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Fig.6.—Plot of the observed rate constant for pH-independ-
ent hydrolysis of aspirin anion at 25° against the molar
ratio of ethanol to water. The postulated dependence of this
plot is the equation kows = ko + krou[ROH]/{H,0].

If it is assumed that water and alcohol compete
for aspirin anion ion II to form a reacting cyclic
intermediate such as

HO  OR
NS

Vavd C\O
| /CH,
\ \O/C<O_
v
where R is H- or Co;H;—, then
kobs = ko[H:0] + ku[ROH] (9
However, the data of Table VII do not follow

equation 9. At best, a linear representation is valid
only for [C,H;OH] > 3.33 and

kops = 1.43 X 10%[C:H;OH]J; ka = 0 (10)

A possible explanation that best fits the data is
that the cyclic intermediate in the hydrolysis of an
aspirin anion II is formed stoichiometrically as the
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hydrate IV and (IV] = Ki-[I’] in a non-rate-deter-
mining step. Subsequently, the alcoholate equili-
brates with the hydrate and the further steps to
products are rate determining

0
ya
0"
H,0
. —CH
- /?’ CH;
0
I
KI’lTFast
HO OH HO  OR
C/ ~
/N N0 K 7N 0
\' é + ROH (I;_,_’_ L } (’; . L HL0
t N T
o] N
o~ O-

IV v’

kl\‘l 1

['kxv
———> Products <—
slow slow

On the basis of this mechanism, the rate expres-
sion can be formulated.
koball’] = Erv(IV] + kv’ [IV']
= kv[IV] 4+ kv Keql[IV] [ROH]/[H.0]
= kivKr[1'] + kiv'KeoKr' [I'] [ROH]/[H:O]

Thus

(11

kovs = ko + kroa[ROH]/[H:0] (12)

Equation 11 best fits the data which are plotted
accordingly in Fig. 6. The resultant quantitative
equation is
kobs = 3.65 X 107 4+ 25.5 X 10~#[C.H;OH]/[H.0] (13)

Acknowledgment.—The author is greatly in-
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The Effect of Various Solvents on the Carbonyl Absorption Spectrum of Glycidic Esters

Bv Horron H. Morris! aND Ravmonp H. Youne, JRr.
RECEIVED JANUARY 7, 1957

The infrared spectra of a number of glycidic esters show two well-defined absorption bands of approximately equal in-

tensity in the 1800~1700 cm. ~! carbonyl stretching region instead of the one to be expected.

Of greater interest is the fact

that, although the spectra of solutions of the esters in non-hvdrogen bonding solvents show the two absorption bands in the
carbonyl regioin. the two bands disappear and are replaced by a single band when the esters are dissolved in a solvent capable

of forming hydrogen bonds with the ester.

We have determined the infrared spectra of a
number of previously reported? glycidic esters and
have found that, without exception, the esters give
two well-defined absorption bands of almost egqual

(1) Southern Clays, 1nc.. Gordon, Ga.
(2) H. H. Morris and R, H. Voung, Jr., THIs JOURNAL, 77, 6678
(1953) and previous papers.

Possible explanations of these effects are advanced.

intensity in the 1800-1700 cm.—! carbonyl stretch-
ing region instead of the one expected band. The
average position of the centers of the two bands for
the esters studied are 1729 and 1753 cm. L

