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SUMhfARY 

The methanolysis and hydrolysis of 2-Me,Si-.u-MeC,H,N (X = 3-6) have been 
studied. The relative reactivities are (x =) 3 < 5 < H < 6 < 4 for methanolysis, and 
5~ Hc 3 < 6~ 4 for hydrolysis (H=2-Me,SiC,H,N); they are the result of an 
interplay of activation enthalpy and activation entropy changes. These activation 
parameters are consistent with the mechanism proposed earlier. 

INTRODUCTION 

We have recently reported that 2-(trimethylsilyl)-, 2-(trimethylgermyl)-, and 
2-(trimethylstannyl)pyridine are solvolysed by water and alcohols, as are 2-silyl- 
pyridines containing groups other than methyl on the silicon’ -4_ A reaction mecha- 
nism involving rate-determining nucleophilic attack by the oxygen of the solvent on 
silicon (or germanium or tin) with electrophilic assistance by the hydrogen of the 

solvent on nitrogen through a 5-centred cychc activated complex (I) has been pro- 
posed. This paper reports the solvolysis of the four isomeric 2-(trimethylsrlyl)-x- 
methylpyridines (x=3-6) by water and by methanol. 

DISCUSSION 

Second-order rate constants [calculated from the observed first-order rate 
constants (see ref. 1)-J for these reactions are given in Table 1, and activation param- 
eters calculated from these results are given in Table 2. The results in Table 1 (which 
also includes the rate constants for the solvolysis of 2-(trimethylsilyl)pyridine’) give 
relative rates for the methanolysis (at 60.40”) of 2-Me,Si(R)C,H,N of (R=)H 1,3-Me 
O&4,4-Me 2.14, 5-Me O-93,6-Me 1.47, and relative rates for the hydrolysis (at 30.2O) 
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TABLE I 

RATE CGESFANTS FOR THE SOL~OLYSIS OF 2-Me$i(R)CsH,N BY MeOH AND H,O 

R MeOH 

Temp. 
(10.02”) 

lO”&b 

[I mote-t set-‘) 

HzO” 

Temp. 

(+oo2a) 

106&b 

(I-mole-‘-set-‘) 

3-Me 6040° 8.37 
5.5 26 629 
50 50 470 
45.24 3.64 

4-Me 60.40 28 1 
55.26 20.5 
50.50 IS.4 

45-24 103 

5-Me 60-40 122 
5526 8.73 
49.96 613 
45 24 437 

6-Me 60.40 
55.26 
50 12 
45.24 

H’ 60-40 

19.3 
14-O 
997 
7.50 

13.1 

46 SO” 45.5 
40.36 29.6 
30 38 138 

4680 56.8 
40.36 33.6 
30.20 13.8 

46 80 240 
40 36 14 1 
30 20 5.76 

46.80 51.3 
40.36 31.4 
30.38 1z9 

30.20 809 

o 2 x lob3 M NaOH (see ret 1) * liz’s obtained from the obsen ed first-order rate constants (lil) by dtviding 
k, by the appropriate molarity of the solrent c From ref. 1. 

of @=)H 1, 3-Me 1.58, 4-Me 1.70, S-Me 0.71, 6-Me 1.59; Le., for the methanolysis 
and the hydrolysis the reactivity increases as @= )5-Me c H c &Me 6 4-Me. Z(Tri- 
methylsiIyl)-3-methylpyridine is relatively more reactive in the hydrolysis (of the same 
reactivity as the 6-methyl isomer) than in the methanolysis (the least reactive). The 
relative rates of methanoIysis and hydrolysis of Z-(trimethylsiIyI)-3-methylpyridine 
(at 4S’) are 1: 12.5. For the other four compounds this ratio is 1: 6.2( _+0_6). 

