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This invention relates to the resolution of mix 

tures of heterocyclic nitrogen compounds, cont 
taining 3- and 4-picolines and other pyridine homologs. 
The picolines, other homologs of pyridine, and 

pyrrole are customarily extracted, along with 
pyridine, from coal tar oils and other sources of these heterocyclic nitrogen compounds by 
means of an aqueous solution of mineral acids, 
usually sulfuric acid, and are liberated from the 
acid solutions by the addition of alkali hydrox 
ide or carbonates. Mixtures of nitrogen con 
pounds thus liberated are then fractionally dis 
tilled. Bases such as pyridine, boiling point 116 
C., and 2-picoline, boiling point 129.4 C., can 
generally be obtained in reasonably pure form 
by fractional distillation, but for the most part the remaining compounds cannot be separated 
by distillation methods alone. Instead, the frac 
tions obtained, even when they are of relatively 
narrow boiling range, contain increasing nun 
bers of pyridine homologs and their isoners. 
Mixtures of this kind have found limited prac 
tical application mainly as Special solvents and 
are of relatively low economic value. The in 
dividual compounds, however, if they could be 
readily isolated would be of far greater value, 
for example, in the preparation of derivatives, especially pharmaceutical products and dyes. 
The requirements for purity in these fields are 
extremely Severe. - 
of especially high potential value are the ni 

trogen compounds in the fractions having a 
boiling range of about 140-148 C. When mix 
tures of heterocyclic nitrogen compounds are 
recovered from most types of coal tar, the frac 
tions taken within the range i40-148 C., even 
closely cut fractions within this boiling range, 
in general contain as components three pyridine 
homologs of substantially the same boiling 
point in roughly equal proportions; i. e., 26 
lutidine, boiling point .143.8 C., 3-picoline (beta 
picoline), boiling point 143.8 C., and 4-picoline 
(gamma-picoline), boiling point 144.8 C. Mix 
tures of heterocyclic nitrogen compounds re 
covered from some of the less common coal tars 
may contain substantial proportions of pyrrole 
instead of, or in addition to, the 2.6-lutidine. 
Although pyrrole alone boils at 129.8 C., with 
3- and 4-picolines it forms high boiling azeo 
tropes boiling about 145-148 C., the compo 
nents of which are inseparable by distillation 
methods. Derivatives of many of these con pounds are becoming of increasingly greater in 
portance as pharmaceuticals and agricultural 
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chemicals. Nicotinic acid, for example, a men 
ber of the Vitamin B complex, may be readily 
obtained by oxidation of 3-picoline. 
Since the three components making up the 

usual nitrogen base fractions boiling in the range 
140°-148° C. (2,6-lutidine, 3-picoline, and 4 
picoline) have substantially the same boiling 
points, and since pyrrole, present in Some of these 
fractions, forms azeotropes with these bases, 
fractional distillation is obviously unsatisfactory . 
as a means for resolving the mixtures. Other 
methods of resolving such mixtures heretofore 
described in the published prior art have been 
generally unsatisfactory in regard to products, 
yields, and production costs. Such other meth 
ods have usually depended upon fractional crys 
tallization of the more common Salts of the bases 
present, e. g., the chlorides, sulfates, oxalates, 
chlorates, picrates, ferrocyanides, and the like. 
Isolation or purification of individual bases by 
such methods has been found to be extremely 
cumbersonne and generally insufficiently sharp to 
obtain compounds of a purity demanded in in 
dustry. These methods also have often presented 
other drawbacks such as prohibitive cost, ex 
plosive hazards, and toxicity. - 

It is an object of this invention to provide a 
commercially feasible method of obtaining pure 
or enriched 4-picoline and 3-picoline from mix 
tures of heterocyclic nitrogen compounds. 

It is a further object of this invention to pro 
vide a commercially feasible process for resolv 
ing fractions of heterocyclic nitrogen compounds, 
particularly tar base fractions, boiling in the 
range 140-148 C., which fractions contain 2,6- 
lutidine, 3-picoline, and 4-picoline in substantial 
proportions, and may contain a substantial pro portion of pyrrole. 

