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I. 

THE INVESTIGATION OF TEE. PHENOLIC PORTION 

OP A CRACKED MIRANDO DISTILLATE 



HISTORICAL PART 



Historical Survey 

The knowledge of the phenolic constituents of petroleum 

and its products, while still in a state of flux, has never¬ 

theless been subjected to much correction and amplification 

during the past decade. Priority in the discovery of phenols 

in petroleum belongs to Markownikoff and Ogloblin (l): They 

observed traces of phenols in a Baku petroleum as early as 

1881, The first recorded observation on American petroleum 

was set down by Brooks and Parker (3), who in 19S4 made a su¬ 

perficial examination of cracked petroleum distillate in an 

effort to determine the origin of the color which developed 

in the distillate during storage. They isolated a small auan 

tity of phenols from fresh cracked distillate by shaking it 

with dilute sodium hydroxide and subsequently neutralizing 

the alkaline extract with acid. They concluded from gross 

examination that these bodies so obtained were phenols, but 

they made no attempt at separation and identification of the 

individual members. Then, in 1926, Gatlin (4) attempted a 

decisive identification of these phenols as individuals; un¬ 

fortunately, the methods employed admit of no valid conclu¬ 

sions. He did, however, make several important observations 

concerning these phenols in their composite mixture. He 

found the phenols to be present in this particular cracked 



distillate to the extent of 0.00? per cent by volume; further, 

they closely resembled the cresylie acid of commerce, a phenolic 

mixture obtained usually from coal tar and consisting of phenol 

and the three cresols. 

Story and Snow (6), two chemists working in the laborato¬ 

ries of the Midcontinent Petroleum Corporation in Tulsa, Okla¬ 

homa, published In 1928 a very significant paper on petroleum 

phenols; significant because 

1. A successful attempt was made here to identify the 

individual phenols by means of their solid derivatives, 

a method which is recognized as trustworthy by all work¬ 

ers in organic analytical practice; 

2. Important comparisons were drawn between the physical 

behavior of the phenolic mixtures derived from the two 

principal sources, coal and petroleum, indicating that 

coal and petroleum are of a common origin, namely, Floral; 

3. It was pointed out here that the percentage of phenols 

was greater in the distillate fresh from the cracking 

still than In raw petroleum, suggesting that a portion 

of these phenols is produced during the process of crack¬ 

ing, either by rearrangement of oxygen-containing bodies 

other than phenols which occur in petroleum along with 

these phenols or by direct oxidation of hydrocarbons by 

means of air which is carried into the cracking unit with 

the petroleum or, as suggested by Morrel and Egloff (?) 



on the basis of experiment, by the rearrangement under 

influence of heat of high molecular weight phenols into 

the low molecular weight phenols with which these inves¬ 

tigations are concerned. 

Story and Snow were able to ascertain the presence of o-, m~, 

and p-cresol* These workers attempted to identify the higher 

horaologues, but they were unsuccessful in this, probably be¬ 

cause of their lack of familiarity with several extensive re¬ 

searches carried out earlier on coal tar products in German 

laboratories, which contained all of the necessary information 

on the higher members. 

Research carried out on the kerosene fraction of Japanese 

petroleum by Tanaka and Kobayshi (5).resulted in the discovery 

of the three cresols, 1, 3, 4, xylenol, 1, 2, 3 xylenol, and 

the tentative detection of di~ and triethyl phenols. This 

claim on the polyethyl phenols still awaits confirmation by 

other investigators. According to this paper, the phenols 

identified were present in the following quantities: 

o-C resol , IS’/? 

m-c resol   20$ 

p-Cresol#* *50$ 

1,3,4 xylenol*,,,4$ 

Others , 11/’-* 

The next paper in the series, by Bolzmann and St* von 

Pilat (8), describes the separation of phenols from crude 
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naphthenic acids got by the distillation of Boryslaw crude 

oil® These phenols, which made up 84,7 per cent of the acidic 

portion, included the three oresols, 1,3,5-, and 1,3,4-xylenol 

and naphthol, with some indication of 1,2,4-xylenol and phe¬ 

nols with three methyl groups. 

Publications of the last few years have dealt largely 

•with the necessary confirmation and extension of earlier work 

described above (10), (11), (18), (13), 

Conclusions 

The evidence for the existence of regular phenols in any 

form of petroleum possessing side chains of greater length 

than the methyl group is still insufficient. However, if we 

grant that petroleum and coal are of common origin, namely, 

vegetable, than cracked petroleum may contain these phenols 

with larger side chains because m~ and p-ethyl phenols have 

been identified in considerable quantity in coal tar, a sort 

of ”cinacked coal” * There is today the open question as to 

whether or not thermal alteration of these phenols takes place 

at cracking temperature, resulting in the conversion of ethyl 

into methyl phenols, 

Hie quantity of phenols contained In cracked distillates 

ranges apparently from 0.007 to 1 per cent. In a recent paper 

by Field, Dempster, and Tilson (13), the quantity of phenols 

was stated to b© "gratifying”, Indicating a sufficient quantity 
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was present to make commercial production profitable as the 

purpose of this particular research ms to determine whether 

or not these phenols were present in usable quantities. 

The percentages of the individual phenols is, as would be ex¬ 

pected, fairly constant# The first homology®, phenol itself, 

is, however, either entirely absent or present only in very 

small quantity in treated and untreated petroleum# There are 

various reasons for this: . 

1# It is the most volatile {lowest boiling point) of 

the phenols and would therefore evaporate at a greater 

rate from the petroleum than the other horaologues; 

2# It possesses the greatest solubility-in water of the 

group and would in consequence be extracted to a larger 

extent during contact with underground waters {6)« 

3, There are various other less important factors of a 

similar nature, all of which would contribute to its 

removal from petroleum# 

Thus far, there have been no unusual or unexpected bodies 

recovered from these phenolic mixtures, 'Various workers have 

reported negative tests for phenolic ethers and polyhydroxylic 

phenols# So we may infer from this that these bodies, if 

originally present, are less stable than the simple, mono- 

hydroxyl ic aromatic phenols# 



2QPER3MEKTAL PART 
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Intent of the Problem 

Research, if we would accept the authority of the stan¬ 

dard lexicons, signifies "careful or critical examination in 

seeking facts or principles". This cold, formal definition, 

however, intends or implies nothing as to the state of rnind 

of the human being conducting the examination, a very impor¬ 

tant point. This humble student of science undertook this 

particular problem in an effort to delineate for himself the 

several troubling implications involved in this word "research”. 

