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termining the product composition. Undoubtedly the
primary and secondary hydroxyl groups of an unsym-
metrical glycol, such as propylene glycol, differ in
acidity, which result in different isomeric products
upon reaction.

One can conclude from these results that the specific
rate constants for the base-catalyzed reactions of an
epoxide with the various anions (Equations D,F, and
) have very little influence upon the product com-
position. The produet composition is determined pre-
dominantly, if not solely, by the protonic acidity of
the aleohol and its epoxide adducts, presumably com-
peting in the proton exchange reaction of the type
~ depicted in equations [EB,G], ete. Additional support
for this mechanism was obtained from the reaction
of ethylene oxide with sodium sec.-butoxide. When
this reaction was conducted at 120C in toluene solu-
tion a product composition with ¢ value of 1.3 (Flory
¢ = 1.0) was obtained as compared to ¢ value of 29 for
the base-catalyzed reaction. The reaction with the
sodium salt eliminates the proton transfer steps [E,G],
ete., and the product composition will depend only
upon the velocity coustants of the epoxide addition
reactions. The fact that the distribution constant ¢
is close to unity shows that reactions [D,F'], ete. pro-
ceed at equal rate.
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Abstract

Benzoic acid adds to oleic acid in methane-
sulfonic acid as catalyst-solvent to form an ad-
dition product in 30%yield. Saponification studies
on the product reveal that the addition is made
via the carboxyl group and no rearrangement of
the initial product takes place. A number of sub-
stituted benzoic acids were also tried but the yield
of addition product was nil. Data are included
for the experiments with a number of phenols not
previously reported. These include: o-chlorophe-
nol,2,6-di-tert.-butylphenol, 2,4,6-trichlorophenol,
resorcinol, 5-n-pentadecylresorcinol, hydroqui-
none, methyl salicylate, and 3-n-pentadecylphenol.
Good yields of addition products of cyclohexene
are obtained using methanesulfonic acid as cata-
lyst-solvent and the same nucleophiles employed
previously.

Introduction

N PREVIOUS COMMUNICATIONS from this laboratory

(1,2), data were presented showing improvement in
yields of products when methanesulfonic acid was used
in place of sulfuric acid (3,4) as catalyst-solvent for
the addition of phenols and phenyl ethers to oleic acid.
Infrared studies of the phenol addition reaction gave
support to the theory that the addition proceeds via
the formation of an intermediate which subsequently
rearranges to give the substituted phenol instead of
the phenoxy ether. It was also shown that arylthiols

1 Presented at the AOCS meeting in Toronto, Canada, 1962.
2 A laboratory of the E. Utiliz, Res. & Dev. Div,, ARS, U.8.D.A, ~

could be added to oleic acid and good yields of product
were obtained. The arylthiol addition, however, takes
place without subsequent rearrangement of the initial
addition product. Invariably, the end product of the
reaction was a thioether.

Since diesters have been shown to have considerable
utility, it seemed of interest to learn whether the ad-
dition reaction could be applied to the addition of aro-
matie carboxylic acids to oleic acid. If the reaction
proceeded so that the addition resulted in the forma-
tion of a earbon-carbon bond, then the end product
would be a dicarboxylic acid derivative. Some evi-
dence in support of this hypothesis is found in a
recent patent (5) and paper (6) describing the prepa-
ration and properties of benzoic acid modified alkyd
resins. An interesting product was obtained in an
attempt to add benzoic acid to oleie acid using meth-
anesulfonic acid as catalyst. Infrared analyses of the
product after esterification were inconelusive, in that
1t was not possible to differentiate between two pos-
sible products: methyl benzoxystearate or a carbo-
methyoxyphenyl-stearic acid ester. The former, on
saponification followed by esterification with methyl

. alcohol, would yield a mixture of methyl hydroxy-

stearate and methyl benzoate. If the addition prod-
uct was a carbomethoxyphenyl-stearic acid derivative,
saponification followed by esterification would not
alter the material. Saponification of the benzoic acid
addition product yielded hydroxy-stearic acid demon-
strating that the addition took place via the carboxyl
group and no carbon-carbon bond was formed.
From the addition of benzoic acid to oleic acid
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there was obtained a 30% yield of molecularly distilla-
ble methyl benzoxystearate. Analysis: Cale. C = 74.60,
H =10.11, SE. =209. Found C=175.02, II =10.37,
S.E. =224, A number of other substituted benzoie
acids were tried in the addition reaction. These in-
cluded: m-nitrobenzoie, p-nitrobenzoic, p-toluie, o-
chlorobenzoic, m-chlorobenzoic, p-chlorobenzoie, and
anisic acid. Of these, only m-nitrobenzoic acid yielded
an isolable addition product. However, the analysis
of this addition product when compared to theory was
poor.