I have discovered that substantially pure 4 
picoline may be isolated from a mixture con 
taining 4-picoline and other heterocyclic nitro 
gen compounds (including other pyridine homo 
logs) having boiling points close to 4-picoline by 
precipitating the 4-picoline from the mixture in 
the form of its calcium chloride addition com 
pound. This is particularly surprising since 3 
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and 4-picolines and other pyridine homologs 
boiling close to 4-picoline have heretofore been 
thought to form addition compounds of substan 
tially identical properties. The mixture from 
which 4-picoline is precipitated in accordance 
with my invention may advantageously be a close 
cut fraction of heterocyclic nitrogen compounds 
(e. g., a tar base fraction) boiling in the range 
i40-148 C., for example a fraction boiling in 
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the range 140-145 C., containing as its princi 
pal components 2,6-lutidine, 3-picoline, and 4 
picoline, or a fraction containing these bases and 
pyrrole, boiling in the range 145-148 C. My in 
vention may thus comprise fractionating a heter 
ocyclic nitrogen compound mixture, e. g. a coal 
tar base mixture, containing 4-picoline and other 
nitrogen compounds (including other pyridine 
homologs) of close boiling point, to obtain a 
close-cut fraction boiling predominantly in the 
range 140-148 C., and precipitating 4-picoline 
from this fraction, in the form of its calcium 
chloride addition compound. 
My invention further comprises a process in 

which separation of 4-picoline in the form of its 
calcium chloride addition compound is combined 
with steps for isolation of other pyridine homo 
logs not readily separable therefrom by distilla 
tion, e. g., 3-picoline and 2,6-lutidine, as well as 
for isolation of pyrrole; thus my invention is ap 
plicable to resolving a mixture comprising essen 
tially only 3-picoline and 4-picoline into its in 
dividual components, and is further applicable to 
resolving a mixture containing 2,6-lutidine or 
pyrrole or both, in addition to these picolines, 
into its individual components. 
The process of my invention may advanta 

geously be applied in the resolution of hetero 
cyclic nitrogen compound mixtures obtained 
from coke oven distillates, cracked petroleum, 
shale tar, bone oils and from other natural, as 
well as Synthetic, sources when these base mix 
tures contain substantial amounts of 4-picoline 
and other nitrogen compounds not readily Sep 
arable therefrom by distillation, e. g., 3-picoline, 
and 2,6-lutidine or pyrrole. As above pointed 
out, in carrying out the process of my invention, 
such a mixture is advantageously first Subjected 
to fractional distillation whereby a close-cut 
fraction containing predominantly the 4-picoline 
and other close boiling compounds is obtained. 
For example, as above pointed out, when nitrogen 
base mixtures are recovered from the more COm 
mon coal tars, distillate fractions boiling in the 
range 140-145 C. have been found to contain 
predominantly 3-picoline, 4-picoline and 2,6- 
lutidine, while distillate fractions of nitrogen 
compounds from other coal tars, boiling in the 
range 145°-148 C., have been found to contain 
substantial quantities of pyrrole, and Small 
amounts of 2,6-lutidine, along with the 3- and 4 
picolines. These mixtures cannot be readily re 
solved by distillation methods, but may advanta 
geously be resolved by the process of my inven 
tion. When a close-cut lutidine-picoline fraction 
thus obtained contains more than about 30% of 
4-picoline, pure 4-picoline may be isolated di 
rectly therefrom by precipitation with calcium 
chloride in accordance with my invention, as 
illustrated in Example 1, below. I have generally 
found it advantageous, however, particularly 
when this base mixture contains less than about 
30% of 4-picoline, to separate, first, all or most 
of the 2,6-lutidine and thereafter resolve the re 
sidual mixture containing predominantly 3-pico 
line and 4-picoline. Such a process is illustrated 
in Example 2, below. In the treatment of pyr 
role-picoline fractions, it is desirable to remove 
the bulk of the pyrrole...before precipitating the 
calcium chloride addition compound of 4-picoline 
in accordance with my invention. 
The 2,6-lutidine and pyrrole may be separated 

from such a mixture by forming zinc chloride 
addition compounds of the picolines, and filter 
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2,836,502 
ing or distilling to separate 2,6-lutidine and pyra 
role. Zinc chloride is capable of forming add 
tion compounds with 3-picoline, 4-picoline and 
2,6-lutidine, two molar equivalents of base com 
bining with one of zinc chloride; no stable addi 
tion compound is formed with pyrrole. The ad 
dition compounds of the two picolines are only 
sparingly soluble in water or alcohol, whereas 
the compound formed with 2,6-lutidine is de 
cidedly more soluble. Also, the 2,6-lutidine com 
pound of zinc chloride possesses a substantially 
higher vapor tension than do the corresponding 
compounds of 3- or 4-picoline at the same tem 
perature. 