Of even greater interest is the fact that the two
bands disappear and are replaced by a single, rather
broad band centering at about 1737 cm. ! when the
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TaBLE 1
RE
R® %
CARBONYL FREQUENCIES OF C——C—C—O0OEt in CCl, anp 18 CHCl;
Ry \0/
CCly solution:
1+ o ——CHCI; solution——
No. Ry Rz Rs b vy Ap €1 v 2 Acols 73 €3 AcHCl
1 CH; CHs C)Hs 1726 1748 22 246 231 239 13.2 1740 262 14,2
11 CH; CH; CsHr 1729 1756 27 292 258 275 18.4 1737 252 19.2
111 CH; CH; CiH, 1726 1752 26 273 221 247 16.1 1732 232 13.6
1v CHs; CH; CsHn 1729 1752 23 288 254 271 14.8 1736 251 16.5
v CHs CHs; CeHis 1727 1756 29 283 238 261 14.9 1737 251 13.6
Vi CHs CHs CrHis 1730 1753 23 286 242 264 15,5 1740 266 16.7
Vil CHs CH; CsHir 1727 1752 25 268 225 247 15.7 1735 254 17.4
Vvill CHs CHs; CgHis 1729 1753 24 300 217 259 17.1 1730 278 18.4
1X —(CHs)s— CHs; 1729 1756 27 285 269 277 141 1740 304 14,2
X —(CHay)s— CoHs 1734 1760 26 238 216 227 13.9 1740 260 13.8
X1 —(CHa)s— CsHr 1728 1751 23 292 218 235 17.5 1734 259 19.9
X11 —(CHy)s— CisHs 1730 1756 26 317° 281° 2992 24.1° 1738 264> 26.6°
X111 —(CHy)s— CsHu 1727 1752 25 259 223 241 11.9 1739 260 14.5
X1V —(CHay)s— CrHys 1728 1754 26 249 202 226 14.4 1738 251 16.0
XV —(CH)s- CsHyr 1727 1733 28 268 201 235 14.3 1737 224 15.1
XVl —(CHay)s— CuHa 1726 1750 24 312 182 247 20.5 1732 233 17.8
XV1l CeHs CHs CH: 1726 1752 26 208 231 265 16.9 1739 261 15.5
XV11l C¢H: H CH; 1732 1751 19 287 209 248 17.0 1741 268 17.2
XX CsH: H H 1736 1733 17 237 275 256 15.4 1739 293 15.1
Average values® 1729 = 1733 = 24.5 = 276 = 228 =+ 252 % 15.6 %= 1737 = 259 &= 16.0 &=
2 2 2 18 19 13 1.5 3 15 1.6
(observations) (absolute value of deviation).

@ Average values caled. from -——--- ———
no. of observations

excluded from calculation of averages.

esters are dissolved in a solvent capable of forming
hydrogen bonds, while the spectra of the estersin a
variety of non-hydrogen bonding solvents all show
the two clearly defined absorption bands. Thus the
two bands are present when the esters are dissolved
in carbon tetrachloride, carbon disulfide, benzene,
cyclohexane, 2-nitropropane, n-propyl mercaptan
or dimethylaniline; but are replaced by a single
band (often fairly broad) when solvents such as
chloroform, #-butyl alcohol, aniline, methanol or
m-cresol are used. In those solvents capable of hy-
drogen bonding with the ester there is a gradual
shift of band center position to lower frequencies
with increasing hydrogen bonding ability.

It is also of interest that the area under the curves
of the esters in CCl, solution is found to be approxi-
mately equal to the area under the curve of chloro-
form solutions of the esters. The average value of
the extinction coefficient, determined by taking
one-half the sum of the extinction coefficients of
each of the two bands observed in carbon tetra-
chloride solution, is approximately equal to that
of the single band obtained when the esters are dis-
solved in chloroform. Thus the average molar ex-
tinction coefficient for the two bands in carbon tet-
rachloride solutions of the esters is 252, while the
molar extinction coefficient for the single band
given by the esters in chloroform solution is 259.

Table I lists the esters studied and gives the po-
sitions of the bands in the carbonyl region when the
esters are dissolved in carbon tetrachloride (7, 72)
and when they are dissolved in chloroform (7).
No change in position or intensity of any other
band in the spectra with change of solvent has been
observed. Table I also gives the difference in fre-
quency (A7) between the two bands, the molar ex-
tinction coefficients (e, €, €, as determined for
each band, the average molar extinction coefficient
for the two bands ohserved in carbon tetrachloride

average error =

b These values were

no. of observations

solutions ((e, =+ e€5,)/2) and the areas under the
curves (Acc, Acucy,) as determined between 1800
and 1600 cm.~! by means of a planimeter. Average
values are given at the bottom of each column.

Figure 1 shows the appearance of the bands in the
carbonyl region of ethyl «-n-propyl-8,8-dimethyl-
glycidate dissolved in various solvents. The curves
have been displaced upward for clarity.

z
=
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GARBON TETRAGHLORIDE
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2- NITROPROPANE
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n-BUTANOL
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CHLORQFOR M

PR N W}
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Fig. 1.—Ethyl a-n-propyl 8,8-ditnethylglycidate in various
solvents,
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Fig. 2—The effect of the addition of n-buty! alcolio] to a
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tive of the types of glyecidic esters herein discussed
and the spectra of other members of the three
homologous series differ only slightly from those
shown,

Discussion

It may be possible to explain these observations
by assuming dimer formation and hence a coupling
between the characteristic stretching vibrations of
the two ester carbonyl bonds to cause a frequency
splitting, thus giving rise to a pair of absorption
bands on either side of the unperturbed frequency.
It seems reasonable to assume that two inolecules
of the ester could orient through dipole-dipole in-
teraction as indicated in the diagram below to form
bonds which are strong enough to allow coupling of
the two ester carbonyl vibrations.

