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HE demands during the recent World War I1 for vitamins T stimulated research on converting a number of potential 
raw materials into these products. Nicotinic acid was one vita- 
min to receive attention. The common methods of preparation 
included oxidation of natural products, such as nicotine ( 3 )  and 
trigonelline (6, 22), and of certain coal tar bases, such as 8-pice 
line (1,8) and quinoline (7,20,23), and the conversion of pyridine 
into cyanopyridine followed by hydrolysis (14, 17). Usually 
liquid phase reactions were carried out, but vapor phase oxida- 
tions have also been reported (2, $4), generally with lower yields. 
Oxidizing agents, such as nitric acid ( 4 ) ,  chlorine (16, 2f ), per- 
manganates and chromates ( fB) ,  hqve been used but the recent 
work has been largely with sulfuric acid and a catalyst. Wood- 
ward and coworkers (2.9, Mueller (10, 11), and others ( 9 )  in a 
nuinber of patents report the use of selenium as an oxidation 
catalyst. Mueller (11) uses nitric acid with sulfuric acid to 
lower the reaction temperature and Teeters (1 6) uses halogen 
compounds aa catalysts for the sulfuric acid oxidation. 

In certain German reports (18, 19) i t  was shown that aldehy- 
dine waa oxidized with nitric acid, hydrolyzable nitrates, and 
chromates to nicotinic acid or a t  least to the dicarboxylic acid of 
pyridine. High pressure equipment, expensive oxidizing agents, 
and corrosion problems offered complications in these cases. 

I n  this work the oxidation of aldehydine was carried out with 
sulfuric acid and a selenium catalyst following somewhat the 
procedure used by Woodward and coworkers (23). 
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Copper, mercury, nickel, cobalt, and manganese were among 

the catalysts tried but only with selenium dioxide were good yields 
obtained. This is in agreement with the superior catalytic be- 
havior of selenium as a catalyst for reactions involved in the 
Kjeldahl analysis (IS). The increased oxidation rate, in the 
presence of selenium, is probably due to a rapid and reversible 
reaction of the type Se + 0 2  SeO2. Very little oxidation took 
place below the boiling point of the sulfuric acid but, a t  that  
temperature, a mixture of sulfur dioxide, carbon dioxide, water, 
selenium, and sulfuric acid distilled over. 

A comparison of the yields obtained in this investigation with 
those reported by Woodward and coworkers shows that the yields 
were equivalent or somewhat above those obtained from fl-pico- 
line or quinoline. However, more of the oxidizing agent was re- 
quired to oxidize the side chains. A t  the temperature of the 
reaction, the isochincomeronic acid was decarboxylated to nico- 
tinic acid which remained in the residue as the acid sulfate. 

Instead of recovering the nicotinic acid as the copper salt, fol- 
lowed by a caustic treatment to liberate the nicotinic acid, it  was 
recovered directly by solvent extraction. To accomplish this the 
oxidation residue was diluted with water and neutralized to a pH 
of approximately 3.5 with sodium hydroxide, in a manner de- 
signed to obtain a solution saturated with sodium sulfate. A pH 
of 3.5 was found optimum for nicotinic acid recovery. This solu- 
tion was continuously extracted at 95" to 98" C. with butyl alco- 
hol until substantially all of the nicotinic acid was in the butyl 
alcohol. Romoval of the butyl alcohol by simple distillation 
yielded a crude product, which was purified by carbon treatment 
and recrystallization from water. 

EXPERIMENTAL 

The aldehydine used in this work was prepared by the reaction 
of paraldehyde, ammonia, and ammonium acetate under pressure, 
following the method of Frank and others (6). It had a boiling 
point of 177" C. at 760 mm., specific gravity of 0.919 a t  24" C., 
and a refractive index of 1.4970 g, 

OXIDATION. A typical experiment illustrates the method used. 

A 5-liter, 3-neck round-bottomed flask was fitted with a ther- 
mometer graduated from 0" to 360" C., an air bleed leadin below 
the surface of the reaction mixture, a condenser connectef to the 
reactor with a short Hempel column to reduce spray, and a 250- 
ml. dropping funnel. The sulfur dioxide formed in the reaction 
was allowed to escape through the condenser into a caustic solu- 
tion. A slight vacuum was kept on the system to prevent sulfur 
dioxide from escapin into the atmosphere. 

