283

Journal of Organometallic Chemistry, 406 (1991) 283-298
Elsevier Sequoia S.A., Lausanne

JOM 21352

Synthesis and 'H, °C, “N, N, *Si NMR study
of trimethylsilylquinolines and their methiodides

Edmunds Lukevics *, Edvards Liepig$, Izolda Segal and Mendel Fleisher
Institute of Organic Synthesis, Latvian Academy of Sciences, Riga, Latvia (USSR)
(Received August 28th, 1990)

Abstract

2-, 3-, 4, 5-, 6-, 7- and 8-trimethylsilylquinolines and their methiodides as well as some 2-silyl-
alkyiquinolines were obtained by lithium synthesis in order to elucidate intramolecular donor—acceptor
interactions between nitrogen and silicon atoms. 'H, c, 14N, 1N and »Si NMR spectra of the
compounds were studied and quantum-chemical calculation of charges on individual atoms in the
unsubstituted quinoline and in trimethylsilylquinoline molecule was carried out. The two-centred
component of the total system energy for various bonds was calculated. The findings suggest donor-
acceptor interaction between nitrogen and silicon atoms in 2-trimethylsilylquinoline that reduces electron
density at nitrogen atoms. An apparently weaker interaction is observed in 8-trimethylsilylquinoline.

Introduction

The electron-donating properties of the organosilicon substituent bonded to the
phenyl ring in arylsilanes are opposed by an electron-accepting effect and either
significantly decreased or completely overlapped [1]. A popular explanation is a
hypothetical interaction of the #-electron systems and free d-orbitals of silicon.

A similar interaction is possible in pyridylsilanes as well. Results of the study of
basicity [2,3] and of ionization potentials of silyl derivatives of pyridine [4] encour-
age us to consider the pronounced contribution of #—d interaction. Comparison of
the calculated and experimental electron spectrum of 2-trimethylsilylpyridine [5]
also suggests the interaction between 7-electrons of the heterocycle and the vacant
d-orbitals of silicon.

On the other hand, an a-effect leading to decreased electron density at the
nitrogen atom has been observed in a-aminoalkylsilanes [6—8].

In continuation of our study of electron effects in the molecules of organosilicon
derivatives of nitrogen-containing heterocycles we synthesized trimethylsilyl sub-
stituted quinolines (1) and their methiodides (2) as well as 2-silylalkylquinolines (3)
containing a silyl group in the side chain. 'H, B¢, N, PN and *Si NMR spectra
of the compounds revealed the aforesaid effects in quinolylsilanes. Quantum-chem-
ical calculation of charges on separate atoms in unsubstituted quinoline and in
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trimethylsilylquinoline and a calculation of the two-centred component of the total
system energy for various bonds were made [9].

Results and discussion

Synthesis

2-, 3-, 5-, 6-, 7- and 8-trimethylsilylquinolines were obtained by means of lithium
synthesis involving metallation of the corresponding bromoquinolines by butyl-
lithium in ether or in the mixture ether: THF =1:1 at low temperature. The
resulting lithium derivative of quinoline was treated with trimethylchlorosilanes
[10,11]. 4-Substituted product was synthesized from quinoline according to [12]. The
reaction of trimethylsilylquinolines with methyl iodide in ether or without solvent
(in the case of 2-substituted product) afforded methiodides.

1. BuLi
7 ~ 2 Me;SiCl .
1 Br — SiMe,
X N) -70°C N/

(1a-g)
(a: 2- (substituent position); b: 3-; ¢: 4-; d: 5-; e: 6-; f: 7-; g: 8-)

2-, 3- and 4-trimethylsilylpyridines (4a—c) and their methiodides (5a—c) were
synthesized for the comparison using the same methods [11,12].

The lithium derivative of quinaldine [10,11] resulting from its interaction with
butyl lithium (in ether), was reacted with chloro- or chloroalkylsilane to produce
compounds with a silyl group in the side chain.

