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ABSTRACT 
The ratios of isomers forined in the reaction of 3-alkylpyridines with phenyllithium under 

various conditions appear to  be invariant within the limits of experimental error. A number of 
experiments, including the reaction of phenyllithiutn with 3-picoline-2d and with an  excess 
of a mixture of pyridine and ppridine-2d, are described which establish that  the hydride ion 
elimination stage in these nucleophilic aromatic substitutions is not important in determining 
the observed orientation and that  the addition stage is either virtually irreversible or that  
the equilibrium lies far on the product side and is not rapidly reversible. A convenient new 
procedure is described for working up  the reaction mixtures. 

In previous parts of this series (1, 2) the reaction of 3-substituted pyridines with phenyl- 
lithium has been studied, particular emphasis being placed upon the determination of the 
orientation of the entering phenyl group and the isomer ratios. I t  was shown that in the 
case of most 3-substituents the main product formed was the 2,3-disubstituted pyridine 
derivative, the 2,5-isomer usually being formed in lesser amounts. In no case was any 
attack a t  C4 of the pyridine ring observed. A number of possible explanations for the 
observed orientation were considered (1). Anlong other possibilities it was pointed out 
that if the second stage in these reactions, the elimination of hydride ion, is rate-deter- 
mining, and i f  i t  i s  assumed that the add i t ion  step i s  rap id ly  reversible the results might be 
explained as follows (3-picoline is taken as an example) : 

t LiH 

t L i H  

The aromatization step in (i) probably involves the abstraction by the lithium cation of 
the hydrogen atoll1 with its bonding pair of electrons. The energy of activation for this 
step would probably be lowered more by an electron-repelling ortho-methyl than by a 
para-methyl group. This effect inight well be greater than the opposing steric effect 
favoring h>-dride expulsion from I11 over that from I.* If this is so, kz would be greater 

lPart I I/: R .  A. A bran?ovitch, IV. A. Hynzers, J.  B. Rajan,  and R. I.T?lson. Tetrahedron Letteus, 1507 (1963). 
* I f  the transztion state vesembles product there would be appreciable 1,b-alky1:phenyl repulsion in the case 

of I + I I .  
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than k2' and more I1 would be formed than IV even though K1' were greater than K 1 ,  
provided the addition step is rapidly reversible. I t  is to be noted that whereas the addition 
step is exothermic, heat is required to cause the elimination to take place. 1x1 addition, the 
formation of intermediates such as (I) and (111) finds support in the oxidation of the 
pyridine-phenyllithium adduct with benzophenone (3),  when a by-product, probably 
4-diphenylhydroxymethyl-2-phenylpyridine (V), is also formed. This presumably arises 
by the addition of the 2-phenyl-1,2-dih~~dropyridyllithium intermediate to benzophenone 
followed by oxidation and a molecular rearrangement (3). 

In order to test the above possibility the reactions of phenyllithium with deuterated 
pyridine and deuterated picoline were examined. Before doing so, however, it was decided 
to re-examine the ratios of isomers formed in the reaction between phenq-llithium and a 
3-alkylpyridine when the phenyllithium solution was added to an excess of the 3-alkyl- 
pyridine (which was, therefore, always present in excess throughout the reaction) instead 
of the other way around (when phenyllithium uTas present in excess, a t  least in the initial 
stages). In this way, it was hoped to get a better indication if possible of the relative 
discrimination of the attacking reagent towards Cz and Cg. The results are summarized 
in Table I.  The reaction mixtures were worked up in the usual way by heating with 

TABLE I 
Addition of pheilyllithiutll t o  an  excess of 3-R-pyridine 

Overall yield" of Ratio of 2,3- 
R phenyl-3-R-pj~ridiile (5;) to 2,s-isomer 

C H ~ "  33.81 95:s 
C2Hs 23.41 ~. 87: 13 

*Based on phenyllithium. 
?In the presence of an excess of lithium bromide. 
$L-sing halide-free phenyllithium. 

- ~. 

toluene a t  ca. 110'. Thc ratios of the 2,3- to the 2,s-phenylalkylpyridines are the same, 
within experiinental error, as those obtained when the addition was carried out in the 
reverse order (I) .  

