A General and Convenient Catalytic
Synthesis of Nitriles from Amides and

Silanes

ORGANIC
LETTERS

2009
Vol. 11, No. 11
2461—2464

Shaolin Zhou, Kathrin Junge, Daniele Addis, Shoubhik Das, and Matthias Beller*

Leibniz-Institut fiir Katalyse e.V. an der Universitdt Rostock, Albert-Einstein-Strasse 29a,

18059 Rostock, Germany

matthias.beller @ catalysis.de

Received April 4, 2009

ABSTRACT

©/CONH2
AF or
R

R”CONH,

R = Ph, CgH,7

TBAF (5 mol %)
hydrosilanes
- -

| xCN
S or

15 examples R CN
up to 99% yield

A new and convenient protocol for the catalytic dehydration of aromatic and aliphatic amides using silanes in the presence of catalytic
amounts of fluoride is presented. The synthesis of aliphatic and aromatic nitriles proceeds with high selectivity under mild conditions. Notably,

a wide substrate range is converted in good to excellent yields.

Nitriles are important intermediates in the production of
polyamides, pharmaceuticals, agrochemicals, dyes, pigments,
and various fine chemicals.! In addition, the nitrile group
also serves as an important intermediate in organic synthesis
for various transformations into other functional groups, such
as benzylamines, benzaldehydes, heterocycles, etc.
Obviously, nitriles can be prepared in numerous ways. For
more than a century, stoichiometric methods prevailed in
laboratory and industry. For aromatic nitriles especially the
Rosenmund—von Braun reaction of aryl halides? and the
diazotization of anilines with subsequent Sandmeyer reaction
have been applied.> However, due to (over) stoichiometric
amounts of metal waste such processes do not meet the
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criteria of today’s sustainable synthesis. In industry, bulk
scale ammoxidation is the method of choice,* whereby the
corresponding arene or alkene is reacted with oxygen and
ammonia at 300—550 °C in the presence of heterogeneous
fixed-bed catalysts.” However, lack of functional group
tolerance and harsh reaction conditions make this method
less suitable for functionalized nitriles.

During the last decades, several novel catalytic methods
have been established for the synthesis of benzonitriles,
especially palladium-catalyzed cyanations aryl halides.®
Nevertheless, the development of new and improved ways
to aromatic and aliphatic nitriles continues to be a challenging
goal.

Among the different known methods, the dehydration of
amides to the corresponding nitriles is a well-documented
process in the literature.” In general, dehydration of amides
requires the use of highly reactive reagents, such as thionyl
chloride,® phosphorus pentoxide,” phosphorus oxychloride,'®
titantium tetrachloride,'' or sodium borohydride.12 More
recently, dehydrating reagents which can be used under
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milder conditions have been also reported, such as pivaloyl
chloride,'? EtOP(O)Clz,14 benzensulfonyl chloride, and
trichloroacetyl chloride.'® Unfortunately, the use of these
chlorides causes severe storage and handling problems as
well as significant waste generation.'” Therefore, there exists
considerable interest in finding ready available, easily
handling, and environmentally benign dehydration reagents.'®

Recently, we became interested in the development of new
methods for reduction of carboxylic acid derivatives in order
to avoid stoichiometric amounts of metal hydrides.'® Based
on this work, we started to explore different catalysts for
the hydrosilylation of amides to amines. In addition to well-
known metal catalysts, we also investigated the use of
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tetrabutylammonium fluoride (TBAF)?° catalyzed hydrosi-
lylation of primary amides to amines with methyldiethox-
ysilane. Initially, benzamide was chosen as the model
substrate to identify and optimize critical reaction parameters.
To our surprise, exclusive formation toward benzonitrile took
place and no benzylamine was observed (Scheme 1).

Scheme 1. Reactions of Benzamide with Hydrosilanes

CH,NH,
——J
CONH;  [TBAF]
©/ + Ri3SiH @/CN

To the best of our knowledge, this unique transformation
has only been described once before, where a triruthenium
carbonyl cluster and a bifunctional organosilane were used
for the dehydration of amides to nitriles.?' Hence, we studied
this reaction in more detail. Herein, we report for the first
time a general procedure for the fluoride-catalyzed dehydra-
tion of amides to nitriles.

