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Abstract—Ortholithiation of 4-cyanopyridine using 2,2,6,6-tetramethylpiperidide (LiTMP) and trapping the lithio intermediate with
electrophiles represents an efficient and straightforward access to ortho-substituted-4-cyanopyridines. The cyano group can be used
as an ortho-directing group and allows the preparation of 3-halogeno-4-cyanopyridines. Reactivity of 2- and 3-cyanopyridines is also

investigated and seems to give similar results.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

The pyridine nucleus takes a wide place in natural' or
pharmaceutical products? and is often used to favoura-
bly replace the benzene ring in the design of bioactive
compounds. For these reasons, synthetic efforts have
been made to develop methodologies towards the syn-
thesis of functionalized pyridines. Among them, ortho-
disubstituted pyridines represent building blocks of
great importance for their use in the elaboration of fused
heteroaromatic compounds.? Lithiation is probably one
of the most powerful methods to synthesize such com-
pounds and if metal-halogen exchange gives good re-
sults, its use is often limited by the low availability of
starting materials. Ortholithiation offers an alternative
to metal-halogen exchange and allows a direct and effi-
cient access to ortho-disubstituted pyridines.* Carbon
based ortho-directing groups such as oxazolines,’ car-
boxamides® or lithium carboxylates’ have been success-
fully used. Although the cyano group is known as an
ortho-directing group in the lithiation of the benzene
series,® as far we know, the ortholithiation of cyanopyr-
idines has only been reported once on 3-cyanopyridine,’
affording mixture of products under these conditions.
Because of the potential interest of ortho-substituted
cyanopyridines, we first experimented the lithiation
and the electrophilic trapping of 4-cyanopyridines.
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2. Results and discussion

In our first attempts we tried an in situ trapping method,
as described by Kristensen and co-workers!'? for the ben-
zonitrile, by adding 4-cyanopyridine in a mixture of tri-
methylsilyl chloride (TMSCI 2equiv) and lithium
2,2,6,6-tetramethylpiperidide  (LiTMP  2equiv) at
—80°C in THF. These conditions allowed us to isolate
the expected monosilylated product 1a in a 42% yield
and a disilylated product 1b in 16% yield. Increasing
the reaction temperature to —40°C and —10°C did not
permit us to improve the yield (Table 1).

Table 1. Ortholithiation and in situ trapping of 4-cyanopyridine in a
one step sequence

Electrophile Base Temperature Results®

(2.1equiv) (°O)

TMSCI LiTMP -80 1a (42%) 1b (16%)
2equiv

TMSCI LiTMP —40 1a (40%) 1b (15%)
2equiv

TMSCI LiTMP -10 1a (17%) 1b (8%)
2equiv

CBry LiTMP —80 Starting material
2equiv

I, LiTMP —80 Starting material
2equiv

#Tsolated yields.
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Unfortunately, switching the electrophile TMSCI for
CBry (2.1equiv) and I, (2.1equiv), only starting materi-
als were recovered, probably due to the reaction of
LiTMP with CBr4 and I,. In order to avoid this problem
we came back to a classical lithiation method. LiTMP
(1equiv) and 4-cyanopyridine were reacted before addi-
tion of TMSCI (2.1equiv) at —80°C in THF. Under
these conditions we only recovered the unchanged start-
ing materials. By using 2equiv of LITMP, we were able
to isolate two products: a monosilylated one 1a in 66%
yield and a disilylated 1b one in 17% yield. These results
showed that the first equivalent of LiTMP does not
react as a base despite its hindering but by addition to
the nitrile group. This intermediate was then ortholithi-
ated with the second equivalent of LiTMP as described
by Krizan and Martin with the isopthalonitrile.®

The same conditions were used with the cheaper lithium
diisopropylamide (LDA), that is also a weaker and a less
hindered base, but the reaction gave us a complex mix-
ture of starting materials, monosilylated and disilylated
products in trace amounts and other unidentified aro-
matic compounds (Table 2).

