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Summary highest effect yet reported for any deuteriated s ~ b s t r a t e , ~  Deuteriation of all the methyl groups, or the 
2- and 6-methyl groups, in 2,4,6-trimethylpyridine although it is only ca. 1% per deuterium atom. 
causes a large (ca. 6%) isotope effect on the lanthanide- 
induced shift for the 3- and 5-hydrogen atoms, whereas 
the effect of deuteriation of the 4-methyl group is not 
detectable (< 0.2%) ; a steric origin is proposed for the 
secondary isotope effect in lanthanide-induced shifts. 

Z,4,6-TRI [2H,]METHYLPYRIDINE (3)’ (prepared from am- 
monia and the corresponding pyrylium perchloratel which 
is readily obtained by deuteriation of 2,4,6-trimethyl- 
pyrylium perchlorate, in refluxing D,O for 2 h) with Eu- 
(dpm), in CS, shows a lanthanide-induced shift (L.I.S.) for 
the 3- and 5-hydrogen atoms which is 5.8% greater than 
the corresponding shift for the non-deuteriated compound 
(I) ,  i.e. when a mixture of (1) and (3) is treated with Eu- 
(dpm),, tbe lH n.m.r. peak is split (cf. Table). This is the 

(1) R = H  
(2) R =Me 

( 3 )  R = D 
( 4 )  R = Me 

(?j fi 
RCH2 N’. CHZR RCD, N’ CD2R 

(5) R =  H 
(6) R = Me 

(7) R = D 
(8) R = Me 
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TABLE. Molar induced shifts by Eu(dpm), in CS, (p.p.m. us. Me,Si) 

Protons 78 (1) (3) (5) (7) 78 (2) (4) (6) (8) 
2- and 6-CH3 (-CH,) . . .. . . 7.63s 15.0 - 15.0 - 7.34q 6.50 - 6.50 - 
3- and 5-H . . .. .. . . 3.33s 6.00 6.35 6-00 6.34 3.33s 2.52 2.80 2.52 2.80 
4-CH3 . . . .  .. . .  . . 7.78s 3.82 - - 4.05 7.75s 1.62 - - 1.65 
Me of a-Et . . . .  .. .. - - - - - 8.78t 1.80 1-89 1.80 1.89 

8 Chemical shift and multiplicity without deuteriation and addition of Eu  (dpm),. 

Since 2,4,6-trimethylpyrylium perchlorate is deuteriated 
about 12 times fsster'i a t  the 4- than a t  the 2- and &methyl 
g r o ~ p s , ~  heating it a t  80 "C in D,O for 10 min affords mostly 
2,6-cliniethyl-4- [2H,]methylpyryliuni perchlorate, which can 
be converted into (5), which shows no isotopic effect; a 
0.2% effect would have been detectable and so the isotopic 
effect depends strongly on the position of the label. 

De-deuteriation of the 4-~nethyl group of 2,4,6-tri [,H3]- 
methylpyryliuni perchlorate by heating a t  80 "C for 20 min 
and reaction of the product with ammonia gave (7) which 
shows a similar effect for the 3- and 5-hydrogen atoms as 
that for (3), and also a similar isotope effect for the 4-methyl 
peak. 

2,6-Diethyl-4-methylpyridine (2)5 on deuteriation of the 
cc-methylene groups shows analogous behaviour to that of 
(1) with slightly smaller isotopic shifts for (4) and (8) 
(Table; ca. 5% for the 3- and 5-hydrogen atoms and 4% for 
the methyl part of the M-ethyl groups, 2.e. again ca. 176 
per deuterium atom). Compound (6), however, like ( 5 ) ,  
shows no detectable isotopic effect. Absolute molar 

induced shift values for (2) are much smaller than for (1) 
because of the steric requirements of Eu(dpm),. Accord- 
ingly, 2, B-di-isopropyl-4-methylpyridine, which was also 
prepared with selective deuteriation from a study of kinetic 
isotope effects of the corresponding pyrylium salt,5 shows 
practically no L.I.S. with Eu(dpm), or Eu(fod), because the 
cc-substituents are too bulky. 

The pK, values of compounds (I) ,  (3), (5 ) ,  and (7) in- 
crease additively by ca. 0.025 per CD, group,6 in agreement 
with the electron-releasing effect of CD, us. CH, g r o ~ p s . ~  
Therefore a difference in basicity is not the origin of the 
isotope effect for the L.I.S. results. Our findings are best 
interpreted in terms of a steric origin, in agreement with 
Brown's arguments,s with the ltnown smaller steric require- 
ments of deuterium than of h y d r ~ g e n . ~  

It should also 
be mentioned that the isotopic effects are actually on, rather 
than due to the deuterium.ll 

Contact shiftslo may also be involved. 
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7 The isotopic purities of (l), (2), (5 ) ,  and (6) are thus 98-100%, while those of (3), (4), (7), and (8) are only 80-85 %. 
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