1.B L
N7 (CH,),, SiR;

(3a-¢)
(a: n=0,Ry;=Me,; b: n=0, R, =Me,H; c: n=1, R; =Me;)

The values of chemical shifts (CS) and spin—spin coupling constants (SSCC)
obtained from the NMR spectra of trimethylsilylquinolines are given in Table 1.
The quantumchemical calculations for molecules 1 are presented in Table 2.

The interaction between N and Si atoms was expected to be particularly manifest
when analyzing "N and *’Si CS, so these values will be considered first.

"N and '*N NMR spectra

The >N CS measured for [ are given in Table 1. A comparison of 8('*N) with
the calculated charges on nitrogen atoms (Fig. 1) shows that the >N CS for 3-, 4-,
5-, 6- and 7-trimethylsilyl substituted compounds depend on the charge on the
nitrogen atom. An increase in the positive charge is accompanied by a downfield
shift of the >N resonance. However, 2- and 8-SiMe, derivatives display a consider-
ably larger downfield shift of the "°N signal indicating the positive charge on the
nitrogen atom is larger than expected. Calculations based on the correlation from
Fig. 1 demonstrate that the positive charge is increased on the nitrogen atom of
2-trimethylsilylquinoline by ~ 0.03 units and to a smaller extent on the nitrogen
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Table 2

Quantum-chemical calculations of charges on atoms of quinoline and trimethylsilylquinoline molecules

Location of Charge, e
substituent o Si C, C, C, Cs C C, Cq Gy Cio

5.1642 - 3.8969 4.0255 3.9658 4.0021 3.9950 3.9839 4.0203 3.8974 3.9871
5.1151 3.8288 4.0274 3.9750 3.9891 4.0094 3.9896 3.9907 4.0146 3.9168 3.9698
5.1770 3.8358 3.8564 4.1404 3.9082 3.9968 4.0000 3.9780 4.0250 3.8850 4.0015
5.1424 3.8243 39188 3.9668 4.0922 4.0247 3.9914 3.9889 4.0165 3.9148 3.9451
5.1570 3.8280 3.9064 4.0197 3.9914 4.1236 3.9327 4.0062 3.9965 3.9157 3.9467
5.1647 3.8298 3.8957 4.0289 3.9616 3.9391 4.1140 3.9394 4.0368 3.8852 4.0033
5.1538 3.8264 3.9058 4.0175 3.9743 4.0208 3.9503 4.1047 3.9565 3.9177 3.9710
5.1659 3.8197 3.9005 4.0282 3.9649 3.9809 4.0148 3.9229 4.1366 3.8623 3.9997

00~ N L bW N

atom of 8-trimethylsilylquinoline. Thus, N NMR spectra provide evidence for
electron density transfer from the nitrogen atom to the C,-Si and C;—Si bond in the
respective compounds.

The "N signals for protonated species (Table 3) are rather wide and their CS, in
contrast to those of the bases, lie in the narrow range. This also shows that the
downfield shift of the '*N resonance in 2-trimethylsilylquinoline is caused by
electron density transfer in space.

Comparing 8§(*>N) CS for compounds 1a, 3a and 3¢, which are equal to —47.9,
—79.1 and —75.9 ppm, respectively, it should be noted that the introduction of a
methylene group between the quinoline ring and the silicon atom causes consider-
able upfield shift of the >N resonance. This implies the effects observed in the case
of 2-trimethylsilylquinoline are either weakened or abolished and is a manifestation
of the electron-donating properties of trimethylsilylalkyl groups. As expected, the
replacement of the trimethylsilyl substituent from the ring by another methylene

lSN)

sy = 6P - 5P , ppm

quin,

25

2
L]

-10 1 I I 1 1 1 I
0,00 0 -0,01 -0,02-0,03-0,04-0,05

Aq = q(NI)_ q(Nquin.)’ €

—e - increase of "+'" charge

Fig. 1. Dependence of 8('*N) CS on charge variation on the nitrogen atom caused by the introduction of
a trimethylsilyl group into various positions of the quinoline ring.
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6(2951), ppm

