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Abstract. A regioselective cyanation of heteroaromatic N-
oxides with trimethylsilyl cyanide has been developed to
obtain 2-substituted N-heteroaromatic nitrile without the
requirement of any external activator-, metal-, base-, and
solvent. The present protocol is a straightforward, one-pot
heteroaromatic C—H cyanation process, and proceeds
smoothly in conventional heating but also under microwave
irradiation with shorter reaction times. This approach now
allows access to a broad class of quinoline N-oxides and
other heteroarene N-oxides with high to good yields and can
also be scaled up to obtain gram quantities. Further
application of this

process was observed and utilized in late-stage cyanation of; |
the anti-malarial drug quinine as well as transformation of
the 2-cyanoazines to a series of biologically important |
molecules. Based on the experimental observations, a

plausible mechanism has also been proposed highlighting

the dual role of trimethylsilyl cyanide as a nitrile source and "
as an activating agent. |

Keywords:  activator-free;  base-free;  solvent-free; '
cyanation;  microwave; regioselective;  trimethylsilyl |
cyanide; heteroaromatic N-oxide, bio-active heteroaromatic |
nitrile.

Introduction

Heterocyclic compounds, especially N-containing
heterocycles, represent a highly important class of
compounds that exhibit diverse pharmacological and
therapeutic effects.[! However, the therapeutic effect
of the N-heterocyclic scaffolds (such as the quinoline
moiety) is often detoxified in the body due to the
hydroxylation at the C-2 position, thereby resulting in
the decline of the aforementioned therapeutic
effect.[ To block this detoxification, a vast majority
of research is aimed towards functionalization at the
C-2 position in fused azine systems for the
construction of new C—C bonds.Fl Among them,
functionalization with a nitrile group is an important
methodology as it plays a key role in chemistry,
biology, and medicine.[l The nitrile group itself acts
as a good hydrogen bond acceptor promoting binding
to the protein backbone. It can also serve as an
isostere to the carboxyl or hydroxyl moiety because
of its strong dipole nature.”@ In addition, the nitrile
can easily be converted to various other functional
groups such as amide, amine, ketone, carboxylic acid,
etc. as well as other pharmaceutically relevant
heterocyclic compounds.®!
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Figure 1. Selected bio-active compounds with N-
containing 2-cyano heteroaromatic derivatives.

The nitrile containing derivative of N- heteroarenes
are widely used in pharmaceutical and agrochemical
industries and for the total synthesis of natural
products. These include the anti HIV and anti AIDS
drug saquinavir (1), anti HIV drug MIV-150 (l1),[]
agrochemical fungicides (I11), cannabinoid CB2
recePtor (IV),®!' neuroactive agent acridinic acid
(V)19 and TB inhibitor (VI)[* (Figure 1). As a result,
a considerable effort has been devoted to developing
an efficient synthetic protocol that gives facile access
to the 2-cyano heterocyclic scaffolds.
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A. Transition metal mediated cyanation of N-heteroarenes (or N-oxides)

AN CuCN XN (i) AgF; (2 eqv.) N
R e, R -~ R _
NTx X= halide N> en (1) KCN (3 eqv.), N~ H
or N," base (>leqv.), DMSO

prefunctionalization approach via C-H fluorination

B. Synthetic protocol for transition metal-free cyanation of N-heteroarenes
(or N-oxides)

N
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A-X = Me,SO,, Me,NCOCI, CICO,Et, BzCI, BzBr, MsCl,
Ac,0, Phl(OAc),; A-X = Tf>0, Me(Cl)C=N(OMs);
base = NEt;, NMe;, DBU, NMP

this work
Me;SiCN, neat, 130 °C, 1 h or
Me;SiCN, neat, 130 °C, 5 min, MW
metal-free, activator-free, base-free, solvent-free
single regioi: y ch lective
no aqueous work up, yields upto 98%
one-pot direct cyanation protocol

Scheme 1. Synthetic strategies for C-2 cyanation of 6-ring
N-containing heteroaromatics.