Accordingly, to separate 2,6-lutidine and pyr 
role from a mixture of 3-picoline, 4-picoline and 
2,6-lutidine, zinc chloride is added to the mix 
ture. An aqueous solution of zinc chloride may 
advantageously be employed and by proper Selec 
tion of reagent proportions, for example by add 
ing approximately the correct amount of zinc 
chloride for reaction with the picolines only, it is 
possible to precipitate the bulk of the isomeric 
picolines, whereas the 2,6-lutidine and pyrrole 
remain in solution and can be eliminated com 
pletely by filtration and washing of the crystals; 
alternatively, pyrrole may be removed and 2,6- 
lutidine almost completely removed by steam dis 
tillation of the mixture of water, Crystals, and 
uncombined nitrogen compoundS. 
From these filtrates or steam distillates, bases 

greatly enriched in 2,6-lutidine or pyrrole con 
taining, for example, from 60% to 90% of 2,6- 
lutidine can be isolated by salting out and dry 
ing, or by extraction of the aqueous solutions 
with suitable hydrocarbon solvents, e. g., ben 

In 

order to recover substantially pure 2,6-lutidine, 
the 2,6-lutidine-rich base thus obtained may be 
admixed with a small proportion of zinc chloride 
to combine with picolines present and the filtra 
tion or steam distillation repeated. In this man 
ner, the 2,6-lutidine product may be brought up 
above 95% purity. A pyrrole-enriched product 
may be similarly treated to obtain pure pyrrole. 
Whether the zinc chloride addition compound 

of the 3- and 4-picolines is separated by filtration 
or by steam-distilling out volatile compounds 
such as 2,6-lutidine and pyrrole, the resulting 
mixture of picoline-zinc chloride addition com 
pounds is treated with an alkali such as Sodium 
hydroxide, sodium carbonate, or ammonia, to set 
free the 3- and 4-picolines. Preferably, the 
mixed picoline-zinc chloride addition compounds 
are treated with one molecular equivalent (based 
on the zinc chloride) of sodium carbonate or two 
of sodium hydroxide, thus precipitating zinc car 
bonate or zinc hydroxide, respectively. This zinc 
carbonate or zinc hydroxide may eventually be 
recovered by filtration and washing, and may be 
reconverted into zinc chloride for further use in 
the process by means of hydrochloric acid. 
The picoline base mixture liberated upon ad 

dition of the alkali to the picoline-zinc chloride 
addition compounds is removed by steam distill 
lation and the bases are finally isolated from this 
distillate by salting out or by extraction with 
hydrocarbon solvents. Salting out of the pic 
olines (or of other soluble nitrogen bases) from 
their water solutions may be carried out by add 
ing solid sodium chloride or a saturated Sodium 
chloride Solution to the Water Solution of the pico 
lines or other bases whereupon a separate Super 
natant liquid layer of base is formed. Alterna 
tively, solid sodium hydroxide or concentrated 
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Sodium hydroxide solution may be used to cause 
the Soluble base to separate as a distinct layer 
from its Water Solution. Other salts Or alkalies 
known in the art may also be used for this 
purpose. 

Mixtures of 3- and 4-picolines thus obtained, 
or other mixtures comprising essentially 3- and 
4-picolines obtained from coal tar or other 
Sources, may be treated for isolation of 3-picoline 
and 4-picoline. As above pointed out, 3- and 4 
picoline mixtures containing minor proportions 
of other bases such as 2,6-lutidine or pyrrole 
may also be treated directly to separate at least 
4-picoline, particularly when its concentration is 
greater than about 30%. - 