He desired to know 

1. The ultimate value of.an investigation of this sort 

to the industries of humanity. 

3* The influence of this type of work on the critical 

faculties and personal integrity of the researcher; 

i. e., is his respect for the truth heightened as the 

numerous parts of this problem are, each in their turn, 

unfolded before him? 

The reply to the first proposition is contained per se in the 

reply to the second; for, if the second be answered in the af¬ 

firmative, then the individual will do more good in his chosen 

community because of the contact with the problem, and the real 

value of the problem thus becomes apparent to him. 

Happily, the two above propositions found favorable answer 

in the mind of this student during the course of the problem, 

thus accomplishing what is to his mind the real purpose of re- 
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search* 

The other primary aim of this problem was to accumulate 

information concerning these phenols which may be of value 

to the manufacturer in the event that they someday become of 

commercial importance. These phenols, as a matter of fact, 

do find limited application in industry! various oil compa¬ 

nies use the phenols washed from cracked distillate in the 

refining of lubricating oils. Several other uses are sugges¬ 

ted in papers treating this subject (10), (IS). 

The problem described in the succeeding section consists 

of two partsi 

1. The organization of a fractionating column suitable 

for the partial separation of the phenols, 

2, The identification of the fractions obtained by dis¬ 

tillation through this column. 

Hie column developed for this problem permitted the separation 

of these phenols in the pure state in most instances, repre¬ 

senting an advance over formerly-used methods of separation 

by distillation in which the various fractions were invariably 

obtained as liquid mixtures of phenols. Furthermore, the time 

required for the identification of the phenols was thereby re¬ 

duced* 

These efficient columns of the type employed here will 

play a significant role in the event that large quantities of 

these phenols in the pure state are required for Industrial 



purposes. At present, separation of these phenolic mixtures 

into pure constituents is made, for the most part, by means 

of the sulfonic acids of the phenols, 1* e,, a chemical sep¬ 

aration, but this is not necessarily the most economical means 

it is, rather, a method adopted at a time when high efficiency 

columns were not available, 

The second part of the problem, the identification, was 

carried out in an entirely orthodox fashion, and it is felt 

that these results as recorded here represent a reasonable 

solution of the problem. 



Construction of the Fractionating Column 

The first step in the construction of this column was the 

enumeration of the usual and unusual properties of the liquid 

to he distilled through it* This information was then used to 

determine the correct dimensions of the column. The important 

properties of the phenols for this problem were 

1, 'Hie rate of decomposition of the charge under pro¬ 

longed boiling. 

The phenols, because of their high boiling point and consequent 

instability under atmospheric pressure, must be distilled under 

pressures considerably below atmospheric and in the presence of 

an inert atmosphere. This feature thus necessitated the use of 

a column equipped with evacuating apparatus and a means of main¬ 

taining a supply of inert gas to the evacuated column, 

8, The differences in boiling points in the successive 

members of the homologous series of phenols, 

For the most part, these differences are of the order of magni¬ 

tude of from three to ten degrees, and as high a column efficiency 

as is practical would be required for the separation of phenols 

boiling only three degrees apart, lor differences less than this, 

fractional distillation would be possible but tedious, and other 

methods of separation are therefore used in these instances, 

Thus the design of the column should be such that it will be 



capable of separating completely liquids which bell only three 

degrees apart, 

3* Other less important factors including the surface 

tension of the phenols, the molecular weight, etc. 

Description of the Column 

Body of the Column: The column proper consisted of a section 

of ordinary Pyrex tubing, 150 ems, in length by 1,6 ems. in in¬ 

side diameter, to which was affixed male and female 84/40 stan¬ 

dard taper joints. The column packing consisted of 1-turn glass 

helices, 4 mm. in diameter, which were supported at the bottom 

of the column by small indentations in the glass. These column 

dimensions in conjunction with this particular type of packing 

gave an H.E.T.P, of ©3- 25 (15). In order to compensate for heat 

loss through the glass, the tubing was jacketed with four layers 

of asbestos paper for the entire length of the packed section, 

and a quantity of nichrome resistance wire determined by calcu¬ 

lation of probable heat loss was wrapped tightly and uniformly 

about the length of asbestos paper. This wrapped section was 

then enclosed in ordinary eighty percent, magnesia pipe lagging, 

on© inch I#D, x three inch O.D,, which was then covered with alu¬ 

minum paint in order to decrease further the heat loss through 

the insulation, For observation purposes holes were drilled 

through the insulation at three points. 
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The Column Pot; The pot employed was a two-necked, two liter 

Pyrex balloon flask* An ordinary cork, carefully bored, proved 

an excellent seal between the flask and the bottom of the column 

body. Into the other neck of the flask was inserted a very fine 

capillars^, which was connected to the gas line, serving as an 

anti-bumping device and also a means of introducing methane, the 

inert gas used, into the system. 'The flask was immersed in an 

oil bath supplied with a him sen burner, an air stirrer, and a 

thermometer. 

The Column Head: A type of. head known as the total condensation, 

variable take-off Pyrex head,, ’which is obtainable from any supply 

house, was used here. This head had provisions for total conden¬ 

sation of all vapors rising from the still and for the adjustment 

of the reflux ratio. The latter is regulated by means of a small 

stopcock located between the main upright condenser and a small 

ancillary condenser turned downwards for distillation. The entire 

liquid condensate is led from the main condenser to the stopcock, 

where any desired amount of liquid can be bled off into the re¬ 

ceiver. The reflux ratio may be observed directly by means of 

the equal-sized drops of condensate and distillate which form and 

drop from two tips provided especially for that purpose. 

The Evacuating System; The evacuating mechanism consisted of a 

Cenco Hyvao pump hooked up to two glass towers which were filled 

with potassium hydroxide pellets for the purpose of scrubbing all 

phenolic vapors from the incoming gases. These towers were then 
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connected to the column head through Pyrcx tubing of 1,2 ©m, 

inside diameter, 

Th© separate parts of the column were then assembled oft 

wood uprights designed to support it. 

Preliminary runs with the crude phenols made evident several 

factors which would have to be controlled before an efficient 

distillation could be realised: 

1, The establishment and maintenance of equilibrium be¬ 

tween the vapors rising through the column and the liquid 

condensed on the helices. 

2, The control of the vapor velocity up the column. 

Number one was found to depend on the heat balance between the 

insulation and the hot fluid in the column; i.©*, the heat input 

to the column must ba approximately equal to the heat outflow. 