Earlier research to incorporate the nitrile group
into the N-heteroaromatic system included transition-
metal-mediated pathways either through the Pd-
catalyzed cyanation approach [2 or via the
Sandmeyer and Rosenmund-von Braun reaction[®,
The latter requires the prefunctionalization of the
heterocyclic ring and the use of copper cyanide as a
cyanide source. To avoid the prefunctionalization
approach, Hartwig and coworkers® introduced
direct functionalization of pyridines at the C-2
position via silver fluoride mediated sequential C—H
fluorination and subsequent nucleophilic
displacement of the fluoride in the presence of a base
(Scheme 1). Though it provided a diverse range of
nucleophiles, there are still some disadvantages.
These include (a) the use of expensive and super
stoichiometric metals and (b) late-stage removal of
the trace metal contamination in the final product,
which can be difficult. Because of this, the
applications of this methodology have been limited
from the pharmaceutical point of view, therefore a
transition metal-free cyanation approach is highly
desirable.

In general, the transition metal-free approach for
the cyanation of N-heteroarenes (or N-oxides) often
involves two steps: (1) activation of the
heteroaromatic ring by a suitable -electrophilic
activator and (2) the nucleophilic addition of the
cyanide ion immediately followed by the associated
base mediated elimination and rearomatization to
generate the cyanated heteroaromatic compounds.
Two encouraging reports appeared in the recent
literature one each by the groups of Fier™ and
Paton[® describing the transition metal-free direct
cyanation approach. However, both methodologies
have limitations. For instance, the Fier group used
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toxic NaCN as a cyano group source and the super
stoichiometric base was exploited to facilitate the
complete conversion. And although the Paton group
used triflic anhydride (Tf.O) as an activating agent
with NMM as a base and MesSiCN as the cyanide

source, ultimately it suffered from poor
regioselectivity. (Scheme 1).
The heteroaromatic  N-oxide class would

seemingly be a suitable alternative to overcome the
issue of selectivity, as the electrophilic character at
the C-2 position is enhanced by the coordination of
an activating agent to the N-oxide. Various reagents
like dimethyl sulphate,!”? N,N-dimethylcarbamoyl
chloride,*®  ethyl  chloroformate,*®  benzoyl
halides,?? acetic anhydrides,?! and MsCl,1?2 have
been used as activators for this purpose [more
recently, Sun and co-workers used hypervalent iodine
(11123 as an activating agent]. Despite considerable
progress, these protocols suffer from severe!
limitations such as longer reaction times and excess
use of reagents or activators. In addition, these
reagents are often hazardous, toxic, and sensitive
towards air and moisture, which stiffen easy handling.
In many cases the competing additions of the
activator counter-ion also become problematic.[?24
And bases are generally required?% with a super-
stoichiometric amount to facilitate the full conversion
at the final re-aromatization step.l*>162% Therefore, it
is apparent that these particular methodologies need
not only high cost but have environmental issues.
However, the greatest and most obvious drawback in
most of these cases is the lack ot
regioselectivity(t516.21.25¢.26.27]

In today’s pursuit of sustainable chemistry, the
use of solvents, particularly halogenated solvents,
should be avoided wherever possible.[?2°1 Following
the axiom of Sheldon that the “best catalyst is no
catalyst” and the “best solvent is no solvent”,B% we
were interested in designing a methodology which is
devoid of any catalyst or solvent. Herein, we report
the first example of an operationally simple, one-pot
heteroaromatic C—H cyanation system that proceeds
without the need for metals, catalysts, activators, base,
and solvent with excellent regioselectivity at the C-2
position.