In resolving 3- and 4-picoline mixtures, de 
pending on the relative proportion of 3- or 4 
picolines present, the base mixture may be treated 
first to precipitate 4-picoline in the form of its 
calcium chloride addition compound in accord 
ance with my invention, and then treated to pre 
cipitate 3-picoline as phosphate in accordance 
With the process of copending application Serial 
No. 346,347, filed July 19, 1940, or these two oper- . 
ations may be reversed. 4-picoline is advan 
tageously separated first when 4-picoline con 
stitutes at least about 35% of the mixture. The 
residual base mixture, rich in 3-picoline, may 
then be treated for precipitation of a substantial 
proportion of the 3-picoline as phosphate. The 
residual base, containing both 3- and 4-picolines, 
remaining after precipitation of 3-picoline phos 
phate may then be added to fresh base mixture 
which is about to be treated for precipitation of 
the calcium chloride addition compound of 4 
picoline. 
When a 3- and 4-picoline mixture contains 

more than about 55% 3-picoline, the above steps 
may be reversed; i. e., the mixture may first be 
treated with phosphoric acid or phosphate in 
accordance with the process of the copending ap 
plication referred to above to precipitate a sub 
stantial part of the 3-picoline as phosphate and 
the residual base mixture rich in 4-picoline may 
then be treated for precipitation of the calcium 
chloride compound of 4-picoline in accordance 
with my invention. My invention, involving the 
step of precipitating 4-picoline in the form of 
its calcium chloride addition compound combined 
with the step of precipitating 3-picoline as phos 
phate, thus makes possible the resolution of base 
mixtures of widely varying composition compris 
ing essentially 3-picoline and 4-picoline. - 
The precipitation of 4-picoline in the form of 

its calcium chloride addition compound should 
be carried out in an anhydrous, non-alcoholic 
medium. Hydrocarbon oils such as benzene, tolu 
ene or solvents of parafiinic character may be 
used as diluent or suspension medium for crys 
tals. Solid anhydrous calcium chloride, prefer 
ably finely ground, may be added directly to the 
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base mixture dissolved in a hydrocarbon oil as 
above described and the mixture agitated for 
formation and precipitation of the calcium chlo 
ride-4-picoline addition compound. 
A preferred method, however, involves mixing a 

concentrated aqueous solution of the required 
quantity of calcium chloride with the base mix 
ture which is preferably dissolved in a low-boiling 
hydrocarbon oil. This mixture is then agitated 
and heated to refluxing temperature. Upon re 
fluxing, water vaporizes and passes off with the 
hydrocarbon vapors. The reflux condensate 
passes through a side arm trap where the lower 
water layer may be removed while the upper 
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hydrocarbon layer is returned to the still. All 
water in the reaction mixture is thus eventually 
removed. This method insures complete utiliza 
tion of the calcium chloride and the formation 
of granular crystals which can be filtered or cen. 
trifuged most readily. This method, further 
more, nakes it advantageous to reuse the calcium 
chloride cyclically since as will be hereinafter 
pointed out calcium chloride is eventually recov 
ered in the form of an aqueous solution. The 
temperature at which this reaction is carried out 
will be approximately the boiling point of the sol 
vent used, and is preferably carried out within 
the range of about 80 to 120° C., depending upon 
the Solvent employed. 

In carrying out the process of my invention, I 
have found it advantageous to precipitate only 
a portion of the 4-picoline from a 3- and 4-pico 
line mixture, since I have found that when the 
Concentration of 4-picoline in a solution of essen 
tially 3- and 4-picolines has fallen below about 
25%, a substantial amount of 3-picoline-calcium 
chloride addition compound may precipitate 
along with 4-picoline-calcium chloride addition 
compound. In more complex mixtures contain 
ing 3- and 4-picolines, the limiting concentration 
of 4-picoline which must be left in the mixture, 
in order that the precipitated product be reason 
ably pure, depends upon the composition of the 
base mixture and is determined empirically. 
Each mol of calcium chloride combines with two 
mols of 4-picoline. In carrying out the process 
of my invention, therefore, calcium chloride is 
added in just one-half the molar quantity of 
4-picoline it is desired to remove. It is obvious, 
Of course, that where pure 4-picoline is not re 
quired, i.e., where the presence of a small amount 
of 3-picoline is not disadvantageous, a larger pro 
portion of the 4-picoline may be precipitated 
from the picoline mixture. 
The 4-picoline-calcium chloride addition com 