If this were not kept in balance by external control, the vapors 

would condense entirely to liquid within the column, i.e., the 

column would be "flooded”• Accordingly, the resistance wire in¬ 

corporated in the insulation for this purpose was connected to an 

external 110 volt circuit through a variable rheostat. This rheo¬ 

stat was then calibrated directly in watts input by means of a 

voltmeter and an ammeter (power factor being neglected). The 

heat loss from the hot glass when in equilibrium at some particu¬ 

lar temperature through the asbestos insulation was then calculated 

for ten degree intervals in the expected boiling range from a know¬ 

ledge of heat loss constants on this type of insulation. Then, in 
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order to maintain the column in equilibrium, it was necessary 

to return this amount of heat to the column during operation* 

Various methods were used in an attempt to measure this heat 

return, and all hut on© proved unsuccessful* The successful 

method consisted in filling the column with water, setting the 

rheostat on some heat loss value which corresponded to some ar¬ 

bitrary internal temperature of the column, observing the temper¬ 

ature of the water by innersing a thermometer midway in the column 

of water, and recording the temperature at intervals until It had 

reached a constant value. In this way it was found that th© tem¬ 

perature inside the glass column at equilibrium equalled that 

temperature corresponding to a predetermined heat input value 

as marked on the rheostat* 

Humber two was found to depend on several controllable fac¬ 

tors : 
a* The molecular weight of the phenol. 

b* The number of mis, of liquid, being vaporized each minute 

in the pot, 

e* The pressure under which the column was operating. 

It was known empirically that above a certain threshold value 

of the vapor velocity the liquid condensate being returned to 

the pot from the condenser would be held up by the vapor and the 

condition known as "flooding” would, occur? i.e., the column 

would become filled with liquid, a condition in which equilibrium 

is impossible. Since the vapor velocity up th© column was in¬ 

versely proportional to the pressure on the vapor, there would 
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likewise be a threshold pressure below which it would be im¬ 

possible to maintain the column in equilibrium* We then chose 

an arbitrary rate of distillation, expressed in mis, of conden¬ 

sate per minute, and from this calculated the corresponding 

yapor velocity and operating pressure* Thus, if the vapor 

velocity exceeded this value, i«e*, if the column were operated 

at a greater rate, we could expect flooding. Since we were able 

to control the operating pressure and the rate of distillation, 

the vapor velocity was automatically fixed. In practice the 

operating pressure was regulated to the calculated value of 

54 mm. by introducing a small air leak at the pump, A glass 

capillar;/ was used for this purpose and was protected from the 

dust in the air by filtering the air through loose cotton. The 

rate of distillation ’was controlled by observing the number of 

drops per minute which condensed in the top of the column and 

by regulating the oil bath temperature to give a prescribed 

rate. 

The Distillation 

The total quantity of phenols employed for this single 

distillation was 865 mis. These phenols were originally ob¬ 

tained from the alkaline wash from cracked distillate made 

from Mirando crude oil, and were made available to Doctor Bieh- 

ter through the courtesy of a local oil company. These phenols 

had been fractionated once before and thus ’were substantially 

free from foreign matter. Tests were made for elementary 
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nitrogen and sulfur with negative results. Naphthenic acids 

were also found to be absent. Other impurities were not con¬ 

sidered . 

The distillation, as represented graphically in Figure 1, 

yielded the following important flats: 

Is oa, 10 mis, of phenol, some of which crystallized 

out on standing at room temperature. 

II: ca, 60 mis, of o-cresol, some of which crystallized 

spontaneously at room temperature. 

Ills ca, 140 mis, of m- and p-cresol. None of these 

fractions solidified on being kept at -15 degrees 

overnight» 

TV's ca, 170 mis, of 1,4,2- and 1,3,4 xylenol, Most of 

the 1,4,2 xylenol separated out on standing at room 

temperature, 

V: oa, 55 mis, of 1,2,5 xylenol which solidified in the 

head during distillation, 

¥1: ca, 170 mis, of 1,3,5 xylenol and mesitol which would 

not solidify on being maintained at -15 degrees over¬ 

night , 

¥11: ca. 50 mis, of isopseudocumenol which solidified in 

the head during distillation. 

The total time consumed in this distillation was about■ 

250 hours. The total volume of distillate was 738 mis. The 

residue, a thin, brown liquid, consisted of 60 mis. Distil- 
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lation losses were, then, eight percent. 

Identification 

This examination was based chiefly on the distillation 

curve, The attempt was made to identify the components making 

up each of those fractions included in the horizontal portions 

of the curve. Hone of the intermediate fractions were con¬ 

sidered, The two small flats between VI and VII were examined 

by means of boiling point data and arvloxyacetic acid deriva¬ 

tives, The boiling point did not correspond to any of the 

ordinary phenols recorded in the literature. The aryloxyacetie 

acid remained impure after several crystallisations, so no fur¬ 

ther attempt was made to identify these fractions. These two 

small flats were thus assumed to be due to irregularities in 

the distillation and to consist of varying percentages of the 

substances which occurred in the major flats on either side of 

these two small ones, 

FIAT 1,,«PHENOL: The crystals which formed in fraction 1 on 

standing at room temperature were hastily drained on a cold 

Buchner funnel and then allowed to stand In an evacuated desic¬ 

cator for two hours to facilitate the evaporation of the film 

of liquid phenol which still clung to the crystals. The melting 

point of the dry crystals was then determined to be 394O0. The 

boiling point of the supernatant liquid in fraction 1 was ob¬ 

served by the JEmlch micro methodi B.P.*183.3®, A dlphenylu- 
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rethane derivative was prepared from this supernatant liquid 

according to the procedure of Herzog (2): M.P,—104.5°. To 

add one more point of evidence the 2,4,6 tribromo- derivative 

was prepared according to Mulliken (14)i M.P. = 92°, 

Phenol: Observed Literature 

M.P. 39.0 43 

B,P. 183.3 182,1 

Diphenylurethane 104,5 105 

2,4,6 trihromophenol 92,0 96.0 

Thus, if the evidence set down in the literature be taken as 

true, we may conclude that the substance under examination was 

the first member of the series, namely, phenol, 

FLAT II...Q-CRESOL; The crystals recovered from fractions 6 

and 7 were treated in the same fashion as those in fraction l: 

M.P»= 29.0°* The boiling point of the supernatant liquid was 

187,8°. The aryloxyacetlc acid of o-cresol was prepared both 

for the supernatant liquid of fraction 6 and the stock o~cresol. 