We then extended the reaction to other electrophiles
with our best conditions: ortholithiation of 4-cyanopyr-
idine with 2equiv of LITMP and then trapping with dif-
ferent electrophiles (Scheme 1, Table 3).!!

Halogenation of 4-cyanopyridine was realized with I,
CBr4 and C,Clg. Iodine gave us two products, 3-iodoiso-
nicotinonitrile 2a and 3,5-diiodoisonicotinonitrile 2b in,
respectively, 54% and 14% yield, while carbon tetrabro-
mide and hexachloroethane gave only monohalogena-
tion products, 3-bromoisonicotinonitrile 3 in 69% yield
and 3-chloroisonicotinonitrile 4 in 75% yield, respec-
tively. The presence of a second lithiation, while using
TMSCI and I, could be explained by an homotrans-
metalation type mechanism.'?

Table 2. Ortholithiation and trapping of 4-cyanopyridine in a two
steps sequence

Electrophile Base Temperature Results®

(2.1equiv) (°C)

TMSCI LiTMP —80 Starting material
lequiv

TMSCI LiTMP —80 1a (66%) 1b (17%)
2equiv

TMSCI LDA —80 1a, 1b Traces
2equiv

#Isolated yields.
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Scheme 1. Ortholithiation and trapping of 4-cyanopyridine in a two
steps sequence.

Table 3. Ortholithiation and trapping of 4-cyanopyridine in a two
step sequence at —80°C, using 2equiv of LiTMP and various
electrophiles®

Electrophiles  Products Yields (%)  Product number
CN
e 66 1
Me,SiCl S 2
o |
N
~ I\
/ 'fj/'\ 17 1b
X
N
CN
L N ! 54 2a
X
N
CN
A | ! 14 2b
X
N
CN
Br
CBry Z | 69 3
Y
N
CN
|
C,Clg N ¢ 75 4
X
N
CN
o, N oM 41 5
X
N
(@)
o o
§ 70 6

!

#Isolated yields.

Carboxylation with dry ice permitted us to isolate 4-
cyanoisonicotinic acid 5 in 41% yield. This moderate
yield was certainly due to the zwitterionic form of this
compound which made it partly hydrosoluble and diffi-
cult to isolate from the aqueous phase. Benzaldehyde
did not give the expected alcohol but the lactone 6 in
a 70% yield.

We then extended the method with 2- or 3-cyanopyr-
idine. Trapping the lithio intermediate with iodine gave
as for 4-cyanopyridine a mixture of mono and diiodo
compounds in similar yields. With hexachloroethane,
2-cyanopyridine gave the expected 2-chloro-3-cyanopyr-
idine 9 in a 75% yield, whereas 3-cyanopyridine gave a
hard to separate mixture of 4-chloro-3-cyanopyridine
10a and 2-chloro 3-cyanopyridine 10b in a 4:1 ratio as
determined by '"H NMR (see Table 4).

3. Conclusion
In conclusion, we have described an efficient method for

the one step synthesis of ortho-substituted cyanopyr-
idines with moderate to good yields. The cyano group
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Table 4. Ortholithiation and trapping of 2- or 3-cyanopyridine in a two
step sequence at —80°C, using 2equiv of LiTMP and I, or C,Clg as
electrophiles

Cyano group  Electrophiles  Products Yields*  Product

position (%) number
CN
2 L N7 | ! 52 Ta
A
CN
N "9 b
| A
CN
3 L e 56 8a
N l
CN
N LR v/ 8b
N |
CN
2 C2C16 NZ I cl 75 9
S
CN
3 C>Clg A~ 37 10a
N |
CN
c N 7 10b
N~

#Isolated yields.

was used as an ortho-directing group for the lithiation in
the pyridine series and allowed a facile access to new or
difficult to synthesize pyridine compounds.
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