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The side chain alkylation of 2- and 4-alkylpyridines has been accomplished using sodium as a catalyst; 2- and 4-ethyl-, 
n-propyl-, isopropyl-, sec-butyl-, isobutyl-, (ethylpropyl). and (methylisohuty1)-pyridine reacted with ethylene under pres- 
sure a t  130-160" to  produce the corresponding sec-butyl-, (ethylpropy1)-, t-amyl-, (methylethplpropy1)-, (ethylisobuty1)- 
(diethylpropy1)- and (methylethylisohuty1)-pyridines. The 2- and 4-ethylpyridines and 2- and 4-n-propylpyridines react 
with propylene under pressure a t  160" to  produce the corresponding (i-CsH;)( CHa)CH- and (i-C3H,)(C~H$2H-pyridines. 
I t  has been observed that 4-substituted pyridines undergo alkylation more easily than the 2-isomers. The mechanism of 
the side chain alkylation is substantiated by kinetic results. The alkylated alkylpyridines mere analyzed by means of infra- 
red spectroscopy and gas chromatography. For that reason alkylpyridines having the following alkyl groups were syn- 
thesized: 2-(i-CaH7)(CH3)( CH), 2-(i-C3H7)( C2Hs)CH, 2-t-CjHI1, 2 4  C2Hj)?( CHa)C, 2-(i-C3H,)( CzHs)( CHs)C, 4-i-C4Hs, 
4-(i-C3H7)( CH,)CH, 4-(czH~)zCH, 4-(i-C?H?)(CzHs)CH, 4-t-CjH11, 4-(C2Hj)2(CH3)CV 4-(CzH5)3C, 4-(i-CaH?)(CzH~)(CHa)C. 
The procedure used consisted in contacting equimolar amounts of alkylpyridines, alkyl halides and potassium amide in 
liquid ammonia. 

I. Alkylation of Alkylpyridines 
The side chain e t h y l a t i ~ n ~ . ~  and propylation4 

of picolines in the presence of sodium as catalyst 
was described previously. This study has been 
extended to include higher monoalkylpyridines. 
The main object of this study was to determine 
the influence of substitution a t  the reactive center 
on the ease and selectivity of alkylation and also 
to gain additional information as to the mechanism 
of side chain alkylation. 

The side chain ethylation and propylation reac- 
tions were carried out in apparatus and under con- 
ditions similar to those described previ~usly.~ 
The results obtained are presented in Tables I 
and 11, respectively. 

The side chain alkylation of alkylpyridines fol- 
lows the general mechanism proposed for alkyl- 
aromatics5 and for  picoline^.^ 

Ethylation.-It is seen from Table I that large 
variations in reaction rates occurred according to 
the nature of the starting alkylpyridines. When 
4-substituted pyridines were used the reaction pro- 
ceeded satisfactorily a t  about 140-153° and in 
the absence of a promoter] a t  least in the case of 
the lower homologs of alkylpyridines. However, 
when 2-substituted pyridines were used the reac- 
tion required higher temperatures (expt. 1 vs.  2) 
or the use of a promoter, as  in the case of propyl- 
pyridines (expt. 3 vs. 4, 5 vs. 6). 

When the alkyl group in the alkylpyridines was 
more highly branched as in 2-(methylisobutyl) - 
pyridine the ethylation reaction was greatly hin- 
dered. In the case of the 2-isomer a t  180' and 
in the presence of a promoter, only 4% of the alkyl- 
pyridine underwent ethylation, while with the 4- 
isomer the extent of ethylation was 32% (expts. 
12 and 20). 

(1) (a) Paper XVIII  of the series Base-Catalyzed Reactions. For 
paper XVII see W. 0. Haag and H.  Pines, THIS JOURNAL, 83, 387 
(1960). (bJ This research was supported by a grant from the Pe- 
troleum Research Fund administered by the American Chemical So- 
ciety. Grateful acknowledgment is hereby made to  the donors of this 
Fund. 

