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A detailed representative kinetic run is given in Table II.24 
First-order rate plots of log [CCN],/[CCN]o against t yielded 
straight lines in all cases studied (Figure 5).24 The second- 
order rate constants were determined by dividing the 
pseudo-first-order rate constants by base concentration. 

It may be argued that the trans olefin does indeed isomerize 
to the cis olefin, but that the very minor accumulation of the 
cis isomer is due to its faster consumption in the addition re- 
action, as compared to that of the trans olefin. This, however, 
is not the case as is evident from the fact that the second-order 
rate constants for the nucleophilic attack step of the ethoxide 
anion on the cis- and on the trans-cinnamonitrile are about 
the same: kq N 3.50 X 1. mol-l s-l and k l  = (3.72 f 0.51) 
x 10-4 1. mol-1 s-1. 

Experimental Section 
The infrared spectra were obtained with a Perkin-Elmer Model 257 

spectrophotometer. NMR spectra were recorded on a JEOL 60 MHz 
spectrometer. VPC measurements were done on a Varian Aerograph 
Model 1800 gas chromatograph. Mass spectra were recorded on a 
Hitachi Perkin-Elmer Model RMV-6 (70 eV) mass spectrometer. 

Materials. A mixture of cis- and trans-cinnamonitrile was syn- 
thesizedZ2 and separated by distillation on a spinning band column. 
The cis and trans isomers were each obtained at  98% purity (VPC). 
Absolute dry ethyl [zH]alcohol (Miles-Yeda), 99.9% isotopically pure, 
was used. Ethanolic sodium ethoxide solutions were prepared by 
adding sodium metal to ethyl [zH]alcohol under reflux and nitrogen. 
The base concentration was determined by titration with hydrochloric 
acid. Liquid materials and solutions were kept under pure nitrogen 
in flasks fitted with self-sealing rubber caps. Aliquot portions were 
removed from these flasks with syringes by applying nitrogen pres- 
sure. 

Kinetic Runs. The reactions of trans-cinnamonitrile with ethyl 
[2H]alcohol catalyzed by sodium ethoxide were carried out in a 150-ml 
flask connected to high vacuum and nitrogen lines. The flask was 
fitted with a self-sealing rubber cap through which liquids were in- 
troduced by syringes. The system was dried, evacuated, and flushed 
with dry nitrogen prior to the introduction of solvent and reactants. 
The required amounts of cinnamonitrile and ethyl [2H]alcohol were 
introduced into the flask which was then immersed in a constant- 
temperature bath at  (39 f 0.5) "C. A solution of sodium ethoxide in 
ethyl [2H]alcohol was then introduced and time recorded. Portions 
of the homogeneous mixture were withdrawn at  measured intervals 
through a capillary stopcock, by applying a nitrogen pressure. The 
samples withdrawn were quenched with excess acetic acid and 
subjected to quantitative VPC and ir measurements. Some repre- 
sentative results of kinetic rate measurements of the addition reaction 
are presented in Table ILZ4 The kinetic rate measurements of the 
addition of ethyl [2H]alcohol to cis-cinnamonitrile and its simulta- 
neous isomerization to the trans isomer were followed by VPC. 

Quantitative Ir Analysis. The baseline density methodz3 was used 
to determine the percentage of deuterium (% D) in the samples 

withdrawn from the reaction mixture. The ir spectrum of each of 
several mixtures composed of weighted amounts of a-deuterated and 
nondeuterated trans-cinnamonitrile was recorded using no solvent 
in sodium chloride cells (0.025 cm thickness). The transmittance T 
at 975 cm-l (due to the C=CH bond) and the transmittance T' at 955 
cm-l (due to the C=CD bond) were determined. The % D of each of 
the same samples was determined from their mass spectra. A standard 
curve for the quantitative ir analysis was prepared by plotting log TIT' 
against % D. Solvents (ethyl [zH]alcohol and acetic acid) were evap- 
orated from each of the quenched samples withdrawn from the re- 
action mixture and the residue was distilled under vacuum into a 
cooled trap. This distillate consisted of a mixture of the addition 
product of ethyl [2H]alcohol to trans-cinnamonitrile and the a-deu- 
terated and nondeuterated olefins. The ir spectrum of the liquid was 
recorded, log TIT' determined, and the % D then directly read from 
the standard curve. 