2
X

-3 1 1 1 1 i 1 i .t +

-0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

Fig. 2. Relationship between 8(?°Si) CS for compounds 1 (4) and o™ reactivity constants for various
locations of the quinoline (pyridine) cycle; * - for quinoline derivatives, X - for pyridine derivatives. o™
value for positions 2, 3, 4, 5, 6, 7, 8 of the quinoline ring is equal to 0.73, 0.08, 0.75, —-0.11, 0.07, 0.15,
0.07 respectively; for 2, 3, 4 locations of pyridine 0.56, 0.45, 0.60 [22].

group (3c¢) or substitution of the methyl group for a hydrogen atom (3b, §(*’N) =
—77.65 ppm) results in a small downfield shift of the >N signal compared with that
for compound 3a.

*’Si NMR spectra

*’Si CS for compound 1 are presented in Table 1. Comparison with the o*
reactivity constants determined for various positions of the quinoline cycle reveals a
linear correlation between these values (Fig. 2). 2-SiMe;-quinoline, and to a lesser
degree 8-SiMe,; quinoline deviates from this correlation. The observed values are
shifted upfield or toward more negative o* values. Thus, *°Si CS are indicative of a
considerably increased negative charge on the Si nuclei of 2-trimethylsilylquinoline
in comparison with the “normal” or ¢* value. It is 2.5 times stronger than the
corresponding increase of the negative charge on the *°Si nuclei in 8-trimethyl-
silylquinoline.

Owing to the parabolic dependence of Si CS on the charge on the silicon atom,
quantitative analysis based on a direct comparison of *°Si CS with the calculated
charge cannot be carried out [13]. Qualitative analysis of °Si CS and the charge
calculated on the silicon atom in 1 also shows some excess of the negative charge on
it in 2- and 8-trimethylsilylquinoline (Fig. 3).
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Fig. 3. Relationship between 8(XSi) CS of compounds 1 and the charges calculated on the silicon atom.

A comparison of °Si CS in quinolines 1 with those for N-methylquinolinium
salts 2 also provides evidence, stronger for 1, for additional contribution to the
shielding of *°Si nuclei (Fig. 4).

Consequently, »Si CS demonstrate the existence of N — Si interaction in 2-
SiMe,-quinoline. Probably, this interaction, though weaker, occurs in 8-trimethyl-
silylquinoline too.

As for compounds 1a and 3a, f, it must be noted that the changes in Si CS have
a similar character to those in >N CS. Thus, the most upfield *Si shift, —5.07 ppm,
corresponds to the most downfield shift of the SN signal in 2-trimethylsilylquino-
line. The *°Si CS values becomes more positive (8(**Si) = +2.82 ppm) with in-
creased shielding of the nitrogen atom in compound 3a accompanied by an upfield
displacement of the >N CS. The CS for compound 3¢ has an intermediate though
similar CS value (8(?°Si) = +2.10 ppm).

>N, 6(2981) s ppm

-5 2

+ 29
-6 1 1 1 1 1 ) SNCH §("7si), ppm

-1 0 +1 +2 +3 +4

3

Fig. 4. Relationship between 8(?°Si) CS of trimethylsilylquinolines (-pyridines) and their methiodides: - -
for quinoline derivatives, » - for pyridine derivatives.
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13(2951—13Ci), Hz
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75T
70
8
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60 H L 1
-1,110 -1,115 -1,120 B, _oq’ at,units

4

Fig. 5. Relationship between 1J(”Si—”C) SSCC and the two-centred component of the total energy
system for the Si—C bond in trimethylsilylquinolines 1.