pound is separated from the mother liquor by fil 
tration or centrifuging followed by Washing, e.g., 
with a hydrocarbon solvent. The solid addition 
compound, dried, or containing adhering solvent, 
is decomposed by the addition of water. The 
resulting mixture may separate into two layers 
a lower layer containing the bulk of the calcium 
chloride and an upper one containing most of the 
4-picoline; however, calcium chloride and picoline 
are distributed through both phases and it is 
advantageous, therefore, to separate the liberated 
base by steam distilltalion of the mixture. The 
water-soluble base can be separated from the 
aqueous distillate as pointed out above in connec 
tion with 2.6-lutidine; preferably, it is salted out 
by the addition of solid sodium chloride or a 
concentrated solution of sodium chloride. The 
calcium chloride solution remaining in the steam 
distillation still may be reused for precipitation 
of a new batch of 4-picoline. s 
The mother liquor from which the calcium 

chloride addition compound of 4-picoline was 
precipitated contains 3- and 4-picoline, hydro 
carbon oil, and a trace of dissolved calcium chlo 
ride. This mixture is subjected to fractional 
distillation to recover the hydrocarbon oil for 
further use. The remaining mixture of 3- and 4 
picolines is now greatly enriched in 3-picoline. 
After the bulk of the 4-picoline has thus been 

removed from a 3-picoline-4-picoline mixture, 
or after the bulk of the 2,6-lutidine and 4-pic 
oline has been removed from a 2.6-lutidine-3- 
picoline-4-picoline mixture, the resulting base 
mixture, rich in 3-picoline, is worked up for isola 
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tion of 3-picoline in accordance with the process 
of Copending application Serial No. 346,347. 
In this process the base mixture is preferably 

diluted with methanol or ethanol, and the alco 
hol Solution of the base is treated with a lim 
ited quantity of phosphoric acid and induced 
to crystallization by inoculation with 3-picoline 
phosphate, preferably at 0° to 10° C. To avoid 
precipitating 4-picoline or other materials with 
the 3-picoline phosphate, only a limited quantity 
of the 3-picoline phosphate should be precipi 
tated; I have found it advantageous to precipi 
tate 3-picoline phosphate until the remaining 
mother liquor contains the 3- and 4-picolines in 
a proportion of from 45/55 to 50/50. 

Crystals of 3-picoline phosphate are filtered 
or centrifuged and freed from adhering mother 
liquor by washing with methanol or ethanol. 3 
picoline phosphate is decomposed by admixture 
with aqueous solutions of Sodium hydroxide and . 
the liberated base is separated and dehydrated. 
The mother liquor is worked up for recovery 

of alcohol and a base mixture of 3- and 4-pic 
olines in roughly equal proportions by treatment 
with sodium hydroxide and distillation. 
recovered mixture of 3- and 4-picolines is re 
turned to the process cycle, being first treated 
with calcium chloride to isolate the 4-picoline 
calcium chloride addition compound and then . 
with phosphoric acid for isolation of 3-picoline. 
The following examples are illustrative of the 

process of my invention: 
Ecample i-Isolation of 4-picoline directly in the 
form of its calcium chloride addition compound 
from base miactures containing predominantly 
2,6-lutidine, 3-picoline, and 4-picoline 
The material used in this example consisted 

of a mixture of heterocyclic bases containing 
about 34%. 2,6-lutidine, about 29% 3-picoline, 
and about 37%, 4-picoline together with other 
bases present in small amounts. The boiling 
range of the material was 140.4 to 144.1 C., 
specific gravity .946 at 25 C. 
An iron kettle equipped for agitation and fitted 

