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The reaction of 3-hydroxymethylpyridine 1-oxide with methyl fluorosulfonate and potassium cyanide produced 
a simple, direct synthesis of 2,6-dicyano-3-methylpyridine. The mechanism and scope of this reaction are dis- 
cussed. Chemical transformations of 2,6-dicyano-3-methylpyridine produced 6-cyano-5-methylpicolinic acid and, 
by acid hydrolysis, methyl 6-cyano-5-methylpicohate via an imino ester and dimethyl 3-methyl-2,6-pyridinedi- 
carboxylate through a bis imino ester. In a similar fashion 3-a-hydroxy-n-butylpyridine 1-oxide gave 3-n- butyl- 
2,6-dicyanopyridine, which was converted to 6-cyano-5-n-butylpicolinic acid and 2,6-biscarbamyl-3-n- butylpyri- 
dine, analogs of fusaric acid. 

The  reaction of 1-alkoxypyridinium quaternary salts 
with cyanide ion to  give CY- and y-cyanopyridine derivatives 
is a general reaction.lS2 Thus  far, there are no reports on 
the  use of methyl f luoro~ul fona te~  to  generate such l-al-  
koxypyridinium salts by alkylation of pyridine 1-oxides. 
Moreover, methyl fluorosulfonate is such a powerful alkyl- 
ating agent tha t  it will react with a variety of functional 
groups such as amides, nitriles, ethers, esters,  et^.^ T h e  
question then arises as to what reactions would occur when 
a pyridine ?-oxide bearing such a functional group is al- 
lowed to  react with methyl fluorosulfonate and cyanide ion. 
We wish to  report the novel reaction of 3-hydroxymethyl- 
pyridine 1-oxide (1)5 with these reagents to  form 2,6-dicy- 
ano-3-methylpyridine (2) and t o  comment on the scope of 
this reaction and its utilization for the synthesis of fusaric 
acid analogs. 
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Treatment  of 1 with 3 equiv of methyl fluorosulfonate 
under anhydrous conditions resulted in a mildly exother- 
mic reaction, leaving a liquid product. Addition of an aque- 
ous solution of potassium cyanide to  this liquid resulted in 
a vigorously exothermic reaction. The  product 2 was easily 
isolated, the yield being consistently in the 30-35% range. 
While the exothermic reaction upon the addition of potas- 
sium cyanide could be controlled on a small scale, this pro- 
cedure was not feasible for the preparation of larger quan- 
tities of 2. Thus,  the product from the reaction of 1 and 
methyl fluorosulfonate was dissolved in a limited6 amount 
of methylene chloride and added to  a cooled mixture of an 
aqueous potassium cyanide solution and methylene chlo- 
ride. The  reaction was easily controlled and the yield of 2 
remained the same as above. 

The  structure of 2 was established from its NMR spec- 
tral data ,  which consisted of only a methyl absorption a t  6 
2.72 and two pyridine proton absorptions, Hq and Hg, as an 
AB quartet  with overlapping inner lines and a coupling 
constant of 9 Hz. Thus,  a 2,3,4- or a 2,4,5-trisubstituted 
pyridine is ruled out  on the basis of the coupling constants 
as well as chemical shifts of the pyridine protons. 

The  reaction to  form 2 can be rationalized by assuming 
alkylation of the N -  oxide to form a 1-methoxypyridinium 
salt and alkylation of the primary alcohol to  form a methyl 
ether with liberation of fluorosulfonic acid. The  ether moi- 
ety would in turn be either alkylated with methyl fluorosul- 
fonate to form a n  oxonium ion or protonated with fluo- 

rosulfonic acid to  give intermediate 3 (see Scheme I). The  
product 2 would then arise from two distinct reactions of 