The melting point of the former was 154,5° and of the latter, 

154.5°. To ascertain the authenticity of the aryloxyacetlc 

acid from fraction 6, equal parts of this acid and the stock 

acid were thoroughly mixed, and the melting point of this mix¬ 

ture was takeni M.P.= 155,5° « 

0-cresol: Observed Literature 

M.P. 29,0 30 

B ,P • 187.8 190.8 
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Aryloxyacetlc acid 154*5 152 

Mixed M»P* on acid 155*5 

Tims, all the evidence assembled here indicates o-cresol. 

FLAT III.*.M- AM) P-CRBSOL: This flat presented a new type of 

problem, in that a separation would have to be effected by some 

other means than distillation, A representative fraction was 

first held at -15° for 48 hours and seeded with phenol in the 

hope that the p-cresol, the higher melting of the two compo¬ 

nents, would crystallize out. However, this method was of no 

avail, A chemical separation was then performed according to 

the method of Rutgers (16). This method is based on the fact 

that in a mixture of m~ and p-cresol, the p-cresol will react 

more rapidly with dry oxalic acid to form the monoester than 

will the m-cresol. On cooling, the p-cresol ester solidifies 

and may be removed by filtration. The m-cresol thus concen¬ 

trates in the filtrate. In this treatment, 17 mis, of the 

liquid phenolic mixture was treated with one gram of water-free 

oxalic acid in a small beaker. The reactants were then heated 

on the steam bath for a few minutes, and the solid monoester of 

p-cresol which formed was collected at the Buchner after the mix¬ 

ture had cooled to room temperature. The filtrate was treated in 

exactly the same fashion, and this treatment was repeated until 

only 2 mis, of filtrate were recovered from the solid ester, 

This filtrate was then distilled from a small flask, and the 

portion boiling between 200 and 202° was collected in a dry re- 
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ceiver. 0.S5 mis, of this purified filtrate were dissolved in 

one ml* of cold, concentrated sulfuric acid. This was poured 

with stirring into a cold mixture of one ml. of concentrated 

sulfuric acid and one ml. of concentrated nitric acid and sub¬ 

sequently heated on the steam bath for ten minutes. The 2,4,6 

trinitro-cresol solution was poured into ten mis. of cold water 

and filtered. The crystals which separated out in the filtrate 

were collected and dried: M.P • = 109.0°. The trinitro- body was 

also prepared from stock m-cresol, and a mixed melting point was 

taken. M.P. of stock compound ^107.5; mixed M.P.=107.5°. The 

p-cresol monoxalate, y/hite pearly scales, was hydrolyzed by re¬ 

fluxing for ten minutes in ca. 60 mis. of water. The p-cresol 

was then distilled over, extracted from the aqueous suspension 

in the receiver with two 30 ml. portions of ether, and, after 

evaporating the ether on the steam bath, distilled in a small 

flask: B.P.= 200.8°, The p-cresol did not solidify on cooling. 

The aryloxyacetic acid was prepared for the p-cresol under in¬ 

vestigation and for the stock p-cresol. 

M-cresol: Observed Literature 

B.P. 202 202,8 

2,4,6 trinitro m-cresol 109.0 109.5 

Mixed M.P. on 2,4,6 TN 107.5 



15 

P-eresol: Observed Literature 

B,P, 200.8 201,8 

Aryloxyacetie acid 136,0 135.0 

Mixed M.P, on acid 137 .8 

The evidence thus converges on ra~ and p-crosol. 

FLAT IV* 1,4,2- AMD 1*5,4 XYLENOL: Here, no convenient mecha¬ 

nism was at hand for the separation of these two xylenols, so 

that it was necessary to work out some scheme for the removal 

of one xylenol from a mixture of the two* A large part of the 

1,4,2 xylenol crystallized out from fractions 24 and 25 on 

standing, and therefore its identification presented no diffi¬ 

culty* The crude crystals were recrystallised twice from 11- 

groin: M*P* - 74,8°* The 1,4,2 xylenol from stock was purified 

in the same fashion: M.P.—76*0°, The mixed M.P# was then de¬ 

termined: Mixed M.P. —75.8°* Two derivatives were prepared on 

this xylenol, the ar3rloxyacetie acid and the 4,6 dibromo- com¬ 

pound, the former melting at 115° and the latter at 79.8°. In 

order to concentrate the 1,5,4- xylenol the filtrates remaining 

from the separation of the solid 1,4.2 xylenol were cooled to 

-15°in ice and hydrochloric acid mixture to remove as much as 

possible of the remaining 1,4,2 xylenol. After no further 

crystallization vms evident, the solid was separated at the 

jacketed Buchner, through which ice water was flowing. This 

process was then repeated on the filtrate until no further 
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crystallisation took place on cooling and seeding* The solid 

which had been removed was then identified as 1,4,2 xylenol* 

A search of the literature revealed a stable nitro-deriva- 

tive of 1,3,4 xylenol, 5 nitro 1,3,4 xylenol, melting at 73°* 

The 1,4,2 xylenol formed no nitro- body under the conditions 

of nitration which produced the above compound, so that this 

offered a scheme for the recovery of the 1,3,4- xylenol as the 

pure nitro- derivative. {A test mixture composed of 75 percent, 

of stock 1,4,2 xylenol and 25 percent, of stock 1,3,4 xylenol 

on nitration yielded the desired nitro body), 

The filtrate from the above crystallization of 1,4,2- 

xylenol was accordingly nitrated as follows* 2 mis, of the liquid 

were dissolved in 20 mis, of glacial acetic acid and cooled to 0°, 
) 

The nitric acid solution was then added dropwise with stirring to 

the mixture of xylenols* The whole operation consumed about ten 

minutes. The nitrated mixture was then poured over cracked ice 

and the resulting gum filtered off. The gum was dissolved in 

50 mis. of 50 percent, ethyl alcohol and put through two decolori- 

zations with norite* The nitro-xylenol was then crystallized out 

by cooling in ice and hydrochloric acid. The nitro- body was fil¬ 

tered off, washed with a few mis, of cold 50 percent, alcohol', re¬ 

crystallized from 50 mis. of 50 percent, alcohol and dried. The 

M.P* was 70.5°. The mixed melting point was 71.0°. The B.P. of 

the filtrate \ms also taken* 211.6°, 
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1*4,2 xylenol: Observed Literature 

B oP « 211. .5 211.5 

M#P* 74,8 74.5 

Mixed M.P* of xylenol 75.8 

Aryloxyaeetle acid 115 118 

4,6 d ibromoxylenol 79.4 80 

1*3,4 xylenol: 

B.P* (of filtrate) 211.6 

M,P. of•mononltro- body 70.5 73 

Mixed M.P. on mono- 

nitro body 71.0 

This flat evidently contained 1,4,2- and 1,3,4 xylonol. 

