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FORWARD

An unexpeocted aiscévary in 1940 revealed that urea
,haa the peeuliar proparty to form erystalllne adduocts
with many straight chaln organioc eompeunds.' Sinee the
discovery, considerable time and mﬁnay have been spanﬁ
on the aluciaatian of this phenomsnan. and the field of
urea adduets has now advanead to the stage at which many
empariaal rules have been obsarved but, unfnrtunataly,

no saund thaary has been formulated.

Th¢ purpose of this research wag to da%ermine;thﬁ
effect, if any, ef.anangaa in structure upon the amount
of urea required to adduct with esters. The change in
struétur@ aéngistad of ehangin@.ﬁhe,paaiticn of the
carbonyl group in a serles of stralght ohain twenty-carbvon

agtors.




UREA

Urea, (NH,C0ONH,), a white crystalline solid is the
mgﬁt‘intéragping and lmportant derivative of eaébamia_
aold. 1£ is‘th¢ mgin final product of nitrogen metabolism
in‘mgn,anﬁ.m&mmals,-ané-waaurs in small Quantitiea in E—
planteas | | | - » N |
The éiécavéry of urea as‘a'abmpanenﬁ'af urine in 1973
by Roulle, paved the way for a later full investigation of
the compound by’Féuratoy,'Fraut'aﬁd‘Vauggelin¢'lin 1g28
Wohler synthesized urea from ammonium oyanate and this,
with the ﬁ&évimﬁalyfsaeéaasful,syn%nasiﬁ of oxalie meid
from ayanégéng was the first indloation that the "vital
foree" theory was not valid. o |
ﬁrea ‘erystallizes in tetragaual priams, »-P‘V;32?G, |
sublimes, end 1s readily soluble in aleohol and waters It
takes part in reactions which are charvacteristie éﬁ ami&és.
forming addition Qmmpbﬁﬁds with mineral aclds and}salts of
certain metala, the meraury aalﬁs belng th@ most stable.
While othar amiaes are aithﬁr neutral or weakly aaidis,
urea is sligntly'basio_as gan bve aaeg frum the four mogt
important members of its resonance hybrid,
m%.fg.% i i B e’ s weomne e
Since Qxygen i&_mﬁre»@l&@tf@g@ggﬁng“than:o@rbon; ﬁne

elegtr@na4eam@eaing,tha.wxyg&n*aaxbéa bond c¢an more eaglly



2
reslde on oxygen thgn én'¢arb0n giving the oxygen a partidl
negative charge and the carbon a partial posltive charge.
»Tha partial positive charge on the carbonm ls staballzed by
resonance with the two amlno groups ﬂnd'is thﬁs»sﬁread
over a larger volume Qf'ﬁpédé'tnan is the parﬁial negative -
charge on oxygens The overall effect mmgt probébiy ig that |
of a dipols with”a‘omnéaht?at@d ﬁégativs>eharga anﬁ a less
aan&entrate&_partial}pbsitive charge. 'Tha.effeat of the
two amino groups in urea tanas'to putb mefe af a ﬁagative
charge on the oxygen than doegs the lone amino in other

| amldes.
UREA ADDUCTS

imong 1ts chemleal prggerﬁies‘utea has the peoullay
abiliéy to form solld erystalline aam@lexaa with sertaln
stralght chaln Srganic compoundse Thege écmplgxes are
gommonly called "urea adducts® and Will be referred to as
guch in thlﬁ paper. |

Bengen, a German ehamist, diaeavared urea adauete and
desoribved them in a patent in 1940 (Bengen 1940) . Since
Bengents disc@éary, conslderable raséareh has been,perfanm?
ed on urea adducts. | N

The requirements for the formation of urea ad&u@ts
are simple. Urea is dissolved in a ﬁalvent (aativater),
usually methanol but other aetivatexs give satisfactory

results (Zimmersohied 1950), and a stralght céhain compound



is introduced inte the solution. The stralght chain
compound may be any organie aaﬁpcumé\with»a minimum chain

length of about six atoms. Certain branched compounds

- have been waEarted %o fexm‘urea aaﬁuats (&immergahi@a 1950).