R? 0
RZ | 7
)C——C——CmOCgH.-,
RV N/
o] 0
SN R
,C——C-—C

H, G077 | \R?
O R3

That the bonding is between the carbon of the
ester carbonyl group and the oxygen of the oxirane
ring may be indicated by the distance between the
two absorption bands (average 24.5 cm.—!) ob-
served in CCl, solutions of the esters, since the split
is a measure of the efficiency of the coupling.®
Davison®® has shown that in diacyl peroxides (two
atoms separating the two carbonyl groups) the split
between the two observed carbonyl absorp-
tion bands is about 25 cmn.~!, while anhy-
dridest* show a similar pair of absorption
bands with a split of about 65 cm.—! result-
ing from the shorter coupling link.

That the interaction does not involve a
linear polymerization and is between two
molecules only may be indicated by the fact
that no change in the appearance of the two
absorption bands occurs upon dilution—an
effect to be expected with the type of bonding
shown in the diagram, but not to be expected
if the bonding were linear.?

Intensity measurements and determina-
tion of the area under the curves for the esters
in CCly and in CHCI; may also support the
dimer picture. The data would seem to indi-
cate that only the ester carbonyl stretching
vibration is involved and that a splitting is
occurring in non-hydrogen bonding solvents,
rather than the juxtaposition of absorption

18001700 1500
WAVE NUMBERS IN CM'',

1300 1100 900
CCLy
- — — CHCLs

*  SOLVENT

8000 4000 3000 2000 1900

Itig. 3.—Infrared spectra of esters in CCl: and CHCI,.

Figure 2 shows the effect on the spectra of the
addition of increasing amounts of #-butyl alcohol to
a carbon tetrachloride solution of ethyl a-n-hexyl-
8,8-dimethylglycidate.

Figure 3 shows the infrared spectra from 5000-
800 cm.—?! for ethyl a-n-propyl-8,8-dimethylglyci-
date, ethyl a-n-propyl-a,B-epoxycyclohexylidene-
acetate and ethyl B-phenyl-w,(-dimethylglycidate
in CCl; and in CHCl;.  The spectra are representa-

BAKNO

® bands caused by two different types of car-

bonyl vibrations,

The disappearance of the two absorption
bands and the appearance of a single band
centering approximately at the unperturbed fre-
quency when a solvent capable of forming hydro-
gen bonds with the ester is added may be an indi-

(3) (a) Herzberg, “‘Infrared and Raman Spectra of Polyatomic
Molecules,”” D. Van Nostrand Co.. New Vork, N. Y., 1945, p. 199;
(b) Davison. J. Chem. Soc.. 2436 (19351).

{4) Thompson, tbid,, 328 (1048); F.J. Modest and J. Szmuszkovicz,
THis JournNaL, T2, 377 (1830).

(3) J. R. Partington, ""An Advanced Treatise on Physical Chemis-
try," Vol. V, Longmans, Green and Co., Ltd., London, 1953, p. 384,
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cation of the relative strength of the bonds involved
in dimer formation,

That the frequency of the single band formed in
hydrogen-bonding solvents appears to move to-
ward lower frequencies with increasing hydrogen
bonding ability of the solvent and that the appear-
ance of the single band in hydrogen bonding sol-
vents is concentration dependent (see Fig, 2) indi-
cates a dissolution of the dimer and the formation
of two molecules of the ester, each associated
through hydrogen bonding with a solvent molecule.

The bonding which results in dimer formation, as
postulated, must be very weak since molecular
weight determinations by freezing point depression,
as determined in benzene or cyclohexane, give the
normal value for a monomeric unit.