Registry No.-Ethyl [2H]alcohol, 925-93-9; trans -cinnamonitrile, 
1885-38-7; sodium ethoxide, 141-52-6; cis-cinnamonitrile, 24840- 

Supplementary Material Available. Figures 3,4, and 5 and Table 
I1 describing the addition of ethyl [zH]alcohol to trans- and cis-cin- 
namonitrile (4 pages). Ordering information is given on any current 
masthead page. 
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The usual orientation of nucleophilic addition at  the 2 position of a 3-alkylpyridine can be changed by increasing 
the steric requirements of the nitrogen substituent. Thus the addition of phenylmagnesium bromide to the alkyl 
chloroformate ester salts of 3,4-lutidine is regioselective giving up to 90% addition of the aryl group at  the 6 posi- 
tion. The large steric requirements of the 1-phenoxycarbonyl group or an ortho-substituted phenyl Grignard re- 
agent gave 95% or greater regioselectivity of reaction at  the less hindered a position of the 3,4-lutidine salt. 

The reactions of nucleophiles with pyridines and pyridine 
derivatives may occur by addition at  the 2,4 ,  or 6 position of 
the ring.l When the nucleophile is an organometallic reagent 

the addition usually takes place adjacent to the nitrogen, a t  
the 2 or 6 positions,2 and with the unsymmetrical ring having 
a %alkyl group, the addition is primarily a t  the 2 position. 
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Table I 

- ArMgBr AracH3 + k F  -----t 

+ I  e Ar A r N  Ar H I  c=o 
5 

c=o 
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I 
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Overall 
yield, % Solvent Compd R‘ Ar 415 

a CH,CH, C6H6 
b i-C,H, C6H5 
C i-C,H, C6H6 

d C 6 H S  C6H5 
e CH,CH, p-ClC,H. 
f 
g 
h 

‘6H5 
CH,CH, 
C6H5 

p-ClC,H, 
o-CH,C,H, 
o-CH,C6H, 

aOnly a trace of 5 could be detected in the NMR spectrum. 

Thus the reactions of phenyllithium with 3 -~ ico l ine ,~  3- 
alkyl-1-ethoxypyridinium bromides with Grignard reagents,* 
and 3,4-lutidine methiodide with benzylmagnesium chlori- 
de2c,5 all give as the sole or major product compounds resulting 
from addition of the organometallic reagent at  the 2 position. 
This unexpected regiospecificity has been rationalized as re- 
sulting from an “ortho” effect of the 3-alkyl group probably 
related to London  force^.^ 

The requirement for a series of 2-aryl-4,5-lutidines for a 
synthetic problem in this laboratory would be facilitated if the 
regiospecificity of the addition of an organometallic reagent 
to a 3,4-lutidine derivative could be controlled to give pre- 
dominently reaction at  the less hindered, 6 position. To make 
use of this steric factor to govern the regiospecificity of the 
nucleophilic addition it was evident from the literature that 
a group with large steric requirements would have to be in- 
troduced on the nitrogen. Since the pyridines were the desired 
product, the nitrogen substituent must be easily lost in the 
aromatization of the intermediate dihydropyridine. The ac- 
tivation of the pyridine ring to reaction with a Grignard re- 
agent by salt formation with a chloroformate, recently re- 
ported by Fraenkel and co-workers6 with 4-substituted py- 
ridines, seemed to provide a possible method for controlling 
the regiospecificity. 

The steric requirements of the nitrogen substituent were 
varied by changing the nature of the alkyl group of the ester 
of the chloroformate, and the various l-alkoxycarbonyl- 
3,4-lutidinium salts (1) were treated with an aryl Grignard 
reagent. The NMR spectrum of the mixture of l-alkoxycar- 
bonyl-2-aryl-1,2-dihydro-3,4-lutidine (3) and l-alkoxycar- 
bonyl-2-aryl-1,2-dihydro-4,5-lutidine (2) was not resolved 
sufficiently to allow analysis of the product. Thus aromati- 
zation of the mixture by heating with sulfur gave the pyridines 
4 and 5 which could be analyzed by the NMR. The results of 
the study are given in Table I. 