PLAT VS 1,2,3 XYLENOL : Fractions 27 and 28 solidified during 

distillation to a mushy, crystalline mass* The crude product 
f 0 

was recrystallised one© from ligroin: 72,5° : B.P.— £17 . 

The derivative prepared was the aryloxyaoetio acids M.P. =-187*8*• 

1,2,3 xylenol: Observed Literature 

B.P. 217 218 

M.P. 72.5 75 

Aryloxyaoetic acid 187,8 187 

All the evidence here thus points to 1,2,3 xylenol. 

•LAT VI: 1*3*5 XYLEIOL AKD 1,3,5,6 TRXMILHYh PKMOL (MES1T0L) : 

° to 221,0° * The boiling rang© of this flat was 219*5 
o 

This 
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boiling range suggested the 1,5*5 xylenol- mesitol flat, which 

is used in the commercial production of the bodies. In com¬ 

mercial practice, these substances are separated by means of 

the different rates of hydrolysis of their respective sulfonic 

acids. This method, however, does not afford a very satisfac¬ 

tory yield, so that recourse to a more profitable method was 

necessary. Accordingly, the aryloxyacetic acid was prepared, 

A systematic crystallization from hot water gave two different 

products, one having a melting point of 109° and the other a 

melting point of 130° • The 150°acid, which was more abundant 

than the other, corresponded in melting point to the aryloxy- 

acetic acid of mesitol. In order to make certain of the sus¬ 

pected presence of mesitol, the phenylurethane derivative was 

prepared on a portion of the flat, and the oily derivative 

which was obtained was subjected to fractional crystallization 

from hot ligroin. This yielded a pure phenylurethane of melt¬ 

ing point of 141°, which is, according to the literature, that 

of mesitol. 

Some confusion arose in the identification of the 1,3,5 

xylenol. The low-melting aryloxyacetic acid of flat VI did not 

correspond in melting point to the aryloxyacetic acid of 1,3,5 

xylenol as recorded by Kruber and Schmitt (9), The value given 

there was 86°, Our compound melted at 110°, There was, then, 

either an unexpected compound present in the flat, or the ex¬ 

pected aryloxyacetic acid possessed an unrecorded hydrate or 

polymorph. An aryloxyacetic acid prepared from stock 1,3,5 
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xylenol also melted at 88°. Meanwhile, a paper by Field, 

Dempster, and Tilson (15) appeared in which they gave the 

melting point as 1110. Ho mention was made of this anomaly 

in melting points, so they apparently did not obtain the 86* 

for® at any time* The question was settled as follows* The 

110°acid which had been isolated from the crude mixture ob¬ 

tained from the flat was weighed and desiccated for a week in 

an attempt to determine whether or not it carried water of cry¬ 

stallization* After a week, no change in weight was noticeable• 

Several batches of acid were then prepared from the stock 1,3,5 

xylenol. JSaeh was then crystallized in turn from alcoholic 

solvents ranging from 10 to 100 percent* alcohol and from pure 

water* The acids which were crystallized from pure water usually, 

but not always, melted at 111°• The acids crystallized from al¬ 

cohol, on the other hand, frequently melted at 86*. The only 

definite observation made here was that the 86° form could be 

converted into the 111° form by maintaining it for a short time 

above its melting point. The 111* form from the flat was mixed 

with the stock 111° form and a melting point taken: Mixed M,P„ = 

1110. These two forms are plainly polymorphic modifications of 

the same acid* In order to cinch the argument, the molecular 

weight of the acid was determined as follows * 100 mgs. of the 

111° form were dissolved in 5 mis. of distilled water containing 

a drop of phenolphthalein solution as indicator. Dilute potas¬ 

sium hydroxide solution was then added dropwise until the end¬ 

point was reached. The silver salt was precipitated from this 
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solution by addition of 5 percent, aqueous silver nitrate so¬ 

lution, The precipitate was collected on a Schwinger funnel 

and washed several times with distilled water. The preoipi- 

tate was then dried for two hours at 110° in the drying block 

and analysed for silver according to Pregl, 

Run 

1 

2 

3 

4 

5 

^Rejected by Rule 

H,W, of the Acid 

184,40* 

182.04 

182.26 

182,31 

181,73 

182,08 Mean Value 

180,11 Calculated Value 

1,3,5 xylenol: 

B*P, (of flat) 

Aryloxyaeetic acid 

Mixed M.P. of acid 

M.W, of acid 

Observed Literature 

219,5—221,0 

110 111 (bee page 19) 

111 

182.08 Calc, 180.11 

Mesitol: 

B.P. (of flat) 

Phenylurethane 

Aryloxyaeetic acid 

219.5—821.0 

141 

130 

142 

131,5 
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Thus the constituents of this flat were 1,3,5 xylenol and 

inositol* 

FLAT VIII 1.8*4.6 TBIMKHXYLBtEMGI (ISOPSEUDOCOI^hOL) : The 

crude crystals in flat VII were recrystallized once from li- 

groin'J M.P.- 953f5*j B.P, = 235°, The phenylurethane and ary- 

loxyacetic acid derivatives were prepared and found to check 

with those of isopseudocumenol* 

Isopseudocumenolt Observed Literature 

B.P. 235 233 

M.P, 95,5 96 

Phenylurethane 170 174 

Aryloxyacetio acid 129.5 128 

This last flat was obviously 1sopseudocuraenol• 

Hie residue remaining in the pot was subjected to a steam 

distillation# The phenols which distilled over wore extracted 

from the aqueous distillate by shaking with ether* The ether 

solution was then dried with anhydrous magnesium sulphate. The 

ether was then removed on the steam bath, and the phenols re¬ 

maining behind were distilled from a small distilling flask. 