Scheme I 

OCH, 
4 

1 f C W  

R I 1:;- 
CfCHzYCH3 N+ I 2FS0,- 2 

I 

OCH, 
3 

R=CH, ,  H 

Z j C N -  

R 

7 
5, R, = CN; R , = H  
6, R, = H ;  R, = CK 

cyanide ion with 3, namely, nuclear substitution with ex- 
pulsion of dimethyl ether (or methanol) and nuclear substi- 
tution with expulsion of methoxide. The  order in which 
these reactions occur is unknown but ,  for reasons t o  be dis- 
cussed shortly, we favor pathway 1. Cyanide attack on 3 
could occur a t  either the 2 or 6 position of the pyridine 
ring, expelling dimethyl ether or methanol. Aromatization 
would then give 4 or its equivalent for purposes of our 
argument, the l-methoxy-2-cyano-3-methylpyridinium 
salt. A second ring attack by cyanide ion with expulsion of 
methoxide would give 2. There is some evidence to  support  
the driving forces operative in this mechanism. It has been 
shown tha t  1-alkoxypyridinium salts bearing a cyano,7 
m e t h o ~ y c a r b o n y l , ~  or ketos function in the 2 position direct 
cyanide ion exclusively to  the 6 position. In  pathway 2 nu- 
clear substitution by cyanide ion would give either 5 or 6 
with expulsion of methoxide. Further ring substitution by 
cyanide ion would give 7, but  the driving force in this  
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mechanism favoring ring over side-chain substitution is not 
obvious. 

T h e  yield of 2 is undoubtedly reduced by competing 
reactions which are possible under these alkaline condi- 
tions. Abstraction of a proton from the N-methoxyl would 
generate formaldehyde and  a pyridine.g,10 Dealkylation of 
an  oxonium ion or neutralization of a protonated ether,  as 
in 3, would result in only monosubstitution of t he  pyridine 
ring by cyanide ion. 

Some of the chemistry of 2,6-dicyano-3-methylpyridine 
(2) is depicted in Scheme 11. 
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Treatment  of 2 with 3 equiv of methanol in diethyl ether 
and  saturation with anhydrous hydrogen chloride resulted 
in precipitation of an imino ester hydrochloride. Hydrolysis 
of this salt gave a solid, methyl 6-cyano-5-methylpicolinate 
(a), in 52% yield. The  presence of the ester function af- 
fected the chemical shifts of the pyridine ring protons, 
which now appeared as two well-separated doublets a t  6 
7.93 and 8.27. Relative to  2 one of the ring protons experi- 
enced a slight downfield shift (A6 0.05) while t he  other pro- 
ton showed a significantly greater downfield shift (A6 0.31), 
indicating tha t  the methoxycarbonyl group was adjacent to  
this proton. Saponification of 8 gave the  carboxylic acid 9. 

The  methyl group in 2 conferred some protection upon 
the  adjacent nitrile. After heating 2 with dilute hydrochlo- 
ric acid and  cooling, 6-cyano-5-methylpicolinic acid (9) 
spontaneously crystallized. Prolonged heating in acid, how- 
ever, reduced the yield of 9. 

T h e  bis imino ester dihydrochloride of 2 was formed by 
treating a methanolic solution of 2 with anhydrous hydro- 
gen chloride. Hydrolysis gave the diester 10, the  NMR 
spectrum of which exhibited a methoxycarbonyl absorption 
(six protons) a t  6 4.05. The  chemical shifts of t he  two ring 
protons were again affected relative t o  2 and appeared as  
two doublets a t  6 7.82 and 8.19. 

T o  determine the scope of this reaction, pyridine l-ox- 
ides bearing secondary and tertiary alcohol functions in the  
3 position were synthesized. 3-a-Hydroxyethylpyridine 1- 
oxide (121, prepared from 3-a-hydroxyethylpyridinell by 
oxidation with aqueous hydrogen peroxide in acetic acid, 
reacted with methyl fluorosulfonate and  potassium cyanide 

and  gave 13 in 30% yield. T h e  NMR spectrum of 13 dis- 
played the methyl and  methylene absorptions a t  6 1.45 and 
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3.09, respectively, and the ring proton absorptions as an  
AB quartet  with overlapping inner lines. 

3-a-Hydro~yisopropylpyridinel~ was converted to  its N- 
oxide 14 with aqueous hydrogen peroxide in acetic acid. 
T L C  analysis of the crude product from the reaction of 14 
with methyl fluorosulfonate and potassium cyanide on sili- 
ca gel showed three major and three minor components. 
We did not pursue the identification of these components. 
3-a-Hydro~ybenzylpyridine~l was oxidized with aqueous 

hydrogen peroxide to  3-a-hydroxybenzylpyridine 1-oxide 
(15). Reaction of 15 with methyl fluorosulfonate and potas- 
sium cyanide gave a dark, viscous oil bu t  no identifiable 
products. 