As a possible alternative method for preparing a
dicarboxylic acid derivative from oleic acid, the addi-
tion of methyl salicylate was tried. It was hoped that
methyl salicylate might add via the phenolic hydroxyl
group to give an ether intermediate such as that
postulated with the addition of phenol. Rearrange-
ment of the intermediate would yield a derivative con-
taining both hydroxyl and carboxyl groups. When
the addition reaction with methyl salicylate was
carried out at room temperature, the yield of addition
product was only 13%. To obtain this yield, the ad-
dition of sulfurie acid was required (10—-40% of the
total acid used), along with the methanesulfonic acid.
However, when the addition reaction was run at a
temperature between 50-60C and no sulfuric acid
added to the methanesulfonie acid, the yield of methyl
salicylate addition product was 53%. Analysis: Cale.
C =72.28, H = 9.89, Sap. No. =250, OH = 3.79, Mol
wt =448. Found C =73.28, H=10.56, Sap. No. =
244, OH = 3.48, Mol wt = 427.

Hydroxyphenylstearic acid derivatives have been
shown to have some utility in lubricating grease com-
positions (7), and also have been reported to have
oxidation and rust inhibiting properties in lubricants
(8). Because of our continuing interest in lubricants
and lubricant additives, and in order to complete the
study of phenol additions to oleic acid, this investiga-
tion was extended to include a number of phenols
which have not been studied previously. Table I sum-
marizes these results.

Experimental

In general the additions were carried out in es-
sentially the same manner described in our earlier
papers. [llustrative of these experiments is the prepa-
ration of the addition product of 2,6 ditertiary-butyl-
phenol and oleic acid, deseribed as follows: To a mix-
ture of 124.9 g of oleic acid (0.442 mole) and 182.3 g
of 2 6-dietertiary-butylphenol (0.884 mole), 254.8 g
methanesulfonic (2.682 mole) was slowly added with
good stirring. As only a slight exotherm was observed,
no external cooling was necessary. The addition re-
quired about 20 min. Stirring was continued for an
additional 6 hr after which the reaction mixture was
stirred into 3 1 of cracked ice and allowed to stand
overnight. The organic layer was extracted with ether,
and the ether solution freed of acid by washing with
20% aqueous sodium sulfate. The ether extract was
dried over anhydrous sodium sulfate and evapora-
tively distilled. The residue was esterified by adding
500 ml of methanol, 10 g of p-toluenesulfonic acid
catalyst, and refluxing the mixture for 16 hr. The
reaction mixture was diluted with 2 1 of water and
extracted with ether. The ether extract, freed of
catalyst by water washing, was dried and then stripped
of solvent. The residue was subjected to fractional
distillation in a molecular still. The early fractions,
distilling below 130 C at 5 p consisted of excess 2,6
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TABLE 1
Methyl Esters of Hydroxyphenylstearic Acids

CHs - (CHe)x(llH + (CHz2)y * COOCHs

ROH
X+4+y=15
Yield of Carbon % Hydrogen %
Molecularly
ROH Distilled

Product Cale. | Found | Calec. IFound
2,6-ditert-Butylphenol........... 402 78.82 | 78.46 | 11.63 | 11.46
o-Chlorophenol.............. . 36t 70.64 | 71.64 9.72 | 10.07
2,4,6-Trichlorophenol | Noaddition | .o | vevviinn | i |
Resorcinol. 55 73.85 | 73.67 | 10.41 | 10.39
5-n-Pentadecylresorcinol....... No addition | ..ccceee | vorvnver | ovveniees | e
Hydroquinone..........ccveerreren 40-60 73.85 | 73.98 | 10.41 | 10.36
3-n-Pentadecylphenol............ 33 79.94 |1 80.00 | 12.08 | 12.05

2 Mol wt: Cale. 502, Found 482,
b % OH: Calc. 4.0, Found 3.9; 9,Cl: Cale. 8.34, Found 7.05.

dietertiary-butylphenol and small amounts of methyl
oleate. The fraction distilling between 130-170C at 5 p
(90 g, 40% yield) constituted the substituted methyl
stearate.

