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The Oxyethylation of 9, 10-Octadecanediols and
9, 10-Dihydroxystearonitrile. Nonionic Soaps’ |

A. N. WRIGLEY, F. D. SMITH, and A. J. STIRTON, Eastern Regional Research Laboratory,” Philadelphia, Pa.

The alkali-catalyzed reaction of ethylene oxide with the
meso- and dl-forms of 9,10-octadecanediol and with threo-
9,10-dihydroxystearonitrile was carried out in an apparatus
that was equipped with automatic controls for temperature
and pressure. '

The earlier consumption found for the di-form compared
to the meso is attributed to intramolecular hydrogen bond-
ing. A characteristic constant for the distribution of prod-
ucts is calculated.

The products formed are nonionic surface-active agents
with the hydrophilic portion at the middle rather than at
the end of the hydrophobic chain. Properties were prima-
rily determined by the value of n, the average number of

9,10-Octadecanediols

mes0-9,10-Octadecanediol, m.p. 129.4-130.5° and di-
9,10-octadecanediol, m.p. 78.5-79.4°, were made from
nonyloin (19). The ditosylate of the meso-glycol,
m.p. 56.2-57.0°, was found to melt lower than the
ditosylate of the dl-glycol, m.p. 64.6-65.6°; this is an
anomalous relationship though not without parallel
(14). The ditosylates were reconvertible in high yield
to the original glycols by means of potassium acetate,
followed by hydrolysis.

oxyethyl groups. Optimum emulsifying. properties were
found at n = 4; optimum wetting at n =12.

The oxyethylated nitriles were hydrolyzed to the corre-
sponding “nonionic soaps,” which have typical nonionic
characteristics; unlike soap they are not easily precipitated
by hard water or various metal ions.

HE REACTION of ethylene oxide with mono- or di-
hydroxystearic acids under the usual conditions

threo-9,10-Dihydroxystearonitrile

Commercial oleonitrile was redistilled ; and middle
fractions, b.p. 140-145°/0.05 mm.. n¥ 1.4564-1.4568
[reported (7) 1.4566], iodine value 96.2 (caled. 96.3)
were used for hydroxylation. Oleonitrile was treated
with 98% formic acid and 30% hydrogen peroxide
(12) to give the hydroxy-formate, hydrolyzed under
mild conditions to threo-9,10-dihydroxystearonitrile,
m.p. 74.7-75.7°, yield 456-50%. To prove structure a

of alkaline catalysis seems to occur exclusively
at the carboxyl group (1,17), and the product is a
mixture of monoesters, diesters, and polyethylene gly-
cols (6,19). This appears to be true even with the
corresponding methyl esters; in each case there is
practically no reaction of ethylene oxide at the sec-
ondary hydroxyl groups.

To avoid the presence of competing groups, meso-
and di-9,10-octadecanediols were used as model com-
pounds to investigate the alkali-catalyzed reaction of
ethylene oxide with fat-based secondary glycols.

The meso- and dl-9,10-octadecanediols were oxy-
ethylated under controlled conditions (1.4 atms. pres-
sure of ethylene oxide, 160°, 4 mole % KOH) to a
selected average number, n, of oxyethyl groups (n =

4,8,12,16): cuy(cHy) -ch [oH] -cH [0H] -(CHy)zCHg

sample was hydrolyzed with 10% aqueous alcoholic
sodium hydroxide to an acid, m.p. 93.4-94.8°, shown
by melting-point, mixed melting-point, and infrared
" spectrum to be threo-9,10-dihydroxystearic acid (16).

Reaction with Ethylene Oxide

Typical Ozyethylation. The graduated reservoir
was charged with liquid ethylene oxide and attached
to the apparatus shown in Fig. 1. With valve 2
closed it was freed of air by the alternate introduc-
tion of nitrogen and boiling of ethylene oxide un-
der vacuum; finally valve 1 was closed. A 500-ml.
reaction flask, containing a 23-mm.-long, glass-en-
closed magnetic stirring bar, was charged with 11.25
g. (0.0393 mole) of dl-9-10-octadecanediol and 104.7
mg. of 85% KOH (4 mole %). With valve 2 open the
glycol and catalyst were purged of air and water by
heating and stirring at 140° with the alternate intro-
duction of nitrogen and evacuation (ce. 25 mm.) for
several cycles.