A consequence of the successful reaction of 12 with 
methyl fluorosulfonate and potassium cyanide was the syn- 
thesis of a number of analogs of fusaric acid (5-n-butylpi- 
colinic acid), an antibiotic produced by the fungus Fusar- 
ium oxysporum. Fusaric acid is a potent noncompetitive 
inhibitor of dopamine-P-hydroxylase, both in vitro and in 
vivo.13 5-n-Butylpicolinamide was also reported to  be an 
effective dopamine-P-hydroxylase inhibitor with hypoten- 
sive ~ r 0 p e r t i e s . l ~  

3-a-Hydroxy-n- butylpyridine 1-oxide (16) was prepared 
by oxidation of 3-a-hydroxy-n- b u t y l ~ y r i d i n e l ~  with aque- 
ous hydrogen peroxide in acetic acid. The  product from the 
reaction of 16 with methyl fluorosulfonate and cyanide ion 
was obtained by distillation and  3-n- butyl-2,6-dicyanopyri- 
dine (17) was isolated as an oil by silica gel column chroma- 
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tography. In the NMR spectrum of 17 the  pyridine ring 
protons appeared as an AB quartet  with overlapping inner 
lines. Heating 17 with 6 N hydrochloric acid for 5 hr and 
cooling resulted in the spontaneous crystallization of 18. 
The crystalline bisamide 19 was prepared by treating 17 
with polyphosphoric acid a t  120' and quenching with 
water.16 These fusaric acid analogs are currently being 
evaluated for possible pharmacological properties. 



2094 J. Org. Chem., Vol. 40, No. 14, 1975 Warawa 

Experimental Section 

2,6-Dicyano-3-methylpyridine (2). A. In a dry one-neck, 100- 
ml, round-bottom flask protected with a CaClz drying tube was 
placed 4.0 g (0.032 mol) of 3-hydroxymethylpyridine l - ~ x i d e . ~  
While this solid was stirred with a magnetic bar 10.72 g (0.094 mol) 
of methyl fluoro~ulfonate~ was added in one portion, resulting in a 
mildly exothermic reaction, and the solution was stirred for 20 
min. A solution of 10 g (0.154 mol) of KCN in 30 ml of water was 
added to the above solution in portions over a 5-min period, result- 
ing in a very rigorous exothermic reaction which was moderated 
with a cold water bath. After stirring for several hours, the solution 
was extracted with CHzC12 and dried (MgS04) and the solvent was 
removed in vacuo to give an oil which was Kugelrohr distilled. 
After a small forerun was discarded, the product was collected at  
115-120' (0.01-0.15 mm) as an oil which solidified to yield 1.7 g; 
TLC on silica gel with CHzClz showed a major component (R f  0.25) 
with some impurities at the origin. Recrystallization from 4 ml of 
EtOH gave, after drying, 1.5 g (32.7%): mp 78-80', homogeneous 
by TLC; ir max (melt) 4.46 p ;  NMR (CDC13) 6 2.72 (s, 3 H, 3-CH3) 
and 7.75, 7.90, 7.93, and 8.07 (AB quartet, J = 9 Hz, 2 H, pyridine 
H4, HE, calcd17  AB 7.88 and 7.96). 

Anal. Calcd for C8HjN3: C, 67.12; H, 3.52; N, 29.36. Found: C, 
66.94; H, 3.47; N, 29.48. 

B. In a dry two-neck, 200-ml, round-bottom flask protected with 
a CaClz drying tube and equipped with an addition funnel (equili- 
brating side arm) was placed 25 g (0.20 mol) of 3-hydroxymethyl- 
pyridine l - ~ x i d e . ~  While this solid was stirred with a magnetic bar, 
75.2 g (0.66 mol) of methyl fluorosulfonate was added in portions 
from the addition funnel. After completion of the addition, the 
product was stirred for 1 hr at  ambient temperature. This liquid 
was dissolved in 50 ml of CHzC126 and transferred to a dry addition 
funnel (without equilibrating side arm), protected with a CaClz 
drying tube. This addition funnel was attached to a three-neck, 
1-l., round-bottom flask equipped with a condenser and mechani- 
cal stirrer with a Teflon paddle. The flask was charged with 65 g 
(1.0 mol) of KCN, 100 ml of water, and 100 ml of CHzC12 and 
cooled in ice. The solution from the addition funnel was then 
added portionwise with stirring. After stirring overnight at  room 
temperature the contents of the flask were diluted with 100 ml of 
water and 100 ml of CHzClz and filtered through Celite. The or- 
ganic phase was separated, the aqueous phase was again extracted 
with CHZC12, and the combined organic extract was dried 
(MgS04). Removal of solvent in vacuo left a dark oil which was 
Kugelrohr distilled at  125-135' (0.1-0.4 mm). The resulting oil so- 
lidified to yield 15.11 g of a brown solid; TLC analysis on silica gel 
with CHzClz showed a major component with Rf  0.25 along with 
some material at  the origin. Recrystallization from 5 ml of EtOH 
gave 12.0 g which by TLC still indicated a slight impurity at  the 
origin. A second recrystallization from 10 ml of EtOH gave, after 
drying, 10.2 g (35.66%), mp 77-79', homogeneous by TLC (condi- 
tions cited). 