and the minimum reqaixe@ ohaln length varies sli&hﬁ;y do-
pénding upon the funotional group attached to the carbon
ohains The minimum chain lengths for several typical
funotional groups have beenvaéﬁggminad_(W;uter 1953)+ The
length for agtara s elght @tcm&%vketeaas,vtnrea a%@mé
(asstagé); aclds; five &?@mé (buﬁyxig}, hy&raaarb@ﬁg, six
‘atoms €§®Xana)$ aleohole, seven atoms (kaxﬁnal?w ‘Thﬁ aﬁd$et
p&&aipiﬁaﬁag 3$,&;Whi§@'@¥¥$%ﬁllin¢ solld whi@h decompoges |
- upon. haating (?ranaia, l9§3§ mf upon addition of & sultable
golvent auah as water o mothanols

% An iﬂtar@sting vapor phase &@eem@mﬁitimn of urea adducts
%% is desoribed in a pateut by G+ ¢ Ray (Ray, 1952). The
adduct s ggﬁg@ndéa in a'px@heatéévinaxﬁ carrvier gas which

. P&ﬁséﬁ»iﬁﬁﬂ,&”dﬁﬁﬁﬁﬁﬁsiﬁiﬁﬁ zone end ig,haata& to a tempera-
ﬁuxe Just below 1ts ﬁaaemyesihian points an auxiliary inert
carrler gas, whiah h@s baen grehaataa tb'avﬁémﬁéxaturé_aomew
_-what above the &ecmmpasi%ian‘p@iﬁt of the addugt, is intro-
duced into a point midway in the deaampes;tiéh zone to heat
ﬁhe aaﬁu@ﬁ $a a temperature gb@y@ iﬁs‘ﬂeeémppsition point.
The orgenio compound is liberated as a vapor, and it and the
aﬁspanaiaﬁ of 11beraﬁeﬁ urea in;#h&}earri@r gas are ocarried |
into a aﬁlidw@as peparablon 2anag to separabte the urea from

the zZasg.



COMPLEXES

Several complexes related to urea édduets are known

to exlsts. They arevtha‘"ﬁh@laie.aciaaﬁ. guinol addition
eompqunég; thiourea ad&uats, ana urea complexes with certaln
Anorganic oxldes and salte.

| The “Ghelaia aéiﬁs#, as named by Wieland and Sarge,
are a&diti@u ccmpmgnds between das@%yaholie aoids and paraf-
fina Qr‘fattyvaaiés (Zimmersmhiad, l?h?)a» Similar to urea
gdducts, the prep@rtian of the oompanents depends upon the
 straight chaln length of the paraffin or fatty &Qid, bub

dissimilarly the ratios are always small whole nwubers

(Fe W Smith; 1950)g It has been suggested by Go and Kratky

(ga We Gmith, 1?565, as a result of x-ray studies, thet the
fatty,geid ahaiﬁs lie parallel to the o-axis of the desoxy-
ehqlia acld orystals. This type of structure is similar to
the urea adduct orystal.

The quinal,additioa'Qompaunaa«ara_deseribaﬁ by Palin
and_Poweli (Palin, 19&9) and ¢alla&.alathrat§ compounds .
They bave the general formula 3 GéHhCOH)a:_M, wheré Misa
small molecule such as methyl aloobol or formic aold.

Quinol grystalliaés from a solvent in the presence of
large emounts of admyaund M to form the adduct. ILike the
urea adduct, the quinol a&éitidn'eompaunds have a de:iniﬁe’
5hapa and size, but unlike tﬁe ures adducts they have a
definite formula by which they qombiné. |

Thicurea, which is very similar to urea, in structure,
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is known to form complexes oy adducts with stralght chain
compounds in the same manner as uveas (Redlich, 1950)
'(Eranci$s=l9§3}¢ The thiourea adéuefs:are, hawever, less
common énd less stable than'ﬁr@a adducts. The hydrocarbons
whieh_adduat'withithiourag are usually oompaot and branched.
For imstance, 3,2,4~trimeth§l,pantan@ forms an adduet with
thiourea, bub it ls unreactive towards urea to the extent
that it was used as the ester solvent in thls research.

: The lower stubllity of the thiourea adducts can be
ex§lainéd by the faoct %hat-ﬁh@'yartial negative charge on
the sulfur is spread over a larger volume of spéa& than
the corresponding charge on the oxygen of urea. This leads
ta‘a ;@wer stability of the hydrogen bonds neae#sary’té
fom the adduct. o

The carbon sulfur hoﬁﬁvin thiourea iafx¢6h 2 (Wheland
19#9):;w%§le tga oarbon oxygen bond in urea is 1425 -0
fividentlys 1f the thlourea adducte are of a hexagonal
erystalline structure similar to those of urea aaduetagithe
inslde dlameter of the thiourea channel will be sorrespond-
1ngly'larg¢rs It would then be expected to enclose branched
chain molsculess . o o o .