The volume of liquid ethylene oxide in the reservoir
was now read (45.0 ml.), the nitrogen and vacuum
valves were closed, and valve 1 was opened. The tem-
perature of the magnetically stirred reaction mixture
was brought to and maintained at 160° by the sensor
and heat lamp whereas the pressure of ethylene oxide
gas was maintained at 6.7-1b. gauge or at about 21
1b. total pressure by alternate heating and cooling of

‘ the reservoir as controlled by the pressure-sensitive
H202 HCOH switch. The progress of oxyethylation was followed
H by the decreasing volume of liquid ethylene oxide,
Ho0 density taken as 0.87 g./ml. After 90 min. the reac-
t""e°'°H3(c"2)7'g—:'(CH2)7C" tion was stopped for a weight check at 95% of the
H desired uptake. A final brief reaction gave 31.75 g.
l of a product with 11.9 oxyethylene units per mole of

n CHyCHy0

—

original octadecanediol. The weight increase of the
Chg(CHp)7CH L(ocznu)xouj ct I:(oczuu)yori] ~(CHg)7CN

n CH2 - CH2

CHg(CHy)7-CH [(oczuq)xou:l CH [(oczuq)youj (CHy)CHg

xty=n
threo-9,10-Dihydroxystearonitrile was oxyethylated
in a similar manner (n=4,6,8) and hydrolyzed to
the corresponding nonionic soap:
OLEONITRILE threo-9,10-D IHYDROXYSTEARIC ACID

reaction flask, which checked with the decrease in the
reservoir volume, was taken as the final measure of
oxide combined. After neutralization of the catalyst

l - 1 Presented at the Annuil Meeting, American Oil Chemists’ Society,

St. Louis, Mo., May 1-3, 1961. . .
Clg(CHg)7CH [(OCZI\!Q)XOH] CH [(Uczﬂq)YOH] -(CHy)7C0,Na 2 Eastern Utilization Research and Development Division, Agricul-
Nonionie Soap

tural Research Service, U. S. Department of Agriculture.
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F1a. 1. Apparatus for oxyethylation under constant pressure,
temperature, and stirring rate, with measured level of liquid
ethylene oxide.

in isopropyl aleohol solution, this solvent was removed
by vacuum evaporation.

Removal of Parent Diol. In the case of produects
containing sufficient surviving parent glycol to inter-
fere seriously with water solubility, this residual diol
was destroyed by oxidation. A major part of the
meso-diol could be removed first by crystallization.

For example, meso-9,10-octadecanediol oxyethyl-
ated to n =4.00 was found to contain 20.30% unre-
acted octadecanediol. By crystallization of the prod-
uct mixture (31 g.) from ether at 0° and then at —20°,
5.50 g. of meso-octadecanediol, out of 6.29 g. expected,
was removed. The remaining product in 175 ml. of
ether was shaken repeatedly with 4.0 g. (7 equiva-
lents/equivalent) of periodic acid in 250 ml. of water,
with which it formed an emulsion. After 1.3 hr., 100
ml. of a saturated solution of potassium iodide were
added ; the iodine was immediately reduced with thio-
sulfate solution. After boiling off the ether and heat-
ing the mixture -to 60°, the aqueous layer was satu-
rated with sodium sulfate and separated. After three
more washings at 60° with saturated solutions of so-
dium sulfate the organic layer was freed from non-
aldehyde by distillation at 0.05 mm., leaving an oxy-
ethylated product devoid of parent diol.

Oxyethylation of threo-9,10-Dihydroxystearonitrile.
Preparation of Nonionic Soaps. The possibility that
oxyethylation would involve the nitrile group was
shown to be minor by a preliminary experiment in
which equimolar amounts of dl-9,10-octadecanediol
and stearonitrile were treated with 6 moles of ethyl-
ene oxide; 96.3% of the stearonitrile was recovered
unchanged.

threo-9,10-Dihydroxystearonitrile was accordingly
caused to react with 4-, 6-, and 8-molar proportions of
ethylene oxide under the same conditions used for the
octadecanediols. The resulting oxyethylated nitriles
were converted to nonionic soaps by refluxing in
aqueous alcohol with excess alkali, conversion to a
solution of the carboxylic acid by ion exchange, exact
neutralization to pH. 9, and rotary evaporation of
solvent.