6-Cyano-5-methylpicolinic Acid (9). A. 2,6-Dicyano-3- 
methylpyridine (2, 1.0 g, 0.007 mol) was treated with 6 ml of 6 N 
HC1, heated in an oil bath at  115' for 5 hr, and left at  room tem- 
perature overnight. The resulting solid was collected by filtration 
and dried to yield 0.79 g (69.6%), mp 190-193'. This material was 
recrystallized from 10 ml of n-BuOH and dried to yield 0.63 g, mp 
192-194', ir max (Nujol) 5.86 p (s). 

Anal. Calcd for CaHsNzOz: C, 59.26; H, 3.73; N, 17.28. Found: C, 
58.99; H, 3.72; N, 17.13. 

B. Methyl 6-cyano-5methylpicolinate (8, 0.65 g, 0.0037 mol) 
was dissolved in 5 ml of MeOH, treated with 0.18 g (0.0045 mol) of 
NaOH in 4 ml of water, and stirred overnight at  room temperature. 
The MeOH was removed in vacuo using a Buchi evaporator and a 
water bath at  room temperature. The residue, upon treatment 
with 0.4 ml of concentrated HCI, gave a precipitate which was col- 
lected and dried to yield 0.33 g, mp 192.5-193'. The infrared spec- 
trum was entirely superimposable with that of the acid above. 
Methyl 6-Cyano-5-methylpicolinate (8). In a dry three-neck, 

lOO-ml, round-bottom flask equipped with a condenser (CaClz 
drying tube) and gas inlet tube was placed 4.3 g (0.030 mol) of 2, 
2.37 g (0.075 mol) of MeOH, and 50 ml of EtzO. The solution was 
cooled in ice and treated with HCl(g) for 30 min, causing a yellow 
solid to separate. The heterogeneous solution was stirred at  room 
temperature overnight and the solid was collected and dried to 
yield 6.9 g of the imino ester hydrochloride, mp 75-76' dec. Of this 
material 4.4 g (0.021 mol) was dissolved in 6 ml of water and heat- 
ed on a steam bath. After 2 min a solid separated and after 10 rnin 
the solution was cooled and the solid was collected, washed with 

water, and dried to yield 1.90 g (51.4%): mp 108-109'; ir max 
(Nujol) 4.49 (w) and 5.75 fi  (9); TLC analysis on silica gel with di- 
ethyl ether showed a single component. Recrystallization of 0.40 g 
from a minimum of n-BuOH gave, after drying, the analytical 
specimen of 0.30 g: mp 107-108.5'; ir max (Nujol) 4.48 (w) and 

-CO&H3), 7.85, 7.99, 8.22, and 8.35 (AB quartet, JAR = 8 Hz, 2 H, 
pyridine H3 and H4, calcd17 

Anal. Calcd for CgH8N20~: C, 61.36; H, 4.58; N, 15.90. Found: C, 
61.04; H, 4.58; N, 15.78. 
Dimethyl 3-Methyl-2,6-pyridinedicarboxylate (10). A dry, 

three-neck, lOO-ml, round-bottom flask equipped with a condenser 
(CaClz drying tube) and gas inlet tube was charged with 5.8 g 
(0.040 mol) of 2 and 60 ml of MeOH and then cooled in ice and sat- 
urated with HCl(g) for 1 hr. The stoppered flask was refrigerated 
overnight and the MeOH was removed in vacuo. Trituration of the 
residue with Et20 gave 9.4 g (theory 9.14 g) of a solid which was 
dissolved in 20 ml of water and warmed on a steam bath. After 2 
min an oil separated. The cooled solution was treated with 
NaHC03, diluted with water, extracted with EtzO, and dried 
(MgS04). Removal of solvent in vacuo gave an oil which solidified 
to yield 5.1 g: mp 67-71.5'; ir max (Nujol) 5.82 p ;  TLC on silica gel 
with Et20 showed a major component and a small amount of less 
mobile material. Of the above material, 4.0 g was recrystallized 
from 16 ml of n-BuOH to yield, after drying, 3.1 g: mp 75-77'; 
TLC analysis now showed a single component; ir max (Nujol) 5.82 