The complexes of ures with Qe$hainiinarganiﬁ_cxid&# |
aﬁd séltsvara aéardiaat& aomplexear These eamplaxaa unlike
";uraava&auets with hydrooarbons exlst ln definite molecular
ratios. For instance, one of the most common complexes of

this-ty?a is one in which thr@a'mnl@s of silver oxide combine



with one mole of urag;_ag(ggg);3 A0
CHOICE OF JINTERMEDIATES

qug in thiswlabcrahary has bemn‘p?ef@rmeﬁ on urea
aﬁducté:of Qste:a,cantaining’twgnxy carbons prepara& _
. rrém even garbon alaoh@ls‘ahdvaaids (Johnson, 1953}« In
order to complete the twanﬁy*qarban_éater-sariasa this
study was conducted on the urea adducts of straight echain
twenty-oarbon esters prepared from odd-carbon aoi&g and

aloohols,
‘ mmzm‘mﬁ OF INTRRMEDI ATES

,‘_Dﬁa to the unavéilability of certaln of the odd~carbon
syaeiés of the normal aloohols and aolds, it was na@easary
to prepare them from certain more available even-carbon
alquhb;s- This wag done by gonversion of the even-carbon
n-aloohols into th@»eerrésponﬁing_nwbxamides, preparation
of the n-alkyl magnesium bromides, and reaction of the re-
aglting Grignard reagent with either carbon dioxide or |
formaldehyde. | | |

~ N~ootyl, n-decyl, n*lauryi, n-myrlsityl, and n-cetyl
bromiﬁa:were prepared by refluxing the corresponding alechols
with a 48% hyarobromic aaid7¢9ﬁ0§nt?&ted sulfurie aﬂiﬁ,mix”z
tuve for periods ranging from four to twenty hours. N-oota-
:d@gyl:brgmiae was prepared by bubbling hydrogen bromide gas
into n~pctgﬁaeanolvét lﬂQQQ. | | ‘



Grignard reagents were prepared by the usual method
and immﬁdiately reacted as indlcated below.

The preparation of the odd-carbon aeids involved the
addition of carbom dloxide to the freshly prepared Grignard
reagents under sixty poun&s»af grassure per square iaeh in R
va Parr series 3910 low pressure, shaker type, agﬁalytig
hydrogenation apparatusQ_ Carbon dioxide was added until
" no additional abSarptian was obgerved ag 1ndiéaﬁ@d~by the
yresgure gauge. Aelds prﬁpared by thisg method ware
nwundeeylic, n~triaeeylia. n~pentadeoylic, n«haptadeoylic,
and n~nonadecylio acld.

Alechols were prepared by vigorously stirring from
eight to twelve hours the ether solution of freshly pre-
pared Grignard reagent with an excess of paraformaldehyde.

Thesge reaations were conducted at room tempsrature using |
parafarmaldehyde whioh had been dried ﬁvar phosphorous‘
pentoxide for aeveral.daygn The lengthy agltation periods
were used in order ta.mnra completely depolymerize the
par&fammaldéhyde- &le@hﬂls préparad_by this method were
n=nonanol, n-undeganocl, n~tridecanol, n-pentadecancl,
n~h&ptaaeeanal,‘and n~nonadecanol.

ALl of the esters used in this research were prepared %m_,f,ﬁ
by direct esterification with the use of elther acetyl N
chloride or p-toluenesulfonle acid as sources for the
necesaary hydrogen~ion catalyst. OSince this type of re-

action is definltely reversible with a certaln percentage
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mf‘ester-being formed at equilibrium (Groggins, 1947), it
waévn&aassary to remove wﬁtér»fram‘the reaction mixture, in
order to obtain sufficlent yleld of the ester. Thls was
aeecmplished by aﬁaotropia diatillation.