Reaction Rates

The oxyethylation apparatus was convenient for
kinetic measurements, which were made in the course
of several preparations. In such casesthe stirring rate
was controlled at 1,900 rpm by operating the mag-
netic stirrer through a voltage stabilizer and variable
transformer; speed was checked several times by a
stroboscopic tachometer (5). Typical results in the

oxyethylation of meso- and di-9,10-octadecanediol and
threo-9,10-dihydroxystearonitrile with respective rates
7.7, 8.3, and 10.9 x 105 moles/sec., are shown in Fig.
2. Aside from slight initial curvature these compounds
gave straight-line plots of ethylene oxide (ml. or moles)
vs. time, as reported for n-octadecanol (17). This
was to be expected under conditions of constant ethyl-
ene oxide pressure and constant molar concentra-
tions of catalyst and hydroxy groups.

Consumption of Parent Diol
Weibull and Nycander (13) showed that the dis-
tribution of produects in the oxyethylation of water,
methanol, ethanol, ethylene glycol, and ethoxyethanol
is deseribed by the equations:

v=cln "og/"o'(““) ("“o/"oo)

< i-1 j
"M“oo = Ci"/(t:-l)i{o/“oo'(“o/"on) Z /it l:(c-l)ln “oo/"o]}

J
in which

N; = molecule with i added ethylene oxide
molecules

m = number of moles of ethylene oxide consumed

N, = number of moles of starting compound

n, = number of moles of surviving starting
compound

n; = number of moles of N; in reaction product

k; = velocity constant for reaction of N with
ethylene oxide

k, = velocity constant for reaction of starting
compound with ethylene oxide

¢ = kij/k, = distribution constant

= m/n,, = average number! of moles of ethylene
oxide per mole of starting compound

The base-catalyzed oxyethylation of long-chain pri-
mary aleohols (20) obeys the Weibull-Nycander equa-
tions with distribution constants ¢ of about 3.

The amount of parent octadecanediol remaining at
various degrees of oxyethylation was determined by
the periodate method (10) and recorded in Table I.
It is seen that, at comparable degrees of oxyethyla-
tion, less dl than meso-diol survives in each case. Al-
though the amounts of various individual oxyethyl-
ated products were not determined, the quantity of
residual glycol was used in the first equation to calcu-
late an approximate distribution:constant. Thus for
mes0-9,10-octadecanediol a distribution constant of 6
to 8 is suggested ; for the dl-diol, about 3.

Distillation of a reaction product of 90.64 g. of
dl-octadecanediol and 3.0 moles per mole of ethylene
oxide (n, or v=3) was undertaken to obtain further
data on the distribution of products. With a spinning

TABLE I
Surviving Starting Glycol
Degree of s P Distribu-
i urviving s
Substance oxyethylated ox%r_ethyla starting tion a
ion, 1ycol, % constant,
n, orv glyeol, % | ¢ =k1/ko
9,10-Octadecanediol
20.30 7.5
10.48 3.3
6.40 6.4
1.78° 3.2
2.14 6.0
0.39 3.1
1.44 7.5
<0.1
5.90 2.2
1.40 2.8

a Qalculated from v = ¢ In noo/no—(c-1) (I-no/noo).
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F1e. 2. Reaction rates in oxyethylation of meso- and"dl-9,10-
octadecanediols and threo-9,10-dihydroxystearonitrile. Plot of
reservoir ethylene oxide: vs. time.

band column (28 theoretical plates) 30 2- to 4-g. frac-
tions were collected before decomposition was appre-
ciable. Although no pure individual products were
isolated, the proportion of touching oxyethylene de-
rivatives (i = 0 and 1, 1 and 2, ete.) in each fraction
was assigned on the basis of carbon analyses. The
results are plotted in Fig. 3 in comparison with a
Weibull-Nyeander distribution calculated for v =3,
¢ = 3, and Poisson distribution for v = 3; ¢, by defini-
tion, = 1 (20). The experimental curve resembles the
Weibull-Nycander more than the Poisson distribution.