The study of 'J(?°Si-'*C) SSCC provides information on the mechanism of
N — Si interaction. SSCC values compared for various locations of the quinoline
cycle show a considerable increase for the 2-trimethylsilyl derivative (see Table 1).
According to Ref. 14, this increase in SSCC might be due to increased electron
density on the antisymmetric orbitals of the N=C-Si fragment. Thus, the possible
mechanism of electron density transfer from nitrogen to silicon atom in 2-silyl-sub-
stituted quinoline involves interaction of the unpaired electron pair of the nitrogen
atom and the antibonding orbitals of the N=C-Si fragment.

On the other hand, quantum-chemical calculations can reveal the stability of
bonds by means of the two-centred component of the total system energy for the
corresponding bond. A linear correlation for all locations of quinoline except
position two (Fig. 5) resulted from the comparison of J(*°Si-'*C) SSCC with the
two-centred component of the total energy system for the Si—C bond (Table 4). This

Table 4

Two-centered component of the total system energy for C-Si and N - - - Si bonds in trimethylsilylquino-
lines

Substituent Eq_g Ey.. s
location (unit of energy) (unit of energy)
2 ~1.108 —0.045

3 -1.113 ~0.009

4 -1.111 —0.003

5 -1.121 —0.001

6 -1.114 0

7 -1.113 0

8 -1.115 ~0.025
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Table §

C-'H sscC (Hz) for trimethylsilylquinolines

Substituents H[20] 2-SiMe, 3-SiMe, 4-SiMe; 5-SiMe; 6-SiMe; 7-SiMe;  8-SiMe;
C,H, 178 - 175.5 177.0 1715 176.3 176.4 176.9

C,H, 165 160.9 - 161.0 161.8 161.7 162.0 161.9
C,H, 162 160.9 160.2 - 158.0 160.1 160.8 161.0
C;H;, 160 160.1 159.9 159.8 - 159.0 159.0 159.5
C¢H, 161 160.7 161.6 160.9 158.8 - 157.0 161.1
C,H, 162 160.6 161.0 160.8 161.1 160.2 - 159.3
CyH, 161 163.0 164.0 164.1 163.0 163.2 158.0 -
C,H, 37 “ - 3.3 3.5 32 3.0 3.3
C;H, 9.0 - “ 9.0 9.1 8.9 8.6 8.9
C,H, 76 ° 8.8 - 7.5 7.9 74 7.7
C,H, 5.4 - 5.1 “ 5.4 5.3 5.0 52
C,H, 5.4 4.7 5.1 “ - 5.0 5.0 5.2
CsH, 52 5.8 5.0 - “ 5.0 45 5.1
CsH, 7.3 73 7.2 7.0 “ 71 - 7.2
Ce¢Hjy 8.6 8.8 8.4 8.4 8.4 “ 9.2 -
C,H; 8.5 8.5 8.7 8.6 - 8.6 “ 8.8
CgHg 6.3 5.9 5.2 5.7 5.3 - 8.0 “

¢ Not measured.

fact speaks in favour of additional interactions along the C-Si bond that are not
implied by quantum-chemical calculation. The possibility of charge transfer from
nitrogen to silicon is partially confirmed by calculation of the two-centred compo-
nent of the total systern energy for the N - - - Si bond (Table 4). For example, Ey ...
in 2-trimethylsilylquinoline is considerably higher than in other trimethylsilyl de-
rivatives of quinoline. However, in 8-trimethylsilylquinoline this component is
noticeably increased compared with other derivatives.

c NMR spectra

C CS for trimethylsilylquinolines are presented in Table 1. ’C signals in
compound I were assigned with the aid of spectra without proton decoupling. The
BC-'H SSCC found for I differ slightly from those for unsubstituted and methyl-
substituted quinolines (Table 5) [15].