As shown in Table 1, various base and standard copper
hydrosilylation catalysts were tested using (EtO),MeSiH (3.0

Table 1. Dehydration of Benzamide with (EtO),MeSiH in the
Presence of Various Catalysts”

catalyst

CONH, CN
©/ (Et0),MeSiH (3.0 equiv) ©/

toluene, 100 °C

entry catalyst (mol %) time (h) yield® (%)
1 none 24 0
2 Bu,NF (5) 0.5 99
3 Bu,NBr (5) 21 0
4 KF (5) 24 41
5 KOBu' (5) 19 44
6 CuCl (5) 24 2
7 CuBr (5) 24 3
8 Cul (5) 24 0
9 CuCly (5) 24 3

“ Reaction conditions: 1a (1.0 mmol), catalyst (5 mol %), (EtO),MeSiH
(3.0 equiv), toluene (2 mL), 100 °C, argon atmosphere. ” Determined by
GC.

equiv) as the dehydrating reagent (Table 1, entries 2—9).
Notably, the reaction did not occur in the presence of the
silane alone (Table 1, entry 1). Remarkably, studies revealed
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53, 5405. (b) Drew, M. D.; Lawrence, N. J. Tetrahedron Lett. 1997, 38,
5857. (c) Kobayashi, Y.; Takahisa, E.; Nakano, M.; Watatani, K. Tetra-
hedron Lett. 1997, 53, 1627. (d) Drew, M. D.; Lawrence, N. J.; Fontaine,
D. L.; Sehkri, Synlett 1997, 8, 989.

(21) Hanada, S.; Motoyama, Y.; Nagashima, H. Eur. J. Org. Chem. 2008,
24, 4097.
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Table 2. TBAF-Catalyzed Dehydration of Benzamide with
Different Silanes”

CONH, TBAF (5 mol %) CN
©/ silanes, conditions ©/

entry hydrosilane (equiv) solvent time (h) T (°C) yield® (%)

1 (EtO);MeSiH (3) toluene 0.5 100 99
2 Et,SiH, (3) toluene 0.5 100 74
3 PMHS (3) toluene 0.5 100 42
4 Ph,SiH, (3) toluene 0.5 100 92
5 Et,MeSiH (3) toluene 0.5 100 22
6 TMSOSiMeH (3) toluene 0.5 100 47
7 Me,SiHSiHMe, (3) toluene 0.5 100 82
8 PhSiH; (1) toluene 0.5 100 85
9 PhSiH; (1) toluene 0.5 50 83
10 (EtO);MeSiH (3) toluene 24 80 0
11  PhSiH; (1) toluene 24 40 67
12  PhSiH; (1.2) toluene 0.5 50 79
13  PhSiH; (1) THF 0.5 50 25

“ Reaction conditions: 1a (1.0 mmol), silanes (1.0—3.0 equiv), toluene
(2 mL), TBAF (0.05 mmol), argon atmosphere. ® Determined by GC.

that simple tetrabutylammonium fluoride (TBAF) is the most
efficient catalyst for the desired transformation. Here, >99%
yield within 30 min is achieved (Table 1, entry 2)! The effect
of the fluoride anion is demonstrated by comparison of TBAF
with tetrabutylammonium bromide (TBAB), where no reac-
tion took place (Table 1, entry 3). KF and KOBu' were
significantly less effective than TBAF (Table 1, entries 4
and 5). In addition, the different copper salts showed no or
only very low conversion (Table 1, entries 6—9).

Next, we investigated the influence of different solvents
and silanes on the nitrile formation. Selected results from
this study are shown in Table 2.

Among the different solvents investigated, toluene gave
the best results (Table 2, entries 9 and 13). In this solvent,
PhSiH; showed the highest reactivity. Here, the dehydration
of benzamide occurred smoothly even with 1.0 equiv of
PhSiHj; at 50 °C (Table 2, entry 9).