Under alkaline catalysis the acidity of parent aleo-
hol compared with the derived ether alecohols is eon-
sidered to be an important factor (13). Since the
ether-aleohol products must be quite similar in the
two octadecanediol series, the earlier consumption
(and lower distribution constant) of the dl-diol sug-
gests that the di-diol possesses a proton somewhat
more easily removed by catalyst anion than that of
the meso-compound. This supposition is indirectly
supported by conformational comparison and infra-
red data. From Fig. 4, contrasting intramolecularly
hydrogen-bonded conformations of the octadecanedi-
ols, it is apparent that interaction between the eclipsed
alkyl groups R would impair the strength of the hy-
drogen bond of the meso-diol. However the miore
favorable transoid relation of the alkyl groups would
permit stronger H-bonding in the D, or L glyeol.
Since the stronger H-bond would more strongly at-
tract electrons of the adjacent hydroxyl group, it
should more effectively enhance the acidity of that
group. Kuhn has shown (4) that dilute carbon tet-
rachloride solutions of glycols exhibit two infrared
absorption bands in the 3-micron region; the separa-
tion between which, /\v, indicates the strength of the

hydrogen bond. Such measurements made on the
present compounds resulted in Av of 40 and 50 cm.-!
for meso- and dl-9,10-octadecanediol [compared to
43 and 53 em.™! reported for meso- and di-6,7-dodee-
anediol (4b)]. Electron attraction by hydrogen bonds
was similarly recognized in a study of the basicity of
glycols toward hydrogen chloride (2).

Surface-Active Properties

Surface-active and related properties were deter-
mined for the oxyethylation products of meso- and
dl-9,10-octadecanediol, threo-9,10-dihydroxystearoni-
trile and the nonionic soap. Products containing
about 2% or more of the unreacted octadecanediols

_(Table I) were purified by the removal of starting

material before measurements were made. Properties
are shown in Table II. :
Products from octadecanediols and the dihydroxy-
stearonitrile, at n =4, had limited solubility in water
but were dispersible. The nonionic soaps (n =4 and
n =38) were easily soluble and gave clear solutions.
At n = 8 oxyethylated diols gave turbid solutions, but
the oxyethylated dihydroxystearonitrile gave a clear
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TABLE II
Surface-Active Properties

A Surface and inter- Foam X g?)%tegggnpcg!;
Veé'a,g‘ef Cloud Wetting facial tension, height(8),| Emulsion "AR
Surf t s pum te}f (IJ (.’ut time,2 0.1% immediate,| stability,P
urtace-active agen ey Rt 0.1%, dynes/em. 0.25%, | 29%in light 0.05%
g np ' ° sec. 60°, .| petrolatum 0.25% +0.2%
S.T. I.T. mm. builder
Oxyethylated 9,10-octadecanediols
44 25.0 26.0 1.6 15 4 days
44 87.0 26.0 1.9 7 2 days
8d 17.0 26.6 1.7 40 1500 sec.
84 23.0 26.9 2.2 40 510 sec.
124 6.1 26.9 2.1 100 140 sec.
12 6.3 27.5 2.4 105 190 sec. 12 27
16 14.0 28.7 3.5 100 70 sec.
16 15.0 30.1 4.1 125 80 sec. 13 26
Oxyethylated threo-9,10-dihydroxy-
SteaTrONItriles..coovviiureiieriiieiiiiiieeiecere e 4 19.0 31.4 5.0 0 200 sec. 8 27
6 14.0 34.8 7.4 0 200 sec. 8 28
8 8.8 33.1 3.7 2 100 sec. 8 26
Nonionic soaps 4 29.0 31.4 5.0 65 90 sec. 15 26
8 300.0 33.1 3.7 30 80 sec. 14 26
Oxyethylated
0leic aCid...coovuriieiiiiiiiiecciiee e 15 82.0° 49.0 33.2 6.5 30 1200 sec. 14 26
stearic acid 15 79.0° 106.0 34.4 6.5 2 1200 sec. 14 23
oleyl alcohol.. 10 57.0° 30.0 30.4 4.7 40 1750 sec. 14 24
ortadecanol 10 68.0° 103.0 34.5 6.8 50 2100 sec. 16 23