During the course of this work a much Inore convenient procedure for the working up 
of the reaction mixture resulting froin the addition of an organo-lithium compound to 
pyridines was developed. After the addition was completed and the mixture h,ld been 
stirred a t  roonl temperature for varying lengths of time dry oxj gen \qTas slowly bubbled 
through the ethereal suspension: oxidation of the dihydropyrid>~llithium internlediate 
occurred readily (3) to give the required reaction products and probably lithiunl h j  droxide. 
The  isomer ratios were essentially unchanged, but  the overall yields of products are usually 
somewhat higher-this may well be due to the fact that  extensive polymerization of the 
dihj-dropyridyllithium i~ltermediate takes place, particularly when i t  is heated. 

The isomer ratio for the addition of phenyllithium to 3-picoline also renlained unchanged 
when the reaction was carried out in dry light petroleum or in dry benzene instead of in 
ether. When an ethereal solution of the 3-picoline-pheny-llithium adduct was stirred a t  
room tenlperature for various intervals of time (from G to 90 hours) before being worked 
up, again no change in the isomer ratio was observed but  the ield of products rose from 
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20.5 to 42.9%. The reactions with 3-picoline and with 3-ethylpyridine with phenyllithium 
in ether were also carried out in the presence of an excess of anhydrous lithium bromide. 
The reactions appeared to proceed more slowly under these conditions (as indicated by 
the evolution of heat) than when one equivalent of lithium bromide was present (which 
normally arises from the method of preparation of phenyllithium using bromobenzeile 
and lithium in dry ether), and the overall yields of products were somewhat lower; on the 
other hand, the 2,3- to 2,s-isomer ratios were unchanged within the limits of accuracy 
of the experiments (&2y0). Finally, the reactions were carried out using halide-free 
phenyllithium from diphenylmercury and lithium metal (6): once again the isomer ratios 
remained constant. 

In order to test whether the possible reversibility of the addition step had any influence 
upon the isomer ratios observed, the reaction of phenyllithium with an excess of 3-picoline 
was interrupted by the addition of water after only a small percentage of the addition 
had occurred. The 1,2-dihydrophenylpicolines (VI) and (VII) thus formed (4) cannot 
revert to starting material and, if oxidized, should give the isomeric phenylpicolines in a 
ratio indicative of the actual orientation in the addition step. Thus, one might then 
expect that if equations (i) hold and K1' > K1 (the inductive effect of the methyl group 
would render attack a t  Cg more likely than a t  Cz) one would get more 2,5- than 2,3-isomer. 
When the suspension of the dihydropyridines obtained after treatment with I\-ater was 
either oxidized directly with chloranil (5) or extracted with ether and the ethereal extract 
oxidized and the products analyzed by gas chromatography, the ratio of 3-methy1-2- 
phenylpyridine to 5-methyl-2-phenylpyridine was still found to  be about 94:6. These 
results would indicate that  the addition reactions are virtually irreversible, or that the 
equilibria as in (i) lie far on the side of the addition products and that  equilibration of I 
and I11 via starting material is so slow as not to be of importance here. 

This has been confirmed in two ways. The  importance of the hq-dride ion eliininatio~~ 
step upon the orientation of the products formed was determined by illeasuring the ratio 
of isonlers formed in the reaction of halide-free phenyllithiuill with 3-picoline-2d. Since 
k H / k D  in hydride ion eliminations is of the order of 1.8-2.6 (7) then if scheme (i) is applic- 
able one would expect the 2,3- to 2,5-isomer ratio to  be substantially higher with 3-picoline 
than when 3-picoline-2d was used. This was not found to be the case, the observed isomer 
ratio being 95:5 in both cases (under otherwise identical conditions). I t  is clear, therefore, 
that  the rate of hydride ion elimination is not important in determining the observed 
orientation. 

Finall>-, an excess of a mixture of pyridine and pyridine-2d was allowed to react with a 
small amount of phenyllithium in the presence of an  excess of anhydrous lithium bromide. 
Unreacted pyridine-pyridine-2d mixture was recovered from this competitive reaction 
and analyzed for pyridine-2d using an  infrared spectroscopic method (see Experimental). 
A blank run was carried out using identical conditions except that  the phenyllithium was 
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left out; the concentration of the pyridine-2d in the recovered pyridine-pyridine-2d 
mixture was taken as the "original" concentration in the actual runs. Since the hj~dride 
ion elimination step is the slow step in scheme (i) and k H / k D  should be about 2 ,  one 
would expect the recovered mixture of starting materials to  contain a larger proportion 
of pyridine-2d than it did initially-provided the addition step is readily reversible. In 
actual practice, the composition of the recovered pyridine-pyridine-2d was no different 
fro111 the initial one. 

