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HISTORICAL 



HISTORICAL INTRODUCTION 

Bone oil is the material which is obtained by the 

destructive distillation of animal bones in the prepara¬ 

tion of bone black or animal charcoal. The grease is 

removed from the bones with steam or kerosene; they are 

then dried and heated to red heat in large iron retorts. 

Carbonization ensues, and an unpleasant smelling liquid 

distils off, together with gases containing a consider¬ 

able amount of ammonia • The oil is washed with water 

and re-distilled to give the commercial product, a clear 

liquid, which rapidly turns brown on standing. 

The first mention of an animal oil appears to be in 

the writings of C, G-esner, 1552, and of A. Libavius, 

1595* J• R. Glauber (1604-1688) also describes the oil 

obtained from the distillation of animal parts. The dis¬ 

covery of the physiological effects of the oil is due to 

Johann Dippel, the German alchemist (1711 and afterwards), 

who purified the oil by washing with lime or potash and 

distilling until he obtained a clear, aromatic liquid. 

This "oleum animale Dlppelii" is prescribed in the older 

pharmocopoeias in small doses as an antispasmodic and 

hypnotic. 

The first chemical investigation of bone oil was 

made by Unverdorben in 1826, tie isolated from it four 

bases, which he celled "qdprin, animin, olanin, end 

ammolin". The ne^t investigation of the substance was 

begun by Anderson in 1#45 and was continued over a period 
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of more than ten years, iror the most part, this work 

was concerned with the basic compounds in the oil, and 

Anderson showed that the "odorin'* of Unverdorben was 

largely picolin, a new- base which he had isolated from 

coal tar* Me also established the presence of pyridine, 

lutidine, and collidine, and called this new homologous 

series the "picoline bases”* He studied the chemistry 

of this series of compounds, but did not arrive at any 

clear picture of their structures. He found also the 

lower members of the series of aliphatic amines, iden¬ 

tifying methyl amine, ethyl amine (tentative), propyl 

amine, butyl amine, and amyl amine (tentative), and he 

detected the presence of aniline in the oil. 

At an early point in his investigation of animal 

tar, Anderson had detected the presence of pyrrol by means 

of the pine splint-hydrochloric acid test first described 

4 
by Runge, who discovered pyrrole in coal tar in 1834* 

in his purification of the bases, he had also obtained 

small quantities of an oil which showed all the proper¬ 

ties of this compound,; Later, Andersoif discovered that 

on heating the crude pyrrole fraction with an excess of 

potassium hydroxide in a chopper kettle, a potassium com¬ 

pound of the pyrrole was formed. It was a yellow-white 

solid, which was decompose^! on the addition of water. 

Using this compound as a method of separating and puri¬ 

fying the pyrrole, ho obtained the first pure samples of 

the new compound. He made many analyses of the substance 

and arrived at the emp^ricipi formula; he also attempted 
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to establish the constitution of the resinous red tar 

formed by the action of mineral acids on pyrrole—"pyr¬ 

role red"—but obtained no conclusive results. He found 

that pyrrole gave solid double compounds with metallic 

salts, namely mercuric chloride and cadmium chloride, 

but made no further investigation of its chemical reac¬ 

tions. 

In the course of his study, Anderson also demonstra¬ 

ted the presence of members of the benzene series of 

aromatic hydrocarbons by treating a volatile fraction 

of the oil with nitric acid, then reducing v/ith ammonium 

sulfide. He obtained a substance which he described as 

showing all the properties of aniline. He had found, 

too, that, on boiling the lower fractions of the oil with 

potassium hydroxide, ammonia was given off, and the resi¬ 

due, on acidifying, had the odor of butyric acid or the 

lower aliphatic acids. He concluded from this that the 

nitriles of the fatty acids are.also present in the oil. 

He obtained the acids again in the work on the potassium 

compound of pyrrole. After removing the pyrrole, he 

acidified the residue, and succeeded in identifying va¬ 

leric and propionic acids through their silver salts. 

In 1879, H, Weidel become interested in bone oil. 

His initial work was on the basic compounds £ but in the 

7 
same year, he attempted, v/ith G. L. Ciamici&n, the first 

systematic investigation of the non-basic constituents, 

which constitute by far the major portion of the oil. 



This investigation, with some slight later additions, 

represented the entire knowledge of the neutral compounds 

in bone oil, before the present work was begun. 

Weidel and Ciamlcian took bone tar which had been 

distilled several times, washed it thoroughly with acid, 

and then with water to remove all bases. They then sepa- 

ted it by distillation into three fractions: 

I Boiling point 98°-150°C, 
II " " 150°-220°C. 
Ill « " 220°-above 360°C. 

Each of these fractions was again distilled, washed with 

dilute potassium hydroxide, then heated with on excess 

of solid potassium hydroxide in a large copper retort un¬ 

til the evolution of ammonia was complete. The residue 

was then treated with water and steam distilled. The 

oil in the distillate was again heated with solid potas¬ 

sium hydroxide, and these operations repeated several 

times until evolution of ammonia no longer occurred. 

Fraction I gave, from the potassium hydroxide melt, 

the water soluble potassium salts (A), the insoluble oil 

obtained by steam distillation (C), and the aqueous steam 

distillate (B). (C) was further separated, after careful 

drying, into two fractions, one boiling from llcP-130° 

(D), and the other from 130°-*•180° (E). 

When (A) was acidified, a strong odor of the lower 

fatty acids was detected. This mixture of acids was 

separated by repeated fractionation of the ethyl esters 

until four constant boiling fractions were obtained. An 
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"extraordinnrily small" amount of material boiling at 
o o 

98 “100 was obtained. This was believed, from the boil~ 

ing point, to be the ethyl ester of propionic acid. The 
o 

fraction boiling at 121 , gave, on analysis, an empirical 

formula corresponding to the ethyl ester of butyric acid, 

. o 
On hydrolysis, it gave an acid boiling at 163 , From 

the correspondence of boiling points, analytical data on 

the ester and on the calcium salt of the acid, and the 

fact that the calcium salt formed a monohydrate (the cal¬ 

cium salt of isobutyric acid forms a trihydrate), the 

acid was concluded to be n-butyric acid. On the basis 

of similar evidence, namely, analytical and molecular 

weight date, plus correspondence of boiling points of the 

ethyl esters and of the free acids to known values, n- 

valeric and isocaproic acids were identified in this 

fraction. The authors concluded that these acids were 

present in the original bone oil as the nitriles, since 

they were obtained along with ammonia by alkaline hydro¬ 

lysis. 

The aqueous steam distillate (B) on extraction with 

\ o , o 
ether gave a solid of melting point 114 -116 C., which 

was soluble in water and showed: oil the properties and 

combustion data for n-valeramide. On hydrolysis, it gave 

n-valeric acid as identified through, its calcium salt and 

physical properties. It seems probable that this valer- 

6,trade was formed through' {partial hydrolysis of the vape_ 
r°nitrile, which, on ©bmtilete hydrolysis, yielded the 

w /- 
/ 
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valeric acid previously identified. The amount of vale- 

ramide isolated was very small—only 20 grams from 40 

kilograms of Fraction I. 

The oil (C) in the steam distillate, when treated 

with hydrochloric acid set to a resinous red mass, but 

this left behind a liquid which no longer showed this 

property. This liquid was higher boiling than the ori¬ 

ginal, so (C) was fractionated into two parts, the first 

(D) boiling from 1T0°-130°, and the second (E) boiling 

from 1?0°-180°, 

The lov; boiling fraction (D) was shown to be mostly 

pyrrole, which was obtained pure by means of its potas¬ 

sium compound. The compound was formed by heating the 

material with an excess of solid potassium hydroxide, 

removing the excess liquid, washing the potassium pyrro- 

lide with ether, and then decomposing with water. The 

pyrrole was distilled over and dried, end, although its ' 

boiling point was somewhat low, the analytical data cor¬ 

responded to the correct formula, and it formed 

the well known pyrrole red with mineral acids. The pyr¬ 

role red was also analyzed in an attempt to establish its 

constitution. The result indicated the following reaction 

for its formation: 

3 + H20 « CipHliilSM + NH3 
pyrrole red 

By careful fraCtionation of (D) the two hydrocarbons, 

toluene and ethyl benzene, were also obtained. They were 
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purified by refluxing with mineral acid to resinify the 

pyrrole, and then distilling off the-hydrocarbons. The 

toluene was•identified by its boiling point of 1110 and 

by its "other" properties. The evidence for ethyl benzene 

(boiling point 134°) was more complete, consisting of a 

combustion analysis and an oxidation to benzoic acid to 

distinguish it from the xylenes. 

The higher boiling fraction (E) was found to consist 

of three hydrocarbons, two of the formula *16 sn^ one 

of the formula All three gave isophthalic acid 

on oxidation, and were unsaturated, forming dibromo com¬ 

pounds, The author tentatively identified these hydro- 

carbons as belonging to the newly studied terpen© com¬ 

pounds. 

Fraction II (150°-230°) was washed with dilute 

potassium hydroxide, and from this wash, phenol was 

isolated on acidifying* This was apparently the only 

constituent in the alkaline extract. The fraction was 

then heated with an excess of solid potassium hydroxide, 

end this repeated until the evolution of ammonia was' 

complete, 'hater was then added and the mixture steam 

distilled. The aqueous steam distillate (A*) contained 

more traces of vpleramide. The alkaline residue (C *) 

contained the potassium salts of the previously identified 

acids, and in addition the salt of n-eaproic acid. This 

was purified by means of its ethyl ester, which was frac¬ 

tionally distilled and yielded the pure acid on hydrolysis. 
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The combustion data and molecular weight determination 

on the ethyl ester corresponded to caproic acid, as did 

the boiling points of the acid and its ester. In addition, 

the calcium salt of the acid formed a monohydrate, as op¬ 

posed to the trihydrate of the calcium salt of isocaproie 

acid • 

The steam distilled oil (B’) apparently contained 

pyrrole like bodies as well as hydrocarbons, so it was 

separated as before into two fractions, (D1) boiling from 

140°-180°, and (E’) boiling from 130°-210°, The pyrrole 

bodies in (D*) were purified through their potassium com¬ 

pounds, formed by heating the liquid with metallic po¬ 

tassium until evolution of hydrogen was complete. The 

mass was then washed with ether and decomposed with wa¬ 

ter, the pyrrole bodies being steam distilled over. 

Fractionation of this product gave two constant boiling 

fractions, one at 145° and the other at 165°• 

The compound boiling at 145°, which the authors 

named fTIomopyrrole,f, showed all the properties of pyr¬ 

role—turned brown on standing, gave a red resin with 

mineral acids, and formed an addition compound with mer¬ 

curic chloride. Analysis pointed to the formula C5H7N. 

This indicated that the new compound was probably a 

homologue of pyrrole, in fact a methylpyrrole. The 

authors showed that this compound was not identical with 
c» 

the methylpyrrole reported previously by C. Bell from 

distillation of the salt of methylamine and raucic acid. 
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It also gave a lov; melting acetyl product on refluxing 

with acetic anhydride and sodium acetate. Hence, the 

compound was not the N-methylpyrrole of Bell but probably 

a C-methylpyrrole. 