Results and Discussion 
The reaction of 3,4-lutidine with the chloroformates gave 

the salts which in turn were treated with a Grignard reagent 
to give a mixture of dihydropyridines (2 and 3). Except for the 
product from the reaction of p-chlorophenylmagnesium 
bromide and the phenyl chloroformate salt of 3,4-lutidine, 
which was largely the solid 1-phenoxycarbonyl-2-p-chloro- 
phenyl-4,5-dimethyl-1,2-dihydropyridine (Zf), the oily mix- 
tures of dihydropyridines were not analyzed. The products 

78/22 
75/25 
90/10 
9218 
62/38 
9515 
9515 
> 95a 

31 
27 
32 
35 
40 
55 
46 
56 

Ether 
THF 
Ether 
THF 
THF 
THF 
THF 
THF 

were aromatized by heating with sulfur rather than by reaction 
with n-butyllithium, the procedure previously described,6 
since the former procedure is more convenient for preparative 
scale reactions. 

The reactions of unhindered aryl Grignard reagents with 
the lutidine salts from ethyl and isobutyl chloroformate, alkyl 
groups with no branching near the carbonyl group, gave sig- 
nificant amounts of reaction at  the 2 position of the pyridine 
ring (la,b,e). The alkoxycarbonyl salts of 3,4-lutidine (1) gave 
a much greater ratio of addition of the aryl Grignard reagent 
at the 6 position than did other derivatives of 3,4-lutidine or 
the base itself. An increase in the steric requirements of the 
ester (lc,d,f) or in the Grignard reagent (g) gave much greater 
regioselectivity with nearly exclusive reaction at  the 6 position. 
Thus with the hindered Grignard reagent, o-tolylmagnesium 
bromide, even the smallest ester, ethoxycarbonyllutidiniurn 
salts, gave nearly exclusively a single isomer. This orientation 
is particularly noteworthy when compared with the reaction 
of o-tolyllithium or o-ethylphenyllithium with 3-picoline 
which was reported to give about 95% addition at  the 2 posi- 
tionS7 Similar high regiospecificity was achieved with any aryl 
Grignard reagent with the phenyl chloroformate salt of 3,4- 
lutidine. 

These results clearly show that orientation of nucleophilic 
arylation of 3-alkylpyridines can be controlled to give sub- 
stitution at the position ortho to the alkyl group using the base 
or by using our procedure to give substitution “para” to the 
alkyl substituent. 

Experimental Section 
Melting points were determined using a Thomas-Hoover capillary 

melting point apparatus or a Mel-Temp apparatus and were not 
corrected for thermometer stem exposure. Elemental analyses were 
determined using an F and M Model 185 C, H, and N analyzer. In- 
frared spectra were determined using Perkin-Elmer Model 137 or 337 
spectrometers with samples prepared as mulls or KBr pellets. The 
nuclear magnetic resonance spectra were determined using a JEOL 
Model MH-100 spectrometer. 