In  the reactor fla& were placed 1030 grams of concentrated 
sulfuric acid (66" BB. or c.P.) and 4 grams of selenium dioxide. 
A mixture of 1030 grams of concentrated sulfuric acid, 4 grams of 
selenium dioxide, and 121 grams of aldehydine was placed into 
the dropping funnel. The reactor charge was heated to about 
300" C. The mixture in the dropping funnel was added to the 
reactor while maintaining a temperature of 300" to 310" C. 
About ll/a hours were. re uired for this addition, after which the 
masa was heated until t%e temperature reached 350" C. The 
reactor masa (approximately 200 grams) was transparent and 
had a red color. The distillate of approximately 450 grams waa 
60 to 70% sulfuric acid. It was badly discolored with amorphous 
selenium. The diameter of the condenser system had to be 
large enough to prevent being plugged by the selenium, which 
sublimed out of the reaction mixture, The reaction mass in the 
reactor was diluted with an equal volume of water and neutralized 
to a pH of 3.5 with 33% sodium hydroxide. The purpose of 
using the concentrated solutions was to have a solution saturated 
with sodium sulfate at the end of the neutralization. 

RECOVERY OF CRUDE NICOTINIC ACID BY SOLVENT EXTRAC- 
TION. The equipment consisted of a solvent boiler, a condenser, 
and an extractor vessel, the latter so fitted that the vapors for the 
boiler condensed and percolated through the neutralized sodium 
sulfate-nicotinic acid solution to extract the nicotinic acid and 
then overflowed into the boiler for concentration. The boiler 
ww a 3-liter flask and the extractor was a flask of 3- or 5-liter 
volume, depending on the size of the charge. It was found de- 
sirable to have the aqueous layer filling about two thirds of the 
capacity of the extractor. 

The extractor was charged with the aqueous solution and then 
filled with n-butyl alcohol. The boiler was filled about two 
thirds full of butyl alcohol and then heated to boiling with a 
Glas-col electric heater, The extractor was maintained a t  
about 93" C. with a hot water bath. The extraction was con- 
tinued until the butyl alcohol extract showed no nicotinic acid on 
evaporating to dryness. To recover the product the butyl alcohol 
was distilled off and the solid dried in a vacuum oven. The yield 
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of crude product, which had a melting point above 200' C., was 
90 to 100 grams. This material was purified by carbon treat- 
ment and recrystallization from water. A product with a melting 
point of 234" C. and containing less than 1 p.p.m. of selenium 
was usually obtained. 

In  Table I it is obvious that  copper, mercury, nickel, cobalt, 
and manganese were ineffective as catalysts and were no improve- 
ment over sulfuric acid alone. A study of runs 9 to 14 shows that 
4 grams of selenium dioxide per mole of aldehydine were definitely 
too little, 6 grams were on the borderline, and 10 grams were 
definitely sufficient. A reaction time of 21/t hours waa generally 
sufficient but as much 88 6 hours appeared to show no harmful 
effects. Below approximately 300" C. little, if any, reaction 
took place as evidenced by little or no evolution of gases and water 
until after 300 " C. was reached. A final temperature of 340" C. 
seemed desirable but aa high aa 360" C. was not harmful. Runs 
6, 7, and 8 are believed typical of what can be expected under 
normal reaction conditions. 

' 

SUMMARY 

Using selenium dioxide as a catalyst and sulfuric acid as the 
oxidizing agent, aldehydine can be converted into nicotinic acid in 
good yields. 
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S PART of a study of methylolmelamines and their ethers A the preparation and properties of the allyl ethers of several 
methylolmelamines have been examined. Particular attention 

A. H. BUMP 
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has been given to  the fully allylated ether of ' that  methylolmel- 
amine prepared by condensing 4.5 moles of formaldehyde with 
1 mole of melamine, referred to hereafter as tetramethylolmel- 
amine. These allyl ethers were of particular interest in view of 
the drying properties which they might possess, by analogy with 
allyl ethers of other series (I, 4,6, 7). 

The fully allylated ether of tetramethylolmelamine has beeniso- 
lated as a hydrophobic gum and exhibits typical drying proper- 
ties. B~ reacting this material with ad&iom] formaldehyde 
approldmately two additional nonetherified methylo] groups 
were introduced; the drying properties of this material were less 
pronounced. The hexaallyl ether of hexamethylolmelamine was 
also prepared but no dlying study was made. It impossible 
to avoid the formation of gels during an attempt to etherify a 

1 Present address, Dewey & Almy Chemical Co., 62 Whitternore Ave., 
Cambridge 40, Mass. polymethylolmelamine. 

commercial spray-dried, water-soluble methylolmelamine (3) 
containing aPprO*telY 2.5 methyl01 groups Per mOhUle. 
In contrast with the above allyl ethelg, a sample of the n-propyl 
ether of tetramethylolmelhne prepared as a control exhibited 
no drying characteristics. 

Clear water dispersions of the ethers listed above have been pre 
pared by the action of sulfur dioxide or sulfite. In the authors' 
opinion the process is that  described earlier for saturated ethers 
(9) and does not involve addition of sulfite t o  the unsaturated 
allyl radicals. A s w e y  of the literature showed that the condi- 
tions necessssy for this type of addition reaction are radically 
different from those used in the present investigation; their 
application to  the problem at hand is impossible because of the 
certain po'~erization they promote with any ether Of a 