The oil which boiled at 165° was repeatedly distilled 

to a clear liquid, which gave a double compound with mer¬ 

curic chloride and was only slowly polymerized by acids. 

A combustion analysis and molecular weight determination 

corresponded well with the formula . It gave a 

liquid acetyl compound which analyzed for a monoacetyl 

derivative. The authors arbitrarily called this com¬ 

pound "dimethylpyrrole” although they state that the 

final evidence as to whether it is a dimethyl- or an 

ethylpyrrole must await an oxidation experiment. From 

this 165° fraction, the authors also obtained a very small 

amount of a higher boiling substance, of boiling point 

170°, but the amount was too small to permit investiga¬ 

tion. 

The fraction II (E*) appeared to be mostly hydro¬ 

carbons. It was purified by heating with hydrochloric 

acid to polymerize the pyrrole bodies, then with potas¬ 

sium hydroxide to remove nitriles. It was finally dried 

over metallic sodium and distilled—boiling point 1S0°- 

210°* Naphthalene was found to be present and identified 

by means of its melting point (79°) and that of its picric 

acid compound (149°). After removing all traces of naph¬ 

thalene with picric acid, the material was fractionally 
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distilled to give two products, one boiling at 182°-183° 

and the other at 203°-205°. Both of these compounds 

gave the formula ^il%8 on enalysis* The lower boiling 

gave traces of isophthalic acid on oxidation but was 

largely decomposed, whereas the higher boiling was com¬ 

pletely decomposed, and no oxidation products could be 

identified. The physical properties of the two were quite 

different, so that they could not be identical. They were 

thought to be isomers of the previously isolated hydro¬ 

carbons. 

The volume of Fraction II was found to be 21-25$ of 

the total volume of the bone oil. 

Fraction III, 60-70;$ of the total volume of the oil, 

boils from 250° to above 360°. The distillation was con¬ 

tinued until the contents of the flask began to char. 

Large amounts of ammonium cyanide and ammonium carbonate 

sublimed out. These salts, together with liquid bases, 

were washed out with dilute sulfuric acid. The oil was 

then successively heated with solid potassium hydroxide 

(accompanied by evolution of enormous quantities of am¬ 

monia) and washed, with water until the salts were entire¬ 

ly removed. It was found, after numerous repetitions of 

this procedure, that no hydrocarbons or pyrrole like 

substances were left, so the Investigation was necessar¬ 

ily restricted to the hydrolyzed material. This was 

dissolved in water, filtered, and the acids released 

with sulfuric acid. On standing, the acids partially 
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solidified to a darkly colored crystalline mass (B”) 

which, was separated from the remaining liquids (A”) by 

suction filtration. 

The solid mass consisted largely of palmitic and 

stearic acids, which were separated by repeated fractional 

precipitation from their potassium salts with magnesium 

acetate. The first precipitated magnesium salt gave 

stearic acid of melting point 69°, proved by a combustion 

analysis on the acid and a salt analysis on the magnesium 

salt. The later precipitating magnesium salt yielded 

palmitic acid of melting point 62°, giving the correct 

analysis for both the free acid and. the magnesium salt. 

The liquid portion (A")seemed to be a mixture of li¬ 

quid ana low melting solid acids. It v/as steam distilled 

and the distillate partially solidified. It contained 

more palmitic acid, but v/as shown to contain no oleic 

acid. From the liquid portion, by fractional precipita¬ 

tion with magnesium acetate, capric acid was isolated. 

It melted at 30° and gave the correct combustion analysis. 

The authors did not attempt to separate and identify the 

other acids present, because of the great difficulty in¬ 

volved in the separation. 

The authors conclude this paper with a summary of 

the compounds identified and a few words onthe supposed 

origin of the compounds. The nitriles of the fatty acids 

are probably formed by pyrolytic dehydration of the am¬ 

monium salts, the acids being present from hydrolysis of 
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the bone marrow fats, TO verify this, they passed csp- 

roic acid and ammonia through a red hot tube and. obtained 

some caproic amide and capronitrile. To prove that the 

pyrrole bodies ere formed by pyrolysis of the bone glue 

or gelatine, the authors heated pure, fat free gelatine 

in an iron retort to a high temperature and obtained an 

oil which largely consisted of pyrrole like substances. 

It contained also small amounts of the lower aliphatic 

amines, but no pyridine bases or nitriles. 

Continuing his work on the pyrrole compounds in bone 

oil, probably because they were newly discovered and hence 

of considerable intrinsic interest apart from any investi- 

9 10 
gation of bone oil, ciamician* demonstrated that what 

had been called "Homopyrrole" in the original study was 

really a mixture of two C-methylpyrroles, He had dis¬ 

covered^ that when the potassium compound of "Homopyrrole" 

was heated with an excess of solid potassium hydroxide, 

it yielded pyrrole carboxylic acids. He repeated this 

experiment^-® on a carefully purified sample of "Homopyr¬ 

role " obtained from the 140°-150° fraction of bone oil, 

and succeeded in isolating two pyrrole carboxylic acids. 

The separation was accomplished by means of the different 

solubilities of the lead salts. The soluble lead salt 

yielded a pyrrole carboxylic acid corresponding to the 

formula 0^H^N02 and melting at 191°, whereas the insolu¬ 

ble salt gave an acid of melting point 16l°-l6sP , corre¬ 

sponding to the sarae formula. The latter of these was 
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identical with the pyrrole carboxylic acid which he had 

Q 
obtained7 from the action of carbon dioxide on potassium 

pyrrolide, and celled pyrrole p carboxylic acid. He fur¬ 

ther demonstrated^-0 that on heating the potassium compound 

of the *'Homopyrrole" to 18CP-2000 in a stream of dry car¬ 

bon dioxide, two methylpyrrole carboxylic acids were ob¬ 

tained. These were separated as before through the vary¬ 

ing solubilities of their lead salts. One melted at 169.5° 

and the other at 142,4°, and both corresponded to the 

formula By decarboxylation of the calcium salts 

of these two acids he obtained the first samples of the 

two isomeric c-methylpyrroles, one boiling at 14 2?-143° 

and the other at 147°-14EP . On the basis of his incom¬ 

plete evidence, he called the lower boiling one p methyl- 

pyrrole and the higher oC methylpyrrole, although he admit¬ 

ted that an oxidation experiment would be required to 

establish the correctness of this hypothesis. It has 

been abundantly verified by later synthetic work. 

In the same year Ciamician, with Dennstedt^ suc¬ 

ceeded in Isolating a "trimethylpyrrole" from the fraction 

of bone oil boiling from 170° to 20CP . It was purified 

through the difficultly formed potassium compound, but 

still boiled over a considerable range, 18CP to 195°• 

However, all fractions, on combustion analysis, corres¬ 

ponded to the formula U^H-QN. It was thought that per¬ 

haps the new "compound" represented a mixture of the two 

theoretically possible C-trimethylpyrroles• The nitrogen 



was apparently not substituted., since it formed a potas¬ 

sium compound. On heating with hydrochloric acid in a 

seeled tube, the pyrroles yielded a small amount of a 

basic compound, which seemed, from the analysis of its 

platinum salt and its properties, to be Mdihydrolutidinen 

the p methyl group having rearranged os follows: 

This provisionally indicated the presence of 2,3,5 tri- 

mothylpyrrole in the bone oil fraction, Dennstedt later-*' 

isolated still another pyrrole homologue boiling at 171°- 

methylpyrrole. He succeeded only in showing that it was 

not identical with a synthetic C-isopropylpyrrole which 

he had prepared. 

In some experiments on the acetylation of pyrroles, 

prepared dlmethylpyrrole gave a different acetyl product 

from that obtained by Weidel and Ciamicien on the "di¬ 

me thy Ipyrrole " from bone oil. It had apparently been 

generally assumed that, of the four theoretically possi¬ 

ble u-dimethylpyrroles, the one in bone oil had been es¬ 

tablished as at,pc' dlmethylpyrrole. This misconception, 

which has persisted to the present day, seems to have 

very little experimental foundation* It may perhaps have 

its origin in the fact that the first synthetically 

H -C — C - C Hj 

ll tt 
CHj-C C-CHj 

172° and corresponding to t he correct formula for a tri- 

Dennstedt and Zimmerman"^ showed that a synthetically 
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prepared dimethylpyrrole was the isomer, prepared 

from acetonyl acetone and ammonia.15 This isomer had the 

same boiling point (165°) as the compound from bone oil. 

Moreover, since Ciamician and Dennstedt? had obtained 

only a characteristic N-acetyl product from their "dime¬ 

thylpyrrole ” in bone oil, and since only d-C-acetylpyr- 

roles had been observed to form at all Easily, it was 

concluded that both ok positions were blocked. However, 

Dennstedt1^ succeeded in obtaining a small amount of a 

C-acetyl dimethylpyrrole from the bone oil compound. He 

proved it to be a C-acetylpyrrole by condensation with 

benzaldehyde to a crystalline dimethyIpyrryl cinnamyl 

ketone, a reaction characteristic of C-acetylpyrroles. 

Moreover, he demonstrated at about the same time-^ 

that the dimethylpyrrole from bone oil formed a solid 

bis compound on treatment with dry hydrochloric acid gas 

in ether solution, and that this compound, on standing 

with dilute sulfuric acid, and subsequent distillation, 

yielded a product corresponding to a tetramethylindole, 

as indicated by its combustion analysis and chemical 

properties. The latter was further characterized by its 

conversion into a dihydroquinoline derivative on strong 

heating with methyl iodide, a well known ring expansion. 

No such products could be obtained from these reactions 

on synthetic dimethylpyrrole. This series of reac¬ 

tions, evidently possible only for an o(,p dimethylpyrrole, 

and since shown to be essentially correct,17 was represented 
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BS follows: 

C«1-CX C— 
l ll 11 

The evidence, then, is fairly conclusive for the presence 

of ar,p dimethyIpyrro 1 e in the 165° fraction of hone oil, 

but leaves the other isomers in doubt. 

The neutral compounds reported as present in bone 

oil up to the time of the present investigation ere listed 

below. As has been indicated above, several are open to 

considerable question and may be regarded as only tenta¬ 

tively identified. These are marked with an asterisk. 

