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FOREWORD

Urea forms crystalline complexes with n-alkanes and
their linear derivatives but nobt with most branched and
eyelic hydrocarbons and ﬁhéir derivatives. The compounds
are stable enousgh to be used in separating these types of

aliphatic compounds from thelr branched and cyclic analogs.

Linear esters derlved from normal saturatsd acids give
‘ad&uets as expected. Urea complexation was found to be of
great importance in the purification and separation of
ungatursted esters of high moleculor welght,
The object of the present research was to investigate

‘the compositions of urea adduets of various long=-chain
esters, &ppréaching the class of waxes, to btest varlous
methods of determining thelr compositions, and to determine
the suitability of the adduct method for purifying such

esters.,
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UREA AND UREA COMPLEXES

Urea, the dlamlde of carbonic acid, 1s a colorless,
erystalline compound; m.p. 1329 C., which was first isolated
from human urine in 1773 by H. M. Roulle. Wohler obtained
urea In 1828 by heating the lsomeric ammonium oyanate.

This was one of the sarllest preparations of an organic

compound from an inorgsanle source,

The propertles of urea, as is often th@vcase with low
molecular weight compounds, differ in some respects f rom
those of the higher molecular welght analogs, While other
amldes are elther neutral or weakly scidic, urea is somewhat
bBasle. The slngle carbonyl group ls not able to suppress
the baslc properties qf the two amino groups completely.

For thls reason, urea will form salts with various aclds
such as nitric acid and oxalic acid,

‘Bince early times urea has been known to form complexes
with certain oxides and salts., The most common complex-
forming oxides snd salts are those of mercury and silver,
Mercurlic oxide is known to form three distinet molecular
complexes: CO(NHp)o=HgO; CO(NHp)p-2Hz0; and CO(NHp),3Hgo;
while silver oxide has been found to form only one complex,
CO(NHp )p-3420. Many salts have been found to form these
coordination complexes, The most 1ﬁportant of these‘ara,

as & rule, salts of chromium, silver, and most of the

- alkaline earths. Silver nitrate, calcium nitrate, and




2
chromium chloride react with agueous solutlions of urea to
produce crystallina coﬁpl@xes having the following formilae:
0O (1) 5 * A0S, [commg ) él 5" Crly® 31,0, and
IFQ(NHBﬂ!¢_+Ca(N03)2 respectively,

This property has been used in many cases to alter

the physical or chemical charscteristics of the complexed

Vcompaunds; If caleium nitrate is complexed with urea, the
complex formed is no longer deliquescent and can be ussed
very sffectively as a fertilizer (C. Bosch, 1921),

The amlno groups seem to play the greatest role in
urea's inorganic complexes (Stoltzenberg, 1916). This can
be shown from'the fact that alkylated or acetylated ureas
have very little ability to form such compounds, Urea in
an aqueous saline solution reacts wiﬁh hydrogen peroxide to
form CQ(Nﬂg)g'NaCl'%ﬁgﬂgg bubt parabanlc acid‘and allantoin
do not form hydrogen peroxide addition compounds.

Ursa has the Interesting property of not only forming
complex compounds with inorgenic maberlals but also with
straight chain organic compounds. Urea-organic complexes
were flrst desceribed in a German patent application by
Bengen in 1940. This early work undsrwent further develop~
ment at the O@pau Laboratory of the former I. G. Farbenine
dustrle A, G.,. Attention was called to urea complexes or

adducts by recent publications (Bengen and Schlenk, 1949)
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| 3
(Zimmerschied, 1549) in Garmaﬁy as well as in this country.
1The$e'auth0rs have confirmed the essentlal features of
'Eéngen*s digcovery and have extended his observabtions in
& number of respeocts,

Bengen clalmed that & wide variety of linear compounds

with six or more carbons formed adduets with urea. He

bélievad~tﬁat.a small amount 6f ured solvent such as water,
5& a low molecular wéeight aleohol, acted s a catalyst or
activator for the reaction, Bengen also found that all of
the adducts could be decomposed into thelr constituents by
elther heating or btreating with large émounts of the urea
sélvenﬁ.

Many materials were investigated (Zimmerschied, 1949)

(Schiesnler, 1952) to determine the range of linear compounds

that form adducts. I[From these investipations it has been

found that only linear hydrocarbons, saturated or unsaturated,

formeﬂ‘urea complexes, Typleal hydrocarbons of the igo«
paraffin, cycloalkane, and aromatlic classes gave very little
v‘vaviﬁenae of adduct formation, In most of these cases a
qﬁalitativé precipitation method was used as evidence for
adduect fofmation. This method consisted of adding a few
drops of the hydrocarbon to a saturated solution of urea

in methanol, If the formation of & volumlnous precipitate

wag observed, a complex was considered to have been formed.



ZiMmarschiéd extended the work with n-alkanes by a
systematlc Investlgation of the effects upon the yleld of
adduct with time, temperature, and concentrations, Thls
investigation showed that the yleld of adduct increased
appreclably with time until the equilibrium yleld was

chtained. Tha;lbwaatmyiﬁldsggﬁ;@dduatmwer@_obtain@d;at

temperatures much above 250 €, due to the high temperature
instabillty of the adductsa, Tﬁa yleld of complex was
inereased considersably if‘the ébndéﬁﬁfationa of either the
urea or the reactant in the activator was Increased. The
upper limit of yleld was limited by the solubilities of
the urea and the hydrocarbon in the activaﬁor at 25° ¢,
Under cémparable conditions, Bengen (1940) snd Zimmerschied
(19,9} observaed that higher molecular weilght n#alkahes
gavévgreaber ylelda of adduct than the lower mambers‘of
the homologous series, This suggests increased stabllity
with c¢haln length. These results indlcsted c¢learly that