2-Aryl-3,4- and -4,5-dimethylpyridines (4 and 5 ) .  A solution of 
3,4-lutidine (5.36 g, 0.05 mol) in 150 ml of dry THF (ether) under ni- 
trogen was cooled in a carbon tetrachloride-dry ice bath. An alkyl 
chloroformate (0.05 mol) was added dropwise over 5 min to the stirred 
solution, forming a white precipitate. An aryl Grignard reagent (0.06 
mol) in 55 ml of THF (ether) was then added dropwise at such a rate 
as not to  allow the temperature to rise above 0 “C. After the addition 
was completed, the mixture was stirred at 0-5 “C (ice bath) for 1 h and 
hydrolyzed with 50 ml of 20% ammonium chloride solution. The or- 
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ganic layer was washed with 50-ml portions of 5% NaOH, water, 5% 
HC1, water, and brine, and then was dried (KzCO3). Evaporation of 
the solvent gave yellow oils as a residue which were treated with 1 
equiv of sublimed sulfur a t  190-200 "C for 45 min. The reaction 
mixture was cooled, dissolved in 150 ml of ether, and extracted with 
three 50-ml portions of 10% hydrochloric acid. The acid extracts were 
washed with 50 ml of ether, made basic with 20% NaOH, and extracted 
with four 50-ml portions of ether. The organic layer was washed with 
brine and dried (KzC03). The solution was filtered and concentrated 
and the residue was distilled, giving a mixture of 2-aryl-3,4-di- 
methylpyridine (5) and 2-aryl-4,5-dimethylpyridine (4). The per- 
centages of the isomeric pyridines 4 and 5 were determined from the 
NMR spectrum of the mixture. The combined quantities of 4 and 5 
were given from the integration of the signal for the a protons which 
were accidentally identical a t  6 8.54 for Ar = C&i5 or p-ClCsH4 or at 
6 8.64 for Ar = o - C H ~ C ~ H ~ .  The relative amount of 5 in the mixture 
was obtained from the integration of the signal for the 5 proton, a 
doublet a t  6 7.14 for Ar = p-ClCsH4 or o-CHsCsH4 or a t  6 7.08 for Ar 

l-Phenoxycarbonyl-2-p-chlorophenyl-4,5-dimethyl- 1,2-di- 
hydropyridine (2f). A solution of 3,4-lutidine (10.71 g, 0.1 mol) in 
200 ml of dry THF under nitrogen was cooled in a carbon tetrachlo- 
ride-dry ice bath. Phenyl chloroformate (15.66 g, 0.1 mol) was added 
dropwise over 5 min to the stirred solution giving a white precipitate. 
A solution of p-chlorophenylmagnesium bromide (0.12 mol) in 100 
ml of THF was added dropwise at a rate which kept the temperature 
below 0 O C .  After the addition was completed, the mixture was stirred 
at  0-5 "C (ice bath) for 1 h and then was hydrolyzed with 100 ml of 
20% NH&l solution. The organic layer was washed with 50 ml of 5% 
NaOH solution and 50 ml of saturated brine solution and then was 
dried (KzCO3) and evaporated. The residual yellow oil crystallized 
on standing under pentane to give 25.7 g (76%) of 2f as a light yellow 
solid. The product was recrystallized twice from isopropyl alcohol to 
give an analytical sample of 2f: mp 111-114 "C; NMR (CDC13) 6 
7.08-7.80 (m, 9 H), 6.92 (br s, 1 H), 6.03 (d, 1 H), 5.68 (d, 1 H), 1.70- 
2.08 (2 s, 6 H); ir (KBr) 1705 cm-l. 

Anal. Calcd for C2oHl&lN02: C, 70.69; H, 5.34; N, 4.12. Found: C, 
70.95; H, 5.26; N, 4.07. 
2-Phenyl-4,5-dimethylpyridine (4d). A solution of 3,4-lutidine 