Summary 

propionic nitrile* 
n-butyric nitrile 
n-valeric nitrile 
isocaproic nitrile 
caproic nitrile 
capric nitrile 
palmitic nitrile 
stearic nitrile 

pyrrole 
<*methyl pyrrole 
p methylpyrrole 
<*, p dimethylpyrrole 
ot.ei'dimethylpyrrole* 
*(pt«i't rime thy lpyrrole* 

toluene* 
ethyl benzene 
napthalene 
valeramide 

Hydrocarbons: 

(tv;o) 0^^ 

(tvro) Cjj^g 

VI* 



EXPERIMENTAL 
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DI3CUSSIQN OF THE EXPERIMENT 

The bone oil used in this investigation was supplied 

by the Consolidated Chemical Company of Houston, Texas* 

In view of the feet that, at present, it is a local waste 

product of no industrial usefulness, it seemed worthwhile 

to investigate its composition, with the hope that, when 

this is better known, some use may be found for it. Pre¬ 

vious studies have been made in this laboratory of the 

basic and acidic portions of the oil, and the present 

work on the neutral compounds may be regarded as a contin¬ 

uation of these studies, 

Moreover, since the last investigation of the neutral 

portion of the oil was mane on the German product more 

than half a century.ago, it was felt that e new investi¬ 

gation, with the improved methods of organic analysis, 

particularly the greet improvements in fractional distil¬ 

lation, might add to the knowledge of these constituents* 

It was thought too that the composition of the local oil 

might be different from that of the older German product 

due to variations in the methods of producing the materi¬ 

al* It wes ©spectelly hoped that, since the pyrrole 

series of compounds were newly discovered at the time of 

the earlier study, end, in view of the considerably in¬ 

creased knowledge of these compounds, it would be possible 

to adduce net? evidence for the existence of the higher 

homologues in the oil. With this in mind, the older 
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experiments on these compounds were not, in general, re¬ 

peated, hut newer reactions were employed* However, it 

must be stated at the outset that this hope has not been 

borne out, since, unfortunately, the progress of pyrrole 

chemistry has been almost entirely along synthetic lines, 

and very few good analytical techniques have been made 

available. The extreme sensitivity of these compounds 

to traces of mineral acid also accounts for most of the 

experimental difficulties in their analysis. 

The investigation is almost entirely of a chemical 

nature; this is necessarily so, because of the extent of 

the problem and limitations of time. Moreover, no syste¬ 

matic quantitative analysis has been attempted because 

of the complexity of each fraction, there being several 

homologous series of overlapping boiling points; the sub¬ 

sequent chemical separations of these, while sufficient 

for qualitative analysis, were probably not quantitative. 

SEPARATION AND FRACTIONAL DISTILLATION OF THE NEUTRAL 
COMPOUNDS 

Three liters of commercial bone oil were washed 

thoroughly with an equal volume of 10$ hydrochloric acid 

(excess), ©net then repeatedly with water to remove all 

basic compounds and salts. After washing out the acid, 

the oil was washed with an excess of 10$ sodium hydroxide 

to remove all acidic constituents, and again several times 

with water to remove all salts and remaining sodium hydroxide. 
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The oil was then dried with two large portions of anhy¬ 

drous magnesium sulfate over a period of a week. 

2075 e.c. of the bone oil were then transferred to 

a three liter flask and distilled through a small packed 

fractionating column of approximately one meter in length 

and one inch internal diameter. The packing consisted 

of small glass helices (one turn) of about four milli¬ 

meters diameter. The column was insulated with one inch 

of an asbestos insulating material, supplemented during 

the later stages of the vacuum distillation by an exter¬ 

nal heater of nichrome wire to prevent flooding. This 

column had been previously tested on a benzene-carbon 

tetrachloride mixture and found to represent eighteen 

theoretical plates. The distillation flask was connected 

to the column by means of a cork stopper thoroughly impreg¬ 

nated with collodion, and was heated by an oil bath to a- 

void superheating. The still head was a total reflux, 

variable take-off type of standard design, adaptable for 

distillation at atmospheric or reduced pressure. The 

thermometer used was a standard taper thermometer, cali¬ 

brated, as usen, for partial immersion. 

The first flat, up to 134°C„, was distilled et atmo¬ 

spheric pressure. The head was then connected to a water 

aspirator pump, and the distillation continued at pres¬ 

sures varying from 30 to 33 ram., measured with an ordinary 

differential mercury manometer. At this point, the column 



-20- 

was evacuated with a Cenco Hyvac pump and operated at 

pressures of from 0.8-1,0 mm,, measured by means of a 

mercury manometer with a vacuum in one arm. The distilla¬ 

tion ' as discontinued at 102° (0,9 can,). During the en¬ 

tire distillation, fractions were taken every two degrees; 

the distillation curve of boiling point versus volume dis¬ 

tilled is plotted in Figures 1-5. The discontinuities 

in the later stages of the vacuum distillation were caused 

by unavoidable pressure fluctuations, end it was planned 

to redistil these fractions, but this portion of the in¬ 

vestigation was barely reached, It was initially planned 

to redistil each flat, and for this purpose a 500 c.c. 

flask was sealed on the column. After redistilling the 

first two flats (Figures 4 and 5)» however, the small 

change in the distillation curves indicated that the sec¬ 

ond distillation was not worthwhile, so this practice was 

discontinued. 

At this point, it may be well to note the general 

composition of the bone oil used in this work. The per¬ 

centage of neutral compounds in an identical sample had 

already been accurately measured by Roy and Richter in 

this laboratory and found to be 66,8^ by weight. From 

the distillation curve, the boiling range of this mater¬ 

ial is found to be quite different from that of the Ger¬ 

man product (see p, 10), Whereas only 21-25^ of the 

latter distilled between 150° and 220°, approximately 
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44$ of this oil distilled over between those temperatures. 

And whereas 60-70$ of the older product was found to boil 

first above 250°, 70$ of this material had distilled over 

when the boiling point reached 250°. 

ANALYSIS OF THE FRACTIONS 

The fractions chosen for analysis were in most cases 

those constituting the relatively flat portions of the 

distillation curves. In some cases, intermediate frac¬ 

tions were investigated when analysis of the neighboring 

flats indicated these to be richer in some one component. 

The fractions studied are marked in order on the distil¬ 

lation curves with Roman numerals and letters. 

In all coses, the fractions were found to be complex, 

in that they each contained members of several homologous 

series of compounds. Since nitriles were known to be 

present, the initial procedure on all fractions consisted 

of an alkaline hydrolysis with subsequent investigation 

of both the saponified and unsaponified material. All 

melting and boiling points were observed with A.S.T.M. 

thermometers, calibrated, as used, for 76 mm. immersion 

and checked against a series of Ansoh&tz differential 

thermometers. All values are therefore corrected for 

stem. emergence. 

is. (Figure 4) 

A. These low boiling forerun fractions to the first 
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flat, boiling from 110° to 124° v/ere investigated for low 

boiling hydrocarbons. The pyrrole known to be present 

was removed by refluxing with 40$ sulfuric acid until it 

was largely polymerized. The hydrocarbons were then steam 

distilled over, separated from the distillate and washed 

with concentrated sulfuric acid to remove the remaining 

pyrrole and any nitriles, then with dilute sodium hydrox¬ 

ide to remove any acids present. It was finally dried 

over metallic sodium end distilled, giving about 2-3 c.c. 

of hydrocarbons, The boiling point range was indefinite, 

but a micro boiling point indicated it to be about 14CP . 

It was saturated, and n^ was 1.4739. 
D 

Nitration gave only liquid products, but oxidation 

with alkaline permanganate was more successful. It 

yielded a smell amount of an insoluble acid which had a 

very high, indefinite melting point, end may have been 

isophthalic or terephthalic acid, although not enough was 

obtained to identify. On extracting the acid oxidation 

solution with ether and evaporating, a considerable a- 

raount of benzoic acid was obtained, of melting point 

120°-121°. It gave a mired melting point with pure ben¬ 

zoic acid of 118 -120 . Evaporation of the oxidation 

solution after ether extraction gave a darkly colored 

residue. This, on treatment with resorcinol and warming 

gave a characteristic fluorescein test, indicating the 

presence of o-phthalic acid. 

One gram of the liquid was heated to 60°-70° for 
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llr hours v/ith an excess of chlorosulfonic acid, the pro¬ 

duct washed with ice water and poured into an excess of 

concentrated ammonium hydroxide. The sulfonamide was re- 

crystallized twice from water and then melted at 108°-109° 

p-ethylbenzenesulfonamide was prepared as above and mel¬ 

ted at the same temperature, the mixed melting point be¬ 

ing 108°-110°, The reported melting point of p-ethylben¬ 

zenesulfonamide is 109°-110°# On evaporation of the 

sulfonamide solution, a small amount of a higher melting 

substance was obtained, melting unsharply about 125°. 

Not enough was obtained to purify further, however. 

These results indicate the presence of ethylbenzene, 

probably also o-xylene, and possibly also the other xy¬ 

lenes and toluene in the lower boiling fractions. The 

amount obtained was too small to permit further separa¬ 

tion and analysis, 

B, These two fractions, boiling from 124°-12S°, 

were refluxed ten hours with 100 c.c. of 30% potassium 

hydroxide, Ammonia was evolved during the refluxing. 

The unsaponified material was steam distilled off end 

boiled with 40% sulfuric acid for two hours to destroy 

the pyrrole. A hydrocarbon v/as obtained as before, which 

formed a sulfonamide of melting point 110°-111°, The 

latter gave a mixed melting point with p-ethylbenzene¬ 

sulfonamide of 110°-111°. 

The alkaline hydrolysis solution was purified by 

filtering with charcoal and extracting several times with 
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ether. It was then acidified with sulfuric acid and again 

extracted with ether. The ether was distilled off and 

about one c.c. of an acid of boiling point 163°-165° was 

obtained, which had the rancid odor of butyric acid. It 

could not be induced to give a silver salt, but formed 

an anilide on boiling for an hour with an excess of ani¬ 

line. The anilide was purified by washing with dilute 

acid, followed by dilute alkali, and then crystallizing 

from boiling water, with hot filtration to remove the 

oily by-products. After drying, the anilide melted at 

93°-94.5°» The anilide of n-butyric acid has reported 

melting points of 92° and 95°. A known sample of n-bu- 

tyranilide was prepared and purified as above. It melted 

at 92°-94° and gave a mixed melting point with the unknown 

anilide of 92.5°-94°• This evidence indicates the pres¬ 

ence of n-butyronitrile (boiling point 118°) in these 

fractions. 

C. This fraction, the flattest portion of the dis¬ 

tillation curve, had a boiling point of 128°-130°. Since 

this corresponds well with the boiling point of pyrrole, 

the fraction was examined for presence of the latter. 

Ten c.c. were refluxed four hours with 50 c.c. of 30% 

potassium hydroxide to hydrolyze most of the nitriles. 

The alkaline solution vms then steam distilled, yielding 

7 c.c* of an oil which distilled, after drying over solid 

potassium hydroxide, from 129° to 130°. This was further 
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purified by heating with 25 g. of solid potassium hydrox¬ 

ide under reflux until an upper layer of molten potassium 

pyrrolide formed. The contents of the flash were then 

cooled until solid and washed thoroughly with ether. The 

potassium pyrrolide was decomposed by addition of water, 

and the pyrrole steam distilled off. It was dried over 

solid potassium hydroxide and distilled. The physical 

properties of this product checked those of pyrrole 

Ly well: 

Unknown Pyrrole 

Boiling Point 128 -129 130 -131 

D20 
4 

0,964 0.948 

n20 1.5055 1.5035 

This material also showed the chemical properties 

of pyrrole, giving a red color on a pine splint moistened 

in hydrochloric acid, and yielding a solid addition com¬ 

pound with mercuric chloride. The latter possessed an 

indefinite melting point, as did the tetra-iodo deriva¬ 

tive, prepared as a yellowish solid by adding an iodine 

solution to pyrrole suspended in dilute ammonia water. 