urea adducts are easily dlssocclated molecular compounds,

. Adducts of Hydrocarbon Derivativesa: Many derlvatives
of 11néarxef oceaslonally nonélinsar hydrocarbons are known
to form erystalline adducts of urea. Among these are
linear salkenes, alcohols, amides, aminas, nitrlles, halides,
ssters, ethers, and ketones (Bengen, 1949). Neither a

terminal double bond nor a terminal monocyclle group on a
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long chain prevents adduction (8chiessler, 1952). For
@xamplsx1~§henyl elcogane and 1 eyclch@xyi eicogane both
form crystalline.adﬁﬁcts at 25° ¢, Derivatives of slightly
brancﬁed alkaneé alse férm urea adducts 1T the chain 1s of

sufficlent length, The coritical lengths, the minimum

lengths vequired for the formation of a stable complex

from a branched alksane derivative, have not as yet been
determined since many of the key reactants are unobtéinable.

The action of urea on hydrocarbon derivatives is less
specific than the nearly exclusive. removal Qf n-alkanes from
hydrocarbon mixtures, The most slgnificant derivatives are
esters since the ester group seens very effectiva in enabling
singly branched chains to form adducts. Urea complexes were
obtained from methyl alkanolce acld esters of normal alcohols
or from normal acid esters of methyl alkanols, Largsr
groups (Zimm@rschied, 1949) such as . a phenyl group in the
acid portion of a normal alcohol ester prevented adduct

formation,

Similar Molecular Complexes: There is a close

resemblance of ures complexes to the "Choleic Acidé",

the name given to complexes qf hydrocarbons with desoxy-
cholic acid by Wieland and Sorge (Zimmerschiled, 1949). The
compounds formed with the aliphatic, monocarboxyllic acids

have recelved considerable study. Herzog and Kuriyame




| 6
studied the x-ray structure of stearic acid-cholelc acid,
.with the result that the 0rystal cell was found to occupy
only one-half of the minimum molecular volume as computed
Trom the molecuiar'weighh and the density of stearic acid-
octacholelic acld. The elght molecules of bile acld

(H. Sobotka, 193l1) are suggested to be arrvanged in_ two

[ S IR Y IR 3 I (S

tetrades around the upper aﬁd lower halfl of the steaﬁia
acld chain. This type of arrangement will be shown to be
analogous to the crystal structure of the ures complexes,

It has be@p found by Barrsr in 194l (Zimmarscﬁied,
1949) that certaln minerals such as chabagite, common
zeollite, and analcite'allow adsorption of linear alkanes
within thelr crystal lattlces while branched alkanes are
prevented from adsorptlon by thelr protrudihg methyl groups.

The sulphur analog of urea, thiourea, has also been
found to form complexes with a few compact hydrocarbons
(Redlich, 1950) (Schiessler, 1952). Linear alkanes or
their darivaﬁivas do not form stable complexes with thioures.
Howsver, some highly branched alkanes such as 2, 2, Q tri-
.m@ﬁhyl pentane, iscoetane, do adduet with thiourea. The
Stabiliti@s of thiourea adducts have besen found to bé lower
than most of the adducts of urea, Schlessler determined
that the molecular dimensions of the resctant must be
smaller than 5.8 X 6.8 £ in order to form a stable thlourea

adduct,
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Structure of Urea Adducts: Urea adducts ceannot be

congidered saltlike chemical combinations involving the
weakly basic properties of urea in molecular combination
with the linear reactants bahaviﬁg as aclds, because com-

pounds of widely differing acidity would not be expected

tnfpnpdugaga;s@ri@sfaffsaehgsimilargcamplexesf—
The inclusion of extraneous mcleculés in & moleculsr
crysﬁal usually greatly impalre its stability (H@dliéh,
1950}, Strong intermolecular forces, howavar,-furnish a
good opportunity for building into the crystal various
moleenles which by themselves do not appreclably contribute
to the stabllity. The crystal structure of urea has
received great attention (W. Schlenk Jr,, 19%0), and in-
dicates that 1t may be possible for n-alkyl chalns, to
penetrate the lattice. By x-ray investigation of the
crystal structure of urea complexes, sufficient data were
~obtained bo give a good idea of the molecular configura-
:tion. Powder patterns were taken of urea complexes of

010 - C;O_hydrocarbona with various straight-chain alecohols,

acids and esters (A, E. Bmith, 1950). All of these adducts
gave essentlally the same patterns. By Interpretation of
these patterns, it was found that the ures molecules form
aplrals with the hydrocarbon molecules situatad ai the

center, The ures channel in which the hydrocarbon is held
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8
has a dismeter of about 5,5 to 63“,» Spirals of the hydrogen
bonds between the 0 and the NHp, groups of édjacenﬁ urea
molecules account largely for the stability of the structure.