(2) Petroleum Research Fund Postdoctoral Fellow, 1958-1959. 
On leave of absence from Ente Nazionale Idrocarburi, San Donato 
Milanese, Milano, Italy. 

(3) E. Profft and F. Schneider. Arch. Pharm., 289, 99 (1956). 
(4) H. Pines and D. Wunderlich, THIS JOURNAL, 81, 2568 (1958). 
(5) H. Pines and V. Mark, ibid., 78, 4316 (1958). 

These facts together with the observed greater 
acidity of 4-alkylpyridine as compared with the 2- 
isomers6 indicate that the initiation step in these 
reactions was the attack of sodium on the acidic 
a-hydrogen of the alkyl substituent. The acidity 
of the a-hydrogen in alkylpyridine most probably 
decreases] as in the case of alkylbenzene,' with the 
number of substituents on the carbon atom which 
is attached to the pyridine ring and also with the 
extent of branching of the substituents. With 
increasing substitution only the more acidic 4- 
alkylpyridines will undergo an ethylation reaction. 
The less acidic 2-isomers will require, as in the case 
of alkylaromatics, the presence of a p r ~ m o t e r . ~  

The yield of ethylated alkylpyridines, especially 
in the case of the less branched alkylpyridines, was 
relatively high. There was a considerable de- 
crease in the amount of high boiling product inas- 
much as the ethylation was made at  lower tem- 
peratures than reported previ~usly.~ The rate of 
ethylation varied considerably and depended on 
the structure of the alkylpyridines used. A rela- 
tive rate study of the ethylation reaction was made 
and will be reported in the subsequent paper of 
this series. It may be stated a t  present that the 
presence of a P-methyl group in the alkyl side 
chain hinders the ethylation reaction. 

Propylation.-2- and 4-ethyl- and n-propylpyri- 
dine reacted with propylene in the presence of 
sodium and anthracene to form the corresponding 
2- and 4-methylisobutyl- and ethylisobutylpyri. 
dine. The infrared spectra of the monopropylated 
product were identical (superimposable) with the 
spectra of the synthetic alkylpyridines.'" This 
demonstrates that the addition of the pyridylethyl 
and -propyl carbanions to the double bond of 
propylene occurred in a selective way, adding fur- 
ther evidence to the ionic nature of the reaction 
and to the importance of a polar rather than steric 
effect. 

Discussion and Mechanism 
The alkylation of alkylpyridines requires lower 

temperatures than the alkylation of alkylbenzenes. 
(6) The relative acidities of 2- nnd 4-picoline were determined by a 

competitive metalation using sodium amide in liquid ammonia (un- 
published work by these authors). 

(7) H. Hart  and R. E. Crocker, TEIS JOURNAL, 82, 418 (1900). 
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TABLE I 
S O D I I ~ ~ ~ - C A T A I . P Z E D  E ? H Y L A T ~ O ? , ~  O F  ~ ~ ~ , K ~ . T . P \ ' R I ~ I I s ~ s  

-ELhylated products-- 

moles moles 

based based 

-- Expprimental conditions------. Yield 
S tn r t jn f  

C' ltyrt /o  5% 
Reagents 7 dines 

,411- re- on on 
StartinR t h n -  Dura- ?vl:ix hlin.  covered, charged reacted 
rnateri,d S a .  cene, Temp , tion, p r w  , pre4s , m ma- ma- 

Kxpt. CIHIXR, K = AIule ". x .  O C .  hr. atni * a tm u Coinpo~~i id  e ttri.4 terial 