For final verification, the addition compound of 

pyrrole with 1,3,5 trinitrobenzene was prepared by adding 

an excess of pyrrole to a warm alcoholic solution of the 

trinitrobenzene, cooling, and filtering off the reddish- 

orange- needles.. This derivative melted at 95°-97°. The 

reported melting point is 95°« These data indicate 

the pre^enqle of xpyrrole as the chief constituent of this 



-26- 

fraction, 

II, (Figure 5) 

Am In the investigation of the acids obtained by 

hydrolysis of the nitriles in this flat (see B below) a 

very small amount of a low melting anilide of melting 

point 62°-64° was encountered. The only acid in this 

boiling range to which this corresponds is n-valeric 

acid, whose anilide melts at 63°, In order to obtain 

more of this acid, these four intermediate fractions, 

boiling from 55°-63° at 34 ram. (total volume—20 c.c.), 

were refluxed with 100 c.c. of 30$ potassium hydroxide 

for 21 hours. The unseponified material was steam dis¬ 

tilled off, and the residue filtered and extracted with 

ether. It was then acidified with sulfuric acid and 

steam distilled. An acid comes over, which eventually 

dissolves in the distillate. A Duclaux distillation was 

run directly on this nearly saturated solution, but the 

values obtained, 24,5 : 18.6 : 13.8, do not correspond 

to any pure acid. The neutral solutions of the potassium 

salt from, the Duclaux titrations were evaporated to dry¬ 

ness and this salt used for the preparation of derivatives. 

The acid was released from the potassium salt by 

acidifying with strong hydrochloric acid, and the anilide 

prepared, by refluxing with an excess of aniline. The 

product was washed free of aniline, crystallized from 
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boiling water with hot filtration to free it from the 

oily by-product. It was dried and given a final recrys¬ 

tallization from petroleum ether. The melting point was 

then. 61°-63°. Some n-valeranilide, prepared similarly, 

melted at 62°-63° and gave a mixed melting point with 

the unknown anilide of 6l°-63°. 

The p-bromophenacyl ester of the unknown acid was 

also prepared on 0,5 g. of the potassium salt, dissolved 

in a small amount of water and made slightly acid, by 

refluxing for lj hours with 1 g, of p-bromophenacyl bro¬ 

mide dissolved in enough alcohol to make the solution 

homogeneous. The hot solution was filtered and cooled. 

The precipitating ester, after recrystallizing several 

times from dilute alcohol came to a constant melting point 

of 63.5°-64.5°* The p-bromophenacyl ester of n-voleric 

acid, prepared in an identical manner on a known sample, 

after two recrystallizations from dilute alcohol melted 

at 73°-74°. Two melting points, 63.6° and 75*0°, have 

19 20 
been reported for this ester by the same investigators * 

at different times. The unknown ester was shown not to 

be the n-butyric acid ester by a mixed melting point 

with some known n-butyric ester of melting point 62°-63°» 

the mixed melting point was low, 51°-55°* It seemed like¬ 

ly that this might be a case of dimorphism, so the unknown 

ester was recrystallized once more and seeded on cooling 

with the higher melting known sample. This time the melt¬ 

ing point was raised to 68°-70°. A mixed melting point 

with the known n-valeric ester now gave 71°-73°. Thus 
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it seems likely that the two esters were chemically iden¬ 

tical, hut possibly different polymorphic modifications. 

On the basis of this evidence, the existence of n- 

valeronitrile (boiling point 141° ) in these fractions was 

verified, 

B» The first of these two fractions, on the shoulder 

of the second flat and boiling from 63° -r65° at 34 mm., 

was refluxed 12 hours with 50 c.c. of 30& potassium hy¬ 

droxide. The unsaponified material was removed by steam 

distillation, filtration of the residue with charcoal, 

and ether extraction. The alkaline solution was then 

made acid with hydrochloric acid. The acid solution was 

extracted with ether several times, the extracts combined, 

and the ether distilled off. About 2 c.c. of a discolored 

acid residue of characteristic odor was obtained. It 

distilled over a considerable range due to the small vol¬ 

ume, but the major portion came over at 185°-203°. A 

micro boiling point was unsuccessful. This acid, soluble 

in sodium bicarbonate, contained no halogens, sulfur, or 

nitrogen, and was saturated to bromine end potassium per¬ 

manganate. Its neutral equivalent, as determined by ti¬ 

tration of a weighed quantity with 0.1 If potassium hydrox¬ 

ide, was 117. It was attempted to check this value by 

micro salt analyses on the potassium and calcium salts, 

but these salts were found to be too hygroscopic for 

accurate weighing. A second sample of the acid, obtained 
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by hydrolysis of the next higher fraction of the flat 

(boiling point 65°-67° at 34 ram* end 153°-156° at atmo¬ 

spheric pressure), was purified by steam distillation 

from the- acidified solution, extraction of the distillate 

v/ith benzene, and removal of the benzene by distillation. 

The last traces of water were removed in this process by 

codistillation with the benzene, so the acid obtained 

was dry. It had e boiling point of 195° -200° * This sam¬ 

ple checked the neutral equivalent of the first exactly— 

117. Thus, it seemed likely that the product was a cap- 

roic acid (neutral equivalent 116). 

Preparation of an anilide by the usual method on 

the first sample gave a very small amount of a low melt¬ 

ing anilide, melting point 62°-64°, which was probably n- 

valeranilido (see II A above). A similar preparation 

on the second sample of the acid yielded on oily product, 

from which several extractions with boiling water gave 

only smell amounts of low and unsharply melting crystals. 

The residue from these extractions was recrystallized 

several times from dilute alcohol and finally from boil¬ 

ing water. This final product melted at 107°-109°. Some 

known isocaproanilidc was prepared and purified by the 

o o 
usual procedure, and had a melting point of 110"-111". A 

mixed melting point of this material with the unknown 

anilide gave the value 109°-111°. This indicated the 

acid to be largely isocaproic acid. 

As further evididence, the amide of the unknown acid 
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was made by mixing 1 g. of the acid with 1 g. of phos¬ 

phorus trichloride and refluxing for 45 minutes in e boil¬ 

ing water bath; the acid chloride was pipetted off and 

added to an excess of cold, concentrated ammonium hydrox¬ 

ide, After warming to complete the reaction, the crystals 

were filtered off and recrystallized twice from dilute 

alcohol. The melting point was then 119°-120°. Isoca- 

proamide has reported melting points of 120°-121°, 119°. 

These results demonstrate the presence of iaocapro- 

nitrlle (boiling point 155°) in the second flat (boiling 

at 153°-156°). 

C« These three fractions, boiling from 63°-68°(34 

mm,), and constituting the flat portion of the distilla¬ 

tion curve, were all used in the following investigation 

of the non-hydrolyzable compounds in this flat. They 

were each refluxed for a long period with 30$ potassium 

hydroxide to remove nitriles. The non-saponified mater¬ 

ial was steam distilled off and separated from the dis¬ 

tillate , 

To determine whether any saturated hydrocarbons were 

present, some of the material was dissolved in cold con¬ 

centrated sulfuric acid, shaken well, and allowed to 

stand in the cold until a layer formed. This hydrocarbon 

layer, about 20-25$ of the total volume, was found to be 

insoluble in dimethyl sulfate, indicating that it was 

aliphatic in nature. Since the identification of small 
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emounts of ixapure aliphatic hydrocarbons is very nearly 

impossible due to their very limited reactivity, it was 

not attempted to identify this product. Moreover, it 

seems likely that these hydrocarbons may have an extran¬ 

eous origin, since some of the bones from which this oil 

was produced ere known to have been washed with a clean¬ 

er's naphtha of boiling range 100°-140° G. to remove fat. 

It is also possible that the bones may have been washed 

with higher boiling kerosene fractions, and this may ac¬ 

count for the presence of the higher boiling hydrocarbons* 

From the boiling point of this flat, 153°, and the 
previously reported presence of the two methylpyrroles 

{boiling points 149° and 143°), it was decided to attempt 
to verify the presence of these compounds. As a prelim¬ 

inary test, some of the materiel was added to an alcoholic 

solution of 1,3,5 trinitrobenzene in an attempt to obtain 

an addition compound, but this was unsuccessful although 

various concentrations were tried. 

The first reaction made use of was the splitting of 

pyrrole compounds with hydroxylamine to give oximes of 

dialdehydes of ketones. This reaction was studied for 

the methylpyrroles by Zanetti21*22 and later by Qddo and 

Mameli,2^ and proceeds as follows: 

H-C. - c-1* 
II II 

H-C C-CH3 \,v 

H 

m.p. 73°-74° 
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H c_ c - CHj UtC-CH-CMj 
|| ■ *!ba«!L> l 'CM 

Hc >H if II n 

? m,p. 160° 
OH on 

Following the directions of Zanetti, 12,4 g. of the 

unsaponified liquid (calculated as methylpyrrole) was 

refluxed with exactly two equivalents (21,3 g.) of hydro¬ 

xyl amine hydrochloride and one equivalent (16.2 g») of 

sodium carbonate in 120 c.e, of ethyl alcohol for 23 hours. 

The solution, which still tested acid, even after the ad¬ 

dition of a small excess of sodium carbonate, rapidly 

turned dark. At the end of the reaction, the alcohol was 

removed by vacuum distillation. The darkly colored solid 

residue was stirred with water, cooled, and the theoreti¬ 

cal amount of potassium hydroxide to dissolve, the oximes 

added. Although the solution was strongly alkaline, with 

an ammoniacal odor, ell the solid did not go into solution. 

The solution was rapidly filtered, extracted several times 

with ether, and then carefully neutralised in the cold 

with sulfuric acid. The potassium sulfate was filtered 

off, and the filtrate extracted several times with ether. 

Evaporation of the ether gave a small amount of a brown¬ 

ish oil which could not be induced to crystallize on 

standing. Numerous attempts to crystallize it from ethyl 

acetate and ether were likewise unsuccessful. Addition 

of ether, however, caused it to solidify to a brownish 
o o 

solid which melted et 150 -160 and may have been the 

dioxime obtained from p methylpyrrole, reported to melt 



-33- 

at 160°. 

Evaporation of the ether gave a gummy residue, which, 

after drying over sulfuric acid in a vacuum desiccator 

and washing with dry ether, became partially solid end 

melted at about 75°« This may have been the dioxime of 

laevulinaldehyde, obtained frora o( methylpyrrole and repor¬ 

ted to melt at 73°-74°« 

Many further attempts to recrystallize these residues 

from different solvents and mixed solvents met with no 

success. Evaporation of the sold solution left from the 

ether extraction above gave a residue of salts. Extrac¬ 

tion of these with various solvents yielded only tarry 

products which could not be induced to crystallize. 

Although some indication of the presence of the two 

methylpyrroles had been obtained from the above experi¬ 

ment, it was not felt to be conclusive, so other reactions 

were employed in an effort to verify their presence. 

Within recent years, Diels and Alder have re ported> 25,26 

the results of experiments in which the well known ''diene 

synthesis" was extended to the pyrrole series of compounds. 