These urea adduets are definitely not adsorption pro=-

ducts (W, Schlenk Jr., 1949) since on evacuation of the less

stable adduets the vapor prossure remains constant until
complete dissocliatlion has occourred,

Considerable amounts of urea are requirvaed for adduct
formation., Determinations of the number of urea molecules
reacting with n-alkanes have been carried out by several
methods, The compositlon of the complexes as a functlon of
chain length was caleulated (A. E. Smith, 1950) making use
of x-ray data, The urea-carbon atom rétio is'apprqximately
aqual to [o‘&qag(n~1) + 2,18]/h where n is the number of
carbon atoms In the stralght chain of the adduct-forming
alkane,

Bimmerachied used & calorimetric method to determine
this urea per carbon atom, ratio. His method involved the
addition of sucoessive small portiona-of hydréearbon to a

mixturé of urea and mathanél.until the temperature ceased
to riaQ‘ Plotting of the temperature readinpgs against the
moles of alkane added gave curves from which the moles of
n-alkane ra&&ﬁed could be astimaﬁed,from the point of interw
section of the lines of extrapolatlion of the Initial ratbe

of tamperature rise and the final tempsrature level,
+
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Reliable results were also obtained (Redlich, 1950) by

determining the concentration changes in a welghed amount of
an unsaturated solution of urea when a welghed amount of
reactant was added to the urea solution. From the changes

of the concentration of the urea solutlon, the ratlo was

. determined for a great mény linear alinhs

€ttt w2 B3R e 1S 0O G (2 210 &
(1 hel o [ ]

The greatest disadvantage of this method is that complete
reaetion is not usually obtained for one or two days at
room temperature,

Separation (Redlich, 19%0) of the complex from the -
”mother liquor, washing, and analysis wes found in many cases

to lead to erratic results. Zimmerschied found that good

RS W“EIIW'H‘!‘!I!? [ERMTREE

results were obtainable with urea adducts of the longeyx
n-alkanss because of thelr graatar‘stability.
All of these methods have found that there 18 no

simple molecular ratio of urea to carbon atom., The more

e

precise determination for n~alkanes indicate & value nsar
.75 (Zimmerschied, 1950).

Many of the lnvestigators (Redlich, 1950), (Zimmerschied,
1950), (W, Schlenk, 1949}, have noticed that a solution of |

LT e TR

Tl

normal alkane besocomes considersably warmer on adding urea,

-~ The magnitude of this heat effect has been determined In a

M | I T P I

number of different ways. Zimmerschisd measured the o H's

.
T

calorimetrically in a small adiabaetic calorimeter, His
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roported results wara'rapraducibla to ¥.5 kg.~cal, The
resulte obtalned by this method have been found to be too
small in most instances, (Redlich, 1950), This can be
explained by the fact that the ﬁe&@ﬁiﬁn gsannot be sxpeoted

to go bto completion in less than a few hours time which

leads to pather serilous heat logses., Redlieh

an expression for an equilibrium constant could be set up
and used to determine the heats of formation. The equili-
bridum constant was delined asg belng equal to the mole
fraction of the resetant in & solutlion which 1s in equili-
brium with the complex and solid urea. This was expressed
by K = ar,aﬁ for the resction;

Complex o> Heactant 4 w.Ursa
where 2y 1s the agbivity of the reactant and &y is the
activity of the wrea, Hquilibrium was established bebween
the pure reactant, and agueous ures solution, and the complex.
“The concentration of the urea was determined, and the con-
gtant was given by the urea actlivity and the molal ratio n
ainaa &, was equal to one, The heats of formation were than ‘
determined by making use of the temperature dependence of
the equilibrium constant. The complexes form with the
evolution of about 1.6 kg.wﬁal.'par methylene group in the

linear hydrocarbon chain.

I3
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The heat evolved during adduct formation may be looked

FHID B A S

up@n as the resultant of two separate processes (Zlmuer-

i

schied, 1950) one large &nd exothermic, and the other
smaller and sndothermic, The exothermic process 18 very

similar to a physical adsorption process, although adduction

adsorption on a surface, The endothermlc process includss
the energy necessary to distort the urea lattlce, All

x-rey evidence Indicates that these urea ocrystals are -
rather severely dlstorted. It may be concluded from this -

that erystals allowiﬁg penetration of hydrocarbon moleocules

with less distortion would allow adduction with other than

O v 1T BT

n«alkane molecules, but crystals more dlifficult to distort

than urea would not permit adduction at all,

Applications of Uprea Adducts: Hven the sarliest

reports gave indlcations of many of the possible applica-

10

tions of urea complexes (Bengen, 1949) (W. Schlenk Jr,,
"1949). These reports indicated that normal compounds

could be geparated from branched compounds, This bype of

Tl e T YA |

separation has wide potentiality especlally in petroleum

Wb

teohnology, Zimmerschied has shown that urea adduction

T N

can be used as a means of not only separating unbranched

R

hydrocarbons from complex petroleum fractions but also as
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a means of fractionating the n»alkanes-by nolecular weight.
This is possible because of the grsater stabiiity of the
long-chain hydrocarbon adducts,

More recent work has given many.naw applications of
the urea éomplexaa to organic chemistry. The urea complexes
QﬁgﬂfS@?iesﬁeﬁ—aafﬂr“wag dnd—unsaturated Tatty acids were
prepared and studied (H, $chlenk, 1950), By repeated come
plexations a saparatiaﬁ could be achieved betwesn these
fatby aclds, }Schl&hk also found that bhe gsolld complexes
of the unsaturated fatty acids did not develop the charsc-
teristic odor of rancldity upon standing in alr. This
phenomenon was sccounted for by the fact that the fatty
acid molecules occupy & restricted spasce within the crystal
lattice, The lattice probably offers a barrier against the
free penetration of oxygen, and the restricted space within
the lattice is too small to permit the formation of a

peroxide If the oxygen were Lo penetrate, Apparently, then,

- easlly oxldized, unsaturaﬁad'compounds are protected agalinst

auboxidation when in the form of the urea complex,
Urea adduet formatlon was also used Lo separate mon-

omeric vinyl esters from mixtures containing monomer, poly-

mer, inhibitor, and other unknown impurities (Swern, 1952).