It is of interest to note that Schotte® has recently
recorded the infrared spectra of the diastereomers of
HO,CCHEtCHMeCO,H, m.p. 177-178° (I) and
100-101° (II) and of HO,CCHEtCH,CHMeCO,H,
m.p. 104.5-5.5 (III) and 83.5-84.5° (IV), and has
noted that II and III show a split peak for the car-
bonyl stretching frequency. He assumed these to
have the racemoid configuration. I and IV showed
no such split and were presumed to be the mesoid
isomers.

Since the esters herein reported are all racemic
mixtures, it may be that the proposed dimer is a
racemic pair. Molecular models of such a racemic
pair and of a pair having a single configuration in-
dicate that the racemic pair may allow a closer

(8) L. Schotte, Arkiy. Kemi, 9, 397 (1956).
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approach of the ring oxygens to the carbonyl car-
bons because of less interference by the alkyl sub-
stituents.

The observations might be interpreted in a dif-
ferent way by assuming that two rotational isomers
are present in which the carbonyl oxygen is on the
same side of the molecule as the ring oxygen in one
case and away from the ring oxygen in the other.
Since this would represent an equilibrium mixture
and since the extinction coefficients of the two ob-
served bands are approximately equal in every
case, the unlikely assumption must be made that
equal numbers of molecules exist in each of the
states for each of the esters. Since resonance
splitting does seem to be indicated, we believe that
dimer formation offers a better explanation of the
data than the assumption of rotational isomerism.

Experimental

The infrared spectra were measured with a Baird Associ-
ates model 4-55 recording infrared spectrometer employing
sodium chloride optics. The same 0.029-mm. cell was used
for all determinations. No reference cell was used. The ac-
curacy of the wave length measurement is estimated to be
=5 cm.™! in the region discussed. Polystyrene bands at
1602.5 and 1594.7 cm. ! were recorded on each spectrum for
calibration purposes.

Compounds XV, XVI, XVIII and XIX may contain
small amounts of impurities. The other esters are consid-
ered to be quite pure (see reference 2).

Acknowledgment.—We wish to express our great
appreciation for the financial aid and encourage-
ment given us through a Cottrell grant from Re-
search Corporation.
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Liquid-Solid Countercurrent Distribution of Fatty Acids with Urea

By W. N. SUMERWELL
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The reaction of fatty acids with urea to form inclusion adducts has been used as the basis of a liquid-solid countercurrent
distribution method for separating mixtures of fatty acids. The fatty acids and urea, dissolved in an appropriate solvent,
served as the moving liquid phase while the precipitated reaction products served as the stationary solid phase. The charac-
ter of the distribution curve obtained for a given mixture of fatty acids depends on the differences in the distribution coef-
ficients for the individual fatty acids when they are distributed between solid inclusion adducts and organic solvent. The
method was found to be effective in the separation of mixtures of fatty acids such as arachidic, stearic, palmitic and oleic

acid as well as in the separation of a mixture of the cis~trans i§on}ers, oleic and elaidic acids.
to a mixture of highly unsaturated salmon egg oil fatty acids (iodine value 350).

The method also was applied
The results indicate that urea distribution

mmay be a valuable tool in the separation of such unstable compounds.

Introduction

Studies on the formation of urea inclusion ad-
ducts as a means of fractionating marine oil fatty
acids and their derivatives were begun in this
Laboratory several years ago. A preliminary re-
port of this work has been published.? The pres-
ent paper describes the development of a liquid-
solid countercurrent distribution procedure based
on the differential binding of fatty acids by urea
and its application to some synthetic and natural
mixtures of fatty acids.

(1) A laboratory of the Branch of Commercial Fisheries, U. S. Fish
and Wildlife Service, Seattle, Washington.

(2) C. Domart, D. T. Miyauchi and W, N. Sumerwell, J. Am. Oil
Chemists' Soc., 82, 481 {1855).

Subsequent to Craig’s description of his two-
phase liquid-liquid countercurrent distribution
technique?® and its use in the separation of organic
compounds, he published a report on a liquid-solid
countercurrent system.! By this technique, he dis-
tributed chrysene and anthracene between cyclo-
hexane and alumina. He defined a coefficient 4
as the ratio of the weight of solute dissolved in the
liquid phase to the weight of solute adsorbed on the
solid phase. The position of the maximum concen-
tration of a compound in the distribution system
was then calculated by substituting the value of 4

(3) L. C. Craig, J, Biol. Chem., 165, 519 (1944).

(4) L. C. Craig, C. Golumbic, H. Mighton and E. Titus. Science,
103, 587 (1946).