The "C resonance of SiMe,; in the 2-substituted derivative is shifted further
upfield than when the substitution is made at other locations, indicating increased
donor capacity of the 2-quinoline substituent in reference to silicon atom. The
considerable downfield shift of the °C resonance of SiMe, in positions 4 and 5 of
the quinoline cycle is apparently caused, for the most part, by steric effects which
are to be expected for these positions. A certain downfield shift of the 3¢ signal of
the 2-trimethylsilyl group of quinoline salt 2 is probably due to steric interaction
between the NCH; group and the 2-SiMe; substituent.

Smaller deviations, possibly due to charge transfer between nitrogen and silicon
atoms, can be observed for 13C resonances in the quinoline ring. Moreover, direct
comparison of °C CS with the charge on the given carbon atom is difficult owing to
the specific shielding characteristic of every quinoline position. We therefore used
for the comparison the shift values resulting from the introduction of the SiMe,
group (Table 6). Charge variation on separate carbon atoms, brought about by the
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Table 6

Effect of trimethylsilyl substituent on the shielding of quinoline cycle nuclei in trimethylsilylquinolines,
A =871, = 8yquin) (Z=""N or °C,) ppm *

Substituent Nucleus

locaion T TG, 6 G G G, G G Gy

2 +232 +19.52 +3.3 —3.33 —-0.77 —0.78 +0.10 —-11 +0.07 -1.25
3 —55 +3.15 +11.16 +560 —-047 —0.61 —0.48 —029 —024 —-095
4 +4.1 ~1.28 +484 +12.55 —-0.19 +0.64 —0.85 +096 —0.91 +3.32
5 +0.9 -1.02 —0.39 —0.47 +10.85 +6.63 —1.12 +122 —-009 +308
6 -2.0 —0.10 -0.49 —0.46 +526 +12.19 —3.63 —144 —-012 —-1.00
7 +14 —0.40 —0.28 —0.63 —1.58 +343 +12.82 +524 —-1.04 -035
8 +5.6 —1.99 -1.17 —0.66 +0.45 —1.29 +557 +11.55 +3.68 —240

“ Sign “+” stands for the downfield shift, sign “—" stands for the upfield shift in regard to the
unsubstituted quinoline.

SiMe, group, was calculated in an analogous way (Table 7). A comparison of these
values demonstrates that the calculated charges on carbon atoms are closely
connected with changes in '>C CS (Fig. 6). Growth of the positive charge on the
carbon atoms is accompanied by a downfield shift of the ’C resonance. Deviations
can be observed only in some cases: the C, and C,, points deviate in the
2-substituted quinoline 1a; C; and C, do so in the sterically hindered 4-SiMe; and
5-SiMe; derivatives, respectively. Probably, these deviations are caused either by
electron density transfer from nitrogen to silicon in the 2-substituted derivative or
by steric affects in 4- and 5-trimethylsilylquinolines. Thus. several changes in the '’C
CS in NMR spectra for compounds 1 can be explained by the concept of charge
transfer from the nitrogen to silicon atom through space.

The unpaired electron pair of nitrogen may possibly exert its influence on the
C4;—C, bond, whose location is similar to that of the C,~Si bond in 2-trimethyl-
silylquinoline. However, if this influence exists then it must be observable in all
quinolines and not be eliminated by alkylation.

Comparison of >C CS in 1 and in 2 demonstrates the existence of two types of
carbon atoms (Fig. 7). The points corresponding to C,, Cy and C; form a straight
line, with other points below. Thus, the effect of the unpaired electron pair of

Table 7

Variation of charge on separate atoms of quinoline cycle during the introduction of trimethylsilyl
substituent, Aq (e) ¢