A plausible mechanism of our novel catalytic transforma-
tion is shown in Scheme 2: Coordination of the silane by
fluoride leads to an activated silyl species A,?® which allows
for dehydrogenative silylation of the primary amide to

Scheme 2. Proposed Reaction Mechanism

H o
[RBSiLF] f
.c. ——> RICN
(A) R' "NH,
R;SiOSiR,
.H2
. OSiR:
R;SiH 7 3 OSiR,
P RSN ——> N SR
1 R °N
SiR;
B) (©)
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Table 3. TBAF-Catalyzed Dehydration of Aromatic and
Aliphatic Amides to Nitriles”

catalyst
R—CONH, R—CN
PhSiH; (1.0 equiv)
toluene, 100 °C

entry amide product yield
()"

CN 2b 85

>
>

CONH, 1b

CONH, 1e¢ CN 2 g5

&
oG

3 CONH, 1d CN 2d 74
4 H3CO—©—CONH2 H3CO—©—CN 87
le 2e

:
5

CONH, 1f CN 2f gg

6 CI—@—CONH2 m—@—cn 73
1g 2g
70 Br—@—CONHz BrOCN 71
1h 2h
CONH, CN
CONH, CN
. CO -
“ li 2
10 H2N—©—CONH2 H2N—©—CN 03
1k 2k
1 AcHNOCONHZ AcHNOCN 75
| 21
12 mCONHZ mCN 55
s 1m S 2m
13 ©ACONH2 ©/\CN 87
In 2n
14 n-CoH;gCONH, 1o  n-CoH;oCN 20 94

“ Reaction conditions: amide (1.0 mmol), TBAF (5 mol %), PhSiH;
(1.0 equiv), toluene (2 mL), 100 °C, argon atmosphere, 30 min. ? Isolated
yield. © 10 mol % of TBAF was used.

produce a mixture of the bis(silyl)imidates B and C.
Thermodynamic attractive elimination of the siloxane forms
the corresponding nitriles.>' Notably, dehydrogenation of the
silane is observed, too. For example, when primary amides
are treated with PhSiHj in the presence of TBAF at room
temperature, hydrogen gas evolved immediately.

After the optimization of the reaction conditions, we
explored the scope and limitation of the TBAF-catalyzed
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nitrile formation with PhSiHj3 as dehydrating reagent. For
this purpose, various aromatic, heteroaromatic, and aliphatic
primary amides were examined (Table 3). Using uncompli-
cated methyl-, methoxy-, and tert-butyl-substituted benza-
mides, the corresponding nitriles were obtained in 74—87%
yield (Table 3, entries 1—5). For chloride- and bromide-
substituted benzamides, 71% and 73% yields were achieved,
respectively (Table 3, entries 6 and 7). Notably, no dehy-
drohalogenation was observed. Both 1- and 2-naphthalen-
ecarboxamide gave the corresponding nitriles in 80% yield.
Interestingly, 4-aminobenzamide 1k led to the corresponding
nitrile 2k in excellent yield (93%) without side reactions
(Table 3, entry 10). Notably, substrate 11, containing both a
secondary and primary amido groups, afforded 4-acetami-
dobenzonitrile 21 in good yield, and no reduction of the other
amido group was observed (Table 3, entry 11). Dehydration
of heterocyclic substrates such as benzo[b]thiophene-2-
carboxamide (Table 3, entry 12) gave the corresponding
nitrile 2m in 55% yield. Finally, the system was also adapted
to araliphatic and aliphatic amides (Table 3, entries 13 and
14). For example, benzyl cyanide and decanonitrile are
obtained in 87% and 94% yields, respectively.
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In summary, we presented the first fluoride-catalyzed
dehydration reaction of primary amides to the corresponding
nitriles. The procedure makes use of a convenient cheap
catalyst and commercially available, easily handling hy-
drosilanes as dehydrating reagents. The general applicability
of the method and functional group tolerance of the presented
catalyst system is shown in the dehydration of 15 different
aromatic, heteroaromatic, and aliphatic amides. Further
studies on the reaction mechanism and to extend the synthetic
utility of this system are in progress in our laboratory.
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