1 5-c?I-I& 0 . 2  0 .2  150 5 46 46 100 S o  rcxi l .  
2 2-C,H, .%6 , 4 4  175 2.75 28.5 I5 10  ,5 I1 51 8SC 
3 2-t~-CaH7 , 2 2  .35 150 4 71 71  86 -5 15' 7 86 
4 2-fl-C3Hr .23 .33 0 .  1 I50 3 49. 5 23 0 x IV 80 8Gd 
5 2-i-CjH7 . 2  .48 150 10 ;ix 3.3 101) No reacn. 0 
6 2-i-C3H, .28 .35 .1 150 4 . 2 3  20.5 11 G 5 . 7  VI 88 93 

73 9-1- 7 2-sec-C4Ely .17 .35 .05 150 7 2 8 . 5  14 
8 2-i-CaHp .1 .3 150 7 ti3 50 83 Cj 1' G 90 
9 2-i-CiHg . 2  .30 180 6 44 XG no (i 1' 3 90 

10 2-i.-CaHs .27 .40 .1 155 6 IO5 8-l 13  7 7 -  I r no 

11 2-(C2Hs)CH .10 .15 .05 165 10 45 40 67 8 2-C-CC 25 87 

')3 4 \'I I 

-- 
PC 
\CC 

4 80 12 2-(i-C3H7)(CHs)CH .23 .4  .1 180 5 104 100 , D  15 VI11 
13 4-C& .9 .65 150 5 28 10 30 11 XI 58 88 
14 4-n-C3H7 .15 .3 150 3 32 19.5 23 11 XI11 65 87 
15 4-i-C3H7 1 .0  1 .4  150 1.5 30 10 31 7 XV 61 92 
16 4-sec-CaHg 0.27 0.85 140 8 34 15 32 5 S Y I  62 93 
17 4-i-CaHo .13 .25 155 6 59 53 0 XIV 40 88 
18 4-i-C4Hg .13 .25  .05 165 8 63 58.8 35 1 0  XIV 51 90 
19 4-(C*Hs)nCH .09 .15 .05 160 4 70 67 - "5 10 XVII A5 88 
20 4-(i-CrH,)(CHS)CH .14 .25  .05 180 20 55 45 57 11 XVIII 32 88 

-- 

Maximum and minimum pressures a t  the reaction temperature. * Based on alkylpyridines charged. Plus a 3y0 
e For yield of CsHaNC(C2Hb)2(CH3), dialkylated product. 

structure see Table V. 
Plus a 6% yield of CsH4NC(C2Hs)3, dialkylated product. 

TABLE I1 
SODIUM-CATALYZED PROPYLATIOT OF .\LKYLPYRIDISI.S 

--Prvpylated product- 
-Experimental conditions- Yield 

Reagents - Starting moles % moles % 
Starting Anthra- Dura- Max. X u .  pyridines based on bas?d on 
material Sodium, cene, Temp., tion, press., press., recovered, Residue, charged reacted 

Expt. CIHINR, K = Mole g. g. 'C.  hr. atm.a a tm a mules % wt. CompoundC material materials 

21 2-CZHs 0.44 1 0 . 1  150 5.5 50 50 61 14 I11 21 83 
22 2-?2-C3Hi .15 0.8 .1 160 8 55 59 40 10 v 49 80 
23 4-CzHs .44 1 .1 160 6 57 57 51 12 XI1 36 74 
24 4-n-CaH7 .15 0 . 8  . I  160 5 66 65 60 15 XIV 25 80 
a Mnximum and minimum pressures at the reaction temperature. * Based on alkylpyridine charged. For structure 

see Table V. 

This probably is due to a greater stabilization of 
the pyridyl carbanions 

rye<; I P h q ;  1 

It was observed previously that the ethylation 
of 3-picoline proceeded less satisfactorily than that 
of 2- or 4-picoline and was accompanied by the for- 
mation of large amounts of higher boiling prod- 
ucts. The reluctance of 3-picoline to undergo 
alkylation was not due to the difficulty of formation 
of 3-picolyl carbanion since the latter was found 
when 3-picoline was treated with sodium in liquid 
ammonia 

The formation of 3-picolyl carbanion was not 
the limiting step in the ethylation reaction and the 
occurrence of a competing reaction was responsible 
for the low yields of ethylated product. This was 