Substituent Nucleus
location N C, C, c, Cs C, C, Cq Cy Cyo

—0.049 +0.131 -0.051 +0.023 +0.007 —0.005 +0.007 —0.006 +0.019 —0.017
+0.013 —-0.041 +0.115 -0.058 —0.005 +0.005 —0.006 +0.005 —0.012 +0.014
—0.022 +0.022 —-0.059 +0.126 +0.023 —0.004 +0.005 —0.004 +0.017 —0.042
~0.007 +0.020 -0.006 +0.026 +0.122 —0.062 +0.022 —0.024 +0.018 —0.040
+0.001 —0.001 +0.003 —-0.004 —0.063 +0.119 —0.045 +0.017 —0.012 +0.016
—0.010 +0.009 —0.008 +0.009 +0.019 —0045 +0.121 —0.064 +0.020 —0.016
+0.002 +0.004 +0.003 —0.001 -0.021 +0.020 —0.061 +0.116 —0.035 +0.013

=R e SRV I NN S

 Sign “~” means the growth of “+” charge at the introduction of SiMe; group.
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Fig. 6. Changes of 8('*C) CS connected with changes of charge on the carbon atoms in various locations

due to the introduction of a trimethylsilyl group.

nitrogen on the shielding of the neighbouring *C nuclei is equal to 12-15 ppm; it is
considerably higher than in the case of s nuclei, and, in contrast to »si nuclei,

explains the downfield shift of '>C resonance.

'"H NMR spectra

'H nuclei are more distant from the scene of possible N — Si interaction com-
pared with other nuclei. As a result, one would expect changes in "H NMR spectra
to be less obvious, due to the geminal N — Si interaction.

Table 8

'H chemical shifts of trimethylsilylquinolines ¢

Substituent S(*H) ppm

location H, H, H, H, H, H, H, SiMe,
2 - 7.59 8.03 71.76 7.49 7.68 8.17 0.42
3 9.00 - 8.26 7.80 7.53 7.7 8.10 0.39
4 8.82 7.48 - 8.02 7.50 7.63 8.15 0.45
5 891 7.36 8.42 - 7.68 7.73 8.14 0.47
6 8.88 7.35 8.10 7.94 - 7.83 8.10 0.37
7 8.90 7.37 8.10 7.79 7.66 - 8.19 0.37
8 8.90 7.30 8.08 7.78 .45 7.88 - 0.46

“ Assignment was done using the long-range SSCC 5II(H.,—H,,) ~ 0.6 Hz, and the double resonance as

well.
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Fig. 7. Relationship between 8(*>C) CS of trimethylsilylquinolines (-pyridines) and their methiodides: - -
for quinoline derivatives, X - for pyridine derivatives. C,, Cq, Cy atoms correspond to points on line I,
the remaining carbon atoms are on line II.

The 'H CS measured in NMR spectra are presented in Table 8. Contemporary
measurements of 'H CS for methiodides 2 are given in Table 9. The comparison of
'H CS in 1 and in 2 shows that they vary almost proportionally. The scatter of the
values can be explained by local differences in charge.

We also studied the possibility of N —Si geminal effect in trimethylsilyl-sub-
stituted pyridines 4.

Table 9
'H chemical shifts of trimethylsilylquinoline methiodides ¢

Substituent 3('H) ppm

location -
H, H, H, H, Hg H, Hy NMe SiMe,

2 - 8.22 9.14 8.46 8.27 8.05 8.61 4.66 0.64
3 9.06 - 8.95 8.50 8.39 8.06 8.51 4.68 0.48
4 9.43 8.21 - 8.57 8.29 8.11 8.53 4.66 0.57
5 9.54 8.20 9.32 - 8.17 8.26 8.57 4.67 0.52
6 9.56 8.19 9.33 8.48 - 8.39 8.67 4.66 0.39
7 9.54 8.18 9.28 8.47 8.19 - 8.48 4.22 0.43

* Assignment was done using the long-range SSCC 5.1(H4 -Hg) ~ 0.6 Hz and the double resonance as
well.
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The 13C, BN (”N) and >’Si CS for these derivatives are summarized in Table 10,
with data for methiodides of trimethylsilylpyridines 4. Generally, CS (as well as
SSCC) exhibit the same trends as those found for the quinoline derivatives. For
example, *°Si and ">C CS fit well the lines depicted in Fig. 4 and 7.

