol of K4;Fe(CN)g in DMF (5.0 mL). The results are shown in Table 1 and 2-



bromotoluene with a bigger steric hindrance around the reaction site gave a high yield. Thus,
the reactions appeared to be insensitive to the steric hindrance around the reaction site (Table
1, entry 5). Increasing the amount of ligand 3 from 0.8 mmol to 1.0 mmol and copper salt
from 0.3 mmol to 0.5 mmol showed no substantial improvement in the yield.

Table 1. The model reaction in the synthesis of 2-bromobenzonitrile under thermal
conditions

Entry | Base KI (mol%) Solvent Temperature (°C) | Time (h) | Yield ° (%)
1 Cs,CO4 50 Toluene Reflux 12 77
2 Cs,CO; 50 MeCN Reflux 12 73
3 Cs,CO; 50 MeOH Reflux 12 75
4 Cs,CO; 50 NMP 130 10 82
5 Cs,CO; 50 DMF 130 8 93
6 EtsN 50 DMF 130 8 23
7 NaF 50 DMF 130 8 31
8 K,COs 50 DMF 130 8 86
9 KOAc 50 DMF 130 8 48
10 Na,CO; 50 DMF 130 8 88
11 Cs,CO; - DMF 130 8 7

& Reaction conditions: Cul (0.3 mmol), 2-bromotoluene (1 mmol), K;Fe(CN)g (0.2 mmol), K1 (50 mol%), base
(25 mol%), Ligand 3 (0.8 mmol), DMF (5 mL), pressure tube, N, atm, 130 °C.
® Isolated yields.

Next, using the optimized procedure, a variety of aryl halides possessing both electron-
donating and electron-withdrawing groups were employed (Table 2). According to the table,
the nature of the substituent on the benzene ring did not affect the reaction time and the yields
were excellent. This method is also suitable for the cyanation of activated and non-activated
aryl halides.

As indicated in Table 2, it is evident that our method is reasonably general and can be
applied to several kinds of aryl iodides (Entry 13-18). In all cases the reaction gives the
corresponding aryl nitriles in good to excellent yields under the reaction conditions.
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In contrast with previous reports for the copper-catalyzed cyanation of aryl halides, a more
remarkable Kl-accelerating effect was observed, the catalyst and the ligand 3 are inexpensive
and the use of stoichiometric amounts of Cu and more KI is avoided. We believe that ligand 3
can play an important role in the transition metal reactions for the organic compounds
synthesis.

Several similar mechanisms have been reported for the palladium or copper-catalyzed
cyanation of aryl halides using various ligands. We believe that ligand 2 can have ability to
coordinate with copper either through oxygen atoms of the phenol ring or nitrogen atoms of
the oxazole ring. Although we have not yet fully characterized the oxazole complexes, the
ligand, in combination with Cul, has been shown to catalyze the coupling reactions of aryl
halides with K4[Fe(CN)s] efficiently.

The products were characterized by melting points, elemental analysis (CHN), IR, *H
NMR and *C NMR. The IR spectra of the products showed one sharp absorption band in the
range of 2225-2360 cm™ (CN stretching band).



Table 2. Formation of aryl nitriles via copper-catalyzed cyanation of various aryl halides
with K4Fe(CN)g at 130 °C*
Entry Substrate Product Yield ® (%)

1 @Br @CN 92

2 MeOOC—@—Br MeOOCOCN 90
3 Meoc—@—Br Meoc—@—cm 91
4 OHCOBr OHCOCN 88
5 NCOBr NCOCN 89
6 - o 86
HzNg@*Br HoN \N / CN
7 ‘ N Br ®/CN 93
N N
8 Me, Me 88
§}Br QCN
M M
9 By +BU 94
pfsr §}CN
1-BI — =]
10 MeOr \ / Br MQOOCN 95
11 Me Me 94
@Br @CN
12 i i 87
S =

14 OHcO. OHCOCN 91°
15 NG < > | NC—O—CN 92°

C
16 M904®7| Meo—@—m 95
17 " Me 96°
O o5
18 ' ™ 91°
G [OF O 0

& Reaction conditions: Cul (0.3 mmol), aryl halide (1 mmol), K;Fe(CN)s (0.2 mmol), KI (50 mol%), Cs,CO; (25
mol%), Ligand 2 (0.8 mmol), DMF (5 mL), pressure tube, N, atm, 8 h, 130 °C.

®Yields are after work-up.

® In the absence of K.

CONCLUSION

In summary, a new and simple method has been developed for the copper-catalyzed
cyanation of aryl halides using non-toxic K4;Fe(CN)s as the cyanide source and 3,3'-(1,4-
phenylene)bis-(2-imino-2,3-dihydrobenzo[d]-oxazol-5-0l) as an efficient ligand under



thermal conditions. The significant advantages of this methodology are high vyields,
elimination of dangerous and toxic reagents and a simple work-up procedure.

EXPERIMENTAL

General procedure for the synthesis of 3,3'-(1,4-phenylene)bis-(2-imino-2,3-
dihydrobenzo|d]-oxazol-5-0l) (3)

A mixture of p-benzoquinone (2.0 mmol) and 1,4-phenylenecyanamide (1 mmol) in MeCN
(10 mL) was irradiated with ultrasound for 45 min at room temperature. After completion (as
monitored by TLC), the solid residue was filtered from the reaction mixture and then was
washed with acetone to afford the pure product 3 [9].

General procedure for the copper-catalyzed cyanation of aryl halides with KsFe(CN)g
To a mixture of copper salt (0.3 mmol) and ligand 3 (0.8 mmol) in DMF (2.5 mL), aryl halide
(2.0 mmol), base (0.25 mmol), KI (0.5 mmol), KsFe(CN)s (0.2 mmol) and DMF (2.5 mL)
was added and the mixture was vigorously stirred at 130 °C for 8 h under a dry nitrogen
atmosphere. After completion (as monitored by TLC with EtOAc and n-hexane), H,O was
added and the organic layer was extracted with EtOAc, washed with brine, dried over
MgSOQ,, filtered and evaporated under reduced pressure. The residue was purified by column
chromatography. The purity of the compounds was checked by *H NMR and yields are based
on aryl bromide. All the products are known and the spectroscopic data (FT-IR and NMR)
and melting points were consistent with those reported in the literature [3-8].
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