Published on 28 September 2010. Downloaded by University of California- San Diego on 28/06/2013 17:01:03.

COMMUNICATION

View Article Online / Journal Homepage / Table of Contentsfor thisissue

www.rsc.org/chemcomm | ChemComm

Supported monomeric vanadium catalyst for dehydration of amides

to form nitrilesy

Shoichiro Sueoka,” Takato Mitsudome,” Tomoo Mizugaki,”

Koichiro Jitsukawa® and Kiyotomi Kaneda**”

Received 7th July 2010, Accepted 3rd September 2010
DOI: 10.1039/c0cc02412k

Monomeric vanadium oxide species is created on the surface of
hydrotalcite (V/HT), which acts as a reusable solid catalyst for
the highly efficient dehydration of amides into the corresponding
nitriles.

Nitriles are of great importance as synthetic intermediates for
the preparation of pharmaceuticals, agricultural chemicals and
dyes. Among the variety of known synthetic routes to nitriles,
dehydration of primary amides is one of the most straight-
forward methods.' Although many reports on the useful
dehydration of amides have been published, most of these
methods need excess amounts of stoichiometric reagents, such
as P,0s5,%* SOCL,** and POCI5,% which results in the produc-
tion of vast amounts of environmentally damaging wastes.
From the standpoint of Green Sustainable Chemistry, the
development of an efficient process for the catalytic dehydra-
tion of primary amides to nitriles has been desired because,
theoretically, water is the only byproduct. Several catalytic
dehydration systems have appeared to date; however, excess
amounts of additives are still often required to promote the
reaction.® Only two examples of the successful catalytic
dehydration of amides under additive-free conditions have
been reported.4 In these cases, monomeric metal oxo com-
pounds of dibutyltin oxide and perrhenic acid were found to
be effective catalysts.

Hydrotalcites (HTs, MggAl>,(OH);,CO3) are layered anionic
clays consisting of positively charged two-dimensional brucite
layers and anionic species, such as hydroxide and carbonate,
located in the interlayer. HTs have attracted considerable
interest as catalysts because of their multifunctionality, including
their cation and anion exchange ability, surface tunable
basicity and metal adsorption capacity.’ The metal adsorption
ability of HT can provide strong protocols to create mono-
meric metal oxide species on the HT surface which show high
catalytic activities for various organic reactions.® Herein, we
report that a monomeric vanadium oxide species is created on
the surface of HT (V/HT), which can act as a solid catalyst for
the highly efficient dehydration of versatile amides into the
corresponding nitriles. The advantages of the V/HT catalyst
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system over the previously reported catalysts are the elimina-
tion of the need for additives and precious or toxic metals and
avoidance of any tedious separation of the catalyst from the
reaction mixture. Moreover, the V/HT catalyst can be reused
with retention of activity.

V/HT was synthesized as follows. HT (1.0 g) was added to
100 mL of an aqueous VCl; solution (4 mM) and then the
mixture was stirred at room temperature for 3 h. The obtained
slurry was filtered, washed with deionized water and dried
overnight at room temperature in vacuo to yield V/HT
(V: 1.9 wt%) as a pale gray powder. The XRD peak positions
of V/HT were similar to those of the parent HT, indicating
that the vanadium species is located on the surface of HT.
V/HT was also characterized by X-ray absorption fine struc-
ture (XAFS) and UV-vis diffuse reflectance spectroscopy. The
V K-edge X-ray absorption near-edge structure (XANES)
spectrum of V/HT showed that the edge energy value of
V/HT was consistent with that of Na;VO, (Fig. S1, ESIT).”
The absorption edge was assigned to V" species. The Fourier
transform (FT) of the k*-weighted V K-edge EXAFS showed a
peak attributed to V-O bonds and no peaks for V-V bonds on
the surface of HT. The main peak of the inverse FT was well
fitted to a single V-O shell (1.68 A) with a coordination
number of 4.1 (Fig. S2 and Table S1, ESIf). These results
revealed that the vanadium species on the HT surface is
located as a monomeric vanadium species with tetrahedral
coordination similar to that in Na;VO,® The proposed
structure of the vanadium species was also confirmed by
UV-vis diffuse reflectance spectra of V/HT; the charge-transfer
band at 300 nm was assigned to a monomeric VO, tetrahedral
species (Fig. S3, ESIY).”

Various HT-supported metals were synthesized, and their
ability to catalyze the dehydration of o-toluamide (1) was
examined; the results are summarized in Table 1. Among the
HT-supported metals tested, V/HT showed excellent catalytic
activity to afford o-tolunitrile (2) as the sole product with 91%
yield (entry 1). Other HTs such as Sn/HT, Re/HT, Mn/HT,
Mo/HT, W/HT and the parent HT, however, provided low
yields of 2 (entries 3-8). Next, the dehydration of 1 using
supported vanadium compounds was carried out. Interestingly,
good yields of 2 were obtained using V/MgO and V/SiO,,
in which the vanadium species are in monomeric states
(entries 9 and 10). On the other hand, the polymeric vanadium
species in V/ALL,O; and V/TiO, (Fig. S3, ESI}) were not
effective (entries 11 and 12). Non-supported vanadium com-
pounds, such as Na3;VO, and V,0s, also did not work as
catalysts (entries 14 and 15). These phenomena show that
V/HT had the best catalytic efficiency and a monomeric
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Table 1 Dehydration of o-toluamide using various catalysts®