OCH3), 7.74, 7.89, 8.15, 8.27 (2 H, pyridine H4, HE, AB quartet 
with J = 8 Hz, calcd17 BAB 7.82 and 8.19). 

Anal. Calcd for C ~ O H ~ ~ N O ~ :  C, 57.41; H, 5.32; N, 6.70. Found: C, 
57.15; H, 5.32; N, 6.69. 
2,6-Bisthiocarbamyl-3-methylpyridine (1 1). Compound 2, 

(3.4 g, 0.024 mol) was dissolved in 25 ml of MeOH and treated with 
1 ml of triethylamine. This solution was saturated with HzS for 20 
min and then stirred overnight at  room temperature. During this 
time a yellow solid separated, redissolved, and separated again. 
The solvent was removed in vacuo and the residue was dissolved in 
100 ml of EtOH, concentrated to 50 ml where a solid started to 
separate, and left at room temperature. The resulting solid was 
collected and dried to give 3.0 g but had a strong odor of H2S. This 
material was recrystallized from 75 ml of EtOH to give 2.1 g after 
drying in vacuo over refluxing water: mp 194-198' dec; ir max 
(Nujol) 3.05 (s), 3.15 (s), 6.20 (s). 

Anal. Calcd for CaHgN3S2: C, 45.50; H, 4.30; N, 19.90; S, 30.31. 
Found: C, 45.45; H, 4.57; N, 19.82; S, 30.70. 

3-a-Hydroxyethylpyridine 1-Oxide (12). 3-a-Hydroxyethyl- 
pyridinell (84 g, 0.68 mol) in 200 ml of glacial AcOH was treated 
with 50 ml of 35% aqueous Hz02 and heated at 70' in an oil bath 
for 3 hr. An additional 34 ml of H20z was added and heating was 
continued overnight. Excess solvent was removed in vacuo and the 
residue was treated with CHC13 and excess solid KzCO3. After stir- 
ring, the CHC13 was decanted and the residual salts were again ex- 
tracted with CHC13. The combined organic extract was dried with 
MgS04 and concentrated in vacuo to give an oil which crystallized 
upon trituration with Et2O. This solid was dried in vacuo to yield 
88 g (93%), mp 108-110'. The analytical sample was obtained by 
dissolving 3.0 g in 10 ml of EtOH and treating this solution with 75 
ml of Et20 to yield 2.9 g after drying, mp 108-110'. 

Anal. Calcd for C7HgN02: C, 60.42; H, 6.52; N, 10.07. Found: C, 
60.61; H, 6.51; N, 9.99. 
2,6-Dicyano-3-ethylpyridine (13). A dry one-neck, lOO-ml, 

round-bottom flask with a CaClz drying tube was charged with 5.0 
g (0.036 mol) of 12 and 14.25 g (0.125 mol) of methyl fluorosul- 
fonate was added in one portion, resulting in a mildly exothermic 
reaction. This solution was stirred with a magnetic bar for 30 min, 
dissolved in 20 ml of CHZC12, and transferred to an addition funnel 
(without a side arm) which was protected with a CaClz drying 
tube. This addition funnel was attached t o  a three-neck, lOO-ml, 
round-bottom flask equipped with a condenser and stirring bar. A 
solution of 16.5 g (0.254 mol) of KCN in 25 ml of water was placed 
in the flask, which was cooled with cold water. The solution from 
the addition funnel was then added over 5 min, resulting in a mild- 
ly exothermic reaction. Stirring was continued for 3 hr and the SO- 
lution was extracted with additional methylene chloride and dried 
with MgS04. Removal of solvent in vacuo and Kugelrohr distilla- 
tion of the residue up to 140' (0.25 mm) gave an oil which partially 
solidified on scratching; TLC on silica gel with CHzClz showed a 
major component and two minor, less mobile impurities near the 
origin. This solid was dissolved with warming in 2 ml of n-BuOH 
and crystallization was induced, after cooling, by scratching. After 

