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Abstract : A reactive intermediate 1,2-dihydropyridine derivative 2 has been prepared and

isolated from the reaction of pyridine with *Bul.i and trimethylchlorosilane in nonpolar con-
dition at low temperature 2 has characterized by !H-NMR fine structure analysis with
SPIN X3. The mechanistic information of formation of £ was obtained from synthesized 2,
5-disubstituted pyridine derivatives 3 and 4.
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L Introduction

The direct metallation pyridine has been exten-
sively investigated and reviewed.!™® Recently, 1,
2-addition of pyridine by electrophilic reagent on
5-position and 5-substituted-Z-alkyl pyridines has
been obtined”~ !4, and another the 2,5-dihydropyrid-
ine obtained from the reaction of pyridine-alkyllith-
ium complx with alkylhalide is known as unstable

reactive intermediate./*!> The 1,2-dihydropyridini-
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um salt as highly reactive intermediate in polar
medium was prepared by Giam ef al, but treatment
of the salt with RX(R=alkyl- and arylhalides)
vields both N- and C-substituted product.!® We
investigated the reéction of pyridine with 'BulLi in
nonpolar conditidinium and isolated a reactive in-
termediate, 1,2-dihydro-2,5-disubstituted pyridine
2. Treatment of the intermediate 2 with MesSiCl
afforded a good yield 2,5-disubstituted pyridine 3.

We report here a simple synthesis of compound 2
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and it's derivatives. With these results we also
tried to explain the reaction path to the formation
of 1,2dihydropyridine and 2,5-disubstituted pyri-

dine.

1, 2-Dihydro-2, S-disubstituted pyridine

The reaction of pyridine with *Buli in pentane
leads probably to pyridine-*BuLi complex(la and b}
as yellow crystalline product which involve C-alky-
lation in Z-position at low temperature. This com-
plex reacts further with trimethylchlorosilane and
produces 1,2-dihydro-2-tert-butyl-5-trimethylsilyl
pyridine 2. The formation of 2 may be explained by
assuming the 1,3-exchange of Li/H in this com-
plex(1b). If, in a subsequent step, electrophiles are
added, 2,5-disubstituted products are obtained
from spontaneous dehydrogenation of 1b in polar
medium.* ' But under the nonpolar condition
stable 1, Z-dihydro-5substituted pyridine 2 1is
obtained. This unexpected stability of 2 in nonpolar
medium is explained by the conjugation of the
mesomeric effect!* of the ring(1,2-, 25- 2,
3-dihydropyridine) and with imine bond. But the
isomerization of la to 1b could be highly increased
in pentane medium(Li/H exchange) and the stab-

ility of 2 can be explained in connection with po-

b
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larity of reaction medium as discussed by Marsais
et al.2" Therefore, in polar medium such as THF
or Et20 it could be formed deprotonated product.

The lithiation of pyridine in this experiment is
carried out with equivalent amounts of pyridine
and ‘BuLi. The resulting product of the reaction
with trimethylchlorosilane is the 1,2-dihydro-5-sub-
stituted pridine 2, which is isolated as white cry-
stalline solid and it is not decomposed even heating
at 100C for several days in non polar medium de-
spite of instability against air and moisture con-
dition.

The structure of the 1,2-dihydro-5substituted
pyridine 2 is confirmed by 'H-NMR, 3C-NMR
spectra. The hyperfine signals between 3.5~3.6ppm
in 'H-NMR spectrum are essentially nonaromatic
and suggest complex coupling pattern between NH
proton(3.97ppm) and 4 CH protons. The chemical
shift and coupling constants of the 5 protons are
exactly analysed(7uble 1 and Figure 1) by a com-
puter simulation based on the density matrix
method.!?

2, 5-Disubstituted pyridine(3 and 4)

Treatment of 2 with n-BuLi at room temperature

yields probably ndlithiopyridinium salt, which furt-
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Tuble 1. 'H-NMR fine structure analysis of comp.(2)
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Hs Hy Chemical Shifts(ppm)
Hy N H1 H2 H3 H4 H5
tBu 3.75 5.05 5.92 6.30 3.97
. Coupling constants{Hz)
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Fig. 1. 'H-NMR spectrum of comp.{2) between 3.3~ 6.4ppm

her reacts with trimethylchlorosilane to give com-
pound 3 along with LiCl and trimethylsilane.
Whith crystalline compound 3(R=Me) is much
more stable against air compared to the compound
2. The structure of 3 is confirmed by H-NMR
spectrum, witch shows aromatic protons.