Results and Discussion

We began our study by measuring the cyanation of N-
heteroaromatic ~ compounds  under  metal-free,
activator-free, and base-free conditions. 1 equiv. of
quinoline N-oxide was added to 3 equiv. of
trimethylsilyl cyanide in dichloroethane (DCE) at
room temperature. We observed no conversion after
refluxing overnight (Table 1, entries 1 and 2) which
was consistent with the reported literature.?
However, when dimethylformamide (DMF) was
employed as the solvent rather than DCE, the
conversion was slightly improved and the desired
product was obtained with a modest 12% yield (entry
3). But when we performed the reaction under
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solvent-free conditions with the same stoichiometry
of MesSICN (3 equiv.) at 80 °C, substrate la was
completely consumed and quinoline-2-carbonitrile
was obtained with a 90% yield within 6 hours. In
addition, we found that increasing the reaction
temperatures even more resulted in shorter reaction
times. This suggested that the reaction temperature
plays a significant role in the reaction outcome. To
investigate the influence of the concentration of
MesSiCN, we examined different equivalents of
trimethylsilyl cyanide and the results revealed that 3
equiv. of Me;SiCN gave the same conversion that
was achieved while employing 2.2 equiv. However,
lowering the equivalents from 2.2 led to a decrease in
conversion (entries 10 and 11). We then decided to
try the reaction under microwave irradiation (pUw).
This method is emerging as an alternative to
conventional heating practice and leads to accelerated
reaction rates.*Y! Gratifyingly, we have found that our
optimized reactions using microwave irradiation
complete within five minutes and give quantitative
yields at 130 °C (entry 15).

Table 1. Optimization of C-H cyanation of heterocyclic N-
oxidest®P!

CLL
Py MesSicN

solvent, temp. @\/j
- P
time N~ CN

1a © 2a
entry  cyanide source  temperature solvent time yield
(equiv.) (%)
1 MesSiCN (3) rt DCE 15h  nd.
2 Me;SIiCN (3) reflux DCE 15h  nd.
3 MesSiCN (3) 130°C DMF 15h 12
4 MesSiCN (3) rt neat 15h nd.
5 Me;SiCN (3) 60 °C neat 15h 10
6 Me;SiCN (3) 80°C neat 6h 90
7 Me;SiCN (3) 100°C neat 2h 92
8 Me;SiCN (3) 130°C neat 1h 96
9 Me;SIiCN (2.2) 130°C neat 1lh 96

10 MesSiCN (1.5)
11 MesSiCN (1)
12 PhCOCN (3)
13 K4Fe(CN)s (3)

130°C neat 15h 60
130°C neat 15h 45
130°C neat 15h 19
130°C neat 15h n.d.
14 Me;SiCN (3) 80°C, uw  neat 1h 76
15 Me;SIiCN (2.2) 130°C, yw  neat 5m 95

8l Reaction was carried out using 0.6 mmol of quinoline N-
oxide under argon atmosphere. 11 Isolated yield after
column chromatography. n.d. = not detected.

With the optimized conditions in hand, the scope
of the cyanation reaction was explored between
various quinoline N-oxide derivatives (1a-w) and the
trimethylsilyl cyanide nucleophile. The reaction
seems to be fairly effective for a wide pool of
substrates with high to good yields of the cyanation
product at the C-2 position. This was observed for
both electron-donating as well as electron-
withdrawing substituents (such as —Me, —Ph, —OH,
—OMe, —Cl, —Br, —CN, —-C=C-Ph and —NO-) at the
quinoline scaffold. Notably, the electron-donating
substituents (Table 2, products 2b, 2c) led to the
desired products with higher yields compared to
electron-withdrawing substituents (product 2d).
Retaining halogen functional groups can be beneficial

10.1002/adsc.201901103

as it allows for further functionalization. In our study,
the halogen substituents remained intact giving
desired nitrile compounds in excellent yields. In the
case of 4,7-dichloroquinoline N-oxide, the C-4-
substituted chloro group is susceptible to nucleophilic

Table 2. Substrate scope for the cyanation of quinoline N-
oxides?"!

neat, 130 °C, 1 hr R?