The boiling range was 226°to 259°* A phenylurethane prepared 

on this refined residue gave a melting point of 141°, corres¬ 

ponding to 1,3,5 xylenol. A mixed melting point bore out this 



observation# The aryloxyaeetio acid prepared on the residue 

did not reach a constant melting point after repeated crystal" 

lization# The residue thus consisted, of a large percentage of 

1,5,5 zylenol contaminated, probably, with mesitol and Iso- 

psoudocumenol, 
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Summary 

This investigation has led to the identification of 

ten phenols in a cracked Miranclo distillate: phenol, o-cresol, 

m-cresol# p-cresol, 1,4,2 xylenol, 1,3,4 xylenol, 1,2, 3 xylenol, 

1,3,5 xylenol, mesltol, ■:;>ncl isopseudocnraenol« 
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DISTILLATION RECORD 

Fraction Temperature Pressure Volume 

0 95*5 33,7 0 
■ 1 96.0 33,7 2.7 
2 98 *7 33,2 10.0 
5 98.7 33.2 9,5 
4 100.3 33,6 12 ,4 
5 100.7 33.4 11,6 
6 101.0 33,6 23,0 
7 101.0 33.6 5,7 
8 103.0 34,1 12.8 
9 105,0 34.1 7.4 

10 107.1 •34,1 8,4 
11 109.0 34.1 6,3 
12 110.8 33,9 15.0 
13 111,0 33,8 ■6,0 
14 111,2 34,1 16.7 
18 111.3 ■34.0 16.5 
16 111.3 34.0 12,5 
1? 111,6 34,5 16.2 
18 112*3 34.5 50,2 
19 114,2 34.5 22.5 
20 116,0 34.3 13.5 
21 117,0 34,6 32,8 
22 116,8 34.1 20.0 
23 117.0 34.1 2,5 - 

24 117,0 34,5 18,0 
25 117 ,3 33,8 59,0 
£6 119,3 33,1 17.8 
27 122.0 38.8 29,0 
28 122,4 34,8 20.0 
29 124,9 54.7 55,0 
30 126,2 34.6 57,8 
31 126 .3 ■84.7 14,4 
32 126 .7 34,7 20,7 
33 128.5 ■33.7 27.5 
34 129,9 ■ 33.8 50,0 
55 130,8 ■34.0 14,0 
36 131*8 ■33.5 16.2 
37 131,8 ' 34,7 12,2 
38 135.2 ■33.8 18,9 
39 135,8 ■33.7 7,0 
40 136,0 53,7 15,9 
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THE SYNTHESIS OF A PROPOSED LOCAL ANAESTHETIC 

4 (5) OXYMETHYL IMIDAZYL p-AMINO BENZOATE 
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The ideal local anaesthetic will probably never be prepared.*, 

as, among other reasons, local anaesthesia in its many ramifica¬ 

tions necessarily involves all the various defined regions of the 

surface and sub-surface tissue layers, as well as the vascular 

system supplying them, etc., and it is hardly to be hoped that 

we will in the future discover a substance which will behave 

ideally in all respects. Therefore, it is expedient to have at 

hand several or even many local anaesthetics, each of which dis¬ 

plays attractive qualities for some particular region or some par¬ 

ticular purpose. With this problem in mind, most every investiga¬ 

tor of the chemistry of local anaesthesia has set about his work 

with the intention of preparing some compound which fulfills a 

particular purpose better than any previously prepared substance, 

while keeping before him the tempting possibilities of obtaining 

a little closer to the ideal local anaesthetic. 

The compound prepared in this instance was selected for several 

reasons| first, it is an ester of p-amino benzoic acid, which forms 

the nucleus of the largest single group of local anaesthetics. 

Second, very few esters of p-amino benzoic acid containing a het¬ 

erocyclic alcohol have been prepared* Thirdly, several imidazole 

derivatives show physiological activity. Fourth, it was thought 

worthwhile to add to the rather scant chemistry of imidazole. 

The problem was begun in 1932 by Richter and Taggart (1), but 

because of insufficient time, was not completed. They attempted to 

prepare the ester by the Schotten-Baumann reaction—that is, 
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M - 
o 
K 
<s. o i4a 4- Y===\ 

* ✓* ft - o* M Ma^cOj 

^ o In 

=V_‘i _0-C.HT.-C==J 

M> M*A 

However;, they found the reaction to proceed on the amino nitrogen 

of the acid thus? 

.0 

N*x>- c 
U< CHX 

tu ^i-w JSL<A.XCO'S 

i n 

c *i-f=t 
u -K N 
* ^ 

The structure of the compound was proved hy its solubility in 

alkali, which demands a free carboxyl group, and determination of 

the nitrogen content. The melting point was found to be 219°(corn. 

Here Richter and Taggart were forced to stop for lack of time. 

Since we were not aware of any method, by which the course of 

the Schotten-Baumann reaction could be directed so as to involve 

the sodium atom on the carboxyl group and. not the active hydrogen 

on the amino group, this approach to the problem was abandoned. 

After some considerations involving experimental attempts and a 



perusal of the available literature on this subject, the folloxving 

series of reactions were selected as being the most likely to lead 

to a satisfactory solution of the problem* 

OL 4r 1*0 * c K ^ ~f=[ 

HtH 

M 

0 
■ a - o - tvw - n + H MlA K m 

Q> 
— O - ^ 'A-v. f ---| 

O* V* - VV ^ 

Reduction of tho nitro ester appeared to be a safe reaction, 

as this is tho standard method of preparing the. esters of p-amino 

benzoic acid. The othor reaction, though, was clouded with doubt, 

as it was well known that the imidazole ring tends to split in the 

presence of acyl halides in alkaline medium, to give N, N* diacy- 

lated symmetrical diamino ethylenes (See references 2—*15 for a 

survey of the literature on this subject*)• The stability of the 

imidazole ring under such conditions appeared to depend on nuclear 

substitution by negative groups, imidazole and simple alkyl deriva¬ 

tives being quite unstable, phenyl imidazoles and other negatively- 

substituted imidazoles being, on the contrary, entirely stable. 

Also the stability appeared to depend on the degree of alkalinity 

of the medium, as compounds which would split in sodium hydroxide 



solution did not split in pyridine. Since the heterocyclic alcohol 

with which we intended to work had not been subjected to this sort 

of reaction as yet, we decided to try it in the hope that even if 

we did not achieve the desired ester, we night at least be able to 

isolate the products of ring-splitting. Happily, the reaction came 

off in good order and in fair yield, with no indications of a split 

ring. 