Summing up the results obtained for 4 and 5, one can assume that the influence
of the unpaired electron pair of nitrogen on NMR parameters is approximately the
same for pyridines and quinolines. This is not surprising, as the sp-electron pair of
electrons is not involved in the interaction with the «-system of the heterocycle and,
consequently, depends only slightly on its properties.

Experimental

NMR spectra were recorded on a Bruker WM-360 under impulse regime. The
duration of 30°C impulses for "H was 5 us, for 13C, 10 ps, BN 15 1S, 14N 20 1S,
Si 10 ps. Substances were studied as 20% solutions in CDCl, (1) and in DMSO-d,
(2) at 30°C.

Tetramethylsilane was used as internal standard for 'H, »>C and *Si CS measure-
ments and nitromethane as external standard for N and N CS. Accuracy of
measurements was +0.01 ppm for 'H, +0.03 ppm for BC, +04 ppm for N,
+0.1 ppm for '°N, +0.05 ppm for *Si.

Quantum-chemical calculations of quinoline electron structure and compounds 1
were carried out by means of MO LCAO SCF in valent approximation CNDQ /2
(spd-base) [16]. The structural data obtained in Ref. 17 for quinoline were used as
geometrical parameters.

2-Trimethylsilylquinoline (1a)

2-Bromoquinoline (15.2 g, 0.073 mol) in dry ether (50 ml) was added dropwise to
15 ml 4.875 N Buli solution in hexane at —70°C in argon atmosphere with
stirring. The stirring was continued for 10 min at the same temperature. Trimethyl-
chlorosilane (9.2 ml, 7.9 g, 0.073 mol) in 10 ml ether was gradually added to the
reaction mixture. After brief stirring at —70°C, cooling was stopped and stirring
was continued till the temperature rose to ambient. On the next day, the precipitate
was filtered, the solution evaporated and the residue distilled in vacuum at 96—
97°C/1 mmHg. 1a (8.6 g, 58%) with nZ = 1.5739, d2° = 1.0133 was obtained.

3-Trimethylsilylquinoline (1b)
1b was obtained using the above technique in 50% yield. B.p. 127-130°C/5
mmHg, n¥® =1.5751, d2° =1.0136.

4-Trimethylsilylquinoline (Ic) and 4-trimethylsilylpyridine (4c)
1c and 4¢ were synthesized according to Ref. 12.

5- (1d), 6- (le), 7- (1If) and 8-trimethylsilylquinoline (1g)

These compounds were obtained by the same method as that applied for the
synthesis of 1a using the mixture ether : THF = 1:1 as solvent and 1.5-2-fold excess
of BuLi and Me,SiCl in the case for 1f and 1g. Yield, b.p., n3y, d;° are as follows:
for 1d 57%, 106-107°C/2 mmHg, 1.5838, 1.0444; for le 16%, 125-127°C/4.5
mmHg, 1.5745, 1.0060; for 1f 30%, 124° C/5.5 mmHg, 1.5747, 1.0145; for 1g 30%,
113-116°C/3 mmHg.
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Table 11
Methiodides of trimethylsilylquinolines and -pyridines

Compound M.p. Yield Found (%) Empirical Calculated (%)
(°0C) (%) ¢ H N formula C H N

2a 211-212.5 15 4559 512 406 C,3HINSi 4548 528 408
2b 243-244.5 35 4535 508 444 C,;HgINSi 4548 528 408
2c 152-155 22 4409 470 451 C,;HINSi 4548 528 408
2d 227.5-230 10 4503 493 350 C3H3INSi 4548 528 4.08
2e 148.5-151 20 4574 523 406 C,;H;INSi 4548 528 4.08
2f 288.5-290 41 4547 5.04 3.66 C3H;INSi 4548 528 408
5a 184-185 12¢ 3697 546 468 CyH(INSi 3685 5.50 478
5b 147.5-149.5 59 3668 570 4.67 CoH4INSi 3685 550 478
Sc 135-137 40 © 3715 550 4.65 CyH,(INSi 36.85 550 478

“ Yield of nonrecrystallized product.