In the case of the highsr boiling aleohala, benzene
was added in order to reducavtha reflux temperature and %o
ald in the removal of waters |

S@lfurig acld is a common catalyst used in this type
Aof reaatioh; ﬁew@#er; due to the possiblility of extensive
aeaampoaitian, it was decided to use p~toluenesulfonic acid
and in the G&aﬁ of the m$tnyl ester, acetyl chloride
k(Freudenberg, 19&1). No acld catalyst was necessary in the
case of the»éster of formle acid since the acid 1tself was
suffiéiently regotive to 6atalyze the est@rifiaatians

The azeetrapim aistillatiana were carried out at
atmospharie pressure using appropriate fractionating columne
(Tadd. 1945) for high@r efficiency. For low-boiling
aze@%rﬂp@ﬁ a 120 om x 20 mm ecolumn was employed; for higher
boiling éﬁectreyes, avse om X 20ymm‘V1graux ealumn,was uged.
All of thé column heads were of the total reflux variable
take~aff variety. The»paok;ng of the 120 em column consist~
ed of a mixture of one, two, and three turn glass hellces
and wae rated at about three sentimeters per theoretleal
piata at total reflux.

The esters @bhainad after azeotrople diatillaticn were

distilled to remove the excess alcohols present, at a pressure
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of about 20 - 30 mm of Hg using a water aspirator. The re-
maining lmpure esters were trénaferrea’to'the sti11 pot of
a 100 om x 12 mn hlgh veouuwn fractionation column (Podviel-
niak, 1931). The eelnmn‘gaaking congigted of & nichrome
wire spiral with an open qbre, and was externally heated
to permit aéiabatia operation ranging from room bemperature
up to 250°%G. The still head was of the partial reflux
variety using_axtarnal heating to permit variation in
take~off rates. |

Nethyl Nonadeeanoate. To 172 grams of methyl alcohol
were ad&ad‘he;grama of erude n-nonadecanoic acld prepared
by the aforementloned process. About 2 ml of asetyl .
“chloride (Freudenberg, 19%41) were added to the mixture with
oonstant agltation for a period of 60 minutes. Phe react-
ants were allowed to stand for a period of twelve hours
during which the solid-11quid mixture changed into a 1iquide
liquid mixture slgnifying that a reaction had taken place.
Agitatian was agaln performed and the reaction mixture was
again allowed to stand for appr@ximaﬁely’la-hcurs.v This
method of preparation was chosen begause of hi@h yields
without az@atxapia'diﬁtillatiﬂn and ldw percentage of de~
composition products..

The impure ester obtalned after vacuum distillation
to remove all of ﬁha methyl aloohol was fractionated in the
Podbielniak column at a pressure of 3-4 mm of Hg. The

methyl nonadecancate fraction was taken off at a head
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Atemyerature ef 19AW1?5QG and o mean jacket temperaturs of
. 20§°ca} 8inee the puprity of the esﬁar was eanaidare& to
be mcra important than high ylelds, only the mldﬁle frae~
'tien was uged for the adduati@n¢ , ,
‘ n~?rogg; heptadesanonte. Abouﬁ 40 grams of erude : }4“‘*
, n*haptadecaneia acld were disselved in 190 grams of n*pr@pyl ;
aleohol. Aynr@ximately 2 arams of p~t¢luanas&lf9mﬁe acld
were dissmlva& in the solution and 100 ml of bheuzene were
added. The resulting solution was placed 1n the still
vpot of the 120 em_hélism?gaﬁked column and refluxed toval-
1y for a perled of five hours. Tné ﬁérnary aé@éﬁraya of
wafarx bengene and n-pxépyl alaahnl-(ﬁwﬁa.é815°6} Waé'ﬁaken
aff‘at’akraﬁeaf'oné te'twa mls pa#‘minute which,waa slow
enau@h(to prevent a disﬁﬁrbange‘of\thé @quilibrium~iniﬁha
golumns When the ragab;ﬁa wa$¢a¢mplata;'th@ temperature
in the still head rose to 77-1°0, the boiling point of the
binary agzectrope of benzans and ﬁ*pf@ﬁ?ﬁ alcohal.
The yield was taken at a head tamperature of 19&«19668.
a Jacket temperature of 202° Gy and a pressure of 3=4 mm of
Hgs |

ventadecanontey The same method of prepara- -

nﬁ?entxl
tion was used here as in the case of n-propyl heptadecanoate, e

bnt,na benﬁgnstwas aﬁdeﬁpt& form a.tarnary{aze@trqp@ because

the blnary azeotrope of n-pentanol and water (BeP. 96.0°¢)

was anbi&e;y savisfactorys _ o
‘The yield was takon at a head temperature of 192-1949,