With a reflux condenser was charged with 1000 
parts by weight of this heterocyclic base mixture, 
170 parts by weight of toluene, and 340 parts by 
weight of an aqueous solution containing 145 
parts of pure calcium chloride and 2 to 3 parts 
of magnesium chloride present as an impurity. 
The mixture was agitated and heated to reflux 
ing. The condensate was passed through a side 
arm trap in which it separated into two liquid 
layers; the upper layer consisting predominantly 
of toluene with a smaller proportion of hetero 
cyclic bases dissolved therein was allowed to 
return continuously to the kettle. The lower 
layer consisting of water containing a Small per 
centage of dissolved bases was withdrawn to bring 
about dehydration of the kettle charge. Forma 
tion of the crystalline addition compound of 
4-picoline and calcium chloride began in the 
course of the dehydration and was practically 
complete at the end, the Crystals showing only 
a slight solubility even in the hot mixture of 
toluene and bases. The charge was cooled to 
room temperature. The heavy slurry of crystals 
was filtered on a suction filter and the crystals 
washed with toluene to remove adhering free 
bases. The total weight of the precipitate was 
665 parts, or 370 parts of crystals on a toluene 
free basis. The crystals consisted of an addition 
compound in which calcium chloride and 4-pico 
line were combined in a molar ratio of 1:2. 
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The crystals were decomposed by the addition 

of 300 parts by weight of warm water. At about 
95° C. the resulting mixture separated into two 
layers. The lower aqueous layer was evaporated 
to a slightly reduced volume. The distillate 
yielded a small quantity of 4-picoline. The 
toluene-4-picoline layer was fractionally distilled 
separating Successively: (1) Water and toluene; 
(2) toluene; and (3) 4-picoline. A Small still 
residue of calcium chloride remained behind. A 
total of 230 parts by weight of 4-picoline was 
obtained. This material was found to contain 
92% of 4-picoline and 8% of 3-picoline, no 2,6- 
lutidine being present. 

Bases which did not combine With Calcium 
chloride obtained as mother liquor and wash 
liquors from the filtration of the addition com 
pound were fractionally distilled to separate them 
from admixed toluene and traces of dissolved 
calcium chloride. A total of 746 parts by weight 
of bases was obtained. 
From this base mixture, 2,6-lutidine and 3-pic 

oline may be isolated by treatment with zinc 
chloride and with phosphoric acid, as indicated 
above, and as pointed out more particularly in 
the following example. 
Eacample 2-Resolution of 2,6-lutidine-3-picoline 

4-picoline miacture 
Another portion of the same heterocyclic base 

mixture used in the previous example was 
charged into an iron kettle equipped for agita 
tion. An equal weight of a 50% aqueous zinc 
chloride solution was added; this amount of zinc 
chloride Was calculated to combine With approxi 
mately the amount of 3- and 4-picolines present, 

The 
charge Was heated to the boiling point of water 
at which temperature the zinc-chloride picoline 
addition compounds remained molten. The agi 
tated maSS was steam distilled to remove the 
bulk of the uncombined 2-6-lutidine, a small 
proportion of the isomeric picolines passing over 
With the lutidine. The distillate was admixed 
with an equal volume of saturated salt solution 
to salt out the bases which were then withdrawn 
as a Separate Supernatent layer. The separated 
bases completely dehydrated and distilled con 
tained 85% of 2,6-lutidine. The mass in the ket 
tle was subjected to further steam distillation to 
remove additional base mixture of lower 2,6- 
lutidine content. These lutidine-rich base mix 
tures could be treated with an additional quan 
tity of Zinc chloride and again steam distilled to 
produce a higher quality 2,6-lutidine. 
To the kettle residue containing the zinc chlo 

ride addition compounds of 3- and 4-picolines 
was added a sufficient quantity of 50% aqueous 
Sodium hydroxide solution to liberate the pico 
lines. These Were removed by steam distillation 
and were salted out of the aqueous distillate. 
The base mixture thus recovered had a boiling 
range of 141.5 to 145.5°C. and contained approx 
imately 7%. 2,6-lutidine, 41% 3-picoline, and 52% 
4-picoline. 
The iron reaction kettle of Example 1, equipped 

for agitation and provided with a reflux con 
denser, was charged with 1100 parts by weight 
of this 3- and 4-picoline mixture, 170 parts by 
Weight of toluene, and 612 parts by weight of an 
aqueous calcium chloride solution containing 312 
parts by weight of pure calcium chloride. The 
kettle charge was dehydrated as described in Ex 
ample 1, cooled, and crystals of the precipitated 
4-picoline addition compound isolated by filtra 
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tion and washed with toluene. Crystals as well 
as combined mother and wash liquors were 
Worked up as described in Example 1. The foll 
lowing products were obtained: - 