This indicates that ures adduction may be useful in a

(1 { u‘. ‘HZlLH.l.‘
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varlety of pol&mer;gation and preparation investigatlions
involving monomergfwhiéh econtain long chains,

_Alllof thesa newer‘develégmenta using urea as a
separating device have dealt malnly with fatby aclids or
their esters. These investipators have been satisfied to

deal with only the fatty esters having an'&lcahalic portion

o e il

shorter than three carbons in length. This fact brings
@bout the question as to whether all the propertles of the
| 1bng chain, €318 to G5Q, hydrocarbon adducts are analogous

in all respects to those of esters approaching the class

of waxes., Since there was such meager information avallable
econcerning the nature and composition of the urea complexes
of fatty esters, the major portion of thls ressarch was to
determine the compositions of the adducts of the easters of
a typlcal fatby acid, namely stearic acid. This information
may provide some insight inbto the applicabllity of urea
adduction to esters of high molecular welght.

FRRIE |kl L e

AT



PREPARATION OF INTERMEDIATES

Purificatlon of stesaric acid. In the preparation

of & series of esters of a typlical fatty acid, it i
desirable to choose an acld which 1s readlly available snd
easy to purify. Because stearic acld meets these regquire-

ments, 1t was chosen for use 1n this regsirch.

l!. - { loidl s } .4‘. ,‘H..l [1‘[.‘ i

The purification of U.8,P, grade stesric acld was
found to be necessury because of the presence of some
unsaturated substances such as oleilc acid. Purilication was
carrlied out by repeated crystallizations from benzene using
the following procedure,  About LJ0OO grams of the U,8.F, acid
wore placed in & one liter beaker. and heated pgradually to
150°C., at which btemperature most of the volatile impurities
had veaporized. The melt wasg cooled to 75°C, and 500 mls, of
benzene were added. The socolutlion was heated to bolling and
20 grans of deselorizing charcoal were added to remove the

brownish~yellow color of the solution, While atill hot, the

o 1 « - i " - -
gsolution was {iltered through & hesbted Puchner [Tunnel, White

platelets of stearic acid crystallized upon slow cooling to
room temperature, These crystals were sepurated from the
mother liguor by filtration and allowed to dey in the alrp,

Thisg procedure was repeated until a solution of the recrys-

tallized acid Iin ecarbon t@trachloﬁid@ did not pive a resnction

with a solution of bromine in carbon tetrachloride. The

obgerved melting point of the recrystallized acid was 6890,
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THE PREPARATION OF ESTERS BY
DIRECT BSTERIFICATION

Nearly all of the stearic acid esters used were
prepared by direct eaterification, l.e. the reactlon of an

aleohol with an acid at various temperatures and pressures,

employing varlous catalystbs. Varimua.conﬁiderﬁtigga had to
be given to these esterifications in order that an ester
relatively free from unchanged acid would be obtained before
highe-vacuun, ffactional distillation was carrled out, Hsteri-
fieation reactlions of this type are definltely reversibls
and reach equilibrium when & certain percentage of ester
has been pfoduaed {(Grogains, 1947). To complete an esteriw
fiecation, the water is removed as {sst ag 1t 1s formed in
order to remove one bf the reactants involved in the reverse
reaction.s To esterifly a rélatively non~volatile aeid, such
as gtearic acld, with an alechol of low moleculor welght,
a large @iceaﬁ'of the aleabml can be used and is distlilled
of f during the.proassa¢ This carries the walter over as it
is formed allowling the reaction to go toe completion, Host
of the alcohols above methanol in the aliphatic series form
binary azeotropes with watepr, allowing bthese alcohols to be
used very efficlently in this type of esterification.

In many instances continued high~tswperature relluxing

cauges conslderable decomposition of the reacting subsbances.

E
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In such cases the addition of a liquid such as benzene,
toluene, chloroform, or carbon tetrachloride assistg in
the vemoval of the water from the reaction by forming
azaatvopes of relatively low bolling peint; thus lowering
the temperature at which the reflux acfion takes p]aéa pro-

venting seriwus decomposition. Since the rate of the

reaction 1s slower at this lower temperature, the reaction
time must be Incrsased accordingly.

The rate of ssterification may be considerably in-
creased by the addition of a atrong acid, such as &uiphuric
acid or hydrochloriec acld., The acceleration las due to the
hydrogen ions present in the reactling mixture, The esteri-
Pleations carried out in thils research indiéaﬁed that
sulvhuric acld was nob gatisfactory as & cabalyst because

2]

of the large amount of decompeositlion products and sulphur
eompoundﬂ that were present to sontaminate the produact.
These difficulties were overcome by the use of & ‘golution
of anhydrous hydrogen chlcride in benzene, acetyl chloride,
or p-tolusnsulphonle acid as catalysts In these reactions.
The azeotropic disﬁill&timns were carried out ab
atmospheric pressure uslng appropriate fractionating columns
(Todd, 1945) for higher efficiency. For low-boiling azeo-
tropes a 120 cm. X 20 mm. column was employed; for highe
boiling amecotropes a 50 em. X 20 mm., Vigreux column we

uged, All of the column heads were of the total refllux,
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variable teke-off variety. The packing of the 120 cu.
column consisted of a mixture of one, two, and three-turn
glass helices and were rated at about three centimeters
pey theorsetical plabe at total reflux,

The esters obtalned alter azeotrople distillation

&

wore dlatllled to remove the exeess alcohols present
pressure of about 20 mm, to 40 mm, of Hg, obtained with an
ordinary wabter aspirator, The resuliing impure esters were
tramsfepred to the still pot of & 100 em, X 12 mm. high-

vacuum fraectionation column (Podbielniak, 193L)., The column

‘packing congisted of a nichrome wire spiral with an open core,

and was externally heated to permlt adiabatic operation
ranging from room temperaturces up to 25000. The still head
was of the partlal reflux varlety using external heating to

permit varlations in the rate of take off.