CONH, catalyst CN
'—> + HZO
mesitylene, reflux

1 2
Entry Catalyst Yield® (%)
1 V/HT 91
2¢ V/HT 84
3 Sn/HT 36
4 Re/HT 18
5 Mn/HT 18
6 Mo/HT 16
7 W/HT 15
8 HT 16
9 V/MgO 73
10 V/SiO, 55
11 V/ALO; 33
12 V/TiO, 22
13 VCls 27
14 Na;VO, 8
15 V,05 4

“ Reaction conditions: catalyst (metal: 0.04 mmol), o-toluamide
(1 mmol), mesitylene (3 mL), reflux, 10 h.® Determined by GC
analysis using internal standard technique. ¢ Reuse.

vanadium species created on the support played a crucial
role in achieving high catalytic activity for the dehydration
of 1.

To determine whether or not the dehydration proceeds
heterogeneously, V/HT was removed from the reaction
mixture by filtration at 50% conversion of 1 followed by
further stirring of the filtrate under reflux conditions. No
additional product was formed. Furthermore, no vanadium
ions in the filtrate were detected by inductively coupled plasma
analysis (detection limit: 0.005 ppm), clearly supporting that
the above dehydration occurred at the vanadium species on
the surface of V/HT.

The scope of the dehydration reaction with the V/HT catalyst
was investigated using various amides, as depicted in Table 2.
V/HT exhibited a wide applicability towards a broad array of
amides, affording the corresponding nitriles in high yields.
For example, substituted benzamides were highly converted
(entries 1-8). The sterically congested ortho and meta-substituted
benzamides were more reactive than para-substituted substrates;
longer reaction times were required to achieve high conversion
of para-substituted benzamides (entries 2 and 3 vs. 4 or entries 5
and 6 vs. 7). The steric effect was also observed when naphthyl-
amides were examined; l-naphthylamide reacted faster than
2-naphthylamide (entry 9 vs. 10). Alicyclic and nonactivated
aliphatic amides were also successfully dehydrated to the corres-
ponding nitriles (entries 11-14). Notably, heteroaromatic amides
including nitrogen and sulfur atoms were well tolerated under
the reaction conditions and high yields of the desired nitriles
were obtained (entries 15 and 16).

A further advantage of this solid catalytic system is its
reusability. The V/HT catalyst could be separated by
simple filtration upon completion of the reaction and reused
twice without appreciable loss of its high catalytic activity
(Table 1, entry 2). Furthermore, this solid catalyst system was
applicable to scale-up conditions and 1 (20 mmol; 2.7 g) was
successfully converted to 2 (88% isolated yield; 2.1 g).

Table 2 Dehydration of various amides catalyzed by V/HT*

mesitylene, reflux

Entry Substrate Time/h Yield® (%)
Qi%conm2 24 93 (93)
2 N CONH, 0- 24 93 (93)
3¢ Me-- m- 24 89 (89)
4 Z - 80 96 (86)
5 - CONH: 0- 24 >99 (88)
6 cl—+ m- 24 89 (89)
7 & p- 24 50
CONH,
8¢ @[ 24 80 (79)
NH,
CONH,
9¢ 10 92 (89)
CONH,
10° 24 99 (94)
114 o~ CONHz 7 93 (93)
124 NS CONH, 24 93 (92)
134 <:>—CONH2 24 87

144 @ 24 93 (93)
CONH,
15 NC/>700NHZ 48 83 (83)

S
16 @— CONH, 7 86 (86)

“ Reaction conditions: amides (1 mmol), V/HT (0.05 g, V: 0.02 mmol),
mesitylene (3 mL), reflux. ® Determined by GC analysis using internal
standard technique. Values in parentheses are isolated yields of
nitriles. ¢ V/HT (0.1 g). ¢ Amides (0.5 mmol), V/HT (0.2 g).

The V/HT-catalyzed dehydration of amides may proceed
via a pathway similar to that proposed by Ishihara and
Yamamoto er al.*’ Reaction of the substrate and monomeric
VO, species leads to a six-membered cyclic transition state.
Subsequently, water and nitrile are eliminated (Scheme S1,
ESIf). The high reactivity of o-substituted aromatic amides
can be explained by a preference for the formation of the syn
isomer in the six-membered cyclic transition state due to steric
hindrance of the substituents.

In conclusion, we created a monomeric vanadium species on
hydrotalcite that was found to be an effective heterogeneous
catalyst for the dehydration of amides to nitriles. The V/HT
catalyst system has several advantages: (I) high catalytic
activity; (II) wide applicability to various amides including
aromatic, aliphatic and heterocyclic substrates; (III) simple
workup procedure; and (IV) reusability. The new catalyst
could act as a pivotal tool in the development of economically
and environmentally friendly dehydration reactions.
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