The reduction of the nitro ester was first attempted with iron 

and acetic acid, a mild reducing agent which worked perfectly on a 

model compound. This failed to yield the desired product. A care¬ 

ful survey of the literature on the reduction of nitro esters of 

this type indicated that the most successful reducing agents were 

tin and hydrochloric acid. In order to prevent the hydrolysis of 

the ester in this strongly acid: medium, the temperature was main¬ 

tained in the neighborhood of 50°, This method solved the diffi¬ 

culty ancl the synthesis of 4 (5) oxymethyl imidazyl p-amino ben¬ 

zoate was completed. 
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The procedures leading from citric acid to the 4 (5) oxyraethyl 

imidazole hydrochloride, \vhich were used here, are given in detail 

in the thesis of Millard S. Taggart, Jr, (1), The inevitable small 

variations in method arose in this particular series and so will be 

noted briefly, 

1, This worker was unable to obtain a suitable yield of the 

di-isonitrosoacetone from the acetone dicarboxylic acid on the 

first attempt, and subsequent trial efforts indicated that the 

operation must be carried out as rapidly as possible, because the 

di-isonitrosoaeetone is a remarkably labile substance in the im¬ 

pure state (in the presence of hydrogen ions) and tends to decom¬ 

pose with evolution of nitrogen oxides even at temperatures around 

zero. Also, the optimum temperature for the reaction was found to 

be 5—10°, At zero degrees, we obtained an inferior yield, and 

the same may be said for temperatures above 10°. In order to fa¬ 

cilitate the rapid addition of the sodium nitrite solution to the 

sulphuric acid solution of the acetone dicarboxylic acid, ice must 

be added to maintain the proper temperature level. Even with these 

reasonable precautions, the yield could not be increased above 50 

percent. Since this is the lowest yield in this series of reac¬ 

tions, it represents the economic stumbling block and thus seems 

worthy of further investigation. 

2. The only other point of variance was the method of purifying 

the 4 (5) oxymethyl imidazole hydrochloride. Other workers used 

relatively elaborate means to do this, but these elaborations were 

found to be unnecessary. After evaporation in vacuo of the aqueous 

/ 
| 
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solution of the hydrochloride, one simply heats the flask containing 

the crude product under vacuum for about three hours on a water bath 

at 80°, and then takes up the moisture-free compound in ordinary 

absolute alcohol (circa 10 cc» per gm« of solid) and recovers the 

pure substance by chilling the alcoholic solution in ice and hydro¬ 

chloric acid bath. This gives coarse white granules which melt 

sharply at 100ae 

From 150 gms* of citric acid was obtained 9,5 gras, of the 

final product, or an overall yield of 10$, 
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4 (5) Oxymethyl Iraidazyl p~Amino Benzoate 

The attempt was made at first to prepare the ester by as 

simple as possible a route—-namely, that of refluxing the acid 

and alcohol together in a suitable solvent and upsetting the 

equilibrium to the right by removing the water as fast as it is 

formed. Since the imidazole derivative was insoluble in the sol¬ 

vents usually chosen for such a reaction—that is, those aromatic 

hydrocarbons which form suitable azeotropes with the water—it 

was necessary to seek another solvent. Dioxane was chosen for 

this purpose, as it is a hygroscopic substance, forms an azeotrope 

with water boiling at 87* and is a good solvent for the hydrochlo¬ 

ride of the heterocycle. Accordingly, 1 gnu of the hydrochloride 

and 1 gm. of p-amino benzoic acid were refluxed together in 100 cc. 

of dried dioxane for one hour* The dioxane was mostly removed by 

slow distillation during 30 minutes. The residue, containing 

about 15 cc. of dioxane, ms chilled in ice and HCl. for 50 min¬ 

utes without any separation of a solid. Further attempts at puri¬ 

fication of the residue did not lead to the separation of the pur® 

ester, and this method was abandoned. 

The next method studied was that of preparation of the nitro 

ester and reduction* In order to establish a definite procedure 

without risking any of the now precious heterocycle, the preparation 

of the nitro ester was studied by means of a model compound, benzyl 

p-nitro benzoate. This compound was found to be prepared most suc¬ 

cessfully as follows; 
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Equimolar quantities of pure p-nitro benzoyl chloride and 

dry benzyl alcohol were refluxed together in a reasonable quan¬ 

tity of dry xylene for at least one hour# The xylene was then 

removed to a large extent by distillation, the residue was chilled 

in ice and HC1 and, on addition of a few drops of absolute alcohol 

a quantitative crop of benzyl p-nitro benzoate resulted# However, 

xylene would not do as a solvent for the hetrocyclic compound and 

so it was necessary to try out this reaction in the proper solvent 

such as dioxane, pyridine, etc, This same reaction run in (dry) 

dioxane resulted in hydrolysis of the p-nitro benzoyl chloride, 

due presumably to small traces of water removable only with dif¬ 

ficulty# The reaction In dry pyridine, however, was entirely suc¬ 

cessful? Equimolar quantities of the p-nitro benzoyl chloride and 

benzyl alcohol were refluxed in dry pyridine for 10-50 minutes. 

The reaction mixture was then poured into a large volume of \mtex 

and shaken thoroughly# The crude ester was collected on the Buech 

ner and re-crystallized by dissolving in toluene (about 5 ce, tol¬ 

uene per gra.* of ester) and chilling in ice and HCi, The addition 

of a little alcohol resulted in crystallization. 

The next problem in the sequence was the reduction of the 

ester. This was studied on the model prepared in the foregoing re 

actions* Since only inferred evidence was available on the sensi¬ 

tivity of the ester linkage in the heterocyclic ester, it was felt 

necessary to choose a mild reducing agent as a precaution. The 

benzyl p-nitro benzoate was found to be quantitatively reduced by 

the action of very dilute acetic acid and iron filings (16) and it 

was thus decided to try this method on the heterocyclic ester. 
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The first attempt to prepare the 4 (5) oxymethyl imidazyl 

p-nitro benzoate was unsuccessful. It was carried out as follows: 

2.8 gms of pure p-nitro benzoyl chloride were added to 60 cc. of 

pyridine (which had been dried by shaking for 15 minutes with KOH 

pellets and distilled). After the p-nitro benzoyl chloride was 

dissolved, 1.5 gms. of 4 (5) oxymethyl imidazole hydrochloride 

were added and after solution of the imidazole compound, the mix¬ 

ture was allowed to stand at room temperature overnight, in the 

hope that no splitting of the imidazol ring would occur under such 

conditions. In the morning the bottom of the flask was covered 

with light yellow starry clusters. The supernatant liquid was 

decanted and sodium carbonate solution was added to the residue 

in the flask, which promptly went into solution with some foaming, 

indicating that it was contaminated with pyridiniun chloride. 