Methyl stearate., About 500 mls. of methyl aleohol

were mixed with 150 gms. of recrysballized stesrie acid in
a liter Erlenmeyern flask. Aboubt 2 mls. of acetyl chloride
(Fréﬁdenberg, 19L1) were added to the mixture with cénstant
agitation:far a perlod of 30 minutes. The reactants were
allowed to stand at room temperature for at least 2l hours,
During this time tha’mixtur@>0f g0lid and liquid changed to
a ligquid-~liguid mixture signifyinw that a preaction had

taken place, This method of preparation was chosen since
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vory littla}deoompositien'was noticed and because of the
high yields obtainable without azectropic distillation, due
to the high reactivity of the methanol,

The impure ester obtained after vacuum distillablon
to remove all of the methyl alcochol was fractionated twice
in the Podbielnlak column at a pressuprs of 2 wmm, of He, The
methyl stearate fractian'wés taken off at a head temperature
of 17h°0, and a mean jackst temperature of 180°C. Since the
purlty of the}est@r wag considered to be more important than
high yields, only the middle fraction was retalined for
adduction,

. The preparation of methyl sbtearats by the reaction
of steroyl chloride and methuancl was considered because of
the high ylelds obtainable, but this method was discarded
due to the possibility of introducing Impurities in the form
éf sulphur compounds resulting from the use of thionyl

chloride in the preparation of the acid chloride,

Bthyl stearate, Due to the decyeased rate and the

‘decreased yield in the esterification of stearic acid with

aleohols above methanol in the aliphatlc series, a long

period of refluxing and a simllar long period of azeotropic
distillation must be used to insure a satisfactory yield of
pure ester, For the preparation of ethyl stearate 150 pms,

of stearie acid was dissolved in 500 mls. of absolute
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‘ethanol, and 20 mls, of benzens saturated with hydrogen
chlorlde were added to the resulting solution in the still
pot of the 120 cm. hellx-packed column and refluxed totally
for a period of five hours, The ternary azeotrope of water,
bengene, and ethanol, B.P, 64.4°C,, was then taken off at a

rate of one to two mls, per minute, which is slow enough to

prevent a disturbance of the equllibrium in the column,
During this distillation 1% was necossary to add sufliclent

dry benzene to allow complete removal of the water. When

~_all of the stearic acid had been esterified, the tempsrature

of the still head vrose to 67.89C., the boiling point of the
binary4azeetrop@ of bengene and etlanol., The distillation
was continued until maét of the remalining ethanol was re-
moved. The remalining ethanol was compistely removed by
distillation at 20 wma. to 30 mwm. of Hg. The impure ester
wag then fractionabed in the Podblelniak column fopr purity

rather than for yleld as in the case of all the estors used

in this research, The yield was taken off at & head tempera-

ture of 161°C,, a jacket temperature of 176°¢., and a

pressure of 2 mm., of Hg,
1— ¥

n=-Propyl stearate. This sster was prepared by the

same method and technigue &as used in the preparation of the

ethyl ester,
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The azeotropes used were n-propyl alcochol, benzense,
and water (B.P, 68.3°C,); n-propyl alecohol and bengzene
(B.P. 77.1°C.).
The yield was taken at a head temperaturs of 161°C,,

a jacket temperature of 176°C,, and a pressure of 2 ma, of Hg,
1 I 2

Isopropyl stearate. Isopropyl stearate was prepared

vusing the process described in the preparation of ethyl
stearate, but the period of refluxation was increased to
allow Tor the decrsassd raaeti?ity of thé'élcohol.
Thevaz@etyapas uged wers isaprapyl alechbl, bensene,
and wator (B.P, 66,5°C,); isopro@yl alcoh01; and benzene
(B.P. 71.9%C.).
The yield was baken at a head temperature of 1559¢,,

a jacket temperature of 166°9C., and a pressure of 2 mm. of Hg,

n-Butyl stearate, The same method of preparabtion was

used here a8 in the cage of ethyl sﬁearate, but no benzenas,
Othér than the catalyst solubtion, was added to lform & ternary
ageotrope because the binary aZ@otrcpe of n-butyl alecohol
snd water, B.P., 92,4°%C., was entirely satisfactory.

The yleld was taken at & head temperabure of 1A50C,,
a jacket bemperature of i?ZOG,, and & pressure of 2 mm. of

Heg
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Isobutyl stearate, This preparsation was identical

with that of n-bubyl stearate,
The azeotrope used was isobutyl aleohol and wabter
(B.P. 90.0°C.). |

The yileld was taken abt. a head temperature of 170°C.,

& jacket temperature of 181°C., and a yressure of 2 mm. of Heo. .

n-Amyl stearate., Thils esterification was carried out

as describsd above except that it was necessary to use .2 pm.
of petolusnesulphonic acld instead of the hydrogen chloride

&s & cabtalyst bascause of the volatllity of the hydrogen

1t ehloride at the rellux temperabturs used.

The azsobtrope used was n~amy1.alcoh01 and wabey
(B.Pe 96,0°C.).

The yield was taken at a head temperature of 1759C.,
a jacket temperature of 190°C., and a pressure of 1 mm. to.