The reaction with d methylpyrrole proceeds as follows: 

H C— CH 

M " • I 
Cft-C >*H + H*C~ c - H 

H coott 

HC-CH 
II » 

CK.-C C-CK-CU*. T \ ^ i i 

w.f>. 134° 

MC-CH 

II H t 
CK.-C C-CHt-tHt-C'OH 

* 'ivk 
H 

W. {o. 

This reaction was tried here on the unsaponified material, 

0.5 g. of which was shaken for a long period with 1.65 g. 
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of maleic anhydride dissolved in 10 c.c. of water. The 

solution became dark red, but no solid separated as re¬ 

ported. On concentration of the solution, a considerable 

amount of fumaric acid was obtained by isomerization of 

the maleic acid. This was filtered off, and the filtrate 

extracted with chloroform. Evaporation of the chloroform 

gave a reddish tar, from which no crystalline material 

could be obtained. 

It was next attempted to oxidize any pyrroles pre¬ 

sent in this unhydrolyzed portion by fusing with an excess 

of solid potassium hydroxide. This reaction was employed 

by CiaraicianlO Pnd by Dennstedt^ for the oxidation of 

alkyl side chains to give pyrrole carboxylic acids. Both 

oi and p pyrrole carboxylic acid were obtained by Cia- 

micisn, and so their properties are known. 

Seventeen c.c. of the unsaponified material were 

added slowly to 85 g. of fused potassium hydroxide under 

reflux and heated for an hour, with tests at intervals 

of the solubility of the melt. At the end of this time, 

considerable liquid remained undissolved, but the heating 

was discontinued for fear of decerboxylating the acids. 

The mass was cooled, dissolved in water, end the layer 

of oil removed (9-10 c.c.). The alkaline solution was 

extracted with ether, then carefully acidified in the 

cold with 2 M sulfuric acid, the silica and potassium 

sulfate filtered off, and the solution extracted with 

ether, .Evaporation of the ether left a darkly colored 
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residue, mostly a liquid with the odor of valeric acid, 

•rhis residue was placed in a vacuum desiccator over solid 

sodium hydroxide, and the desiccator kept at low pressures 

with a Hyvac pump for several days in an attempt to re¬ 

move the liquid acid. This operation was unsuccessful, 

however, and the residue appeared to be too small and 

impure for further study. 

The fourth and final experiment undertaken to iden 

tify the pyrroles in this portion of the oil was an at¬ 

tempted u-rignard synthesis on the material, designed to 

produce the rnethylpyrrole t* aldehyde as follows: 

O 
RC.- crt 

II II 
HC C-CHj 

C 

H 

RC-C H 
IS II 

HC c -CR3 

factor 

NC-CH 
H I 

M 

H-C- CH 
II H 

H-C.-C. C-CHJ 
It 3 

° H 
rv\. p* 70 

SAM 

" ^8, 

H - C—C-C Rj 

11 " ^ 

H’C- C-C Wj 
l( II 

ft c-c CH 
'■W' 

These compounds have been synthesized and studied by H. 

28 29 30 
Fischer and co-workers, ’ ’ 

A Grignarcl reagent was prepared from 2,25 g. of dry 

magnesium and 9.9 g. of ethyl bromide in 70 c.c. of Grig¬ 

narcl ether. Eight grams of the unknown liquid were then 

added in 75 c.c. of ether, and the mixture refluxed four 

hours on the steam, bath. Fifteen c.c. of freshly dried 

and distilled ethyl formate were then added in 80 c.c. 

of ether, and the solution heated on the steam bath for 
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18 hours. The ether layer was filtered, end the ether 

distilled off. The residue was a dark red resinous mass, 

end, after washing with chloroform, was steam distilled. 

Only an oil was obtained, consisting apparently of hydro¬ 

carbons or unreacted pyrroles. The residue was boiled 

with water and repeatedly filtered, but still, on evapora¬ 

tion, yielded nothing but red resinous material• 

Despite the inconclusive nature of these experiments, 

due probably to the impurity of the starting material, 

for which no feasible methods of purification could be 

devised, end to the extreme sensitivity of tide pyrroles 

to traces of acid, the investigation was not pursued fur¬ 

ther for lack of time. 

III. (Figure 1) 

o o 
A. This fraction, boiling from 77 -79 at 31 ma. 

oo 
and from 165 -168 at atmospheric pressure (volume 60 c.c.) 

was refluxed 39 hours with 150 c.c. of 30$ potassium hy¬ 

droxide, It was then steam distilled, end h7 c.c. of 

unsaponified oil was obtained in the distillate. An ex¬ 

cess of sulfuric acid was added to the alkaline solution, 

and the mixture refluxed 17 hours to polymerize the re¬ 

maining pyrrole bodies. Steam distillation yielded a 

very smell volume of a liquid acid which had a boiling 
o 

point of 2o3 . Not enough was obtained to purify for a 

neuti’al equivalent, but the boiling point strongly 
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indicated n-caproic acid, which boils at 202°; 205°. 

An anilide was prepared as usual and purified from 

boiling water. It melted at 93°-94°. The melting point 

of n-caproanilide is 94°-95°. Some pure n-caproanilide 

was prepared by the same method; it melted at 94.5°-95»5° 

and gave a mixed melting point with the unknown anilide 

of 94*5°-95.5°# This indicates that the acid is n~caproic 

acid and verifies the presence of n-capronitrile {boiling 

point 163°) in the oil. 

33, The unhydrolyzed materiel obtained from the steam 

distillation contained very small amounts of material in¬ 

soluble in cold, concentrated sulfuric acid. This sub¬ 

stance, consisting presumably of saturated hydrocarbons, 

was, however, insoluble in dimethyl sulfate, and was 

therefore aliphatic. Thus, as explained previously, it 

was not investigated further. 

The unsaponified material was dried over solid po¬ 

tassium hydroxide and distilled, the boiling range being 

164°-167°, The product failed to yield a crystalline 

picrate, giving only tarry residues. It gave a reddish 

solution with cold diezotized sulfanilie acid, but no 

solid dyestuff could be obtained from the solution. These 

preliminary tests, as well as the following experiments, 

were an attempt to determine whether dimethylpyrroles, 

indicated by the boiling point, were present, and, if 

so, which of the four possible dlmethylpyrroles they 
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might be. 

Oxidation experiments were first tried. The oxida¬ 

tion of pyrroles to substituted maleic imides with chro¬ 

mic acid has been well studied in recent years. The 

oxidation of 2,4 dimethylpyrrole is reported by Plancher 
31 32 

and Cattadori and by 0. Filoty, and proceeds as 

follows; 

CHj - C - C - H 
If H 

H~ C. C.-CM3 

H 

&L 
CH3 - c - C- M 

r / 
O C. C = ^ 

S(V) ^ 
M 
to.p- = to** 

Accordingly, 2.5 S» of the unknown liquid was added 

slowly with vigorous stirring to a mixture of 30 g. po¬ 

tassium dichromate, 25 g* sulfuric acid, and 150 c.c, 
o o 

water, at 40 , The temperature rose to 48 , so the solu¬ 

tion was stirred for four hours, until it cooled down to 

room temperature. It was then extracted with 500 c.c, 

of ether in smell portions, the extracts dried and the 

ether distilled off. The residue was a yellowish oil 

with a strong acetic acid odor. This was successively 

warmed and evacuated in a vacuum desiccator over solid 

sodium hydroxide in an effort to remove the acetic acid. 

Crystallization was still not successful, so it was dis¬ 

solved in ether and washed with a small amount of satu¬ 

rated sodium bicarbonate solution. Evaporation of the 

ether left again a yellow oil, which showed a smell amount 

of solid material in the form of fine needles after long 
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standing in the cold. Further attempts to crystallise it 

from petroleum ether were, however, unsuccessful, and the 

small amount of solid could not be separated from the oily 

residue sufficiently to take a melting point. 

A second oxidation experiment was attempted, using chro¬ 

mic oxide in glacial acetic acid. Two grams of the unknown 

materiel was added slowly to e solution of 6 g. of chromic 

oxide in glacial acetic acid in the cold with good stirring. 

The temperature rose to 60° with considerable evolution of 

gas. After stirring 40 hours, the solution was neutralized 

carefully in the cold with 20$ sodium hydroxide, and extrac¬ 

ted repeatedly with ether. Evaporation of the ether gave a- 

gain a brownish, oily residue. This time, it was planned to 

hydrolyze any maleic iiaides present with barium hydroxide 

to the barium salts of the maleic acids. A similar experi- 

33 
raent is described by Karrer, whose directions were followed. 

The dark oily oxidation product was dissolved in 50 

c.c. of alcohol and added to a hot 10$ barium hydroxide 

solution. It was refluxed 5 hours to hydrolyze any iiaides, 

and the alcohol distilled off. The alkaline solution was 

saturated with carbon dioxide to acid reaction, and the ba¬ 

rium carbonate filtered off. The yellowish filtrate was evap¬ 

orated to e low volume with filtration to remove barium car¬ 

bonate at various stages. Finally, a salt was obtained by 

cooling, and was recrystallized from boiling water. An analysis 

of this salt, by conversion to barium sulfate, however, gave 

a neutral equivalent of 97«5 for the acid, end this does not 
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correspond to any simple substituted maleic acid as would 

be obtained from the dimethylpyrroles. 

Further investigation of this salt by dissolving it 

in water, and releasing the acid with sulfuric acid, fil¬ 

tering off the barium sulfate formed, and evaporating the 

neutral solution, failed to give any solid acid, but led 

only to yellowish residues. 

It was next attempted to convert any pyrroles present 

in the unhydrolyzed material to pyrrole aldehydes by the 

method of Fischer and Zerweck. This consists in the 

reaction of pyrroles with anhydrous hydrocyanic acid and 

hydrochloric acid to give the a Id inline hydrochlorides 

which hydrolyze to the aldehydes. The reaction with 2,4 

dimethylpyrrole goes as follows: 

HC- C -CMj 
If II 

CUrC 
* 'u' 

u 

HCN + HC( . 

(cl c = AIH) 
^ H 

H - C —C-CWj 
U II 

OH- 
(4 

HL 0 
HC-C-Crtj 
H H 

CHi- c C-CK 1 ^ It 
14 

To a solution of 4 g, of the unknown in 40 c.c, of 

anhydrous chloroform, 8-9 c.c, of liquid hydrocyanic acid 

(prepared in a generator of the type described in Org. 

Syn., VII, 50) were added, end anhydrous hydrochloric 

acid bubbled through the cold solution for 1 hour. 

After standing several hours, the very dark chloro¬ 

form solution was extracted with water to remove the 

aldimine hydrochloride. The aqueous extract was made 

alkaline with sodium hydroxide end stirred to complete 



hydrolysis of the aldimine, Ammonia was evolved, indi¬ 

cating that some hydrolysis was talcing place. The alka¬ 

line solution was extracted with chloroform to remove the 

aldehyde, but evaporation of the chloroform yielded only 

a dark red tar. Steam distillation of this tar and of 

the aqueous residue gave only oily distillates. Likewise, 

no crystalline material could be found in the aqueous 

residues. Moreover, these various products gave nega¬ 

tive aldehyde tests with ammoniacal silver nitrate end 

with Fehling’s solution. 