In contrast to the reaction of (1b) with trimeth-
yichlorosilane, analogous reaction with RMe2SiCl
(R='BuCH2CHSiMe3) proccedes by the subsequent
deprotonation from the 1,2-dihydro-5-silylated pyri-
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dine to give the deprotonated compound 4 with -
44% vyield. In this case it apperars that the
lithiated pyridinium salt reacts with RMez2SiCl
{R=Me, ‘BuCH2CHSiMe3) at 5 position through
the same mechanism as the formation of compound
3 in Scheme 2. Compound 4 is isolated as colorless
liquid(bp 1107 /10%torr). The structure of 4 is
conformed by its 'H-NMR spectroscopic data,
which shows the same coupling pattern as in 2,5-

lutidine.
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(3)+nBuLi,—nBuH
(4)+MesSiCl

—MesSiH, —LiCl
(b)RT, pent /Et20

(a), (1)

(5)+2Me2RSiCl
—Me:RSiH, —2LiCl

Scheme 2.

[I. Experiments

All manipulations involving synthesis and trans-
formation of alkyllithium are carried out rigorously
dried condition under N2 atmosphere. All solvents
are freshly distilled(Et20 was dried by boiling with
Ph:C=0/Na . pentane was dried by boiling with
Na metal). NMR spectra(!H and 13C) are measur-
ed on Jeol EX90(90MHz) spectrometer at and CD-
Cls is used as an internal standard and sooolvent.
The 'H-NMR simulation for the fine structure of
compound 2 is performed using SPHENX3 progr-
am!® on IBM compatible personal computer. Mass
spectra{ VG70-SEQ) and elemental analysis are per-

formed by Korea Basic Science Center in Seoul.

1, 2-Dihydro-2-tert-bytyl-5-trimethylsilyl pyridine (2)

A mixture of 4. 80g (43.80mmol) of Me3SiCl and
3.46g(43.80mmol) of pyridine in 100m/ pentane at
—78¢C is treated slowly with 43.80mmol of 'BuLi
and allowed to warm up to room temperature,
where upon LiCl precipitates and then disapperare
red-yellow solution. For the completion of reaction,
the mixture is stirred for 12 hrs at room tempera-
ture and then filtered. After removal of pentane by
reduced distillation, the residue is subjected to
short path distillation at 70°C /10~ 'torr. The prod-
uct 2 is recrystallized from pentane|yield 4.50g(21.

53mmol, 55.5%), m.p. 50C decomp. ] and is very air

R='BuCH2CHSiMes

sensitive compound.

IH-NMR (90MHz, CDCl) :d(=-0.01(s, 9H,
MesSi), 0.85(s, 9H, 'Bu), 3.75(qq, 1H, H), 3.97(m,
1H, NH), 4.98, 5.05, 5.09, 5.15(qq, qq, 1H, H), 5.88,
5.99(tt, 1H, H), 6.24, 6.31(tt, 1H, H), see Fig. 1.
BC.NMR (225MHz, CDCI) : § = —0.00( MesSi),
24.70(CH), 38.20(*Bu), 61.10(CH), 112.20(CH), 127.
20(CH), 139.80(CH), 98.00(C-Si)

2-tert-Butyl-S-trimethylsilyl pyridine (3)

A solution of 0.80g(3.80mmol) of 1 in 50m/ mixed
solvent of pentane and diethylether(1:1) is treated
with slowly 3.80mmol of n-BuLi at room tempera-
ture. 0.5g(4.60mmol) Me3SiCl is added to the
stirred solution, keeping the stirring for 12Zhrs.
White precipitates of lithium chloride are formed,
which are filtered off. After removal of mixed sol-
vent, the residue is dissolved in 10m/ pentane and
recrystallized at ~78%[yield ; 0.40g(1.93mmaol, 50.
7%, white crystal, m.p. 867C]

IH-NMR (90MHz, CDC):é6=028(s, 9H,
MesSi), 1.37(s, 9H, *Bu), 7.24, 7.35(dd, 1H, H), 7.67,
7.76(dd, 1H, H), 865(q. 1H, H). BC-NMR (22.
5MHz, CDCl3) : 6= —0.11(MesSi), 30.10(C), 37.10
(*Bu), 117.90(CH), 141.40(CH), 152.90(CH), 131
09(C), 141.00(C). Mass (70eV) :m/2(%) = 207
(M*, 30), 192((M-Me)", 100), 165(M-CH3CHCHz",
160), 134(M-Me3Si)*, 4). Anal. Caled. for
Ci12H21NSi : C, 69.50: H, 10.21:N, 6.75. Found : C,
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69.25: H, 11.38: N, 6.72.