There seems to be no doubt, therefore, that  the second stage in the reactions of phenyl- 
lithium with 3-alkylpyridines, namely the elimiilation of hydride ion does not decide the 
'ab~lormal' orientations observed (1) in these reactions, and that  the first step, the 
addition giving rise to a dihydrophenylpyridyllithium intermediate is not readily rever- 
sible. I t  has been assumed, and the present results, showing the constancy of the isomer 
ratios produced under various conditions, seem to bear out amply, that  there is no, or 
allnost no, selective removal of the isomeric dihydropyridyllithium inter~uediates due to  
disproportionation and (or) polymerization but that  both isomers undergo these side- 
reactions a t  virtually the same rate. I t  is hoped to submit more evidence supporting this 
point soon. One must look elsewhere for an explanation of the orienting influence of alkyl 
groups in such nucleophilic substitution reactions. 

S t a ~ t i n g  Pyv id ines  
Commercial 2' pyridine (Reilly Tar  and Chemical Co.) mas dried (KOH) and fractionally distilled, the 

fraction, b.p. 110-112" a t  720 Inn1 being used. Comlnercial synthetic 3-picoline was similarly treated: the 
fraction, b.p. 138-140" a t  720 mm was used. 

3-Ethylpyridine, b.p. 165-166" a t  720 mm, was obtaiiledin SO-87% yield by the reduction of 3-acetyl- 
pyridine with hydrazine hydrate and potassium hydroxide according to the procedure of Fand and Lutornski 
(8). 3-Isopropylpyridine was prepared as described previously (1). 

"Oi.dinary"Phenyllitlziz~~~z 
This was prepared as usual and its concentration estimated by titration with 0.1 N hydrochloric acid 

using methyl orange as indicator. 

Halide-free Phenylli thizii~z ( 6 )  
Diphenylmercury (3.6 g) was added with stirring. to a suspension of fiuely cut lithium (0.4 g) in ailhydrous 

ether (75 ml) under dry, oxygen-free, nitrogen. The mixture was stirred vigorously a t  room temperature 
for 24 hours, the clear supernatant liquid was decanted under nitrogen through glass wool, and the clear 
solution was analyzed for phenyllithium content by acid titration. 

Ethereal solutions of anhydrous lithium bromide were prepared either from lithium and 1,2-dibromoethane 
in ether solution (9) or by dehydrating 'anhydrous' lithium bromide (LiBr,xH?O; Matheson, Coleman, 
and Bell) a t  155' a t  I tnin for 12 hours, dissolving it in dry ether and decanting the super~latant liquid from 
some insoluble material. In either case, the concentration of bromide was determined by I'olhard titration. 

A d d i t i o n  of Plzenyl l i th iz~m to  an Excess  of a 3 - i l l k y lpyv id ine  
The procedure will be described only for the case of 3-picoline. 
( a )  T h e  toluene i~iethod.-A solution of 3-picoline (2.79 g, 0.03 moles) in dry ether (26 ml) mas treated 

dropwise and with vigorous stirring in a nitrogen atmosphere with an  ethereal solution of phenyllithium 
(12.5 ml = 0.01 moles of phenyllithium). At the end of the addition the ether was distilled and simultalleously 
replaced with dry toluene. The mixture was then boiled gently under reflux for 6.5 hours, cooled, treated with 
water, made strongly alkaline with potassiunl hydroxide, and extracted with several portions oi ether. The 
ethereal extracts were washed with concentrated hydrochloric acid and the aqueous acid layer was basified 
and extracted with ether. The combined ether extracts were dried (KOH), evaporated, and a~lalyzed by 
gas chromatography. The columns, conditions, retention times, and identification of the various pealrs have 
already been described in detail (1). 