In a few instances, the recovery of the product re-
quired some modification of the above procedure. In
the experiments when benzoic acid was added, the
excess of benzoic acid was removed, after water wash-
ing to remove very soluble methanesulfonic acid, by
extracting the ethereal solution with small portions
of 1% NaOH. Extraction was continued until the
aqueous layer was alkaline. The dilute NaOH solution
was allowed to remain in contact with the organic
layer for the minimum amount of time (separation
of layers in the extraction funnel).

The preferred method for the removal of the excess
of phenolic reactant was by fractional distillation.
This was done wherever possible. In the preparation
of the hydroquinone addition product of oleic acid,
a large part of the excess of hydroquinone was removed
from the crude reaction product by extracting with
hot water. The water washed material was dried,
methylene chloride added, and the solution filtered
off from the last portions of unreacted hydroquinone.

All of the oleic acid addition products reported in
Table T were molecularly distilled.

Discussion

The yield data for the phenol addition products
of oleic acid listed in Table I give additional support
for our preference for methanesulfonic acid over sul-
furie acid as catalyst-solvent for the addition reaction.
In previous work with phenolic substances containing
one tertiary butyl group, the yield of addition product
when sulfuric acid was. used as catalyst ranged from
17.5 (8) to 23% (3). With methanesulfonic acid the
yvield was more than doubled. In the present work
even 2,6-ditertiarybutylphenol was capable of being
added in 40%yield. No addition product was obtained
in attempting to add 2,4,6-trichlorophenol or 5-n-pen-
tadeeyl resorcinol, but addition products were obtained
with o-chlorophenol and resorcinol. The hydroquinone
and 2,6-ditertiarybutylphenol addition products of
oleic acid may be considered as potential antioxidants.
They appear to be less polar than the original phenols,
have wider ranges of solubility and would be more
compatible in oleagineous media. It is planned to
investigate this possibility.

As a further extension of the investigation of
methanesulfonic acid catalyzed additions, the addition
of nucleophiles to cyclohexene was studied. A num-
ber of the substances that were successfully added to
oleic acid were used similarly with cyclohexene. The
products obtained from the.addition of the phenolic
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TABLE JI

Uyclohexene Addition Products

Yield of Carbon % Hydrogen 9% Hydroxyl %
Reactant Addition
Product | Cale. [Found | Cale. |Found | Cale. | Found

Phenol 44 81.77 | 81.38 9.15 9.25 9.65 9.45
m-Cresol 62 82.06 | 82.03 9.54 9.75 8.94 8.70
2-Naphthol 25 84.91 | 83.90 8.02 7.99 7.52 7.42
o-Chlorophenol 482 68.40 | 68.81 7.18 7.24 8.07 7.70
Methyl

Salicylate 45"k 71.77 | 71.86 7.74 7.80 7.26 6.60
Resorcinol 66 74.97 | 74.88 8.39 8.67 |Not determined
2,6-ditert-

Butylphenol 50 83.27 | 83.17 | 11.18 | 10.99 |Not determined
p-tert-Butyl-

benzenethiol 65 ¢ 77.35 | 77.80 9.74 9.97
2-Naphthalene-

thiol 214 79.28 | 79.21 7.49 7.52
Anisole 66 82.06 | 81.86 9.54 9.56
Phenetole 62 82.30 | 82.17 9.87 9.90 .
Thioanisole No | b | v ] vt
Benzoie acid addition

47¢ 71.44 | 72.94 7.90 T8 |

# Chlorine % : Cale. 16.83, Found 17.09.
b S E.: Cale. 234, Found 233.

¢ Sulfur % : Cale. 12.91, Found 13.00.

O Sulfur %: Cale. 13.23, Found 12.90.
¢ S E.: Cale. 204, Found 206.

nucleophiles were c¢yclohexyl substituted phenols; the
products obtained from the addition of arylthiols were
thioethers. In the preparation of the 2-naphthalene-
thiol addition product of c¢yclohexene, the excess of
thiol was removed by dissolving the crude mixture
in a small amount of methylene chloride and precipitat-
ing the unchanged 2-naphthalenethiol by the addition
of hexane. Phenyl ethers were also capable of being
added (See Table IT).

Table IT shows the yield data for the addition of
phenols, phenyl ethers and arylthiols to eyclohexene.
The produets obtained from these additions are similar
to the addition products from oleic acid. Cyclohexyl
benzoate was formed by the addition of benzoic acid

Vou. 40

to cyclohexene. Methyl salicylate added to eyclohexene
via the phenoli¢c hydroxyl group. The 66% yield of
cyclohexyl resorcinol is another example of the ad-
vantages of the methanesulfonic acid catalyst-solvent
addition procedure. Bartlett and Garland (9) ob-
tained only a 5% yield of product in condensing
cyclohexyl chloride with resorcinol in the presence of
aluminum chloride.