2 Shapiro standard tape method (9).
25 ml. water. ¢ Launder-Ometer, A.C.H, standard soiled cotton.
sulfate. Builder = 259% Na4P207, 25%, NasP3Ouo,
cloud-point determination. f No cloud point below 100°.

solution. All compounds were quite soluble at n = 12
and n = 16.

Cloud point, wetting time, surface and interfacial
tension, foam height, emulsion stability, and deter-
gency values are recorded in Table IT and compared
with values for related nonionic surface-active agents.

Wetting time was measured by the Shapiro stand-
ard binding tape method (9). Optimum wetting prop-
erties were observed at n =12 for the oxyethylated
octadecanediols. The oxyethylated dihydroxystearo-
nitrile may have optimum wetting proper’ues atn=38;
in contrast, the corresponding nonionic soap has no
wetting properties. The oxyethylated diols have the
lowest surface and interfacial tension values at low
values of n (n =4) and greatest foam height at high
values (n =16). The foam is not permanent and falls
rapidly.

Emulsifying properties were measured with the
Atlab emulsion tester. Emulsions made from a 2%
solution of the surface-active agent in 25 ml. of min-
eral oil (U.S.P. light petrolatum) and 25 ml. of water
were shaken for 3 min., and the time required for
10% of the emulsion to separate as the aqueous phase
was recorded. Oxyethylated 9,10-octadecanediol with
4 oxyethyl groups was found to have exceptional
emulsifying properties under these conditions. A
spontaneous emulsion formed on pouring the 2%
solution into water. Aqueous solutions did not form
stable emulsions.

Detergency was measured in the Launder-Ometer
at 60° in hard water of 300 ppm, using A.C.H. stand-
ard soiled cotton. Built solutions, 0.05% with respect
to the surface-active agent and 0.20% with respect to
the builder [25% NasP20;, 256% NazP301,, 48.75%
Na,COs, 1.25% CMC (11)], were better detergents
than unbuilt 0.25% solutions. With the exception of
the oxyethylated dihydroxystearonitriles, which did
not form clear solutions at 0.259% -concentration in
hard water at 60°, detergency was about equal to
that for the other nonionic detergents listed, and equal
to that for sodium dodecyl sulfate, the values for
which were 16 and 25.

The nonionic soaps (n =4, n=28) had the salt-
forming characteristics of soap but in other respeets
appeared to have typical nonionic characteristics. Cal-
cium stability values (15) were greater than 1,800.

b Atlab emulsion tester, time for 10% separation from emulsion of 25 ml. 29 solution in mineral oil with
A R = increase in reflectance after washing — 16 and 25, respectively, for Na dodecyl
48.75% Na2C0s, 1.25% CMC (11).

d Purified by removal of unreacted diol. ¢ Too turbid for

) TABLE III
Metal Ton Stability of Nonionic Soaps 2
CsH17CH[ (0C2H4)xOH]CH[ (0C2Hs) yOH] (CH2)7CO2Na

Number
o
oxyethyl
groups,
x+y=n Mg+t Al++ Ca++ TFe++t Ni++ Cu*+ Zn*+ Bat++ Pb++
4 100 10 100 5 100P 6 14 100> 15
8 100 100c 100 11 1004 11 100 100 100f

a Metallic ion stability = 10 x no. of ml. of 1% metal salt solution
tolerated by 10 ml. of 1% surface-active agent (3)

b.e,d,e,f Cloud points 27°, 34°, 45°, 52°, 50°, respectively.

Metal ion stability values (3) for the nonionic soaps
are recorded in Table III. Increase in the number of
oxyethyl groups markedly improved the stability to
Al**, Zn**, and Pb*. On heating the test solution of
the metal soap above room temperature, the listed
cloud points were observed.
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