1
a jacket temperature of 196°$, and a pressure of 2-2.5 mm
of Hge -
n~Heptyl tridgganag%ay The same method of preparation
wasg usad here as in the case of n=pentyl. pentaééeanoate-' |
 The ageotrope used was n*heptyl aleahol and water —
'(2.?. 98+7°0) » ' o f
The yleld was taken at a head temperature of 192~194°0. |
aljaeket-tamparatura of QQGGQ, and a pressure of 8~2‘5 m
ot gy - | _ ,
 n-Nonyl undecanoate. The procedure for preparation
in this case was i&entieallto.the procedure fai the pﬁeﬁar&*
tion of n*paaﬁy&:pentad&canﬁata« ‘ |
The azeotrope used in thisg case was n-nonyl alochol
and water (BoPs 9990) 4 o |
| The yiela was taken at a head temperature of 139~19l°0,
 a jamket temperature af,l?égﬁy and_a pressure of 2~3 mm of
' p-Undeeyl nonancates In this case the method of
praparatien was the same a8 the method uséd in the @r&para*
tion of n-pentyl pentadecancate except that benzene Waa
added to assist 1n the r@mﬂval'af watéi‘an& mogt of the
exgess aloohols o -
The azeotropes used were n~undecyl aleahal, benzene
and water (B.Ps 79.0%).
The yield was teken at a head bemperature of 191~l95°6,

a Jaakat temperature of 2@996, and a pressure of 2-3 mm of



12
Hg.

o Q~Tr1dggz heptancate. The same progedure was used
here aﬁ aesaribad above. ' , '

The azeatrepas usaﬁ w&re n*tridaoyl aleehel, benzene
and water (E-ﬁu 69.8°¢) ana n-trideoyl aleohol and benzene SR
(B»?- 79.3¢a) |

The yield was taken at a haaﬁ temperature of l?ﬁgﬂ,

jaeket temparature of 19690 and a prassure of 2=2:5 mm
ef Hg- |
gggtggaaﬁao The préparaﬁion of

n-Penbedogyl
n~penta&eey1 pent&n@aﬁ& gonsisted of the game pr@eedure
employed in the preparation of aftrié@ayl hag@anaaﬁe» |
The azeotropes used were n-~pentadecyl aleohol, benzene
and water (BeP« 70.990) and n-pentyl aleohol and benzene
(s.r# 7940%) « |
The yield was taken at & head t@m@ara%ure of 192*1956G.
a jacket temperature of 203% and & pressure of 2-3 mm of
g |
nﬁﬂagtgé%"xm ETQQiOﬂﬁﬁ + The preparation of
n*haptadaayl ﬁrapienate fellawaﬁ the same procedurs emylsy~
od in the. preparatlaa of n-tridecyl h$ptan0ate éxoept that
a largﬁ axoess of pxnpianie aeia was uaed aiace the boiling 1,4747
point of n~heptadaa;l ala@hel was near ﬁhaﬁ of the ester.
The azeotropes used were proplonie aeld, bengzene and
water (B.Fs« 70.0°C) and propionio aold and benzene (B.P.
7889C) 4
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The yielﬁ‘was‘takan at a haad'ﬁeﬁparature ét';90~193°ca
‘a jaocket temperature of 201°¢ and a pressure of 2-3 mm of
Hg. - | o

nﬁﬂggadeug e gggnegtao The preparation hefe was the ‘
game a8 desgribed above axeept that benzene was adﬁed | o
~several times in an attempt to remove all of the axcess -
faxmie,agidx ﬁb'p~béluena sulfonic aold was used in this
sase sinéaifarmie acid was reactive en@ugh 80 as not 1o
raqﬂﬁre a'aatalysb for egterification. '@ha'main airfi-
eulty lay in the abaelute removal of exaass fﬁrmia aeld.
The azeotropes uged were formie aoid, banzene and
- waber (BaPo 70.1%) and formie acld and %anzsna (Bnﬁ.
T 19} . _ _

The yielel was takan at a head tempar&ture of 161-;6?%,
a jaoket tamperatura of 172° and a pressure of 3~4k mm of