(1 951). 
(8) H. C. Brown and W. A. hfurphey. T H I S  JOURNAL, 73, 3308 

demonstrated by two experiments in which the 
respective 2-  and 3-picolylsodium were prepared 
by treating an excess of 2- and of 3-picoline with 
sodium amide in liquid ammonia. After the 
elimination of the ammonia the respective picolyl 
sodiums were heated with ethylene. The results 
obtained (Table 111) show that with preformed 
picolylsodium, under similar experimental condi- 
tions, 2-picoline was extensively ethylated whereas 
3-picoline gave poor yields of ethylated material 
together with a large amount of residue consisting 
of compounds containing more than one pyridyl 
ring per molecule. 

These and other observations lead us to believe 
that the addition of sodium to an azomethine 
linkaged reported in the literature9,'o may occur to 
a considerable extent only with the more reactive 

(9) F. B. Ahrens, Ber. .  38, I55 (19051. 
(10) A. Heuser and C. Stoehr, J .  prilkl .  Chcm., [2] 42, 430 (1890~;  

44, 404 (1891). 
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carbanions or a t  higher temperatures. The 3- 
picolyl carbanion, due to its lack of an ionic stabili- 
zation involving the nitrogen, is more reactive 
than the 2-  or 4-picolyl carbanions. A more de- 
tailed study of the side-chain alkylation of 3-alkyl- 
pyridines is necessary in order to obtain a better 
understanding of its behavior. 

Sodium amide and sodium methoxide were 
tested as catalysts for the ethylation of 4-picoline. 
The former acted as  a catalyst and the product 
formed consisted of .l-n-propylpyridine, 4-(ethyl- 
propyl)-pyridine and of a higher boiling material. 
Sodium methoxide did not catalyze the ethylation 
of picoline. 

The reaction mechanism previously proposed4q5 
was given further support by a kinetic investiga- 
tion. This was made possible by the fact that dur- 
ing the ethylation of alkylpyridines all of the sodium 
used as a catalyst entered into reaction in contrast 
to the observation in the study of alkylbenzenes 
where a large amount of the sodium was found un- 
reacted. This observation made i t  possible to 
obtain more precise information about the kinetics 
of the ethylation of alkylpyridines. 

TABLE 111 
ETHYLATION OF PICOLINES IY THE PRESENCE OF SODIUM 

AMIDE 
The experiments were made in a 250-1111, capacity auto- 

clave in the presence of 1.5 g. of sodium amide and io atrn. 
of ethylene pressure; 0.5 mole of picoline was used. 

Product obtained -- -Conditions---- Propyl- 
Temp., Duration, Residue, pyridine 

-Picoline o c .  hr. g.  yield, % a  

2- 150 5 8 60b 
3- 150-1 io 14 3 - 

a Yields were based on picolines charged. This includes 
lo yo of 2-(ethylpropyl)-pyridine. 

TABLE I V  
IIATES OF ETHYLATION O F  4-ISOPROPYLPYRIDINE AT 125' 

---Reagents- Initial rate 
Ethylene 4-Isopropyl- of ethylene 
pressure, Sodium, pyridine, absorption, 

aim. g. mules liters/hour 

5 0.5  0 . 5  0.58 
10 0 . 5  . 5  1.10 
5 1.0 . 5  1.18 

10 1 .0  . 5  2.32 
20 1 . 0  1.0 2 .74  
40 1 .o 1.0 3.35 

4-Isopropylpyridine was used for the kinetic 
study of ethylation as it did not require the use of 
a promoter to initiate the reaction and because it 
yielded only one ethylated product. The experi- 
ments were made a t  125' where the rate of ethyla- 
tion is not too excessive (Table IV). Using sodium 
as  a catalyst i t  was found that the rate of ethyla- 
tion was : (1) proportional to the amount of sodium 
in the range investigated, namely, 0.8-1.670 based 
on 4-isopropylpyridine charged ; (2) independent 
of the amount of isopropylpyridine used; (3 )  first 
order in respect to ethylene pressure, in the range 
of 1-15 atmospheres. A t  higher ethylene pressures 
the dependency of the rate of alkylation upon the 
ethylene pressure gradually decreases until i t  be- 
come practically independent a t  pressures of 3ct-10 
atmospheres. 