Neutralization of the alkaline solution gave a precipitate of p- 

nitro benzoic acid. 

The next attempt was carried out by refluxing over a naked 

flame for a period of 30 minutes. As the refluxing progressed, 

the solution became cloudy and a dark tar separated on the bottom 

of the flask. The ester was obtained by vacuum distillation of the 

pyridine and taking up the solid materials left in the flask in 

water. The solution was then brought to the neutral point with 

sodium carbonate. The ester, which separated in feathery, faintly 

yellow needles, was collected on the Hirsch funnel, washed with a 

little distilled water and dried in the vacuum desiccator. Melting 

point m.105.8*—106.2*. The yield was 25/3 of the theory. Solubility 

tests carried out on this material showed it to be soluble in dilute 
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ocici. t* rodivw o 30 (u/f.on. 

hydrochloricA the compound turned to a dark brown color without 

solution being affected. About 50 milligrams of the ester were 

dissolved by the dropwise addition of hot alcohol. A slight ex¬ 

cess of concentrated HC1 was added to this alcoholic solution, 

followed by a few drops of ether. No hydrochloride separated im¬ 

mediately, but on chilling in ice and HC1, a shov?er of iridescent, 

creamy micro-needles came down. Melting point 193—194 « 

Preparation of further portions of the nitro ester was car¬ 

ried out by heating the reaction mixture on the steam bath for at 

least an hour, to insure a complete reaction. This measure resulted 

in the yield being Increased to around 50%. 

Remarks % 

1. All reagents and solvents must be of good quality and 

be dry, as hydrolysis of the p-nitro benzoyl chloride 

ensues easily if these precautions are not observed, 

8* All of the pyridine must be removed in vacuo by heating 

of the water bath at 80' until the solid contents of the 

flask appear dry. This is an essential precaution, since 

the resulting ester is soluble in pyridine, even when high¬ 

ly diluted with water, 

3, The addition of water and sodium carbonate is not criti¬ 

cal, as the ester is almost insoluble in water. However, 

the sodium carbonate should be added to a chilled solution 

to prevent any possible hydrolysis of the ester. 

The yield in this reaction should be quantitative, with proper 

precaution, unless some ring-splitting occurs. This is doubtful, 



as such a reaction would result in formation of a high-melting 

neutral compound and no such body could be isolated from any of 

the residues, The reason for the low yield recorded here is probab¬ 

ly unwitting hydrolysis of the p-nitro benzoyl chloride; at least 

a quantity of p-nitro benzoic acid equal to the molar difference 

between the practical yield of ester and the theoretical was re¬ 

covered from the alkaline filtrate from the ester on acidification. 

This is probably due to improper drying of the pyridine# This 

point was not ascertained because of lack of time and material. 

The first reducing medium tried was iron and dilute acetic 

acids 1 gm. of the nitro ester was added to 1 gm* of clean iron 

filings in 15 oo. of 5$ acetic acid and the whole allowed to stand 

on the steam bath for 50 minutes with occasional additions of water 

to keep the volume up to 15 ec* The solution was then filtered free 

from the residue of ferrous and ferric salts, and the filtrate was 

neutralized with sodium oarbonat©• The resulting precipitate was 

filtered off and extracted with alcohol, No ester could be obtained 

from this alcoholic extract by evaporating down and chilling. The 

residue left on the filter paper was also worked up in the hope that 

it might contain some of the amino ester, but it was entirely in¬ 

soluble In alcohol. 

A stronger reducing agent, tin and hydrochloric, was then tried 

and found successful. The procedure in detail is as follows! 0.615 

gras, of nit.ro-est.er was added to 55 cc* of concentrated HOI in a 

200 oc. flask fitted with an efficient stirrer and a thermometer. 

This was immersed in a water bath supplied with a stream of tap 
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water at 30, and the stirrer was started* The ester did not go 

into solution but remained on the surface of the acid. About O.S 

gms. of tin was added and at SO minute intervals more O.S gm#.por¬ 

tions were added until, after 8,5 hours, 1 gm. of tin had been added 

and the acid solution was completely clear. The temperature of the 

acid did not go above 32 , On chilling in ice, a large amount of 

a white granular substance settled out* This was filtered off and 

a portion of it was dissolved in a little water and treated with 

hydrogen sulphide* A dark brown precipitate of tin sulphide re¬ 

sulted and, after a few minutes, this material was filtered off 

and the filtrate was chilled and neutralised by adding dry sodium 

carbonate until the foaming subsided. The neutralized solution, 

bluo to litmus, remained clear. The original acid filtrate from 

this solid material was brought almost to the neutral point with 

concentrated ammonium hydroxide added dropwise to the well-stirred 

filtrate in the room temperature water bath* Addition of ammonium 

hydroxide was stopped when the point was reached at which the tin 

oxide precipitate was just re-dissolved. This solution was treated 

with hydrogen sulphide for 30 minutes and filtered free from stan¬ 

nous sulphide. The filtrate was chilled and dry sodium carbonate 

was added to the neutral point. A gray curdy precipitate resulted. 

This was filtered off, dried overnight in the desiccator, and taken 

up the next morning in a hot mixture of five cc, of chloroform and 

1 cc. of absolute alcohol. To this was added a very little bone 

char, and the solution was filtered on Ho. 50 Whatman. The filtrate 

was now chilled in ice and HG1, After a few minutes, feathery white 
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masses appeared in solution and were filtered off and washed with 

a little cold chloroform in which they appeared to be almost in¬ 

soluble. They were then dried in vacuo for SO minutes and the 

melting point then determined to be 148—149 . After standing 

for a week in the desiccator, the melting point rose to 153 . 

{This behavior was observed to b© general for thqse imidazole 

derivatives. In every instance, they seemed to give up the last 

traces of solvent only on long standing in a dry place.) The 

yield of ester was 0,2 gras, or 27>» of theory. 

The hydrochloride of the amino ester was then prepared as 

follows? About 15 milligrams of the dry ester were dissolved by 

dropwisa addition of hot alcohol and, after colling, was treated 

with five drops of concentrated hydrochloric acid (excess). The 

judicious drapvd.se addition of good ether to this, mixture gave a 

precipitate of fine granules of the hydrochloride. This was col¬ 

lected and dried in vacuo. Melting point 209,0 , It is not known 

for certain whether this salt is the mono- or dihydrochloride. 

Since an excess of HC1 was used, however, there is a good possi¬ 

bility of its being the dihydrochloride. 

The combustion values on the amino ester checked the calcu¬ 

lated , 
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