2-tert-Butyl-5-[1, 1,4, 4-tetramethyl-2-trimethylsilyl-1-

silapentyl] pyridine (4)

A mixture of 0.67g(3.11mmol) of Me2SiCIC HC
H2'Bu(SiMe3s) and 0.24g(3.11lmmol) of pyridine in
25m/ pentane at —78TC is treated with 2.09mmol of
tBuLi and slowly warmed until room temperature,
where upon LiCl precipitate and disappeard yellow
solution. After the filteration, pentane is removed
by reduced distillation, and the residue is subjected
to short path distillation at 1307 / 107! torr [yied-
:0.48g(1.38mmo), 45%), colorless liquid].

IH.NMR (90MHz, CDCB):é=-010(t, 1H,
CH), -0.05(s, 9H, MesSi), 031, 035 (d, 6H,

Me2Si), 0.70(s, 9H, ‘Bu), 1.45, 1.50(d, 2H, CHz2), 1.

35(s, 9H, ‘Bu), 7.20, 7.24(dd, 1H, CH), 7.63, 7.75(dd,
1H, CH), 861(q, 1H, H). C-NMR (225MHz,
CDCI3) : 6= —1.00(Mez28i), 1.00(MesSi), 7.00(CH),
2950, 31.80(*Bu-chain), 38.20(CH2), 30.00, 37.70
(*Bu-ring), 118.00, 142.00, 154.00(CH), 132.00, 170.
00(Cquart), Mass (70eV) :m/z(%) = 349(M",
57), 334((M-Me)", 48), 292({M-Bu", 58), 177
(M-MesSiCHCH2Bu, Me"), 61), 73(MesSi', 86),
57(‘Bu’, 96), 43(M-CH3CHCH:z", 100), Anal. Calcd.
for C20H»NSi2 : C, 68.01; H, 11.12; N, 4.18. Found :
C, 68.58: H, 11.84: N, 4.35.

References

1. Turck, A:Mojovic, L:Queguiner, G, Synthesis, 881

Vol. 7, No. 2, 1994

i

o] NMR ##34 a7 (R=Me, "BuCH:CHSiMes) 191

(1988).

2. Marsais, F. Queguiner, G, Tetrahedron, 39, 2008~
2021(1983).

3. Kress, T. J, J. Org. Chem., 44, 2081 ~2087(1979).

4. Verbeek, J.:; Brandsma, L, J. Org. Chem., 49, 3357~
3859(1984).

5. Taylor, S. L.. Lee, O. Y.:. Martin, J. C, J. Org.
Chem., 48, 4156~4158(1983).

6. Miah, M. A. J.: Snieckus, V, J. Org. Chem., 50,
5438~-5440(1985).

7. Breant, P.. Marsais, F: Queguiner, G, Synthesis,
822~824(1983).

8. Mallet, M.; Queguiner, G., Tetrahedron, 41, 3433~
3440(1985) ; 42, 2253~2262(1986).

9, Giam, C. S.: Stout, J. L, Chem. Commun., 478
(1970).

10. Ziegler, K.: Zeiser, H, Chem, Ber., 63, 1847(1930).

11. Francis, R. F.: Davis, W.: Wisener, J. T, J. Org.
Chem., 39, 59~62(1974).

12. Finch, N.: Gemenden, C. W, J. Org. Chem., 40,
569(1975); Levine, R; Kafunce, W. M, Chem.
Commun, 921~922(1970) ; Giam, C. S; Stout, J. L.,
Chem. Commun., 142(1969) and 478(1970).

13. K. L. Park: a computer program SPHINX3 based
on density matrix method was used to simulate
and compare with the measured 'H-NMR spectra
unpublished work(1991).

14. Francis, R. F.: Crews, C. D.; Scott, B. S, J, Org.
Chem., 43, 3227 ~3230(1978).

15. Marsais, F: Granger, P. Queguiner, G, J. Org.
Chem., 46, 4494~4497(1981).

16. Giam, C. S.. Knaus, E. E.:Pasutto, F. M, J, Org.
Chem., 39, 3565 ~3568(1974).