Kinetic expressions (1) and ( 2 )  can be written 
based on the mechanism of alkylation.6 

,c - kl 
PyC(Z + PyC-c-c 

'c k-1 

PyT<Z + PyC-c-c /c (1) 
\C 

/c - C k p  

Py"c + c=c PyC-c-c ( 2 )  
k- P \C 

Expression (3) can be written assuming that no 
substantial deterioration of the catalyst occurs 

(3)  rye<; + PyC-c-c /c - = q 
\C 

where q is the amount of catalyst. 

obtained 
With the steady state treatment relation (4) is 

d [Py.(:] - -d [PyCiE-C] /c - 
- - - 

dt d t  

-k2[C=C][Pyz(Z] + kl[PyCyz-C] / e  - 

By appropriate substitutions an expression can be 
derived for the accumulation of ethylated material 
or disappearance of ethylene 

d[ Py C e C - C ]  
d [ C - C ]  = - - =  

dt  dt 

The above equation leads to more simplified ex- 
pressions in two extreme cases. In the ethylation 
reaction a t  a very low pressure of ethylene 

sitice 
-d[C=C]/dt = pk,[C=C] (6) 

A first-order reaction in respect to ethylene and 
direct proportionality to the amount of catalyst is 
expected under these conditions. I t  was indeed 
found that the rate doubled when the ethylene 
pressure was increased from 5 to 10 atm., and also 
that the rate doubled when the amount of cat- 
alyst is increased from 0.5 to 1.0 g. 

Another relation is obtained by assuming 

k2[C=Cl .> kl[ PYC(J (8 )  

This condition is expected to be satisfied a t  high 
pressures of ethylene. From equation 5 equation 
(9) may thus be derived 
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Starting materials--- 
CsHaNK 41 kylat ini  

IC. h p t  . K =  agent 

1 2-CHa i-C3HiBr 
2 2-C& CzHjBr 
;j 2-cJIj  i-C:J-I;Br 
4 2-n-CalI; C*H& 
0 2-n-CJI: i-C.;HiBr 
i i  2-i-CaHi CsHaBr 
i 2-sec-CJIs CzHjBr 
8 2-sec-GHg C2HaBr 
9 2-(i-CaH;)( CI-IJ)CH C2HiBr 

10 2-sec-C4H~ i-C2HiBr 
11 4-CH3 C&Br 

13 4-C:H, C2HsBr 
14 4-CZHS i-CaHjBr 
15 I-?Z-CJIi C2HaBr 
16 4 - ~ C s H i  2-  C3HiB r 
17 4-i-CaH: C&Br 
18 -l-sec-C4Hs C:HaBr 
19 4-(C2Hs)?CH C2HsBr 
20 4-(i-CaHj)( CH,)CII C?H,,Br 

- ,  

12 4-CHs i-CjH;Br 

TABLE V 
SYSTHESIS  OF 2-ALKYLPYRIDISES 

91kyl- 
pyri- 

Product dines Yield, 
reacted, mole 7 B . p . - -  

I<, = To Yon OC. SZm. 
C E H I N K ~  

2.i-C4Hsh ( I )  85 97 181 760 
2-se~-C.~Hg" (11) 81 84 177 748 
3-(i-C3H7)( CEI4)CH (111) 91 95 193 i40 
z ( c ~ H ~ ) ~ c H ~  (IY) 86 98 196 755 