( b )  T h e  oxygen method. - -The addition of phenyllithium solution (8.5 ml = 0.01 moles) to 3-picoline 
(2.79 g. 0.03 moles) was carried out as before. At the end of the addition, the reaction mixture was boiled 
gently under reflux for 30 minutes and cooled, and oxygen gas was bubbled through until a white suspension 
had formed. The mixture was then treated with water and worked up as under (a) above. The combined 
yield of 3-methyl- and 5-methyl-2-phenylpyridille was 57% and the molar ratio of these two isolners was 95: 5. 
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(c) I n  the presence of an  excess of lithiunz bromide.-The procedure was essentially the same as that de- 
scribed under (a) or (b), respectively, except that  two molar equivalents of anhydrous lithium bromide in 
dry ether were added per mole of pyridine used. No appreciable evolution of heat was observed when the 
phenyllithium solution was added. Some typical results are summarized in Table I. 

(d) Using halide-free pheny1lithium.-The procedure was identical with that  used under methods (a)  or 
(b) .  A vigorous exothermic reaction took place when the phenyllithium solution was added to the pyridine. 
A few of the results are given in Table I. 

Reaction of Halide-free Phenyllithium with 3-Picoline-2d 
The addition of halide-free phenyllithium was carried out as described under (a) above except that  

3-picoline-2d (10) (0.2 g, 0.0021 moles; 11.67 atom % D j  was used. T o  this was added 0.001 moles of 
phenyllithium in dry ether. The yield of products was 18.6% and the ratio of 2,3- to 2,5-isomer was 95:s. 

Oxidation of Dihydrophenylpicolines 
(a) X solution of phenyllithium (0.023 moles) in ether (30 ml) was added dropwise with stirring under 

nitrogen to a solution of 3-picoline (5.58 g, 0.06 moles) in ether (10 ml), a t  such a rate that  the temperature 
of the reaction mixture did not rise appreciably. I t  was then immediately cooled to -lo0, treated  cautious!^ 
with an  excess of iced water, the ether layer separated, and the aqueous layer extracted with ether. The com- 
bined ether extracts were added with stirring to  a solution of chloranil (14.6 g) in benzene (600 ml) and 
filtered. The residue was washed with ether and the combined washings and filtrate were concentrated down 
to a small volume (2 mlj and analyzed by gas chromatography. The combined yield of 3-methyl- and 
5-methyl-2-phenylpyridine was 19.0y0; the isomer ratio was 96:4. 

(b) In  this experiment the mixture obtained above after treatment with water was not extracted with ether 
but was treated directly with a benzene solution of chloranil and analyzed. The ratio of 2,3- to 2,;i-isomer 
was 94:6 and the combined yield was 22.5%. 

Reaction nf Phenyllithiztnz with Pyridine-Pyridine-dd Mixture 
X solution of 'ordinary' phenyllithium (0.018 moles) in anhydrous ether (66 ml) was added dropwise a t  

24", and under oxygen-free dry nitrogen to a well stirred solution of anhydrous lithium bromide (0.076 
moles), pyridine (0.0179 moles), and pyridine-2d (10) (0.0'201 moles) in anhydrous ether (150 ml). At the 
end of the addition, stirring was continued for another 2 hours, oxygen was bubbled through the mixture 
for 5-10 minutes, the suspension treated with an  excess of water, and the mixture of recovered pyridine 
and pyridine-2d isolated and purified by preparative gas-chromatography on columns of silicone oil (25%) 
on Fisher Columnpalr (60-80 mesh) a t  70'. The mixture was then dried (KOH pellets) and distilled. 

A blank run was carried out similarly except that  the phenyllithium was omitted. The composition of the 
recovered pyridii~e-pyridine-2d was used for comparison with the recovered material from the actual runs. 

The quantitative analyses for pyridine-2d were carried out by determining the infrared spectra of authentic 
mixtures of known concentration of pyridine and pyridine-2d (as pure liquids) in matched 1-mm fixed- 
thickness cells. A calibration curve for the pyridine-2d concentration was obtained by plotting-log T (where 
T = yo transmission) of the C-D stretching band a t  2260 ciil-1 against the corresponding known concen- 
tration of pyridine-2d, and was a straighf line, thus making it-unnecesssary to measure the areas under the 
C-D band. - .. 

In all runs, the composition of thcrecovcred pyridine-pyridine-2d mixture was identical with that  of the 
starting inaterial. 
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