Thioanisole is included in Table 11 to show that thio-
ethers do not add to cyclohexene. This experience is
similar to that obtained with oleic acid. It was not un-
expected since the end produet of thiol additions was
thioethers. Anisole and phenetole were successfully
added under similar conditions.

The non-oxidizing behavior, and lower tendency to
form dark colored side reaction products, was again
observed in the above addition reactions using meth-
anesulfonic acid catalyst.

AUKNOWLEDGMENT

Analytical results by E. T. Donahue and members of the analytical
section of the Eastern Regional Research Laboratory.

REFERENCES
. Ault, W, 0, and A. Eisner, JAOCS, 39, 182-3 (1962).
. Kisner, A., T. Perlstein, and W. C. Ault, Ibid., 39, 290—2 (1962).
. Roe, B. T.,, W. E. Parker, and D. Swern, Ibid., 36, 6569 (1959).

. Proell, W. A, C. E. Adams, and B. H. Shoemaker, Ind. Eng.
Chem., 40, 1129-32 (1948).

5. Kraft, W. M., and H. M. Metz, U. 8. Patent 2,915,488, Deec. 1,
1959.

6. Anon., Chem. Process (Chicago), 25, No. 8, 37-9 (1962).

7. Bartlett, J. H,, A. J. Morway, and G E. Serniuk, U.S. Patent
2,692,232, Oct. 19, 1954.

8. Gisser, H., J. Messina, and J, Snead, Ind. Eng. Chem., 48, 2001—4
(1956).

9. Bartlett, J. F., and C. E. Garland, J. Am. Chem. Soc., 49, 2098-
2101 (1927).

[Received February 5, 1963—Accepted May 8, 1963]

IECREC R

Report of the Commercial Fats and Oils

Analysis Commuttee, 1963

HE MAY 1962 report was the last report of the

long-standing Fat Analysis Committee. The fol-
lowing month, the Commercial Fats and Oils Analysis
Committee was organized with nine subcommittees,
most of which were carried over, with the exception of
the Refining Subcommittee and the Bleaching Sub-
committee. Both of these had separate identities of
their own. Following are reports of activities of
several individual subcommittees, submitted by R. C.
Stillman, Chairman,

Bleaching Methods Subcommittee, B. N. Stuckey,
Chairman

This subcommittee started the year under the chair-
manship of T. C. Smith, who was replaced in Novem-
ber, 1962, upon his retirement, by E. R. Hahn. An
interim report (dated 1962) prepared by Mr. Smith,
and revised in some detail, contains essential infor-
mation for future work on the selection of bleaching
earths for distribution by AOCS.

‘‘Negotiations were started in the fall of 1959 for
a new supply of natural bleaching earth to replenish
the supply of AOCS official natural earth, estimated
at the time to be close to twelve hundred cans. As
of July 15, 1960, there were 831 cans of the original
8,100 cans approved for distribution August 1, 1954,
on hand. This indicates that the annual sales had
averaged slightly over 1,200 cans or about 100/month ;

therefore, it was fair to say that the Society had
sufficient earth on hand to meet normal sales for one
year.

‘It was our good fortune to have been favored with
the foresight of the Bennett-Clark Co., supplier of
the current official earth. The original lot of domestic
natural earth was purposely produced in excess of the
immediate requirements. The excess, amounting to ap-
proximately 12,000 1b in 80-1b multi-ply paper bags,
was held in Bennett-Clark storage for future require-
ments without compensation by the Society. This earth
had been evaluated for uniformity as a ‘grand lot’ of
450 eighty-pound bags. The sampling and testing of
the ‘grand lot’ of earth, for the sake of completeness,
will be discussed more fully elsewhere in this report.

““The foresight mentioned relieved the committee
of a considerable amount of essential work involving
the reestablishment of the uniformity of a new lot
of earth, because this phase of the work had already
been accomplished during September, 1951.

Bleach Tests on New Earth—1959-1961. ‘‘It is re-
quired that the earth be approved by the Chemists’
Committee of the NCPA and the Technical Committee
of the NSPA. The Chairmen were asked if they would
accept the findings of the Bleaching Methods Subcom-
mittee. Both Chairmen replied in the affirmative.
Samples of proposed and official earth were sent out
to each member of the subcommittee accompanied by