The next experiment performed in an attempt to de¬ 

tect pyrroles in this fraction was the synthesis of ace¬ 

tyl derivatives by a modification of the Houben-Hoesch 

35 
reaction for phenols. Pyrroles have been reported to 

undergo this reaction very readily without catalysts. 

For 2,1 dimethylpyrrole, the reaction is as follows: 

To a solution of 2,5 g, (1 mol) of the unknown li¬ 

quid in 25 c.c. of anhydrous ether were added 2,18 g, 

(2 mols) of freshly distilled acetonitrile. The solution 

was cooled in an ice-hydrochloric acid bath and saturated 

with anhydrous hydrochloric acid gas. After standing for 

Lyi hours, the ether was decanted from the dark, semi¬ 

i+« - c -CM3 H C - C-CHj 
II II 

solid material which had settled out. This residue was 
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ertraeted with water to remove the ketimine hydrochloride 

and filtered from resinous material. On making the fil¬ 

trate alkaline, a yellow, flocculent solid precipitated 

from the dark solution. The latter, assumed to he the 

free ketimine, was filtered off and boiled with water to 

hydrolyze it to the ketone. This led, however, only to 

small amounts of a reddish oil, which could not be in¬ 

duced to crystallize from alcohol or water, despite num¬ 

erous attempts. 

As a final test for pyrroles, a small amount of the 

unknown was added ;to a solution of 0.2 g. of maleic an¬ 

hydride in benzene solution, in an attempt to obtain a 

Diela-Alder reaction as previously described. After 

standing several hours, a brownish solid precipitated. 

This melted indefinitely about 95° and resisted further 

attempts to purify it by recrystallization. Since this 

melting point does not correspond to any known Diels- 

Alder adduct in the pyrrole series, no conclusions could 

be drawn. 

These several experiments seemed to indicate, by 

their general behaviour, the presence of pyrrole horao- 

logues. However, due most likely to the unavoidable im¬ 

purity of the starting material, they again failed to 

yield any conclusive results by way of identification of 

these compounds. Therefore, at this point it was resolved 

that, since a fair number of the better known modern 

reactions of pyrrole compounds had been employed without 
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success on this and the preceding flat, and because of 

the limitations of time and of the extent of the problem, 

further efforts would be directed largely toward identi¬ 

fication of the hydrolyzable nitriles, investigation of 

the pyrrole constituents being deferred until a later time. 

IV. (Figures 1-2) 

o o 
A. This fraction had a boiling point of 89 -91 at 

o o 
31 ram, and of 183 -187 at atmospheric pressure. Twenty 

o.c. were refluxed 14 hours with 100 c.c. of 30% alcoholic 

potassium hydroxide,' 20 c.c. of water being added to the 

solution. The alcohol was then distilled off, water 

added, and the unsaponified material steam distilled off. 

The alkaline solution was acidified with sulfuric acid 

and refluxed 1 hour to further polymerize the resinous 

materials. The acid solution was steam distilled, yield¬ 

ing first about 2 c.c. of a liquid acid, and then a con¬ 

siderable amount of a white solid. 

This solid was an acid, which, after recrystelliza- 
o o 

tion from water, had e melting point of 121 -122 . A 

mixed melting point v&th pure benzoic acid of melting 
o o 

point 121 -122 gave no depression. The acid was there¬ 

fore concluded to be benzoic acid. 

To further verify the presence of benzonitrile, 10 

c.c. of the fraction were vigorously stirred for l| hours 

with 50 c.c. of &fo hydrogen peroxide (slightly alkaline) 



O o A 
at a temperature or 65 • This method has been reported/0 

to effect a partial hydrolysis of nitriles to the corre¬ 

sponding amides, and to proceed especially well with 

aromatic nitriles. The reaction mixture was steam dis¬ 

tilled to remove the unhydrolyzed substances, benzsmide 

not being volatile in steam. The aqueous residue was 

then filtered from resinous material and decolorized with 

charcoal, it was evaporated down to a low volume, at 

which point it deposited, on cooling, a small amount of 

white crystals. After two recrystallizations from small 
0 rP 

amounts of water, the crystals melted at 127 -128 . Pure 
o o 

benzami&e melts at 128 ; 130 . A mixed melting point was 

taken with a commercial grade of benzaiaide (Eastman Kodak 
o o 

Co.) of melting point 124 -126 , The mixed melting point 
o o 

was 125 -127 • This verifies the presence of benzonitnle 
o. 

(boiling point 191 ) in the fraction, and, at the seme 

time, presents more direct evidence than any previously 

obtained for the existence of the acids as their nitriles 

in the bone oil itself. 

B. The liquid acid obtained in the steam distilla¬ 

tion above (A) was purified by dissolving in dilute so¬ 

dium hydroxide, decolorizing the solution by several fil¬ 

iations with charcoal, and then releasing the acid with 

hydrochloric acid. It was found to be saturated to per- 
o o 

manganate, and to have a boiling, point of 218 -220. 

Preparation of the anilide, both by heating with aniline 
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and by adding the acid chloride to an excess of aniline 

yielded, only dark, impure products. From the second of 

the two preparations, extraction with boiling water gave 

a small amount of a high melting substance, melting point 

160°-162°. Suspecting this to be benzanilide (melting 

point 160°), some pure benzanilide was prepared from ben¬ 

zoyl chloride and aniline, and purified,by recrystalliza¬ 

tion from alcohol. It melted at 163,5°-164, and gave 

a mixed melting point with the unknown of I6l°-l63,5°, 

This constituted further evidence for the previously iden¬ 

tified benzoic acid (A), ond indicated that the liquid 

acid v«as Contaminated with benzoic acid. 

However, preparation of the amide through the acid 

chloride gave e pure product melting sharply at 95.5°-96P. 

This and the boiling point of the acid suggested thr t it 

might be heptanoic acid (n-heptylic acid or Bnonthic 

acid), which boils at 223°, and the amide of which melts 

at 96°, Accordingly, some heptanoic amide was prepared 

through the acid chloride of the pure acid (Eastman Ko¬ 

dak Co.), and, after two recrystallizations from dilute 

alcohol, melted at 95°-96°» A mixed melting point with 

the unknown amide gave no depression, so it seemed prob¬ 

able that the amide was that of heptanoic acid. Further 

evidence was desired, however, end since the impure ani¬ 

lide preparations described above resisted all attempts 

at purification from water or petroleum ether, and since, 

moreover, attempted preparation of the cadmium and zinc 
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salts on the small remaining residue of the acid was un¬ 

successful, a second hydrolysis was run on the remaining 

40 c.c. of this fraction. 

This second hydrolysis, performed in the same manner 

as before, yielded a larger sample of the liquid acid. 

The first 0*5 c.c. which steam distilled was thought to 

be freest of benzoic acid, and so was used for a neutral 

equivalent determination. This was obtained by direct 

titration of a weighed sample of the acid with standard 

potassium hydroxide. The value obtained was 134 as com¬ 

pared to 130 for heptanoio acid. The acid was known to 

be impure, however, and somewhat wet, since the sample 

was too small to dry efficiently, so a high value was to 

be expected. Preparation of the anilide on this second 

sample of the acid led again only to an impure product, 

which could not be crystallized. 

A new series of derivatives for the aliphatic acids 

has been, proposed in recent years, namely, the 2(alkyl)- 

benzimidazoles, prepared by condensation of the acids with 

o-phenylene diamine. For heptanoic acid, the product is 

2-(n-hexyl)benzimidazole, the reaction being as follows: 

m.p- * i3i.s~ »38° 

This derivative waa first prepared from 0,5 g. of pure 

heptanoic acid and 0.45 g* of o-phenylene diamine by heat¬ 

ing to the boiling point in a test tube for 30 minutes. ^7 
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The Sark product was dissolved in ether, and the ether 

solution -washed free of excess acid with dilute sodium 

hydroxide. Evaporation of the ether gave the crude de¬ 

rivative, which was recrystallized tvd.ce from dilute al¬ 

cohol, The pearly, white crystals melted at 137°-13S? 

as reported, 

Preparation of this derivative on 0,5 g, of the un¬ 

known acid in the same manner led to an impure product, 

which, even after numerous recrystallizations, still came 

down as an oil on cooling hot solutions, This oil slowly 
o o 

solidified end gave a solid of melting point 128 -131 . 

A mixed melting point with the known 2-{n-hexyl)benzimi- 
o o 

dazole was, however, an internedlate value, 133 -135 • 

Since neighboring members of this series of derivatives 

are known to give melting point depressions with one 

37 
another, this seems to indicate that the unknown deriv¬ 

ative is probably impure 2-(n-hexyl)benzimidazole, and 

the acid therefore heptanoic acid. 

As e final check on the identity of this acid, the 

potassium salt obtained by evaporation of the titration 

solution from the neutral equivalent determination above 

was used for the preparation of the p-bromophenacyl ester. 

The salt was transferred in a smell amount of water to 

a flask, and the solution made slightly acid, A solution 

of 0,65 6, of p-bromophenacyl bromide in 10 c.c. of alco¬ 

hol were added, and the mixture refluxed l| hours. The 

solution was filtered hot, and the ester, which precipitated 
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on cooling, recry stall ized twice from dilute alcohol and 

o o 
dried. The melting point was 69 -70.5 • The melting point 

o 
of p-bromophenacyl n-heptylete is 72 . 

These data indicate the acid to be heptanoic acid 

(n-heptylic acid) and establish the presence of hentenoio 

nitrile (boiling point 183°-184°) in this fraction. 

0. This fraction was investigated for the presence 

of saturated hydrocarbons by dissolving some of the un¬ 

saponified material from the hydrolyses in cold, concen¬ 

trated sulfuric acid, shaking, and allowing to settle in 

the cold. A layer of hydrocarbon, representing 10-15% 

of the total volume, formed on top of the solution. This 

material, however, was insoluble in dimethyl sulfate, 

indicating it to be aliphatic in nature, Therefore, as 

explained previously, it was not investigated further. 

V. (Figure 2) 

A» The first two of* these three fractions, boiling 

from 97°-l01° at 31 mm. and 195° at atmospheric pressure 

(total volume 37 c.e.) were refluxed 29 hours with 125 

c.c, of 30% alcoholic potassium hydroxide. The alcohol 

end unsaponified constituents were then steam distilled 

off. Solution of this unhydrolyzed material in concen¬ 

trated sulfuric acid indicated that 15-20% by volume was 

insoluble. This hydrocarbon, being insoluble in dimethyl 
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sulfate, was not, as usual, further Investigated. 

The alkaline solution was purified further hy filtra¬ 

tion ana extraction with ether, and was then acidified 

with sulfuric acid. Steam distillation of the acid solu¬ 

tion again yielded doth a solid acid and a liquid acid. 