(5.36 g, 0.05 mol) in 150 ml of dry THF under nitrogen was cooled in 
a carbon tetrachloride-dry ice bath. Phenyl chloroformate (7.83 g, 
0.05 mol) was added dropwise over 5 min to the stirred solution, 
forming a white precipitate. A solution of phenylmagnesium bromide 
(0.06 mol) in 55 ml of THF was added dropwise at  a rate to keep the 
temperature below 0 "C. After the addition was complete, the mixture 
was stirred at  0-5 "C (ice bath) for 1 hand then was hydrolyzed with 
50 ml of 20% ".&I solution. The organic layer was washed with 
50-ml portions of 5% NaOH, water, 5% HCl, water, and brine, and then 
was dried (K&03). The mixture was filtered and evaporated to yield 
12.32 g of a yellow oil. The crude yellow oil was treated with sublimed 
sulfur (1.29 g, 40.37 mmol) a t  190-200 "C for 45 min. The reaction 
mixture was cooled, dissolved in 150 ml of ether, stored over sodium 
hydroxide pellets overnight, and filtered. The filtrate was washed with 
50 ml of 10% sodium hydroxide and 50 ml of water, and was extracted 
with three 50-ml portions of 10% hydrochloric acid. The acid extracts 
were washed with 50 ml of ether, made basic with 20% sodium hy- 
droxide and extracted with four 50-ml portions of ether. The organic 
layer was washed with water and brine and was dried (KzC03). The 
solution was filtered, concentrated, and distilled, giving 3.23 g (35%) 
of 4d as a light yellow oil: bp 117-120 OC (0.35 mm); picrate mp 
203-204 OC [lit.* bp 146-150 "C (6 mm), picrate mp 202-203 'C]; 
NMR (CDC13) 6 8.58 (s, 1 H), 8.12-8.28 (m, 2 H),  7.44-7.70 (m, 4H) ,  
2.16 (s, 6 H). 
2-p-Chlorophenyl-4,5-dimethylpyridine (4f). A mixture of 15.0 

= CtjH5. 

g (44.14 mmol) of crude 2f and 1.27 g (39.73 mmol) of sublimed sulfur 
was heated with stirring at  190-200 "C for 45 min. The reaction 
mixture was cooled, dissolved in 150 ml of ether, and placed over so- 
dium hydroxide pellets overnight. The solution was filtered and 
washed with 50 ml of 20% sodium hydroxide solution and 50 ml of 
water. The solution was extracted with three 50-ml portions of 10% 
hydrochloric acid. The acid extracts were filtered, washed with 25 ml 
of ether, made basic with 20% sodium hydroxide, and extracted with 
four 50-ml portions of ether. The ether extracts were washed with 
saturated brine solution, dried (KzCO~), and evaporated to give a 
brown solid. Distillation of the solid (bp 125-130 "C, 0.06 mm) yielded 
6.9 g (72%) of 4f as a light yellow solid. The solid was recrystallized 
twice from hexane-Norite to give 4f as white crystals: mp 61.5-62 "C; 

2.20 (s, 6 H). 
NMR (CDC13) 6 8.48 (s, 1 H), 8.00 (d, 2 H),  7.46 (d, 2 H),  7.43 (s, 1 H),  

Anal. Calcd for ClaH12ClN: C, 71.72; H,  5.56; N, 6.43. Found: C, 
71.71; H, 5.65; N, 6.56. 

2-( o-Tolyl)4,5-dimethylpyridine (4g). Using the procedure for 
the areaaration of 4f. 10.71 g (0.1 mol) of 3,4-lutidine, 11.19 g (0.1 mol) 

~ 

L .  

of ethyl, chloroformate, a n i  0.12 mol of o-tolylmagnesium bromide 
in 100 ml of THF gave, after vacuum distillation, 16.2 g of a yellow oil. 
Treatment with 1.91 g (59.7 mmol) of sublimed sulfur gave, after 
vacuum distillation, 9.0 g (46%) of a yellow oil. The oil was treated with 
Norite-chloroform and redistilled to give an analytical sample of 4g: 
bp 110-115 "C (0.35 mm); picrate, mp 166-167 "C; NMR (CDC13) 6 
8.64 (s, 1 H), 7.35-7.68 (m, 4 H),  7.30 (s, 1 H), 2.43 (s,  3 H),  2.24 (s,6 
HI. 

Anal. Calcd for CI4HljN: C, 85.24; H, 7.66; N, 7.10. Found: C, 85.28; 
H,  7.65; N, 7.12. 
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Registry No.-2f, 59463-69-3; 4d, 27063-84-9; 4d picrate, 
27063-85-0; 4f, 59463-70-6; 4g, 59463-71-7; 3,4-lutidine, 583-58-4; 
phenyl chloroformate, 188-14-9; p-chlorophenyl bromide, 106-39-8; 
phenyl bromide, 108-86-1; o-tolyl bromide, 95-46-5; ethyl chlorofor- 
mate, 541-41-3. 
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