5.75 p (s); NMR (CDCla) 6 2.80 (s, 3 H, 5-CH3), 4.15 (s, 3 H, 

7.93 and 8.27). 

f i  (s); NMR (CDC13) 6 2.66 (s, 3 H, 3-CH3), 4.05 (s, 6 H, O=C- 
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standing a t  room temperature for 10 min and refrigeration for 15 
min, the solid was collected and dried in a drying pistol in vacuo 
without heating to yield 1.70 g (30.1%): mp 40.5-42'; homogeneous 
by TLC; ir max (Nujol) 4.46 /.L (m); NMR (CDC13) 6 1.45 (t, 3 H, 
CHzCHs), 3.09 (q, 2 H, CHzCH3), 7.87, 8.01, 8.05, and 8.18 (AB 
quartet, J = 8.1 Hz, 2 H, pyridine H4H5, calcd17 JAB 7.97 and 8.08). 

Anal. Calcd for CgH7N3: C, 68.77; H, 4.49; N, 26.74. Found: C, 
68.74; H, 4.60; N, 26.61. 

3-a-Hydroxyisopropylpyridine 1-Oxide (14). A solution of 
41.0 g (0.30 mol) of 3-oi-hydro~yisopropylpyridine~~ in 80 ml of gla- 
cial AcOH was treated with 25 ml of 35% aqueous HzOz and 
warmed a t  70' in an oil bath for 3 hr. An additional 15 ml of HzOz 
was added and heating was continued overnight. The solvent was 
removed in vacuo and the residue was stirred with CHC13 and ex- 
cess solid KzCO3. The CHC13 was decanted and three extractions 
of the residual salts followed. The combined CHC13 extract was 
dried (MgS04) and concentrated in vacuo to yield an oil which 
crystallized upon trituration with EtzO. The solid was collected, 
washed with EtzO, and dried in vacuo to yield 44.1 g (96.1961, mp 
90-94'. An analytical specimen was obtained by dissolving 4.0 g in 
10 ml of EtOH and adding Et20 gradually until an oil started to 
separate. Crystallization was induced by scratching, and more 
Et20 was added. The solid was collected and dried to yield 3.2 g, 
mp93.5-95'. 

Anal. Calcd for CsH11NOz: C, 62.72; H, 7.24; N, 9.14. Found: C, 
62.62; H, 7.37; N, 9.11. 

3- hydroxyb benzyl pyridine 1-Oxide (15). A solution of 87.0 g 
(0.47 ml) of 3-a-hydroxyben~ylpyridine~~ in 200 ml of glacial 
AcOH was treated with 50 ml of 35% aqueous HzOz and heated at  
70' for 3 hr. Another 37 ml of HzOz was added and heating was 
continued overnight. The solvent was removed in vacuo and the 
residue was treated with aqueous KzC03 solution and extracted 
twice with CHC13 which was then dried (MgS04). Removal of sol- 
vent in vacuo gave an oil and trituration with Et20 gave a solid 
which was dried to yield 87.1 g (92.1%), mp 102-105'. The analyti- 
cal specimen was obtained by treating a solution of 4.0 g in 10 ml 
of EtOH with 75 ml of EtzO. The resulting solid was collected and 
dried in vacuo to yield 2.5 g, mp 105-106'. 

Anal. Calcd for C12HllN02: C, 71.62; H, 5.51; N, 6.96. Found C, 
71.60; H, 5.50; N, 6.87. 

3-a-Hydroxy-n-butylpyridine 1-Oxide (16). A solution of 
113.9 g (0.75 mol) of 3-a-hydro~y-n-butylpyridine'~ in 225 ml of 
glacial AcOH was treated with 70 ml of 35% aqueous HzOz and 
warmed at  70' in an oil bath for 3 hr. An additional 45 ml of HzOz 
was added and heating was continued overnight. Solvent was re- 
moved in vacuo and the residue was treated with excess solid 
KzCO3, diluted with water, extracted twice with CHC13, and dried 
(MgS04). Concentration in vacuo gave an oil which crystallized 
upon trituration with Et& to yield after drying in vacuo 121.6 g 
(97.1%), mp 98-102'. The analytical specimen was obtained by 
dissolving 3.0 g in 10 ml of EtOH and adding 100 ml of Et20 to 
yield a flocculent precipitate. This solid was dried in vacuo to  yield 
2.2 g, mp 107-108'. 