The solid acid, which finally distilled over in a 

good state of purity, was easily purified by recrystalli- 

zstion from water. It melted at 102°-10/° . This acid 

gave a very low and unsharp mixed melting point with ben- 
o o 

zoic acid, 75 -110 . The melting point suggested that 
o 

it might be o-toluic acid, which melts at 104 . Accord¬ 

ingly, a mixed melting point was taken with a sample of 
o o 

o-toluic acid of melting point 103 -104 , and showed no 

depression, 

To verify the presence of o-tolunitrile in these 

fractions, 10 c.c. of the next higher fraction was added 

to a mixture of 3*5 c.c. of 30% hydrogen peroxide, 0.5 

c.c, of sodium hydroxide, and 20 c.c. of alcohol. This 
o o 

solution was maintained at 40 -50 for 18 hours in a water 

bath, then neutralized and steam distilled. The aqueous 

residue was purified by filtration with charcoal, and 

evaporated to a low volume. On cooling, a small amount 

of white crystals were obtained. These were recrystallized 
o 

from water and melted at 103 . Further concentration of 

the solution yielded only another deposit of crystals of 

the same melting point. Since the melting point of o-tol- 
o 

uamide is 143 , this substance was not o-toluamide. 
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Suspecting, from the subsequent investigation of the li¬ 

quid. acid (B), that the material was n-caprylamide (melt- 
o 

ing point 106 ), a mixed melting point was taken with 
o o 

some known caprylamide of melting point 105 -106 . The 
o o 

mixed melting point was 103 -106,5 , so the compound was 

concluded to he n-caprylamide. 

Since partial hydrolysis of the aromatic nitrile 

was unsuccessful, further evidence was sought on the solid 

acid, A neutral equivalent was obtained, by titration with 

standard potassium hydroxide of a very pure sample of the 

acid, prepared by further recrystallization of the acid, 

and melting at 104°-106*5°* This gave a value of 136,2 ; 

the neutral equivalent of o-toluic acid is 136.14. 

The potassium salt obtained by evaporation of this 

titration solution was used for the preparation of the 

p-nitrobenzyl ester by the usual procedure, After one 

recrystallization from dilute alcohol, the ester melted at 
oo . 

90 -91 , The melting point of p-nitrobenzyl o-toluete is 

90.7°. 

These results identify the solid acid from these 

fractions as o-toluic acid, and indicate the presence here 

of o-tolunitrile (boiling point 205°). 

B, The liquid acid obtained above from the hydroly¬ 

sis solution was purified by dissolving in sodium hydrox¬ 

ide, filtering the solution with charcoal several times, 

and then acidifying with hydrochloric acid. The acid 
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obtained was contaminated with o-toluic acid, as shown by 

the fact that on careful neutralization of the alkaline so¬ 

lution a partial separation was achieved, o-toluic acid sett 

ling to the bottom, and the liquid acid rising tp the top. 

The acid obtained in this way gave a boiling point of Z'yP - 

234° and a neutral equivalent of 145, as compared to a boil¬ 

ing point of 239° and a neutral equivalent of 144 for n- 

caprylic acid. 

These values, together with the amide obtained by per¬ 

oxide hydrolysis of the next higher fraction—which was 

shown to be probably n-caprylamidd (A)—indicated the acid 

to be n-caprylic. However, preparation of the p-bromophe- 

nacyl ester led only to sin impure product, which melted 

low and gave a slight depression with the known caprylic 

ester. These low values were probably due to the presence 

of the o-toluic ester, which melts lower than the caprylic 

ester, and war. also shown to be due to the presence of some 

p-bromobenzoic acid. This acid, identified in the reaction 

mixture by its melting point of 254°-255° and 1?he fact that 

a mixed melting point vdth pure p-bromobenzoic acid showed 

no depression, apparently originated from impurities in the 

p-broiaophenacyl bromide reagent. 

Preparation of the p-toluidide of the liquid acid by 

addition of the acid chloride to an excess of p-toluidine 

in benzene solution also led, even after several attempts 

at purification, only to an oily, impure product, wmch 

could not be crystallized. 

To obtain more of this acid, a second hydrolysis we* 

performed on /,0 c.c. of the third and highest boiling of 

these three fractions. Considerable o-toluic acid was 
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obtained, together with more of the liquid acid. This 

time, the liquid acid was separated from the o-toluic 

acid by making use of the fact that the ionisation con- 
o —5 

stent of n-ceprylic acid (25 ) is 1.3 x 10 , whereas 
-4 

that of o-toluic acid is 1,3 x 10 , Acetic acid has 

-5 
the intermediate value of 1,9 2 10 • The purified so¬ 

dium hydroxide soliition of the crude liquid acid was 

acidified with acetic acid, thus liberating the capry- 

lic acid from its salt but leaving the o-toluic acid in 

solution. The acid was pipetted off and washed several 

times with water to free it of acetic acid. It now gave 

.0 o 
a boiling point of 236 -238 and a neutral equivalent of 

1/+6« 

The amide of this acid v/as prepared through its 

chloride, and, after several recrystcllizations from di- 

o o 
lute alcohol, melted at 103 -104 • The mixed melting 

0 o 
point with n-eaprylamide of melting point 105 -106 gave 

the value 104°-105°. 

The p-bromophenacyl ester, prepared as usual, melted 

o , o 
at 63 -64 and gave a mixed melting point with pure p- 

o o 
bronophenacyl n-caprylate (melting point 66 -67 ) of 

64°-65°. 

The p-toluidide, prepared by heating the acid with 

p-toluidine, melted, after three recrysta11izations from 

,0,0 
dilute alcohol, at 6? -68 . The melting point of n-cap- 

o 
ryl-p-toluidide is 70 • The mixed melting point with 

o o 
pure n-c&pryl-p-toluidide (melting point 69 -70 ) was 
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67°-68°. 

This evidence shows the acid to be n-caprylic acid, 

and demonstrates the presence of n-caprylonitrile (boiling 

point 200°) in these fractions. 

VI. (Figure 2) 

A. Hydrolysis of the higher boiling of these tv.o 

fractions, boiling point 109°-111° at 32 mm. yielded, by 

the usual procedures, both a solid and a liquid acid. The 

solid acid appeared to be a mixture of acids, since it 

melted, after recrystallization, from 92° to 140°. A 

neutral equivalent determination on this mixture gave the 

value 136.5. This would seem to indicate that it was a 

mixture of toluic acids, since the neutral equivalent of 

the toluic acids is 136.14 . The presence of o-toluic 

acid had already been demonstrated and p-toluic acid, was 

later obtained in greater purity (see VII B) and identi¬ 

fied. Hence, it was desired at this point to determine 

whether any m-toluic acid was present in the mixture. 

The first evidence employed consisted of an X-ray 

diffraction study. A series of pictures (see Figures 

6-9) were made of the unknown mixture, and of pure sam¬ 

ples of o-toluic, m-toluic, and p-toluic acids. These 

photographs were made by the powder wedge method, using 

chromium radiation. The exposure time was 6 hours in 

each case. It is readily seen from a comparison of these 

photographs that characteristic m-toluic acid lines (e.g., 

and nig) are present on the photograph of the mixture. 
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Likewise, several characteristic p-toluic acid lines (pi 

and P2) are easily discernible in the picture of the un- 

known. Thus, these results indicate the presence of m- 

toluic add in the unknovm. mixture, as well es p-toluic 

acid. 

Further evidence was obtained by oxidizing the mix¬ 

ture with permanganate to the mixed phthalic acids. The 

insoluble phthalic acids were separated by their differ¬ 

ing solubilities in water, isophthalio acid being soluble 

to the extent of 1 part- in 460 parts of hot v/ater, where¬ 

as terephthalic acid is very nearly insoluble. The mix¬ 

ture of phthalic acids was refluxed for several hours 

with the theoretical amount of water, assuming all the 

acid to be isophthalio• The solution was filtered hot, 

the filtrate cooled end filtered. 'The acid which separa¬ 

ted from the filtrate, about 60$ of the total, was first 

converted to the p-nitrobonzyl ester, but this could 

not be obtained in any purity. A second sample of this 

acid was converted to the dimethyl ester by fusing with 

phosphorus pentachloride, and dissolving the melt in 

methyl alcohol, After one recrystallization from 5Of> 

methyl alcohol, this ester melted at 62°-63°. Dimethyl 

isophthalate melts at 64°-65°* Since this melting point 

is widely different from that of any other mono- or di¬ 

methyl phthalate, this indicates the acid to be.isophtha- 

lie acid, and demonstrates the presence of m-toluic acid 

in the original mixture. 
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The insoluble phthalic acid was not investigated since 

it seemed very likely, from the identification of p-toluic 

acid in the next fractions (VII B), that it must he tere- 

phthalic acid. Evaporation of the phthalic acid solution 

gave a residue of salts and at least a trace of o-phthalic 

acid as indicated by the formation of a fluorescein test 

on the residue on heating with resorcinol and sulfuric 

acid. 

These results verify the presence of m-toluie acid 

in the mixture, and indicate the presence of a-tolunitrile 

(boiling point 212°) in these fractions. 

B. The liquid acid obtained from these fractions 

was impure as indicated by the intermediate boiling point 

of 24ii°-245° and neutral equivalent of 117• This accounts 

for the lack of success in preparing a p-toluidide by 

heating the acid with p-toluidine. It was therefore not 

investigated further. 

The hydrocarbons in this fraction, obtained as 

usual, were shown to be aliphatic in nature and were not 

investigated further, 

VII. (Figure 2) 

o o 
A. This fraction, boiling from 111 -113 at 32 mm, 

(volume 36 c.c.), had been observed to solidify partially 

during the fractional distillation. Accordingly, it was 
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first chilled down in an ice-hydrochloric acid bath and 

filtered rapidly on a cold funnel. After three recrys¬ 

tallizations from dilute alcohol, 3»5 g. of the solid 

were obtained as pearly white platelets, which melted at 

o o 
80 -80.5 • A sodium fusion test showed that nitrogen, 

sulfur, and halogens were absent. It was insoluble in 

cold, concentrated sulfuric acid, but it was soluble in 

dimethyl sulfate and burned with a luminous, sooty flqme. 

It was saturated to bromine. These facts pointed to an 

aromatic hydrocarbon, and the melting point suggested 

naphthalene (melting point 80.1°), so a mired melting 

point was taken with naphthalene (of melting point 79°- 

80°), and gave no depression. 

As final verification, the picrate was prepared from 

alcohol solution, and, after washing three times on a 

clay plate with alcohol, melted at 151°-152°. The raelt- 
o 

ing point of naphthalene picrate is reported as 150.5 • 

The known picrate was prepared and melted at the same 

temperature, 151°-152°. A mixed melting point with the 

unknown picrate showed no depression; therefore the un¬ 

known solid in'this fraction was naphthalene (boiling 

point 218°), 

B. After removal of the naphthalene, this fraction 

was hydrolyzed with 30$ alcoholic potassium hydroxide. 

The unchanged oil was steam distilled off, and the alka¬ 

line solution filtered, extracted with ether (see C»), 
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end then acidified. Steam distillation yielded a very 

email amount of a liquid acid, too small for .investiga¬ 

tion, and, in addition, about 0.5 g. of a solid acid. 

This solid acid, after recrystallizing from dilute 

o o 
alcohol, melted et 178 -179 and had a neutral equiva¬ 

lent of 136.7. These values pointed to p-toluic acid, 

o 
which lias a melting point of 178 and a neutral equiva¬ 

lent of 136.14 * A mixed melting point with pure p-toluic 

0 o 
acid of melting point 178 -179 showed no depression. 