(a) From the 4-picoline-calcium chloride crys 
tals a base mixture, 384 parts by weight, contain 
ing 95% 4-picoline and 5% 3-picoline; 

(b) From the mother and wash liquors a base 
mixture, 650 parts by Weight containing 64% 3 
picoline, 25%, 4-picoline, and 11%. 2,6-lutidine. 
An enamel-lined kettle provided with an agi 

tator and cooling jacket was charged with 600 
parts by Weight of base mixture (b), above, and 
550 parts by weight of pure methanol. While 
agitating and cooling, 280 parts by weight of 85% 
phosphoric acid was gradually added. The mix 
ture was then gradually cooled to 5' C. and held 
at this temperature for 15 hours. A heavy crys 
talline precipitate of 3-picoline phosphate was 
Separated out. The kettle charge was centrifuged : 
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mixture with calcium chloride in an anhydrous 
On-alcoholic medium to precipitate a portion 

of the 4-picoline in the form of its calcium chlo 
ride addition compound. 

3. A process for separating components of a 
mixture containing at least about 30%, 4-picoline 
and containing other heterocyclic nitrogen com 
pounds, including other pyridine homologs, not 
readily separable from 4-picoline by distilla 
tion, comprising precipitating from the mixture 
in a non-aqueous, non-alcoholic medium the 
calcium chloride addition compound of 4 

5 

and the isolated crystals Washed with fresh meth- . 
anol at 5° C. The dry crystals amounted to 375 
parts by weight. 
The crystals were dissolved in. 500 parts of 

water and 3-picoline was liberated by the addi 
tion of 180 parts of sodium hydroxide in 200 parts 
of water. The liberated 3-picoline was separated 
as an upper layer from the hot aqueous solution 
of Sodium phosphate. Partial evaporation of this 
Solution gave a small additional yield of 3-pico 
line salted out from the distillate. The 3-picoline 

25 

30 

was dehydrated and distilled to improve the color, 
179 parts by weight being obtained. The mate 
rial had a purity of 97%. 
Mother liquor and methanol wash liquors were 

combined and the methanol recovered by frac 
tional distillation. The still residue consisting of 
free bases, Water, and base phosphates, was mixed 
with a solution of 40 parts of sodium hydroxide 
in 100 parts water. Liberated bases were sepa 
rated, dehydrated, and distilled. An additional 
Small yield of bases was obtained by partial evap 
oration of the aqueous phosphate solution, the 
bases being contained in the distillate, 
The recovered bases consisted of a mixture of 

3- and 4-picolines and 2,6-lutidine, together with 
Some 2-picoline and 2,4-lutidine. The latter two 
components present originally in the natural mix 
ture of bases in small proportions had accumu 
lated in these recovered bases. It was found 
advantageous, therefore, to submit these bases to 
fractional distillation and again recover a nar 
row-boiling center cut of bases containing pre 
dominantly 2,6-lutidine, 4-picoline and 3-picoline 
which may then be further resolved as described 
in these examples. 

Since certain changes may be made in carry 
ing out the above process without departing from 
the scope of the invention, it is intended that all 
matter contained in the above description shall 
be interpreted as illustrative and not in a limika 
ing Sense. 

I claim: 
l. A process for separating Components of a 

mixture containing substantial proportions of 4 
picoline and of other heterocyclic nitrogen Com 
pounds not readily separable from 4-picoline by 
distillation, comprising precipitating 4-picoline 
from such mixture in the form of its calcium 
chloride addition compound. 

2. In a process for separating components of 
a nitrogen base mixture containing predomi 
nantly 4-picoline and other pyridine homologs 
not readily separable therefrom by distillation, 
the step which comprises treating this base 

35 

picoline. 
4. In a process for separating components of 

a fraction of heterocyclic nitrogen compounds 
including 4-picoline, boiling predominantly in 
the ranger 140-148 C., the step which comprises 
treating compounds in this fraction with cal 
cium chloride in an anhydrous, non-alcoholic 
medium to precipitate a portion of the 4-picoline 
in the form of its calcium chloride addition com 
pound, separating the precipitated calcium chlo 
ride addition compound of 4-picoline, and treat 
ing this separated compound to liberate 4 
picoline. 

