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ABSTRACT: The Bronsted acid-catalyzed synthesis of
nitriles is described via transoximation under mild conditions
using an O-protected oxime as a more stable equivalent of
explosive O-protected hydroxylamines. The nitrile was
generated via an O-protected aldoxime produced from the
aldehyde and an O-protected oxime through transoximation.
The reaction could be performed on a 1 g scale.

Nitriles are important compounds found in pharmaceut-
icals, natural products, polymers, and textiles." The
Sandmeyer reaction affords aromatic nitriles from diazo
compounds using metal cyanide, and the Sy2 reaction between
a halogenated alkane or O-mesylated alcohol and alkali metal
cyanides gives aliphatic nitriles. However, these reactions
require stoichiometric amounts of highly toxic metal cyanide.”
Methodologies for synthesizing nitriles have recently been
developed that do not require cyanide compounds, for example,
for the ammoxidation of methyl arene’ and alcohol® and the
dehydration of aldoxime® and amide.® Inspired by enzymatic
synthesis, we have demonstrated the iron-catalyzed dehydration
of aldoximes under nitrile-free conditions.” The use of
aldehydes as starting materials is highly attractive because
aldehydes are commercially available and directly afford nitriles
without the need to isolate the oxime. Several nitrogen sources
for use with aldehydes include the highly toxic sodium azido
used in the Schmidt reaction,” explosive hydroxylamines’ and
derivatives,'"® and ammonia coupled with transition-metal
catalysis or stoichiometric iodine.'' However, few Bronsted
acid catalyzed nitrile syntheses from aldehydes at ambient
temperature have been reported.'” The mild conditions
required to perform the reaction are also important in the
view of safety when explosive compounds are treated.

We recently focused on the transoximase isolated from the
pupae of silkworm (Figure 1a)'® and developed a Bronsted acid
catalyzed transoximation reaction (Figure 1b).'* In the present
research, we demonstrate that the stable oxime is equivalent to
explosive hydroxylamine in this reaction. Analysis of the
reaction mechanism showed that several nitriles 4a are obtained
when aldehyde 1a is reacted with ethyl O-(4-fluorobenzoyl)-
acethydroxamate 2a (Figure 1c).

Some hydroxylamine derivatives are explosive and unstable,'*
prompting us to propose that a stable O-protected oxime could
act as the equivalent of unstable hydroxylamine derivatives
under catalytic transoximation reaction conditions (Figure 2).
Herein, we attempted the Bronsted acid catalyzed synthesis of
nitriles from aldehydes via transoximation under mild
conditions (Figure 1d).
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Figure 1. (a) Enzymatic transoximation observed in the pupae of
silkworm. (b) Catalytic transoximation. (c) Discovery of formation of
nitrile. (d) Catalytic nitrile synthesis from aldehyde via transoximation.
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Figure 2. Advantages of using oxime instead of hydroxylamine
derivatives.
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Starting with transoximation reaction conditions, we
optimized the reaction conditions for nitrile synthesis (Table
1). Various oxime protecting groups were tested in the

Table 1. Screening of Various Catalysts”

OPG

o N

OPG _cat, oN '
b N 5 mol % OO H
+)|\ +
OO Et0” “Me CHCla: 1t
1a 2 4a 3
PG: 4-FC4H,CO (2a)
MeSO, (2b)
CeH5S0; (2¢)
ratio (—)b
time

entry catalyst 2 (h) la 3 4a  yield (%)
1 HClo,? 2a 24 0 70 23 23
2 HCIO,? 2b 24 0 36 64 56
3 HClO,? 2¢ 9 0 0 100 98
4 2 24 100 0 0 0
s TFA 2 24 100 0 0 0
6 HCI* 2 13 0 0 100 89
7 H,SO, 2 15 0 0 100 92
8 MsOH 2 24 0 0 100 92
9 PhSO,H-H,0  2c 13 0 0 100 97
10 TfOH 2c 9 0 0 100 93
11 Amberyst-15  2¢ 24 0 0 100 91 (94)¢
12 BFEt,0 2 24 100 0 0 0
13" TfOH 2 24 100 0 0 0

“Reaction conditions for aldehydes: 1a (0.34 mmol), 2 (1.0S equiv),
catalyst (S mol %) in CH,Cl, (0.50 M, 28 ppm of H,O measured by
Karl Fischer titration was contained) at rt. Ratlo was determined from
crude mixtures by 'H NMR. “Isolated yield. 470 wt % HCIO, aq was
used. 35 wt % HCI aq was used.’81 mg of Amberlyst 15 (200 g/mol)
was used. ¥The parentheses means reaction yield using amberlyst
recycled this reaction at 20th times. hMms4 A (78 mg) was added.

presence of perchloric acid catalyst, and a moderate yield was
obtained using O-Ms-oxime 2b (entry 2). To our delight, O-
benzenesulfonyl oxime 2c gave nitrile 4a in good yield after a 9
h reaction (entry 3)."° We next examined various stable
catalysts to replace explosive perchloric acid. No reaction
occurred in the absence of catalyst or in the presence of TFA
(entries 4 and S). Interestingly, the reaction with highly
versatile Bronsted acid (hydrogen chloride, sulfuric acid,
methanesulfonic acid, or benzenesulfonic acid and derivatives)
as 5 mol % catalyst proceeded smoothly at room temperature
(~23 °C) (entries 6—9). TfOH showed reactivity comparable
to perchloric acid, and the reaction was complete in 9 h (entry
10). Amberlyst-15 is an excellent heterogeneous catalyst,'” and
we demonstrated for the first time that it gave nitrile 4a in good
yield (entry 11). Amberlyst-15 can be recovered by filtration
and reused 20 times for the same reaction (Figure S1). In
contrast, BF;-Et,O (Lewis acid) did not work as a catalyst for
this reaction. TfOH treated with molecular sieves also did not
catalyze this reaction, showing that some water is required and
it plays a key role in nitrile production, as previously reported
for transoximation.'*