Anal. Calcd for CgH13NOz: C, 64.65; H, 7.84; N, 8.38. Found: C, 
64.59; H, 7.82; N, 8.46. 
3-n-Butyl-2,6-dicyanopyridine (17). In a dry one-neck, 100- 

ml, round-bottom flask protected with a CaClz drying tube was 
placed 16.7 g (0.10 mol) of 16 and 39.9 g (0.35 mol) of methyl fluo- 
rosulfonate, resulting in a mildly exothermic reaction. After being 
stirred a t  room temperature for 45 min, the viscous material was 
dissolved in 50 ml of CHzClz and transferred to an addition funnel 
(without a side arm) and protected with a CaClz drying tube. This 
addition funnel was attached to a three-neck, 500-ml, round-bot- 
tom flask containing a magnetic stirring bar and equipped with a 
condenser. The flask, charged with 32.5 g (0.50 mol) of KCN and 
50 ml of water, was cooled with cold water and the CHzClz solution 
was added to the cyanide solution over 30 min. The reaction mix- 
ture was diluted with 100 ml of water, stirred overnight at  room 
temperature, and extracted with additional CHzCl2. This extract 
was filtered through Celite, dried with MgS04, and concentrated 
in vacuo to give an oil. Kugelrohr distillation at  115-150' (0.06- 
0.45 mm) gave 9.5 g of a red oil which by TLC on silica gel with 

CHzClz showed a major mobile component with some material at  
the origin. This oil was dissolved in 25 ml of C6H6 and applied to a 
column of silica gel (100 g) packed in and 15-ml fractions 
were collected using a fraction collector. Elution with 525 ml of 
c6H6 and with 400 ml of 25% CHzC12-CsH6 gave 3.80 and 2.20 g, 
respectively, of an oil which was homogeneous by TLC. Elution 
with 250 ml of 50% C & ~ - C H ~ C ~ Z  gave 0.55 g which on TLC 
showed some material on the origin in addition to a single mobile 
component. Elution with 500 ml of CHzCl2 gave only a slight 
amount of material. The above homogeneous material, 6.0 g, 
(32.4%), was Kugelrohr distilled a t  110' (0.04 mm) in quantitative 
yield: ir max (film) 4.44 f i ;  NMR (CDCl3) 6 7.83, 7.98, 8.00, and 8.15 
(AB quartet, JAB = 9 Hz, 2 H, pyridine H4H5; calcd17  AB 7.95 and 
8.04). 

Anal. Calcd for C11H11N3: C, 71.33; H, 5.99; N, 22.69. Found: C, 
71.50; H, 6.37; N, 22.73. 

5-n-Butyl-6-cyanopicolinic Acid (18). Compound 17 (1.0 g, 
0.0054 mol) was heated with 6 ml of 6 N HCl (aqueous) at  115' for 
5 hr, cooled, and stirred a t  room temperature overnight to deposit 
0.90 g (81.6%), mp 104-110°. This material was dissolved in 15 ml 
of C6H6, concentrated to 3 ml, and left at  room temperature. The 
resulting solid was collected by filtration and dried in vacuo to 
yield 0.59 g (53.5%), mp 111-113', ir max (Nujol) 5.87 y (s). 

Anal. Calcd for C11H12N202: C, 64.69; H, 5.92; N, 13.72. Found: 
C, 64.86; H, 5.98; N, 14.04. 
2,6-Biscarbam~l-3-n-but~l~yridine (19). Compound 17 (2.0 g, 

0.08 mol) was mixed with 35 g of polyphosphoric acid in a one-neck 
flask equipped with a mechanical stirrer with a Teflon blade. The 
viscous solution was heated at  120' in an oil bath for 1.25 hr, 
cooled, and quenched with cold water. The resulting solid (2.0 g) 
was dissolved in 75 ml of hot EtOH and concentrated to 15 ml, 
where a solid started to separate. After standing overnight the 
solid was collected and dried in vacuo to yield 1.62 g (67.8%): mp 
220-222'; ir max (Nujol) 2.96 (m), 3.15 (m), 5.94 (SI, and 5.96 /.L (sh, 
6). 

Anal. Calcd for CllH15N302: C, 59.71; H, 6.83; N, 18.99. Found: 
C, 59.92; H, 6.95; N, 19.00. 
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