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In our ongoing research on ring transformations of pyrimidines and pyrazines by a 

thermolytically induced intramolecular Diels-Alder cycloaddition reaction we extended this 

study to reactions with appropriately substituted pyridine derivatives. We already found that by 

thermolysis of the 2-substituted 3(5)-nitropyridine 1 nitroindenes 3 are obtained’. This result 

strongly suggests the intermediacy of the cycloadduct 2, being obtained by cycloaddition of the 

triple bond across the Q-C5 position of the pyridine ring. 

1 2 3 

Two questions can be raised: first, is the presence of the electron withdrawing nitro substituent in 

the pyridine ring, which lowers the LUMO energy level and therefore promotes the 

cycloaddition, necessary? and secondly is it possible that the cycloaddition over the Q-C5 position 
also takes place when the side-chain is present at C-5 and not, as in 1, on position 2. Indications 
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that both questions can positively be answered can be taken from the recently reported2r3 

conversion of the pyridine derivatives 4 and 6 into the s-indacene derivative 5 and indolinone 7 

respectively. 

6 7 
6h 

We have found before4 that heating of pyrazines, which show the presence of a trimethylsilyl 

group at the terminal carbon atom of the triple bond usually gives cleaner reactions with less 

decomposition, when undecane instead of nitrobenzene is used as solvent, although the reaction 

rate in undecane is considerably lower. In this paper we deal with the synthesis and the 

thermolysis of pyridines, in which on position 2 or on position 3 of the pyridine ring a 

trimethylsilylpropynyl-X-methyl (X=O,N) side chain is present. Furthermore we compared the 

reactivities of these respective compounds and studied the influence of the presence of one or 

more substituents in the side chain on their thermolysis rates. 

8 

a) X = H; b) X = si(c~3)~; C) x = si(m)#a~ 

Compounds 8a and 9a, being prepared from 2- and 3-pyridylcarbinol respectively by reaction with 

3-bromopropyne, gave on heating only polymeric material together with some carbinol. 

However, the corresponding trimethylsilyl derivatives 8b and 9b, being synthesized from 8a and 

9a by lithiation with phenyllithium and subsequent treatment with trimethylsilyl chloride, gave 

on heating at 195’ in undecane 4trimethylsilyL1,3-dihydroisobenzofuran(lOb1. The yield of lob 

obtained from 9b after 154 hours of heating amounted to 40%; the yield oflOb after 216 hrs of 
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heating of 8b was 27%. These results indicate that the internal cycloaddition over the C2-C5 

position in 8b occurs less easily than that over the C3-Q position in 9b. The attack of the terminal 

triple bond carbon, being negatively charged due to the electron donating effect of the 

trimethylsilyl group, on C5 in 8b apparently occurs less easily than addition to the more 

positively charged Q position in 9b. 

&placement of the trimethylsilyl group in 9b by the more bulky t-butyldiphenylsilyl group i.e. 9c 

leads to a considerable increase of reaction time. Only after thermolysis for 440 hrs (!) in 

undecane the starting material 9c was disappeared; product 1Oc was obtained in only 22% yield. 

Considerable steric hindrance seems to be the retarding factor in the reaction. 

In a previous paper4 we proved that the presence of a phenyl group in the a-position of an w- 

alkyne side chain attached to a pyrazine ring leads to a strong enhancement of the rate of the 

intramolecular Diels-Alder reaction. In order to establish whether this phenomenon could also 

be observed in pyridine systems we synthesized the 2- and 3-substituted pyridines 11,12. 

Treatment of 2(3)-pyridylphenylmethylcarbinol5s6 with 3-bromopropyne in basic medium gave 

the compounds lla, 12a. Silylation and germanylation according to described procedures gave 

llb and I2b,c respectively. 

a) X=H, b) X=Si (CH&, c) x-Ge(a-& 

From the results given in Table 1 it can be seen that the compounds llb, 12b and 12c can easily be 

converted into the corresponding dihydroisobenzofurans 13b,c in reasonable-to-good yields. 

Moreover it can be concluded that the rate of the intramolecular D&-Alder reaction in llb and 

12b,c is considerably higher than in case of the compounds 8b and 9b. This rate increase due to 

the presence of the methyl and phenyl group in the a-position of the side-chain is considerable 

as can be deduced from the fact that the difference in rate, as observed between the compound 8b 

and 9b, is nearly equalized between llb and 12b. Similar effects have been observed before’flt9 in 

related systems and can be ascribed to either the Thorpe-Ingold effect10 and/or a more favoured 

orientation of the alkynyl side-chain towards the pyridine ring, making overlap between the 

HOMO and LUMO orbitals more effective. 

In extension of this study we also investigated the trimethylsilyl 3-(N-acetyl-N-2-propynyll 

aminomethylpyridine 14~. This compound was prepared from 3-aminomethylpyridine by 

alkynylation with 3-bromopropyne and subsequent treatment of the secondary amino group 
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with acetyl chloride. The trimethylsilyl derivative was obtained according to known procedures. 

Thermolysis of 14c bee table 1) gave the isoindoline 15 in low yield. The rate of the reaction is 
lower than that of the corresponding oxygen compound 9b. 

._ 

14 a) Y=H, X-H 

b) Y-CCXXJ, X-H 

cl y-cocH3, xIS(cH& 

Table 1. Reaction conditions, products and 
(germanylated) 

P 
ropynyloxymethy pyridines and propynylaminomethylpyridme in lyr 

‘elds in the Diels-Alder cyclisations of silylated 

undecane as a so vent. 

Starting material Reaction time (hrs) Yield of product 
at 195OC % 

t: 
216 

z 
;:::z 

119: 
10 c (22) 

l2b z 
13 b (60) 

lZC :z !?z; 
14c 3z 15 (19) 

EXPERIMENTAL SECHON 

Chemie (Brussels, Belgium). 

recorded on a Varian EM 390 
pm.). Mass spectral data were obtained 
console. Column chromatograph gg 

00 mesh ASTM). Undecane was purchased from A!* 

2-(2-nrouvnvloxvmethvl)Dvridine (8a) and 3-(2-nropvnvloxymethvl)pvridine (9& 
in 150 ml of dry tetrahydrofuran were 
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