As further evidence, the p-nitrobenzyl esters of 

both the unknown and the known sample were prepared in 

the usual way. After recrystallizing from hot alcohol 

and drying, both melting points, as well as the mixed 

o o 
melting point, wore 104 -105 * The reported melting point 

of p-nitrobenzyl p-toluate is 104.5°. 

These data identify the acid as p-toluic acid end 

demonstrate the presence of p-tolunitrile (boiling point 

217°) in this fraction. 

G« The final ether extracts of the alkaline hydro¬ 

lysis solution left, on. evaporation, a tarry residue, 

from which a white solid sublimed up on the walls of the 

container# This solid was sublimed out in an air bath 

to give a very small amount (about 0.1 g.) of white nee¬ 

dle-like crystals. These melted at 125°-126° and were 

soluble in water, A sodium fusion indicated the presence 

of nitrogen and the absence of sulfur and the halogens. 
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A hydrolysis in 1% sulfuric acid of a very small amount 

of the substance gave no recognizable products. A mixed 
, o .o 

melting point with benzamid© (of melting point 124 -126 ) 

was low and unsharp, 10-125° » so the material was not 

benzamide. The amount obtained was too small for a com¬ 

bustion analysis, so the investigation was necessarily 

abandoned. 

VIII* (Figure 2) 

o o 
A, Forty 6*c, of this fraction, boiling from 59 -61 

o o 
at 0*3 mm* and from 220 -222 at atmospheric pressure, 

were hydrolyzed In the usual manner. About 2 c.c, of a 

liquid acid were obtained. This acid, after purification, 

had a boiling point of 255°-257° and a neutral equivalent 

of 166* Since these value si, were Intermediate between 

those for pelargonic acid and those for n-capric acid, 

it was sought to further purify the material. It had been 

observed, in releasing the acid from a solution of its 

sodium salt in the cold, that the first portion came down 

as a low melting solid. Further addition of hydrochloric 

acid .apparently led to a less pure acid, since it lique¬ 

fied in the cold. Accordingly, a fractional liberation 

of the acid was carried out on its sodium salt solution. 

After each small addition of hydrochloric acid, the free 

acid was extracted with ether. Five fractions of acid 

were obtained in this way, by evaporation of the ether. 



-59- 

An anilide was prepared from the first two fractions 

by refluxing with en excess of aniline. After three re- 

crystallizations from dilute alcohol and a final one from 

o o 
petroleum ether, the anilide melted at 55 -57 • Pelargon- 

. o 
anilide melts at 57 * A pure sample of pelargonanilide 

o o 
was prepared and melted at 55 -57 * The mixed melting 

point showed no depression* 

As final evidence, 0*1 g. of the anilide was bromi¬ 

ne ted in glacial acetic acid solution with one mol of 

bromine. The bromineted anilide, after two recrystalli¬ 

zations, melted at 99°-100°* The melting point of p-bromo 

38 o 
pelargonanilide is reported to be 100 * These results 

show the acid to be pelargonic acid (n-nonylic acid), 

and indicate the presence of pelargononitrlle (boiling 

o ,o. 
point 214 -216 ) in this fraction. 

B* The final ether extracts of the alkaline hydro¬ 

lysis solution yielded again* on evaporation, a sublim- 

o o 
ing solid* It melted at 140 -142 * This material was 

not o-toluamide (melting point 142°) as demonstrated by 

a mixed melting point with a known sample of melting 
o o o o 

point 141 -142.5 ♦ This value was low, 120 -130 . The 

amount of this solid obtained was too small to permit fur¬ 

ther investigation. 

About 257> of the uphydrolyzed material from this 

fraction was insoluble in concentrated sulfuric acid, 

indicating it to be a hydrocarbon. It was also insoluble 

! 
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in dimethyl sulfate, however, and, since this indicated 

it to be aliphatic in nature, it was not pursued further. 

IX. (Figure 3) 

A. Fort3r c.c. of this fraction, boiling from 65°- 

67° at 0.8 mm. and from 235°-237° at 760 mm., were hydro¬ 

lyzed as usual. The small amount of acid obtained was, 

after purification, a liquid which solidified in an ice 

bath, melting again to a dark liquid about 20°. It had 

a boiling point of 26'f and a neutral equivalent of 175. 

These values correspond closely to those of n-capric 

o o 
acid, which melts at 31 , boils at 269 , and has o neu¬ 

tral equivalent of 172. 

The anilide was prepared by heating with an excess 

of aniline, and, after numerous recrystallizations, melted 

o,o 
at 67 -69 « The latest reported .melting point of n-cap- 

o 
ranilide is 70 . A sample was prepared from pure n-cap¬ 

ric acid and melted at 66°-68° after several recrystalli¬ 

zations. The mixed melting point showed no depression. 

The p-bromophenacyl ester of this acid was prepared 

o o 
and melted at 64 -66 . The melting point of p-bromo- 

phenacyl n-caprate is 66°. A known sample, prepared from 

o o 
pure n-capric acid, melted at 64 -66 . The mixed melting 

point showed no depression. 

This evidence identifies the acid as n-capric acid 

end points to the presence of n-capric nitrile (boiling 
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point 235°-237°) in the fraction. 

B» Of this fraction, 20-25$ was insoluble in concen¬ 

trated sulfuric acid. The insoluble hydrocarbon layer 

was again insoluble in dimethyl sulfate, however, and, 

being aliphatic, was not, therefore, investigated further. 

X. (Figure 3) 

A. This fraction, boiling point 73°-76° at 0.9 mm. 

and 253° at 760 mm., was hydrolyzed with alcoholic po¬ 

tassium hydroxide as usual. The acid obtained was dis¬ 

solved in dilute sodium hydroxide, the solution purified 

and cooled down in ice. Addition of hydrochloric acid 

released the acid as a solid which slowly melted at room 

temperature. It was extracted with ether, and the ether 

evaporated, yielding a small amount of a discolored acid. 

This acid had a melting point of 13°, a boiling point 

of 279°-280°, and a neutral equivalent of 187. These 

values pointed to n-undecylic acid, which melts at 29°» 

boils at 280°, and has a neutral equivalent of 186. 

The anilide was prepared by heating the acid with 

excess aniline, and purified by four recrystallizations 

from alcohol to a constant melting point of 66°-68°. 

The latest reported melting point of n-undecylanilide is 

71°. Ho undecylic acid was available for the preparation 

of the known derivative, but a mixed melting point was 
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takGia with n-capranilide of melting point 64.^ -65°, and 

o o 
this melting point was low, 61 -63 . 

The p-broraophenscyl ester was made by the customary 

procedure, and after two re-crystallizations from alcohol 

melted at 66°-67.5°» The melting point of p-bromophena- 

cyl n-undecylete is 68,2°, Again, a mixed melting point 

o 
was taken with the n-cnpric ester (of melting point 64 - 

66°), and this was again low, 5 8°-61° . 

This evidence identifies the acid as n-undecylic 

acid (undecnnoic acid) and points to the existence of n- 

o 
undecylnitrile (boiling point 253 ) in this portion of 

the oil. 

B. This fraction had a strong, unpleasant, fecal 

odor, reminiscent of indole, and on cooling in ice-hydro¬ 

chloric acid partially solidified. On filtering off this 

solid, however, it was observed to melt rapidly at room 

temperature• Attempted recrystallizations from alcohol 

were unsuccessful. The substance was not a hydrocarbon, 

as shown by the negligible layer of insoluble material 

left when some of the fraction was dissolved in concen¬ 

trated sulfuric acid. 

Believing this material to be indole, which melts 

low at 52°, it was attempted to isolate it by formation 

39 
of the sodium compound* The unsaponified materiel from 

the hydrolysis was dried over solid potassium hydroxide, 

and the resulting 17 g. of liquid stirred hours with 
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2 g* of metallic sodium at 190°-200°, Considerable a- 

mounts of dark, terry material formed in the flask. The 

unchanged oil was decanted off, and the tarry residue 

washed thoroughly with benzene and ether. It-was then 

decomposed with water and steam distilled. The distillate 

partially solidified in an ice water condenser but melted 

again immediately on leaving the condenser. It was also 

contaminated with the oily liquid. 

This material, as well as some frozen out of the next 

lower cut, formed an addition compound with trinitroben¬ 

zene, This compound was golden orange in color and melted 

somewhat indefinitely about 200°, Three recrystalliza¬ 

tions from alcohol did not change this melting point. The 

trinitrobenzene addition compound of indole has been re¬ 

ported^ to melt at 137°» Some of this compound was pre¬ 

pared as light golden yellow needles from a pure sample 

of indole (Kahlbaura), and found to melt at 190°, A mixed 

melting point with the unknown addition compound was low, 

177°-181°, From this evidence, the low melting solid was 

concluded not to be indole, and it could not be obtained 

in sufficient purity to permit further investigation, 

XI. (Figure 3) 

These last two fractions from the fractional distil¬ 

lation, boiling point about 270° at 760 mm., were combined 

end hydrolysed in the ordinary manner, A very small amount 



of dark, impure liquid acid was obtained. After purifi¬ 

cation, less than 0.2 g. were recovered. This product 

had a neutral equivalent of 213, but this value was un¬ 

doubtedly high due to the obvious presence of inert im¬ 

purities. Preparation of the p-bromophenacyl ester led 

to an impure product, which, after two recrystallizations 

from alcohol, yielded a very small amount of solid melt¬ 

ing from 63P -6*P . A mixed melting point with the n-unde- 

cylic ester from the preceding fist (melting point 66°- 

67,5°) was low, 60°-63°. This indicated the presence of 

some other ester, which was thought to be probably the 

ester of lauric acid, since lauronitrile boils at 276,^ 

and the neutral equivalent of lauric acid is 200. A 

higher boiling fraction would have been required to ob¬ 

tain a pure sample of this acid, and since this was the 

end of the distillation, the investigation could not be 

carried further. 
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SUMMARY 

A chemical investigation of some of the neutral com¬ 

pounds in bone oil has been undertaken. The neutral por¬ 

tion of the oil was fractionally distilled, and each flat 

investigated. 

Several homologous series were found to be present. 

The nitriles were identified, by hydrolysis and identifi¬ 

cation of the resulting acids. The saturated hydrocarbons 

present in almost every fraction were found to be ali¬ 

phatic for the most part and could not be Identified. 

These aliphatic hydrocarbons may be of an extraneous na¬ 

ture, since it is not known whether the bones were washed 

with kerosene to remove fats. If they were, these hydro¬ 

carbons may have originated from the kerosene used. 

The following compounds were successfully identified, 

those marked with an asterisk not having been reported 

before as being present in the oil. 

Nitriles of the following acids: 

1) n-butyric 

2) n-valeric 

3) isocoproic 

4) n-caproic 

10) benzoic* 

11) o-toluic* 

12) m-toluic* 

13) p-toluic* 

5) n-heptylic* (heptanoic) 

6) n-caprylie* 

7) n-nonylic* (pelargonic) 

8) n-capric 

14) ethylbenzene 

15) naphthalene 

9) n-undecylic* (undecanoic) 16) pyrrole 
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