5. A process for separating components of a 
fraction of pyridine homologs boiling predomi 
nantly in the range of about 140 to 145° C., con 
taining at least about 30% 4-picoline and a sub 
stantial proportion of 3-picoline, which process 
comprises treating this base fraction with cal 
cium chloride in an anhydrous non-alcoholic 
liquid medium to precipitate a portion of the . 
4-picoline in the form of its calcium chloride 
addition compound, separating the precipitated 
calcium chloride addition compound of 4 
picoline, treating this separated compound with 
Water to liberate 4-picoline, and separating the 
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4-picoline thus liberated. 
6. In a process for separating a heterocyclic 

nitrogen compound mixture into its components, 
the steps which comprise fractionating the mix 
ture to obtain a fraction of 4-picoline and other 
heterocyclic nitrogen compounds, including other 
pyridine honologs, boiling in the range 140-148 
C., treating bases in this fraction with calcium 
chloride in an anhydrous, non-alcoholic medium 
to precipitate a portion of the 4-picoline in the 
form of its calcium chloride addition compound, 
and treating this compound to liberate 4-picoline. 

7. In a process for separating a tar base mix 
ture into its components, the steps which com 
prise fractionating the base mixture to obtain a 
fraction of pyridine homologs boiling in the range 
140-45 C., containing 4-picoline, 3-picoline, 
and 2,6-lutidine, treating this base mixture to 
separate 2,6-lutidine, treating the remaining 
bases with calcium chloride in an anhydrous, non 
alcoholic medium to precipitate a portion of the 
4-picoline in the form of its calcium chloride ad 
dition compound, separating the precipitated 
calcium chloride addition compound of 4-picoline, 
and treating this separated compound to liberate 4-picoline. 

8. In a process for resolving a heterocyclic base 
mixture containing substantial proportions of 3 
picoline and 4-picoline, the combination of Steps 
which comprises subjecting the mixture to a plu 
rality of treatments to precipitate the calcium 
chloride addition compound of 4-picoline and to 
precipitate 3-picoline as phosphate, and sepa 
rating each of these products directly after its 
precipitation. 

9. In a process for resolving a heterocyclic base 
mixture comprising predominantly 2,6-lutidine, 

m 
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3-picoline, and 4-picoline, the steps which com 
prise treating the base mixture to separate 2,6- 
lutidine, treating the resulting 3- and 4-picoline 
base mixture with calcium chloride to precipitate 
the calcium chloride addition compound of 4 
picoline, separating the calcium chloride addi 
tion compound of 4-picoline thus precipitated, re 
covering a residual base mixture high in 3-pico 
iine, and precipitating 3-picoline as phosphate 
from this residual base mixture. 

10. In a process for resolving a pyridine homo 
log fraction boiling predominantly in the range 
140°-145 C., and comprising predominantly 2,6- 
lutidine, 3-picoline, and 4-picoline, the steps 
which comprise treating the base mixture with 
zinc chloride to form addition compounds of the 
picolines, separating 2,6-lutidine from the pico 
line zinc chloride addition compounds thus 
formed, reconverting the picoline zinc chloride 
addition compounds to free bases, treating the 
resulting 3- and 4-picoline base mixture with 
calcium chloride to precipitate the calcium chlo 
ride addition compound of 4-picoline, Separating 
the calcium chloride addition compound of 4 
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picoline thus precipitated, recovering a residual 
base mixture high in 3-picoline, and precipitating 
3-picoline as phosphate from this residual base 
mixture. w 11. In a process for separating components of a 
mixture containing at least about 30% of 4-pico 
line and substantial proportions of other hetero 
cyclic nitrogen compounds, including other pyri 
dine homologs, not readily separable from 4-pico 
line by distillation, the steps which comprise add 
ing an aqueous solution of calcium chloride to 
said mixture, heating the resulting mixture to 
vaporize substantially all water therefrom and 
thus cause the calcium chloride addition Com 
pound of 4-picoline to precipitate, separating the 
precipitated 4-picoline-calcium chloride addition 
compound, decomposing this compound by addi 
tion of water, recovering 4-picoline and an aque 
ous calcium chloride solution separately from the 
resulting aqueous mixture, and employing the 
calcium chloride solution thus recovered for treat 
ment of additional heterocyclic nitrogen COm 
pound mixture. FREDERICKERNEST REMERS. 