2-Trimethylsilylquinoline methiodide (2a)
0.8 m! methyl iodide (1.8 g, 0.013 mol) was added t0 1.5 g 1a (0.0075 mol). The

0.8 ml methyl iodide 0.013 mol) was added (0.0075 mol). The
mixture was kept at amblent temperature till the crystallme sohd appeared. The
crystals were filtered off and 2a (0.4 g, 15%) was isolated and recrystallized from a
mixture of absolute alcohol and a small amount of ether. The m.p. of 2a was equal
to 211-212.5°C.

Methiodides 2b-f and 5a-c were obtained using the analogous technique in
ether. The mixture was heated for 2-3 h and kept for approximately 20 h at ambient
temperature. The compounds were recrystallized from a mixture of absolute alcohol
and ether.

Yields, m.p. and elemental analysis data for methiodides are presented in Table
11.

2-Trimethylsilylmethylquinoline (3a)

75 ml BuCl (66.5 g, 0.72 mol) in ether (75 ml) was gradually added to 10 g
lithium (1.44 g/atom) in ether (450 ml) in argon atmosphere at —20 to —25°C.
The obtained BuLi solution was cooled to —50°C, and then for approximately 40
min quinaldine (86 g, 0.6 mol) in 85 ml of ether was poured in and stirring was
continued for another 30 min at the same temperature. After that 85 ml Me,SiCl (73
g, 0.67 mol) were added over a period of 35-40 min, the mixture was stirred
(keeping the temperature constant) for another 20 min, then the temperature was
allowed to rise to ambient. On the next day, the precipitate was filtered, the filtrate
was evaporated and the residue was distilled in vacuum at 96-98° C/l 5 mmHg.
Thus, 3a (105 g, 81%) was obtained with nZ = 1.5696, d°=0. 9872 '"H NMR (8,
ppm): 0.08 (Si-CH,), 2.48 (Ar—CH,-Si), 6.80-8.09 (CoH¢N); *Si: 2.82; °N:
—-79.1.

2-Dimethylsilylmethylquinoline (3b)

3b was synthesized according to the above method with only slight variations.
Lithium (2.8 g, 0.4 mol), 21 m! of BuCl (18.5 g, 0.2 mol), 5.7 ml of ether were taken
for BuLi preparation, then 22.9 g of quinaldine (0.16 mol) in 100 ml ether was
added to the mixture. Silane was added at —70°C. 3b (17.7 g, 57%) was obtained;
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b.p. 95-96°C /0.6 mmHg, n¥ =1.5778, d°=1.0053. IR: »(Si-H) = 2120 cm ™.
'"H NMR (8, ppm): 0.14 (Si-CH,), 2.63 (Ar-CH,-Si), 4.09 (Si-H), 7.01-8.21
(CoHN); si: —11.78; '>N: ~77.65.

2-(B-Trimethyisilylethyl)quinoline (3c)

3¢ was prepared in an analogous way to 3a. Chloromethyltrimethylsilane was
added gradually at ~ —30 to —10°C, then the reaction mixture was boiled for 2.5
h. 3c (14.2 g, 39%) was obtained from 21.5 g quinaldine (0.15 mol); b.p. 127-
129°C/3 mmHg, n¥ =1.5556, d2°=0.9761. "H NMR (8, ppm): 0.06 (Si-CH,),
1.03 (CH,-Si), 2.92 (Ar-CH,), 7.01-8.11 (CyHsN); iz 2.10; °N: —75.9.

2- (4a) and 3-Trimethylisilylpyridine (4b)
4ab were synthesized according to the technique described for 1a at —45 to
—50°C in ether 56 and 49% yield, respectively.
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