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for possible coupling of two carbonyls. Fragmentations on bi- and 
trinuclear metal aggregates need to be studied.11'12 
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There has been much recent interest in stereoselective alkyla-
tions of lithiocarbanion salts and similar electrophilic reactions.2,3 

Several of these have been formulated in terms of an intramo
lecular coordination of the metal ion by a chelating group, thus 
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providing an asymmetric environment at the reacting carbanion.2,4,5 

We now wish to report evidence for such a scheme involving 
the addition of 2-vinylpyridine (2-VP) to anions 1-3 at -78 0C 
in THF and sequential methylation according to reaction 1. 
Previous work43,6 had indicated a very highly stereoselective 
(>99%) methylation of 4, yielding meso 7. The corresponding 
methylation in the presence of larger or cryptated and crowned 
cations had been shown to occur in a largely nonstereoselective 
manner. The remarkable selectivity of the methylation reaction 
in the presence of Li or Na ion was ascribed as due to the for
mation of a conformationally restrained cyclohexene-like ring 
containing Li ion 4X, which should be preferred over its diaste-
reomer 4Y, generated by exchange of CH3 and methine H, in 
which butane guache and CH3-nitrogen lone pair interactions are 
expected to decrease its stability. Substitution of the 3' proton 
of the chelating pyridine ring by a group of modest size, such as 
methyl, in 4X is expected to substantially decrease the stability 
of the chelated complex relative to that of the unsubstituted 
analogue due to nonbonded interactions with the methylene and 
the methyl group. Substitution of the 5' proton, however, should 
have no effect. A similar substitution of the 3' position in 4Y is 
not expected to lead to severe nonbonded interactions. Accord
ingly, anions 2 and 3 prepared by reaction of the carbon acid in 
THF at -78 0C with H-BuLi were reacted with 1 equiv of 2-VP 
by slow in vacuo distillation followed by reaction with CH3I. The 
products were isolated, separated by preparative medium-pressure 
liquid chromatography, and analyzed by 1H and 13C NMR 
spectroscopy and by GC utilizing a 25-m capillary column. The 
results are shown in Table I. 

The 100-MHz 1H NMR spectrum of 7 in CDCl3 showed a 
methyl doublet (5 1.30) and a methylene multiplet (5 2.11) 
characteristic for meso 7.6 The corresponding spectrum of 8b 
showed two methyl doublets at 1.16 and 1.26 ppm in the ratio 
of 3:1, and the gas chromatogram of the mixture likewise showed 
a 3:1 ratio of isomers.7,8 Corresponding observations were made 
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(7) Stereoisomers relationships were confirmed by mass spectrometry and 
base-catalyzed epimerization (Table I). The stereoisomers could also be 
distinguished by the proton chemical shifts of their picoline methyl groups at 
1.95 and 2.10 ppm. 

(8) The 3:1 ratio of stereoisomers was identical when the crude reaction 
mixture was directly injected into the GC column so that the ratio of ste
reoisomers was unaffected by the LC separation. 
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Table I. Stereochemistry of Products 7-9 and 13-18 a ' b 

H Lu Py H 
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H Lu H Py H Lu Py H Py H 

2R. 4R- 14 

(a) 2(.R)A(R)S (R = CH3) 
(b) 2(R)A(R)S (R = CD3) 
Lu = Lutidine 
Py = pyridine 

(a) 2(R)A(R)MR)-17 (R = CH3) 
(b) 17(R = CD3) 

products 

stereoisomer0 13 14 15 

2R,4R 
(racemic like) 
2R,4S 
(meso like) 

<0.01 (0.50) 

>0.99 (0.50) 

0.76 (0.52) 

0.24 (0.48) 

0.01 (0.49) 

0.99 (0.51) 

0.36(0.53) 

0.64 (0.46) 

0.73 (0.55) 

0.27 (0.45) 

0.30 (0.42) 

0.70(0.57) 

stereoisomer 16 17 18 

2R,4R,6S 
(syndiotactic like) 
2R,4R,6R 
(heterotactic like) 
2R,4S, 6R 
(heterotactic like) 
2R,4S,6S 
(isotactic like) 

-0.01 (0.28) 

0.42 (0.50) 

0.57 (0.22) 

0.02 (0.29) 

0.71 (0.25) 

-0 (0.24) 

0.27 (0.22) 

0.01 (0.27) 

0.39 (0.50) 

0.60 (0.23) 
a Determined by capillary gas chromatography. Stereoisomers identified on the basis of NMR spectroscopy (see ref). b Fractions of epi-

merized products in brackets. Epimerization in the presence of K-f-BuO/Me2 SO at 25 0C for 300 h. c Carbons numbered from left to right, 
enantiomers are omitted. The terms syndio, hetero-, and isotactic-like refer to the corresponding symmetrical analogues 16. (See, for in
stance; Bovey, F. "Polymer Conformation and Configuration"; Academic Press: New York 1969). 
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(a)R = CH 3 ; (b)R = CD3 

10, 13, 16,R1 = R 2 = H 
11, 14, 17,R1 =CH 3 ;R 2 = H 
12, 15, 18,R1 = HjR2 = CH3 

by using 13C NMR spectrometry. The stereochemical relationship 
of the two components in 8a (8b) were confirmed by epimerization 
in Me2SO/f-BuOK at 25 0C for ~300 h, which resulted in an 
approximately equimolar mixture of the two isomers (Table I). 
A corresponding investigation of 9 showed the presence of only 
one isomer (>99%). The striking similarity of the 1H spectrum 
of this compound with that of meso-7 indicated that the stereo
chemistry of formation of 7 and 9 are indentical. Although the 
two diastereomers of 8 cannot be identified with certainty, a 
comparison of its NMR and GC data with that of the known 

(9) For instance, the methyl groups of the predominant stereoisomer of 8, 
like those of the racemic stereoisomers of 7 and 9, absorb upfield. Moreover, 
the major stereoisomer of 8, like the racemic stereoisomers of 7 and 9, has 
the lower GC retention time and predominates slightly upon epimerization 
(Table I). 

isomers of 7 and 9 strongly suggests that the racemic-like isomer 
(R,R or S,5) is the major one.9 It is clear in any event that the 
introduction of a methyl group in the 3' position of the complexing 
2-pyridine ring leads to a dramatic decrease in methylation ste
reoselectivity consistent with the intermediacy of 4X. 

Investigation of the protonated trimer products 13-15 and the 
corresponding methylated trimers 16-18 (reaction 2) showed that 
addition of 2-VP to 4, 5, and 6 is not stereoselective (Table I). 
A similar result had previously been obtained for the corresponding 
addition of 2-VP to 4.10'11 However, the stereochemical com
position of products 15 and 18 is found to be virtually identical 
with that of 13 and 16, respectively, both from their 1H and 13C 
spectra and from the relative intensities and retention times of 
their gas chromatograms. The distributiuon of stereoisomers is 
quite different in compounds 14 and 17, however, and is similar 
to that in 8 (Table I). The major and minor stereoisomers in 14 
and 17 are assigned as 2R,4R and 2RAS, and 2R,4R,6R and 
2RAS,6S, respectively,12 on the basis of the NMR and GC data.13 

Thus, in contrast to the methylation of anion 5, that of 11 is highly 
stereoselective and probably occurs with a stereochemistry identical 
with that of 10 and 12. This shows in turn that as long as the 
prochiral carbanion is flanked by an asymmetric center bonded 
to a 2-pyridine ring unsubstituted in the 3' position, the methylation 
is highly stereoselective consistent with the intermediacy of the 
chelated complex. 
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