X, X
+ Me;SiCN - Nj\

‘ puw, 130 °C, 5 min. CN
la-w
single regioisomer

MeO

5
%
%

N(N N”CN

2a, A: 96%; B: 95% 2b, A:91%; B: 91%  2¢, A: 98%; B: 97%
NO,
N7 CN N”CN N7 CN
2d, A: 80%; B: 82% 2e, A: 72%; B: 70% 21, A: 84%; B: 87%
[\
0_ 0O NO,
@ﬁ O
N eN N"eN N CN

2g, A: 70%; B: 71% 2h, A: 66%:; B: 65%  2i, A: 87%[°]; B: 88%![°]

Ph CN

Zg\ /§
(@) o

=
8
8

N NN N eN
2j, A: 87%[°L; B: 87%[¢1 2k, A: 71%I¢); B: 75%[¢] 21, A: 80%[°); B: 81%!°]

Ph r N

Pz -
K X-ray
N"eN CN e s>

2m, A: 77%;1V B: 77%(¢) 2p, A: 83%[C ; B: 84%l<] ccpc: 1947601

NO, A

. N CN
OMe

2p, A: 90%; B: 90%

Zg\ /\i

Zg\ /;
@)
Z

20, A: 65%!°); B: 64%°] 2q, A: 91%; B: 90%

3
B

N Cl CN

2t, A: 86%; B: 87%

O®
o} N">CN

OH

2r, A: 88%; B: 91% 28, A: 82%; B: 85%

Ph

=z
L

]
=

N.
N
T o0 ¢
“+
P P
NNl N7CN X
2u, A: 71%; B: 68% 2V, A: 71%; B: 72% 2w, A: 69%!°]

[l Reaction conditions: substrate (0.6 mmol), MesSiCN
(1.32 mmol), neat, under argon atmosphere, at 130 °C;
Method-A. The reaction was performed under
conventional heating method at 130 °C for 1 h. Method-B.
The reaction was performed under microwave (power 50
W) at 130 °C for 5 to 15 min. ©! Isolated yields are
reported. 4.2 equiv. Me3SiCN was used.

attack. Despite this, we were able to obtain only C-2
cyanated single regioisomer with 85% yield. It should
be noted that the introduction of aliphatic groups at
various positions was explored (products 2b, 2f, 2i
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and 2q) and very good yields were obtained in all of
our cases. We decided next to synthesize various
polysubstituted quinoline N-oxide derivatives and
found that the desired products were obtained in
modest to good yields (products 2s-v). C-3 and C-8
functionalized quinoline  N-oxides were also
employed in cyanation providing the products 2i-0
and 2p-r with good yields. To our delight, the current
protocol is not sensitive to the steric effect and shows
excellent regioselectivity for all of our cases.
However, complete conversion for the substituents at
the C-3 position required an additional two
equivalents of the nucleophile. Interestingly, the
hydroxy functional group survived under the current
protocol (product 2r) and we also found that the
cyano group can be installed selectively at the 2-
position in 8,8'-biquinolyl N,N'-dioxide (1w) moiety
with a 69% yield. The entity of the quinoline moiety
and substitution of the nitrile unit at the C-2 position
was confirmed by X-ray crystallography (2n in
Figure S2).2

Table 3. Substrate scope for the cyanation of other
heterocyclic N-oxides with Me3SiCN [P

neat, 130 °C, 1 hr

7 . or 7N
R + Me;SiCN R4
N™ "H uw, 130 °C, 5 min N° CN
O single regioisomer
3a-g 4a-g

X
_N
CN

4a
A:85%; B: 85% A:69%; B: 72% A:87%; B: 90%

‘ X O A CN

™ N7 CN NN
_N N°
de 4f 4g

A: 86%; B: 87%

NO,
B N B
RN OO ®
Z N >CcN Ph” 'N” °CN
N
an © 4c 4d

A:85%; B: 83%

A: 80%; B: 76%
[l Reaction conditions: substrate (0.6 mmol), MesSiCN
(1.32 mmol), neat, under argon atmosphere, at 130 °C. [
Isolated yield are reported. Method-A. The reaction was
performed under conventional heating method at 130 °C
for 1 h. Method-B. The reaction was performed under
microwave (power 50 W) at 130 °C for 5 min.