This is an unusual reactivity sequence with a methyl group activating the 
reaction when in the 4- or 6-position, and retarding the reaction when in the 5-position, 

TABLE 2 

AC~VA~IONPARA~~~RSAT 50” FORTHESOLVOLYSISOF 2-Me,Si(R)CsH,N BY MeOH AXD Hz0 

R AH’(keal moIe_‘) AS* @I-mole-’ -deg- ‘y AG* (kcal-mole-‘) 

rMeOH Hz0 MeOH H,O MeOH Hz0 

3-Me 11.1 14.4 -49 -34 26.9 254 
4-Me 13.2 15.8 -40 -29 26. I 252 
5-Me 13.6 16.0 -40 -30 265 25.7 
6-Me I26 15.6 -43 -29 265 25.0 
Hb 129 16.1 -42 -w 26.5 25.5 

Q The standard deviation ofA!!?’ is co.5 keal-moIe_‘, and that of AS’ is < 1 cal-mole-l-deg-‘. b From 

ret 1. 
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and it is tempting to rationalise it in terms of electron donation by the methyl groups 
affecting the energy of the activated complex via the nitrogen or via the 2-carbon of 
the pyridine ring. However care must be taken in interpreting the results in terms 
of enthalpy changes alone. A change in the free energy of activation (AG*), (Le., a 
change in rate) is the result of opposing changes in the enthalpy (AH*) and entropy 
(AS”) of activation, sometimes the enthalpy change is dominant and sometimes the 
entropy change. 

The relatively low enthalpies and large negative entropies of activation (Table 
2) are consistent with the proposed reaction mechanism’. For the solvolyses of the 
3-isomer the activation enthalpies are significantly smaller and the activation en- 
tropies are significantly more negative than for the other compounds, in support of 
a proximity effect in the activated complex being important for this compound. 

In view of the complex interplay of enthalpy and entropy changes it is not 
possible to analyse these results further_ Certainly any explanation in terms of 
inductive electron release (mentioned above), which assumes entropy effects to be 
constant, will be incorrect. 

This effect of a methyl substituent in the pyridine ring on the solvolysis of the 
Si-C bond of a 2-silylpyridine is quite small, the most is more reactive than the least 
by a factor of only three. It would be of interest to study the solvolysis of some 2-silyl- 
pyridines with more highly activating or deactivating substituents in the pyridine 
ring*_ Unfortunately our attempts so far to prepare such compounds have been un- 
successful_ 

EXPERIMENTAL 

Preparation of compounds 
2-(Trimethylsiiyl)-3-methylpyridine. ZBromo-3-methylpyridine (30 g, 0.175 

mole), prepared by the method of Crai$, in ether, (50 cm3) was added to a sohtion 
of butyllithium (0.175 mole) in ether (100 cm”) at - 50”, followed by trimethylchloro- 
silane (19 g, 0.176 mole) in ether (50 cm’). The mixture was allowed to warm to room 
temperature and was then heated under reflux for 1 h. The lithium bromide was 
filtered off and the ether solution fractionated giving 2-(trimethylsilyl)-3-methyl- 
pyridine (5 g, 16%), b-p. 199O/753 mm, n; 1.4970. (Found: C. 65.1, H, 9-4, N, 8-Q 
C,H,$JSi calcd. : C, 65.4, H, 9.2, N, 8.5x.) 

2-(TrimethyZsiZyf)-4-methylpyridine. Prepared as above (33%), b.p. 72.5/10 mm, 
nA4 1.4952. (Found : C, 66.0, H, 9.7, N, 8.4. &HI ,NSi calcd. : C, 65.4, H, 9-2, N. 8.5’/&) 

2-(TrimethyZsiZyl)-5-methylpyridine. Prepared as above (19x), b.p. 74.5O/8 mm, 
$js 1.4880. (Found: C, 64.9, H, 9.2, N, 8.1. C,HISNSi calcd.: C, 65.4, H, 9.2, N, 8.5%.) 

2-(TrimethyZsilyl)-6-methylpyridine. Prepared as above (32%), b-p. 178”/756 
mm ni5’-’ 1.4868. (Found: C, 65.1, H, 9.1, N, 8.3. C9H,,NSi calcd.: C, 65.4, H, 9.2, 
H, i-5%.) 

Al1 four compounds were further purified by preparative gas-liquid chromato- 
graphy before use in kinetic studies. NMR spectra confirmed the structures. 

* We have observed the methanolysis of one other ring-substituted pyndine, namely 2-(trimethyIsil>l)- 
quinoline. The ultra-violet spectrum of a solution of this compound in methanol changed to that of 
quinolme in 24 h at room temperature. 
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Kinetic method 
This was as described previously’. 
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