83 54 204 750 2-( i-C:jHj)( CzH5)CH (Y j 
2-t-CjHii (VI) I ,  90 188 750 
2-(C2H5)n(CH3)CP ( V I I )  5 90 110 107 
3-(C2H5)s(CH3)C (VII) 100 39 110 10i 

-_ 

2-(i-CaHj)(CzHj)(CHa)C (L-111) 0 . . . . . . .  
~-(~-CZH:)(CZH~)(CHB)C (VIII)  30 80 225.5 755 
-1-1z-c3Hif ( I X )  74 80 186 748 
4- i-C4Hg 61 79 199.6 750 
4-seG-C4Ha ( S I )  94 85 199 747 
-1-(i-CaHi)(CH3jCH (XII j  99 98 159 173 
4-(CZHa)sCH (XII I )  93 87 150 134 
-1-(i-C3Hi)(C?Hj)CH (S1 l . i  Ni 75 166 155 
4-t-CjHii (XV) 94 95 159 176 
4-(C2Hj)z(CHa)C (XI'I) 80 70 130 110 
4-(C?Hj)gC ( S V I I )  00 50 130 110 
4-( i-C3H;)( C.Hj)( CH,<)C 

0 . . . . . .  (.XVIII ) 

(XVIII) 100 50 245 760 
4-(i-C3H7)( C?H~)(CHI)C 

1l2'D d2"r 

1.4831 0.8973 

1 -1875 9028 
1 4860 8988 
1 4859 8976 
1 4924 8132 

. . . .  . . . .  
1.4985 0.9197 
1.4961 
1.4896 0.9109 

1.4980 0.9185 
1.4912 ,9113 
1.4921 ,9096 
1.4975 .9251 

. . . .  . . . .  
, . .  . .  

1.4924 0.9138 

Picrate 

C. 
Y . P . ,  

97 

121 5 
72-73 
92 

118 
114 

12% 

153 
125.5 
115 
113.5 
88 

101 

B:Lsed on  reacted alkylpyridines. Reported: b.p. 110-111' ( 5 5  mm.), ~ * O D  1.4831, dZo4 0.8973, picrate m.p. 97" [H. 
Reported: b.p. 63-68' at 12 mm. [C. Osuch and R. Levine, 

e Sodium amide 
Pines and D. Wunderlich, THIS JOURSAL, 81, 2568 (1959)l. 
ibid., 78, 1723 (1956)l. Reported: b.p. 191-193" (747 mm.), picrate m.p. 72-73' [Ref. footnote b ] .  
instead of potassium amide was used. j Reported: b.p. 79-84' at 22 mm. [Ref. footnote c ] .  

TABLE VI 
ANALYSIS OF ALKYLPYRIDINES 

Analyses, % Picrates------ 

l i x p t  Compouiid Formu!a C H N C H s Formula Calcd. Found 

3 111 CioHibS 80.48 10.13 9.39 80.10 10.11 9.57 C16Hi80jSd 14.81 15.03 
5 1' CiIHi;?; 8 .58 8 .76  CiiH2oOjiih 14.30 14.11 

24-C&11: VI CifiHisS 80.48 10.13 9.39 80.49 10.37 9.51 Ci6H180jIi4 14.81 14.93 
I VI1 Ci1HiiX 80.93 10.47 8 . 5 8  80.78 10.67 8.79 CijHnoOiNc 14.30 14.06 

---Calcd.---  found----- Nitrogen, % 

- 
11 Z-(i-CaH:)(C*H&)(CHa)C Ci2HigK 81.29 10.80 7.90 81.62 10.72 8.09 
13 I X  C9HI3N 79.95 9.69 10.36 79.66 9.53 10.17 ClbH1607& 15.4 15.18 
14 XI1 CioHiah' 80 48 10 13 
15 XI11 CioH161: 80 48 10 13 
16 XIY CllHliS 80 93 10 47 
17 XI- CioHiDK 80 48 10 13 
18 S V I  CiIHijN 80 93 10 47 
19 XVII Ci2HigN 81 29 10 80 
21  ~ 1 7 1 1 1  CnHiQX 81 29 10 80 

In equation 9 the rate is independent of the ethylene 
pressure and directly proportional to the amount 
of catalyst and to the concentration of starting 
material. 