A: 80%; B: 80%

After successfully obtaining quinoline N-oxide
derivatives using our protocol, we then turned our
attention to the isoquinoline systems as it is an
important scaffold in medicinal chemistry. We were
again able to successfully apply our protocol to
substituted isoquinoline leading to the isoquinoline-1-
carbonitrile derivatives with good yields up to 85%
(Table 3, products 4a, 4b). However, the scope of the
present synthetic protocol is not just limited to
quinoline and isoquinoline scaffolds, but proceeds
readily to other N-heteroarenes such as 5-
naphthyridine, benzo[h]quinoline and acridine
(products 4c, 4f, 4g), as well as the pyridine N-oxide
derivatives (3d) and 2, 2'-bipyridine-N-oxide (3e).

10.1002/adsc.201901103

Our methodology was further applied to the
selective substitution of nitrogenous heterocycles.!
Stepwise C—-H bond functionalization of 3-
bromoquinoline was carried out using cross-
dehydrogenative coupling followed by N-oxidation
and cyanation. This resulted in the formation of 2x in
71% yield (Scheme 2), thus demonstrating that the
sequential C—C bond formation at C-2 and C-4
positions with different substituents could be
obtained without the need for metal-containing
reagents. Interestingly, the carbonyl group remained
intact during the cyanation process, suggesting the
chemoselective nature of the developed protocol.3

PhI(0,CCF3),

TMSN;, 1t, 2 h
61%

m-CPBA, CH,Cl,,
tt, 24 h, 67%

Me;SiCN
uw, 130°C
5 min, 71%

chemoselective cyanation

Scheme 2. Metal-free regioselective sequential C-H bond
functionalization of 3-bromoquinoline.

The current methodology was also used for the
late-stage functionalization of the anti-malarial drug
quinine 2y and (z)-a-tocopherol modified quinoline
derivative 2z. Both were obtained in good yields
(Figure 2).

o % .
N7 0
H;CO N
= 3 O
NTen

2y, 70% 2z, 65%
Figure 2. Late-stage functionalization of anti-malarial drug
quinine and (x)-a-tocopherol modified quinoline derivative.

We studied the efficiency of this process by
scaling up the reaction in a gram scale for bulk
utilization. First, we attempted to synthesize 2
cyanoquinoline (2a) from 1 g of quinoline N-oxide
using standard conditions and found that 2a could be
obtained in 86% vyield (Scheme 3a). We also
discovered that the final compound was easily
isolable through sublimation (sublimated yield for 2a,
76%), thereby evading any aqueous workup (which is
often required to remove the promoters, additives,
bases, and side products in the traditional cyanation
of N-heteroarenes). Hence, the process is overall very
efficient from a practical perspective.

We then attempted the reaction with 4,7-
dichloroquinoline.  The compound effectively

4
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underwent one-pot oxidation and cyanation, yielding
compound 2s. 2s represents an important reaction
intermediate for MRK-8-29,% a specific in vivo
agent for mGlu2 negative allosteric modulator. The
resulting 2s could then be simply transformed into the
potent plant fungicide derivative 7 in 72% vyield
(Scheme 3b).B81 Our protocol was also extended to
the synthesis of the TB inhibitor 8 and plant
fungicide precursor 9171, obtaining both in high yields
(Scheme 3c and 3d). We discovered that several
neuroactive agents can easily be accessed by simple
hydrolysis of 2I, leading to acridinic acid (11)5 and
it's the derivative of 2,3-dihydropyridazino [4,5-b]
quinoline-1,4-dione (12)P in 72% and 71% yield,
respectively (Scheme 3e).

X neat
a) ) * MeSiCN ————>
N 130°C, 1 h

&
1a,6.9 mmol, 1 g

L
N7eN

2a, 86%
QL
Sl ) CH,CO,H, H,0,, cl 0
HO— )—F
/Cfi o m m
7
P
N” i) Me;SIiCN, 130°C, CI N">eN DMP xylene ¢y NN

reflux, 20 hr

neat, 1 h 2s, 80% 7, 72%

1's, 2.5 mmol, 0.5
€ Plant fungicide

N D) CH3COH, Hy0,,70°C, 24 b A
N” iii) Me3SiCN, i) MesSICN, 130 °C, neat, 1 N7 >CooH
iiif) 3N aq NaOH, 100 °C OH g g5

