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FACILE SYNTHESIS OF 4-SUBSTITUTED PYRIDINES USING GRIGNARD REAGENTS

Kin-ya Akiba*, Yupn Iseki, and Makoto Wada
Department of Chemistry, Faculty of Science, Hiroshima Umversity

Higashisenda-machi, Hiroshima 730, Japan

Abstract N-t-Butyldimethylsilylpyridinium triflate ( 2) reacted with Grignard reagents
at 4-position with almost complete regioselectivity (Z99% ) to afford the corresponding
1, 4-dihydropyridine derivatives ( ’.‘\3/ ), which are easily oxidized by oxygen to give 4-
substituted pyridines ( ':1, 58 - 70% )

In spite of considerable 1nvestigation to introduce substituents at 4-position of pyridine,
1t still remains unsolved satisfactorily Katritzky and co-workers have been challenging this
problem and reporting successful examples by employing specially prepared pyridinopyridone
as their starting material 1) In relation to this subject, recently we proposed two new methods
starting from N-ethoxycarbonylpyridimum chloride ( hl’ ), 1 e , 1) synthesis of diisopropyl 1-
ethoxycarbonyl-1, 4-dihydropyridine-4-phosphonate and 1its alkylation, 2) 11) reaction of '\1, with
RCu BF3 3) Here we report the third and more facile and probably the most handy method for
this problem by using Grignard reagent as a nucleophile

First, phenetylmagnesium bromide in tetrahydrofuran ( THF ) was added to the suspen-
sion of trimethylsilylpyridimmum triflate in THF at room temperature After standard work-up,
phenetylpyridine was obtained 1n 29% yield where the ratio of 4- to 2- derivative was 99 to 1
Trimethylphenetylsilane and pyridine were the major products Encouraged by the result 1n the
literature that reaction of t-butyldimethylsilyl chloride with nucleophiles 1s slower by 104 times
to that of trimethylsilyl chlorde, 4 we used t-butyldimethylsilyl triflate as a quartermzing
reagent

A standard procedure 1s shown. t-Butyldimethylsilylpyridinium triflate (3,) was pre-
pared from t-butyldimethylsilyl triflate ( 4 69 mM ) and pyridine ( 4 70 mM )} in dichloro-
methane ( 5 ml ) and the solvent was evaporated under reduced pressure Butylmagnesium
bromide (5 77 mM ) in THF ( 5 ml ) was added to the suspension of'g,m THF (7 ml ) and the
mixture was stirred for 2 - 3 h at room temperature under nmitrogen atmosphere. Neat product
(,g contaimng 20 - 30% of:l’produced by air oxidation, total yield 90 - 100% ) was obtained by
ether extraction after quenching the mixture with 5% aq NaHC03 (30 ml) Oxygen was bub-
bled through the neat product to afford 4-butylpyridine ( :13 79% ) after extraction with hydro-
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chloric acid ( IN ) and neutralization with aqg NaOH ( 3N, up to pH 11 ) Pure product was ob-

tained by Kugel-Rohr distillation (68%, b p 105 - 115 °C / 17 mmHg ) 3) The results and the
scheme are shown below H R
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Regioselective Synthesis of 4-Alkylpyridines ( 4))

1) Isolated yield based on pyridine

R Yield (%) Ratio (3 3 )1v) after Kugel-Rohr distillation

3 CH3(CH )3_ 681) (79 )111) 99 6 0.4 11) Isolated yield after TLC (8102,
b CH,(CH.).- 621) (72 )111) 995 0.5 MeCOzEt ) purification 111) Yield
~ 3 25 1) 111) after ether extraction ( pure b 1H
¢ PhCH,CH,- 64 7/(171) 98 9 1.1 p y

~ CH.CH NMR } 1v) Determined by GLC

,El, SCHz:CH— 581) (72 )111) 988 12 ( 5% Apiezon Grease L on

3
o Ph- 59111) 99.7 03 Chromosorb WAW DMCS, 150 -
200 °C )

When all the process 1s carried out 1n one-pot, 1 e , oxygen was bubbled through a mix-
ture of THF and aq Na.HCO3 solution, the yields of 4-substituted pyridines were 10 - 20%
lower than the results shown 1n the Table

It should be noted here that there 1s defimtely a limitation to this method according to
the nature of nucleophiles When butyllithium was used 1nstead of butylmagnesium bromide,
total yield of butylpyridines was 58% according to the standard procedure and the ratio of 4- to
2- substitution was 85 to 15, showing poorer selectivity Lithium enolate of acetophenone and
Grignard type reagent of ethyl 2-mercaptoacetate attacked the silicon of,%almost exclusively
On the other hand, no reaction took place with ’3 when dibutylboron and trimethylsilyl enol

ethers of acetophenone, Reformatzky reagent of ethyl bromoacetate, and RCu BF3 were used
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