Having optimized the reaction conditions, we investigated
the utility of various aldehydes (Scheme 1). The reaction
proceeded with aromatic aldehydes possessing either an
electron-donating or an electron-withdrawing group (4a—n).
Heteroaromatic aldehydes were also smoothly converted (40
and 4p), and indole-3-carboxyaldehyde 1q was converted to 3-

Scheme 1. Scope of Various Aldehydes™”
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“Reaction conditions for aldehydes: 1 (0.50 mmol) 2¢ (1.05 equiv),
TfOH (S mol %) in CH,Cl, (0.50 M) at rt. “Isolated yield. “Reaction
time: 48 h. “2.1 equiv of 2¢ was used for terephthalaldehyde 1n. °30
mol % NHTY, was used instead of TfOH.

cyanoindole 4q by utilizing 30 mol % of NHTf, instead of
TfOH. The investigation of aliphatic substrates showed that
linear aldehydes 1r and 1u, branched aldehydes 1s and 1t, and
unsaturated aldehyde 1v afforded the corresponding nitriles in
good yield (4r—v)."%"”

This strategy for synthesizing nitriles via transoximation was
applied to the large-scale synthesw of the synthetic intermediate
10 of Tarceva (Scheme 2).*° The starting aldehyde 9 was

Scheme 2. One-Gram-Scale Synthesis of the Precursor
Nitrile of Tarceva

o) (o]
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+ Br\/\o/
HO DMF51 r?0 °C RO
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2c (1.05 equiv) CN 63 %
1 N TfOH/AcOH (10 mol % j
CH,Cly, 1t, 48 h
HN Z
Tarceva
1.5 g scale 4% yleld
49

prepared by dialkylation of aldehyde 7 using 2-bromoethyl
methyl ether with K,CO; in DMF at 100 °C for 5 h. The
aldehyde 9 (1.5 g) was reacted with oxime 2c at a very mild
temperature (~23 °C) to provide the desired nitrile 10 (1.4 g;
94%).

The reaction mechanism was investigated next. O-Ms-oxime
3ab as a starting material was prepared from 2-naphthaldox-
ime”' and then used for nitrile synthesis in the presence of a
catalytic Bronsted acid (Scheme 3a). The reaction proceeded
well and gave the corresponding nitrile 4a in 93% yield, thereby
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Scheme 3. (a) Nitrile Synthesis from O-Ms-oxime 3ab. (b)
Investigation of the Isotope Effect in the Conversion of O-
Ms-oxime 3ab to Nitrile
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confirming that the aldehyde is converted to the corresponding
oxime via transoximation and the desired nitrile is generated
from the oxime. We observed the appearance of reaction in situ
with 1a and 2b catalyzed by TfOH using 'H NMR (Figure 3).
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Figure 3. Reaction behavior in situ between 1a and 2b.

Within 8 h, aldehyde 1a was quickly consumed and converted
to Ms-oxime 3ab. However, transformation from oxime 3ab to
nitrile 4a was very slow, and it took 51 h to complete the
reaction after confirming the first generation of nitrile 4a.
Therefore, we also investigated the kinetic isotope effect for the
deprotonation yielding nitrile 4a from oxime 3ab (Scheme 3b).
The result, ky/kp = 2.5, indicated that deprotonation of the
oxime is the rate determlmng step in the transformation from
oxime to nitrile.””

Our findings led us to propose a reaction mechanism for
nitrile synthesis via transoximation (Figure 4). Oxime 2 is
activated by triflic acid (A) in the presence of trace water to
generate NH,0SO,Ph with ethyl acetate (B). Then complex B
is dehydro-condensed with aldehyde 1 to provide aldoxime C
and water. The complex C is converted to nitrile 4,
accompanied by the generation of benzenesulfonic acid.
Bronsted acid—base reaction with oxime 2 regenerates
protonated oxime A and generates aldoxime 3; the reprotona-
tion of 3 by triflic acid or benzenesulfonic acid provides the
corresponding nitrile. Water generated from the dehydration
condensation (B to C) is consumed during the hydrolysis
process (A to B).

In conclusion, we synthesized nitriles from aldehydes via
transoximation catalyzed by TfOH under very mild conditions,
enabling the use of O-protected oxime in place of O-protected
hydroxylamine as an electron-withdrawing group. The reaction
conditions were tolerated by several aromatic/aliphatic
aldehydes and gave the desired nitriles in good yield, and the

Bronsted acid-base

3 reaction H,0O
Hydrolysis
AH O O
>\‘ RN Dehydration AcOEt
Z 0 Ph
HA Ho ¢ NH,0S0,Ph-HA

HA R'—C=N
4
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Figure 4. Proposed reaction mechanism.

reaction could be conducted on a 1 g scale. We confirmed that
the nitrile was generated via an O-protected aldoxime produced
from the aldehyde and an O-protected oxime through
transoximation. Analysis of the reaction mechanism suggests
that deprotonation of the O-protected oxime is the rate-
determining step.
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