2 mm. of Hg,

n-Hexyl stearate., The preparation of n-hexyl

staaréte usad the same procedure employed in the preparation
of'n«amyl stearate,

The areotrops used was n-hexyl alcohol and water
(BaPy 97.8%C.),

The yield was taken at a head temperature of 1859(,,
a jacket btemperature of 200°¢., and a pressure of 1.0 mum,

to 1.5 mm. of Ha
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néﬁeptyl stearate. The preparation of n-heptyl
stearate used the procedur@ employed in the preparation
of n-amyl stearate,

The azeotrope used was n-heptyl alcohol and wabter
(B.P. 98.7°C.).

The yield was taken at a head femperature of 19,°C.,

8 jacket temperature of 205°C., and a pressure of 1.0 mnm,

bo 15 mm, of Hg,

n«Qetyl stearate. The preparation of n-cetyl

stearate used the procedure employed in the preparation
of n-amyl stearate,

The azeotrope used was n-octyl alcohol and ﬁater
(B,P. 99-&60.)ov |

The yield was taken at a head temperature of 197°C.,
& jacket temperature of 214°C., and a pressure of 1,0 wnm,

to q":',; mrm, of Hf’;u

Sec. Octyl stearate. The preparation of sec. oclbyl
stearate used the same procedure employed in the preparation

of n-amyl steuarste.

The yield was taken at a head temperature of 198-201°¢.,

a jacket temperature of 216°C,, and a pressure of 1.5 mm. to

1 mm. of Hg.
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Ochadecyl steasrate. Octadecyl slearate was prepaped

by the procedure employed in the preparation of n-amyl
gtearate, but the refluxing was replaced by a 100-hour
heating period in a 120°C. oll bath., After 48 hours of

heating, water droplets accumulated on the bottom of the

reaction flask and gradually formed a distinet, thin layer.

This waber was removed by ageotropic distillation using

benzene, The excess octadsceyl aleochel and stearic acid was
removed by distlillation in the Podbielniak column until the
head temperature was at least 210°¢. The impure octadecyl

gtearate remaining in the still pot was purified by de-

polorizing charcoal in a hot, benzene solution, After

allowing the hot polution to cool slowly, platelsts of

the esber, M,P. 62°¢., were found in guantity .

THE PREPARATION OF H3TERS FROM A

METAL SALT AND AN ALKYL BALIDE

If a metal salt of & carboxylic acld is heated with
an alkyl halide, the alkyl group substitutes for the metal
thus forming an ester. The formation of the metal hallde
by~produet ig very importaent from the energy standpoint,
Thermodynamically this type of reuctlion may be regarded as
a synthesis o the metal halide, since the intense alfinilty
of the metal &snd the halide for each other is the driving

force that causes the reactiong to go to completion., The
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yield of the metal salt is quantitatively complete; the
other parﬁs'of the ariginai molecules may combine to form
the estoer, or they may noti: This type of reéctian i8 use-
ful when the alkyl halide is more readily available than
the correspomdiﬁg aleohol or when tha pster 1&g diffieunlt

to obtain by direct esterification.

Pl fd

Benuyl stearate, 4bout 150 gms. of sodium sbeapate

and 200 wls, of benzyl chloride were placed in a frlenmeyer

flask ground to it an appropriate condenser. UYhe reactants
were.heat@d in an‘ail bath at 120 0. for at least 100 hours.
During this time what appeared to be sodium chloride de=-
positadlan the bottom of the fi&ak. The c¢rude benayl
gstearate and excess benzgyl chlorid® war@vdaeanted from the
salt cake into a 500 wml. Clalgen flask. The ester was
purified by vacuum distillation at & pressure of 20 mm.

of Hz. The residue was then fractionated in the Fodbislulak
column at a pressure of .5 mm, to 1 mm, of Hg. The yield

was taken at a head temper&turé of 205°C, and a jacket

‘temperature of 233°C.

Bthylens glycol distearste. For the preparvation of

ethylene glycol dlstearate 250 mls. of ethylene dibromide
were refluxed with 100 gms, of sodium stearate for at least
100 hours. The mixture of ethylene glyeol monostearato,

athylene glycol dlstearate, and ethylene dibromide was first

é
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fractionally distilled to remove the ethylene dibromide,

golusn to remove any ethylene glycol, ethylene glyeol
monostearate, and stearic acid which might be opresent. The

resulting resldue was dissolved in hot benzene and treated

twlece with decolorizing charcoal, White platelets having

the M.P, 7790. were formed upon cooling.

Cyelohexyl stearate, Cyeclohexyl stearate was found

to be extremely dirfficult to prepare by direct esterifica.
tion. In the presence of sulphurle acld or p=toluenegulphonic
acld, eoyclohexanol dehydrates easily to yield cyclohexeme,

but in the presence of hydrogen chloride eyclohexyl chloride
is formed. The best yleld of ecyclohexyl stearate was obe |
tained by the reaction of sodium gtearate with eyelohexyl
bromide. This preparation was carried out in the sume

manner as in the preparation of benzyl steaprate, The yield

wag baken 8t 5 mm. to 1.0 mm. of Hp, head tempersature of

- 192°¢,, and a jacket temperature of 205°C,

THE PREPARATION OF URHA ADDUCTS

OF THE STHARATHS

About 200 mls. of a saturated solution of C,P. urea
in methanol were pipetted into a 250 ec. Erlenmeyer {lask

fitted with a ground-glass stopper. A sclution of at least
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20 pms, of the ester in 2,2,4 triéethyl pentane, isovcbane,
was added to the urea solubtion. The resulting mixture was
ghaken vigorously for sbout 10 minutes and the stoppered
flask was allowed to stand for at least 12 hours. After