1'r, 2.5 mmol, 0.5 g TB inhibitor

NoAL D) CH;CO H, H,0,,70°C _N _ref37
e e,
NONT i) MesSiCN, 130 °(, 1h N7 CO,H

[0}
iii) H,SO4, H,0, 100 °C 9,84% 10

3'c,05¢
R = C,_ liner alkyl
Agrochemical fungicide
i) Me3SiCN, 130 °C, (0]
X _ neatlh 1h mCO;H i) SOCl,, MeOH N NH
- - \
ﬁl u) IN aq. NaOH, N7 CO,H ") N,H,*H,0, EtOH NN NH
I} reflux, 12 h iii) CH;CO,H I}
1,01 ¢g 1,72% 12,71%

neuroactive agent neuroactive agent
Scheme 3. Gram-scale synthesis, one-pot transformation
and application of synthesized 2-cyanoheterocyclic
derivatives.

The limits of using 2-cyanoquinoline as a substrate
were explored in the synthesis of amidrazone
derivative 13, which is an important building block
for biological imaging studies.”*? 13 was readily
obtainable and could be easily converted to the 2,4-
diamino-1,3,5-triazine derivative 14, an important
precursor for anticancer activity.*yl In addition,
carbonitrile 2a can be easily transformed into the
quinolinyl aryl ketone, which is used as a novel
agonist for the cannabinoid CB2 receptor® (Scheme
4).

N HZNT CN ~
. : NH, Mo H4H 0, EtOH N7 ‘ N\YNHZ
Ney reﬂux 5 hr. N CN KOH reflux, 7 hr, NYN
13 82% 79% 4 NH,

amidrazone derivative

important intermediate for BOBIPY ref 9 2,4-diamino-1,3,5-triazine derivatives

important precursor for anticancer
S
P
N

15 O NMe

cannabinoid CB2 receptor

Scheme 4. The synthetic utility of 2-position-substituted
heteroaromatic nitriles.
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To gain insight into the reaction pathway, we have
performed a series of control experiments. For
example, when quinoline was treated with
trimethylsilyl cyanide, the desired 2-cyanoquinoline
product was not observed, suggesting the important
role of the N-O group in this transformation (Scheme
5a). Further, by using radical scavenger TEMPO in
the reaction mixture, the expected product was
formed without any change in the reaction conditions
which ruled out any radical mechanism pathway. In
addition, the cyanation of quinoline N-oxide was
ineffective with water, which implied that the present
transformation may not occur via the hydrogen
cyanide pathway. We have demonstrated the reaction
independently with 6-methoxyquinoline N-oxide and
6-chloroquinoline  N-oxide  with  trimethylsilyl
cyanide at 130 ‘C for half an hour. While 94%
desired product was observed for the former, 81%
product was obtained in the latter case (Scheme 5d,
and 5e). The intermolecular competition reaction
between quinoline N-oxide and 6-chloroguinoline N-
oxide with trimethylsilyl cyanide yielded the desired
products 2a and 2d in a 10:7 ratio. Both these
experiments  suggested that electron-donating
substituents have a favourable impact on the reaction
rate compared to electron-withdrawing substituents
(Scheme 5f).

X
v O
N

1'a

e

Me;SiCN
No reaction

o
N"CN

2a,90%

L
-
N™ CN

_—
standard conditions

Me;SiCN, TEMPO
PR S ————

standard conditions

Oz

1a

N O®
»

Me;SiCN (2.2 equiv.)
H,0 (2.2 equiv.)

neat, 130 °C, 1 hr.