Figc
" T @mmmam G‘ﬁ Qﬁ" THE UREA ADDUGTS

a@praximataly 20@ ml of a saturatad solution of
ehemieally pure grade urea in m&thanel was pipetted 1nto
a two hundred and £ifty ouble ocentimeter florence flask
fi%ﬁaéjwiﬁh;a ground glaﬁsyatoppér¢ To this urea solutlon - .
wa g added from ten to fifteen_gramg'of an ester dlgsolved. o
1nllﬁ ml ef;z,zga—trimethylgantapa» kxhglrgsulﬁingﬂmixtnra,
was vigorously shaken for tenm mimutes‘aﬁ& p1a¢éé on aishalf'

for twelve hours. The white needle-like precipitate was
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‘then filtered and washed with three 25 ml portions of
2,2,45triﬁethyl pentanes - The preoipitate was then trans~
ferred to & orystallizing dish and vacuum dried at 2 mm
ofﬂmaraﬁry'étlfoam'temp@raﬁure.ﬁntil a oconstant welght

was abtainéa;';
Tﬁ%ﬁ mc%ﬁ:&?o *x*xorx OF *ﬁm UR&L A AJ)ZJUGTS

?hg‘ﬁraa a@&uet'pfeeipiﬁaﬁé, after being dried to
constant welght, was divided into thres portions each of
which was weighed to the nearest tenth of a milligrams
Hach of thaae portions wis then transferred into & clean,
déy one hundred and twenty~five milliliﬁer geparatory
funnel free from stop=eook greases. 100 ml af:&istillad
water was added to aaeh adduct with vigorous ehaking un-
11 the adduct was completely decomposeds BLxtraction of
the ester was accomplished with three 20 ml portions of .
petroleun ether (B.P+ 25+659), combined in a orystalliz-
ing diah, and dried at 96“& for one hour.

From the weight of the sster rogovered and the waighb'
of the adduct degomposed the mole ratios of urea to sster

were computed and appear in Table I.



THE COMPOSITION OF THE ADDUGTS QF‘Tﬁﬁ ESTERS
Mean  Estimated Moles urea/atom

Mole~ 1 limits %n chaml&
ratlos™ of error A B

methyl'nonadeeanoate 16.52 -0 826 786
n~propyl heptadecanoabe 17.00 o 0l + 850 + 809
n~amyl pentadescancate 16.33 = 0. .816 2777
n-heptyl tridecancate  16.06  _ 0.1 .803 765
n~nonyl undecanocate o4l 0.1 + 822 783
n~undesyl pelargonate 16,28  _ 0.1 - 814 775

n~trideoyl heptancate  15.87  _ 0.1 793 «756

n-pentadecyl valerate  16.92 0.1 846 +806

S

vn-'heptadeeyl propicmnate 16.18  _ 0.1 809 770
n-nonadecyl formate 15.87 0. 793 756 |
Mean 16.3,  _0.2%  .e17 e

hio1e-ratio of urea to ester in the complex.

aﬁtan&ard deviation of individual esters from the
mean of all.:

3Using the chain length as twenty atoms.
l”UaiﬁS the chain length as twenty-one atoms. | <



QUALI TATIVE OBSERVATIONS

The intermedlates were prepared in a stralght farf \
ward menner and only mechaniacal ﬁiffiqultiaa'w@fa.angount~
ereds In the case of the long ohain bromides, troublesome
emulsions formed while washing the bromides with sulfurio
éciés These, however, aeﬁér&te& upod heating. The goids
and alaahb;s werevﬁrepare&'ﬁut not separated as such: The
orude aclds and aloohols were converted into thelr oorres-
. ponding twenty-carbon esters which were thex purified by |
fragﬁiaﬁal distillation. The esters had emdll bolling
ﬁainﬁ ranges whiah'indiaatédhhigh puﬁity' All esters were
éélm:les& and odorless exoept n*ﬁena&écyl meéthanoate “which
ﬁad the odor of formie aold., ?ha'néhanada¢§l methandate
ieaavsrea Tfrowm the urea aﬁduét, however, was also colorless
and odorless. . - -

~ The éﬁdaets formed lmmediately upon addition afithe
estéra>ta the saturatea salutiepsax_urea in msthanql, and
decomposed readily with the addition of water to the
iaolatgd'sglias. ‘They were white érymﬁéls,“ahawing typioal
heﬁaganai ahar&étaristiea when ébserﬁéd through' a miero~
BOODE | | -