this reaction pericd, the voluminous, white precipltate of

the urea adduct was removed from the mother liguor by suctlon

Tiltration 1n a very dey B&chnar famel, The adduct wag
washed with three to four #5 ml, porbions of anhydrous iso-
ccetane to romove any occluded reactant, The fine, crystal-
line adduct was trangferred to & pyrex crystallization dish
and vacuum dried &t room temperature to remove the remaining

iscoctane.
THE COMPOSITION OF THE ADDUCTS

Hydrolytic decomposition. The adduct obtained in

the above procedure was drled to constant weight at a
pressure of 2 wmm. of Hg to aszsure complete removal of the
iscoctbane wash liguid, Three nsarly equal amounts of the
adduct were wéighéd into dry, 12% ml, separabory funnels,
free of stopeock grease, These samples were then decomposed
by the addition of 100 ml. of distilled waber which was ab
room temperaturs, The time requiéed for this decomposition
vapied from 15 minutes to &n hour, depending on the charace
ter of the adduect. Bxtraction of the stearates from the

agueous urea solubtlion was garried out using at least three
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20 ml, portions of petroleum ether, These combined extraée
tions were evaporated in welighed crystalligation dishes on
a 90°¢, hot plate, The erystalllzation dishes and contents
were then vacuum dried 8t 2 mm, of Hg pressure to ramove any

remaining petroleum ether until constant welght was obtalnsd.

In the csase of the hicher meolecular weicht esters, octadeeyl

- and ethylene glyeol stearabes, benzene was ussed as the ex-

tracting ﬁedium. This chunge was necessary because of the
low solublility of the egters in a low-bolling, non-aromatic
solvent like petrolewn ether.'

from the welerht of the ester and the welght of the
adduet the mole ratlios of urea to ester ware compubted and

appear In table I, (page 28).

Calorimetyic d@términatiom of the compéﬁitian of the
adduets. To éﬁrva as a cheel on the composition ol the
adduects as debtermined by hydralytic decomposition, bhe
c&lcrimetfie titration (Zimmerschied, 1949} of reactant
with & urea solution Qas attempted, A‘weighed sumple of
urea dissolved in methanol was placed in the calorimeber
cup of & Cenco calorimeter, Cat. NWo. 7804L. A weighed
sémple of the stearate was dissolved and made up to volume
in & 50 ml, volumetric flask using anhydrous lsooctane &s
the diluent. The calorimeter cup was equipped with a

mechanical stivrer and a Beckman thermomebter, Alter the
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TABLE I

COMPOSITIONS OF THE ADDUCTS OF -
- THE ESTERS OF STHEARIC ACID Z

Mean Standard Number Molew-ratio
Stearates nole - Deviation~ carbons in ‘
3ok Number of
ratios eater carbongs —
Methyl 15,17 Ll 19 798 -
Thhyl 15,92 ] 20 196 |
n-Fropyl 16.73 * .1 21 « 7196 7
n-Butyl 17.45 ML 22 793
e Amy 1 18,10 g 23 S8
n-Hexyl 18.85 ta 2l B 7.
n-Heptyl 19.60 a 25 78l T
n~0otyl 20.61 -1 26 791 1
Isopropyl  16.01 tae 2 761 =
Isobutyl 16,60 e 22 .75, -
Sec-Octyl 20430 - .2 26 .780 B
, 4 * S" + | ¥ E
. B@nﬁyl 19 w;ﬁ) - 2 d 25 07 70 =
Oyelohexyl  18.97 . 2l <791 "

§ T

1 Méie ratlo of urea to ester in the urea complex,

FI s 1T il

2 ppproximate standard deviation of four resulbs.

3 Mole-ratio divided by the number of carbons in
the ester,
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calorimeter and its contents cume to thermal equilibrium,
the stearate solutiocn was added in .5 ml. portions, The
i@quilibrium temperatures were noted after esch addition
and were plobted againat the volums of stesrate solution
added., A maximpum tempoerature was reached as the reaction

came to an end. On extrapolation of the linear rise and

the plateau obtalned on‘camplwtion of the titration, the
mole ratlos of urea to ester were computed., These titra-
tions were performed using n-propyl stearate, n-butyl
stearate, and nehexyl stearate as reactants. The preclsion
of the messurements of the mole ratios obtained by this
mgthcﬁ wag 8o poor that the results were meuaningless. The
slowness of the peaction, hesat loges, and Insulfficient

. stirring were the major reasons lor the fallure of this

calorimetric determination,

Decomposition by moleculur distillation. Bengen

(19540} reported that ures adducts could be é@composad by
destructive diatill&tion, but he pave nbvapaaific directions
for this method of decomposition, Since the calopinetric
titration falled to give any added information, 1t was de-

eided to attemnt Lo determine the composition of the adducts

by separation of the stesrate and urea by destructlive dlstil-~

lation., This distillation was performed in a wmolecular,
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pot still (Weissberger, 1951) of the Lanzl variety, which
was constructed in the laboratory for this specific purpose.

The decompositions of the complexes of isopropyl
stearate, n-propyl stesrate, and n-octyl stearate were
carried out in the following maenner, A welghed 5 to 7 gram

sample of the complex was placed in the Lanzl still and

evacuated to a pressure of 10--3 mm, of Hg wilth no refrigerant
in the condenser. This oubtgassing period required about two
to three hours. A mixture of dpry ice and acetons was placed
in the cold~finger condenser of the still, and evacuation
was contlinued untll & pressure of 10-5 mm. of Hg Wwas
attalined, the process requiring approximately two hours.