120 2a, 5%

o McOm Me;SiCN (2.2 equiv.) m

N7 neat, 130 °C, 30 min

v

1c O 2¢, 94%

o clm Me;SiCN (2.2 equiv.) m

NG neat, 130 °C, 30 min

M

ldO 2d, 81%

CO

Me;Sm N (2.2 equiv.)
neat, ]30 °C, 30 min

@@m

22:2d=1:0.7

o

42
N
0

Scheme 5. Control experiments for the reaction
- N
‘ +\/ Me;SiCN | - /ﬁ@ : o
N” "H activation 7}’ iCN addition & N
I 0. dearomatization | H
o “SiMe, 10
la : *SiMe;
X) )
Me;SiCN

activation

rearomatization A
O, e Qe
N eN " N™H 1

- (Me;Si),0 s
2a -HCN Me,Si” " “SiMe;

z)

mechanism.
Scheme 6. Plausible reaction mechanism.
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Based on earlier reportsi?® and our experimental
findings a plausible reaction mechanism has been
proposed in Scheme 6. The quinoline N-oxide is
activated by trimethylsilyl cyanide releasing the
cyanide anion. In the next step, the nucleophilic
addition at the C-2 position of the activated ring takes
place, resulting in the dearomatized intermediate Y.
The latter is further activated by an additional
equivalent of trimethylsilyl cyanide generating the
ionic species Z. Subsequent rearomatization gives the
final compound 2a with concomitant release of
hexamethyldisiloxane [(MesSi).0] as the
byproduct.24% This was detected in the GC-MS (m/z
= 147.06 [MesSi,0]")“ and confirmed by 2°Si NMR
spectroscopy (6 = 7.31 ppm).*sl The formation of
proposed intermediate Z (for the product 2c) is
supported by the appearance of the respective peak in
the crude NMR at different interval times (see ESI in
detail). This plausible pathway explains the dual role
of trimethylsilyl cyanide as a cyanide source for the
cyanation reaction as well as an activating agent for
the N-oxides to produce the target heterocycles.

Conclusion

In summary, we have demonstrated the cyanation
of heteroaromatic N-oxides with trimethylsilyl
cyanide in the absence of metals, external activators,
base and solvent with excellent regioselectivity at the
C-2 position. To the best of our knowledge, this is the
first example of an efficient incorporation of a nitrile
moiety into the C—H bond of N-heteroaromatic
compounds in the absence of any external activator
and base. The present protocol proceeds smoothly in
conventional heating but also microwave irradiation
with shorter reaction times. The synthetic utility of
the C-2-substituted heteroaromatic nitriles is further
demonstrated by the synthesis of several bioactive
molecules, including late-stage functionalization of
anti-malarial drug quinine and the (x)-a-tocopherol
modified  quinoline  derivative.  Preliminary
mechanistic data highlights the dual role of
trimethylsilyl cyanide, which can act as a cyanide
source as well as an activating agent. From an
industrial perspective, this method is promising as it
is (a) operationally simple, (b) highly efficient, (c)
economically viable, and (d) easy to scale-up. Further
utilization of this simple trimethylsilyl cyanide in
other cyanation reactions under solvent-free
conditions is underway.

Experimental Section

General procedure for cyanation of heterocyclic N-
oxides (A): Heterocyclic N-oxides (0.6 mmol, 1 equiv.)
and trimethylsilyl cyanide (1.32 mmol, 2.2 equiv.) were
added successively to an oven-dried 15 mL-vial containin

a stirring bar. Then the tube was flushed with argon an

sealed with screw-cap. The resulting solution was heated at
130 °C for 1 hour. After the reaction was completed as
determined from TLC, the reaction mixture was dried

10.1002/adsc.201901103

under reduced pressure. The crude product was purified
through SiOz-gel column chromatography to afford
analytically pure cyanoheterocyclic compounds.

General procedure for ﬁ/anation of heterocyclic N-
oxides (BE: Heterocyclic N-oxides (0.6 mmol, 1 equiv.
and trimethylsilyl cyanide (131 mg, 1.32 mmol, 2.2 equiv.
were added successively to an oven-dried microwave
reaction tube containing a stirring bar. The tube was then
flushed with argon and sealed with screw-cap. The
resulting solution was heated at 130 °C for 5 min under
microwave irradiation (50 W). The reaction mixture was
then cooled to room temperature. After the reaction was
completed as determined from TLC, the reaction mixture
was dried under reduced pressure. The crude product was
purified thr(_)ugih SiO2-gel column chromatography to
afford analytically pure cyanoheterocyclic compounds.
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