It was noticed that only about 80 percent of each
aéter was recovered after decomposition of the adduct,
indicating 1nqampiata adduction of the esters. No signifi-

oegnt difference ln either the formation or decomposition
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of the adduot, 1ndiéaﬁing inconplete adduoction of the
esters. N@ significanﬁ dlfference in elther ﬁha formation
or decomposition of the adducts Wa$ cbaerva&, indica~
tion of relatiVQly equal ability ﬁo form aﬁ&uets and
r@la%ivaly equal stability of the aaduets towards hydro=
lytia deeampesitian. ‘



~ CORRELATION OF RESULTS

- The results of this research show a mean ratio of
0}776 neles of urea per_chain atam.ef sater 11 the @ster
ehainﬁiéﬁgth”is takan as twéﬁtyﬂana ateﬁs» This value,
ealeulat.ad using twentymna atome as the aha&n length,
gheula be praferred over the value ¢aloulated using
twanty atomﬁ as pointed out by Jahnsén (Jahnéan, 1953).
Qaloulations performed by Johnson shaw‘thaﬁ‘ﬁhe avérage‘
value of this reaaareh and the avaraga Valua af 3mhnsen'
rasaareh (0.770 mmlas of ar@a per ohain atam of ester)
agree very well with values reaorded in the litarature
for similar compounds. | | |

The velues for the com@lete series are plotted in
.?1gure 1 agalnst the pasitian of the carbonyl oxygen.
The numbars along the absuissa rapresent the number of
atams from the end of the ohain to the carbon contalning
tha,aarbmnyl Oxygen. This plot shows a "W" shaped ourve
| wlith peaks at peinﬁs at whleh the carbonyl group is at the
:eentér.a: tna"ahaiﬁ‘and‘fiveiatémsmxambved fyom the ends

This_ourve ié similax to curves oﬁﬁaihed from plotting
:malting pein%s of an ester series agalnst the position of
the earbonyl graup (Ralston, 1948)+ A high melting point
'is'avidanﬁ'when the oarbonyl group 15 in the center of the
chain and aﬁ‘the ends of the chain. The wide range of
melting points illﬁstrates the effect of a small éhanga of



FIGURE 1
MOLES OF UREA PER CHAIN ATOM VS. POSITION OF CARBONYL GROUP
.810 |
.800

<790

.780
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structure. QCertainly those esters ﬁhiah are most sym~
metrical will have a close packed orystal strusture and
therefore a higher meltlng point than those esters which
are not symmetricale. |

As aanAbe‘sean from Figure 1, a small change in the S
structure of the ester gives alfairly large change in ‘
the number of moles of urea which combine with the ester
to form the aaduet.v The largest difference amounts to
1.13 moles of urea to one mole of ester (Table I). This
difference 1s outside the limits of error and appears to
‘indicate that eaoch ester combines with its own character-
istiec number of moles of urea in the adduets as each estor
has 1t own aharactaﬁistie,malting peint.

Since the structure of the ester agpears to influence
the number of moles of urea (adduct value) with which it
can combine to form the addueb, then ﬁhevadduét value of
each ester ls unique and the average adduct value for the
series has no meaning except for comparison with average
aﬂdﬁct valueg of athgr sgriesa An gverage of melting_pointa
of a series of ﬁsﬁéra has no meaning exaept far‘ccmparigan,
with the average melting polnt of another sérias of esters, |
80 posslbly esters can be ldentified mot only by thelr %u,,_w
melting points but also by thelr adduct values. |

If more informatlon were avallable on the urea adducts
of ester series 1t wﬁuld be possible to determine the |

valldity of the last two paragraphs, and posgsibly other
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- series of compounde suoh as ketones or ethers might show
the game sort of variance of adduct value with change in
structure. | . |



SUMMARY

A series of uormal twenty-carbon ésters‘was pro~.
pared from odd oarbon aloohols and 0dd carbon acldss 4n
urea adduct of each ester was prepared, lsolated, and
gseparated into three approximately equal welghed portions.
Bach portlon wes decomposed and the liberated esters were
1golated and welghed. |

From the welght of the ures adduct and the weight
of -the isolated ester in each case the mole ratio of urea
to ester was caloulated. The ratie,af‘urea to carbon atom
was determined and compared with previously determined

values for similar compoundss
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