An oill bath at 100°¢, was raised under the still until the
oll covered about an ineh of the etill pot, After wmolecular
distillation for four to five hours at 5 X 10-5 wmm, of Heg,
the still was opened and an analysis of the distillate and
8t1ill pot residue showed that the condensate consisted of

a urea-ester mixture, 5 to 20% urea and 80 to 95% enter,
while the stlll pot contained some unchanged adduet, urea,
and traces of bluret. These results testify as to the
stabllity of these adducts under the above conditlons, which
makes molecular dlstillabion unsatisfactory as a method of

enalyzing thelr composition.
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QUALITATIVE OBSERVATIONS

It was observed in the case of lsopropyl stearate,
as well as a few other stearates, that the cake of adduct
obtained from the filtration and washing procedure was not

a compact mass of cryatals but wag £illed with minute holes

that had aontained droplets of unreacted esater. This oc-
clusion of ester in the adduct made the precision of the
ratios of ester to urea quive low. It was found necessary
to inerease the reaction time to about 48 hours to give
more opportunity for reaction of the occluded reactants,
This gave & better crystalline adduct and aided in the re-
moval of the excess reactant,

The use of various aleohols as asctivators such as
ethancl, n-propanol, isonropancl, and isobutanol gave good
results for all of the esters, but due to the low solubility
~of urea in these alcohols, the ylelds of the adducts were
much smaller, The mole~ratios of the adducts obtained by
the use of activators other than methanol were in aomplate
agreement with those appearing in table I,

The addvets of n~octadecyl stearate énd othylene
glycol digtearate were found to be contaminated with varying
amounts of urea glving results between 80 and 110 moles of
urea per mole of ester. The values should be between 28

and 30 moles of urea per mole of ester as calculated using
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the value of .79 moles of ures per carbon atowm in the ester.

These results indicate that a different method of prepasration

of the pure adducts is necessary in the case of the longer
chaln esters, 36 carbons in thils case.
All of the esters recovered from the adducts after

decomposition showed a high degree of purity. The faoavared
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esters erystallized very readily, had good crystal form, and
a;a¢ had good bolling ranges, which are indicative 6f nure
compounds, To show that Impure esters could be somewhat
pupified by the urea process, n-heptyl stearate was heated
until slight decomposition oceurred as shown by the dark
color that developed in the ester. The impure ester was
adducted in the normél manner and upon decomposition of the
adduct gave & colorless yleld of n-heptyl stearate of high
purity ag evidenced by crystal structure and bolling range,
The rates of hydrolytic decomposition of the adducts
were not accurately determined beceause of the difficﬁlty in
determining the completeness of the hydrolysis. WNearly all
‘ cf the adducts required about 20 minutes for complete
bydfmlysis, but isopropyl stearate and benzyl stearate
required only about 5 minutes for complete hydrolysis indi-

cating a lower degree of stabllity.
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DISCUSSION OF RESULTS

The linsar esters of stearic acid from methyl to
n-petyl gave 8 mean value of ,791 moles of ureés pef carbon
atom which was in Qlosevagpﬁément with Zimmerschled's (1950)

value of .75 moles of urea per carbon gtom Iin the case of

linear hydrocarbons. The difference between the two values
can be explained by the fact thaﬁ the ester chain is aotually
one oxygen atom longer than the corresponding hydrocarbon
with the same number of carbons, This oxygen atom does not
contribute the same adductian value és the methylene groups
on the chain, perhaps due to the effect of the adjacent
carbonyl group. The effect of the non<carbonyl oxygen seemé
~to be somewhat nullified by any methyl side chains present
‘on the ester as ls shown by the mean value of ;76§”mdles of
urea per carbon for all of the iso~sgters having ona.methyi
side chain,

The.fermation of stable adducts of benzyl stearate
and cyelohexyl stearate Indlcate that linear substitutlons
on the alecoholic portion of the esters by cyclic or armmatic
reasidues having less than the maximum allowsble dlamster,
6&”, do not interfere with the formation of the urea
complexes.

In the ease of substituted phenyl or.cyclohexyl
compounds the length of the side chain 1is evidently importent.

Benzene and eyclohexane do not form adducts, but lephenyl
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elcosane and l-gyclohexyl elcosane give good qualitative

adduction tests (Schiessler, 1952)., The minimum side=~chain T

lengbth required for adduction has as yet not been debtermined, T
but this reseurch shows that a side-chain length of 18 ecarbons
is definitely above the minimam carbons required,.

The formation of urea complexes of esters of high

moleéular welght is compllcated by several unaveldable

difficulties. Due to the low solubility of the esters in
the activators used, the reaction occurred chiefly between
the components in the two ligquid phases and consequently was —
very slow, The esters were occluded in a few of the adducts S

to such & high degree that sven with repeated extractive

washings the mole ratlos obtained upon decomposibion did

‘not have good precision,
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SUMM ARY

A serles of esters of stesric acld wére prepared and
were sub jected to urea adduction., In every case & solid
complex was formed whose composition was determined by

 hydrolytic decomposition and subsequent apalysis, A

colorimetric titration was tried but did not give valid
résults. The edduets could not be guantitatively decomposed
by molecular distillation at a pressure of 10-2 mn. of Heg.
The mole ratioz found in this lsboratory foilow closely the
values glven by Zimmerschied for linear hydrocarbons.

Aromatically substlituted linear esters give stable
adduets, but appear to be mére readily hydrolyzed than the
other adductg prepared, The mole ratios of the high mole-
cular weight ester adducts, the adducts of octadecyl stearate
and ethylene glycol distearate, were not attainable due to
the lack of a proper activator or diluent for use in the
complexation reaétiwn.

The preparation of quite pure stearates by hydrolysis
“of the ester adducts suggests that the formation of adducts
might be used for the separatlion of the esters of the highere
molocular weipght aliphatic acids from other materlals which

would not form adducts.
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