Between these two extremes, the dependency of 
the rate with respect to the ethylene pressure will 
gradually decrease with increasing ethylene pres- 
sure. It was found that the change in rate is only 
5070 when the pressure was increased from 10 to 20 
atni. By doubling the ethylene pressure to 40 
atin., the rate changed only 20%. 

I t  would be exl~ected from the aforesaid that the 
greater the acidity of the starting alkylpyridine, 
the larger will be the pressure range in which a 
first-order reaction 111 ethylene would be main- 
tained; conversely, this range will become smaller 

9.39 80.05 10.28 9.78 C16H18OjS4 14.81 14.96 
9.39 79.87 10.10 9.28 CieH18OjX4 14.81 15.12 
8 .58  81.11 10.61 8.74 CiiHzoOjXr 14.30 14.39 
9.39 80.1i  10.27 9.39 ClaH180jNa 14.81 15.07 
8 .58  81.11 10.61 8.74 CliHzoOiNa 14.30 14.65 
7.90 81.67 10.88 7 .97  C18H220iX4 13.79 13.97 
7.90 81.22 10.48 8.19 

when alkylpyridines of lower acidity are used. 
In other words at higher ethylene pressures metal- 
ation becomes the rate-determining step. 

11. Synthesis of Alkylpyridines 
During the course of the study of the side chain 

alkylation of alkylpyridines it was necessary to 
prepare several compounds of this series. Since 
most of these compounds were prepared for the 
first time, i t  seemed m-orthwhile to report briefly 
on the method of their preparation, yields and 
physical properties. 

The procedure described by Brown and Mur- 
phey8 was used and in most of the cases satisfac- 
tory yields were obtxined. Experimental results 
and some of the physical constants are summarized 
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in Table V; analyses of new compounds and their 
picrates are reported in Table VI. 

In preliminary experiments sodium and potas- 
sium were used interchangeably; however, i t  
soon became evident that the use of potassium gave 
generally better yields. Comparison of experi- 
ments 7 and 8 shows that starting from 2-sec- 
butylpyridine and ethyl bromide, a 5% yield of 
2-(methylethylpropyl)-pyridine was obtained when 
sodium amide was used; however, when potassium 
amide was employed, a 39% yield was obtained. 
The absence of recovered starting material shows 
that the more active potassium compound is sub- 
ject to a competitive reaction, most probably con- 
densation of the carbanion a t  the azomethine posi- 
tion of another molecule of alkylpyridine. 

Unsuccessful attempts were made to synthesize 
2- or 4-(methylethylisobutyl) -pyridine starting 
with 2- or 4-(methylisobutyl)-pyridine (expts. 9 
and 20, Table V). The desired alkylpyridines were 
however, obtained when the reactants were 2- 
and 4-sec-butylpyridine and isopropyl bromide 
(expts. 10 and 21, Table V). The condensation 
reaction could be explained as taking place through 
an intermediate formation of a carbanion with sub- 
sequent condensation with an alkyl halide. 

The yields of 4-alkylpyridines usually were 
higher than those of the corresponding 2-alkyl- 
pyridines. This also probably is related to the 
greater stability in liquid ammonia medium of 4- 
picolyl carbanion as  compared with the 2-picolyl 
carbanion.= 

Experimental Part 
Alkylation of Alky1pyridines.-The alkylation reac- 

tions were carried out in either a 100- or 250-ml. capacity 
Magne-Dash autoclave11 according to the procedure de- 
scribed previously. 

The product was analyzed by means of infrared spectros- 
copy, comparing the alkylated product with the syntheti- 

I. 

(11) Autoclave Engineers, Inc., Erie, Pa. 

cally prepared alkylpyridines and by gas chromatography us- 
ing as a stationary phase ethyltrihydroxypropylethylenedi- 
amine on Chromosorb.12 

The kinetic experiments were carried out in a 100-ml. 
Magne-Dash autoclave. The 44sopropylpyridine and so- 
dium were placed in the autoclave which then was flushed 
with nitrogen. The autoclave was attached to an ethylene 
storage tank of about 125-ml. capacity which was kept in a 
constant temperature bath. The tank was equipped with a 
precision pressure gauge. The autoclave was heated to 
125". At this point the ethylene was introduced to the de- 
sired pressure and the agitating device on the Magne-Dash 
was started. The pressure in the Magne-Dash was kept 
constant and the drop in the pressure in the ethylene tank 
was recorded at frequent intervals. From the rate of pres- 
sure drop it was possible to determine the rate of reaction. 
The rate of ethylene consumption remained constant over 
the length of the experiment which usually lasted from 0.75 
to 1 .O hour. 

11. Synthesis of Alkylpyridines .-The alkylpyridines 
were prepared according to the general procedure described 
by Brown and Murphey.8 The following describes a typical 
synthesis: to a solution of 0.2 g. of ferric nitrate in 200-300 
ml. of liquid ammonia was added 0.5 g. atom of clean po- 
tassium metal. The solution turned dark blue. After all 
the potassium had dissolved (10-15 minutes) 0.5 mole of al- 
kylpyridine was added and the solution was allowed to stir 
for about 15 minutes. To this was added over a period of 
1-1.5 hours 0.5 mole of alkyl halide. The reaction was 
maintained at  the boiling temperature of liquid ammonia. 

The solution was allowed to warm up slowly to room tem- 
perature and the contents of the flask was added slowly into 
water. The pyridine layer was decanted and the water 
layer was extracted thrice each time with 20 ml. of ether. 
The ether and pyridine layers were combined and the ether 
was removed by distillation. Benzene was added to the al- 
kylpyridines and distilled to remove the dissolved water as 
an azeotrope. The dry alkylpyridines then were distilled 
on a Podbielniak Hypercal or on a Whirling Band column.13 
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Reduction of 1,2-dinitroso-4-nitroso-5-azidobenzene (111) with an insufficient amount of hydrogen iodide produces 1,2di- 
amino-4-nitro-bazidobenzene (IV), whereas an excess of hydrogen iodide produces 2,4,5-triaminonitrobenzene (I). Con- 
densation with 1,2-dicarbonyl derivatives gives 6-azido-7-nitroquinoxalines (VIII)  from IV and 6-amino-7-nitroquinoxalines 
(VII) from I.  Certain 
6-chloro-7-nitroquinoxalines are unreactive toward nucleophilic displacement of chlorine. 

The azides VI11 also are obtained from corresponding diazotized amines VI1 and sodium azide. 

Condensation of an aromatic o-diamine with a 
1,2-dicarbonyl compound, a preparative method 
for quinoxalines bearing carbocyclic substituents, 
has provided certain 6,7-disubstituted quinoxalines 
required for other purposes. The synthesis of 6-  
amino-7-nitroquinoxaline, an attractive goal since 
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amino and nitro groups are easily transformed 
into other functional groups, requires initial 
preparation of ZI4,5-triaminonitrobenzene (I). 

Each of two different methods for the prepara- 
tion of I starts with 1,5-dichloro-2,4-dinitrobenzene 
obtained by nitrating m-dichlorobenzene. Trans- 
formation into 1,5-diazido-2,4-dinitrobenzene (11) 
and then, by pyrolysis, into l12-dinitroso-4-nitro-5- 
azidobenzene (111) has been reported previ~usly.~ 
In a one-step operation, an excess of hydrogen 

( 5 )  R. J. Gaughran, J .  P. Picard and J. 1'. R. Kaufman, THIS 
JOURNAL, 76, 2233 (1954). 


