Further Studies on Methanesulfonic Acid Catalyzed

Additions to Oleic Acid’

ABNER EISNER, THEODORE PERLSTEIN, and W. C. AULT, Eastern Regional

Research Laboratory,®> Philadelphia 18, Pennsylvania

Abstract

Infrared study of the produets of the addition
of m-cresol to oleic acid in methanesulfonic acid,
revealed the presence of both the m-cresoxy and
hydroxytolyl substituted stearic acids. By em-
ploying a modified extractive procedure to re-
cover the products of the reaction, followed by
chromatography on a Florisil column, a separa-
tion of the two types of addition products was
effected.

The methanesulfonic acid catalyzed addition re-
action was extended to include aryl thiols. Among
the sulfur analogues of the previously used phe-
nols that were added are: benzenethiol, p-t-butyl-
benzenethiol, 2-naphthalenethiol, o-, m-, and p-
toluenethiol. The yields of addition produects
(which were unobtainable in sulfuric acid me-
dia) ranged from 37-70%. In contrast with the
results obtained when phenolic nucleophiles were
employed no evidence for the formation of rear-
ranged addition products has been found. Thio-
ethers were the only products identified.

REVIOUS investigators, notably Niederl and his co-

workers (3,4,5) have proposed that the addition of
a phenol to an olefin in sulfuric acid media proceeds
via an intermediate which subsequently rearranges
according to the following reaction equation:
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On the ocecasions when m-cresol was added to oleic
acid in sulfuric acid medium Niederl (5,6) did not
isolate any of the m-cresoxy stearic acid intermediate,
but obtained the rearranged isomeric (2-hydroxy-4
methyl-phenyl) stearic acid.

In a previous report from this laboratory (1) data
were presented showing improvement in yields of
products when methanesulfonic acid was used in place
of sulfuric acid (2) as catalyst-solvent for the addi-
tion of phenols and phenyl ethers to oleic acid. In-
cluded in the group of phenolic nucleophiles that gave
good yields of addition products was m-cresol.

The procedure employed specified that the reaction
mix be poured into ice-water at the conclusion of the
reaction period and the addition product extracted
from the resulting admixture. The recovered product
after esterification with methanol had values for sa-

1 Presented at the A.0.C.S. meeting, Chicago, 1961.
2 Eastern Utilization Research and Development Division, U.S.D.A.
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ponification equivalent and % hydroxyl which agreed
well with the theoretical values for the rearranged
product i.e., the methyl ester of hydroxytolylstearic
acid.

A procedure for isolating the addition product by
a method that would permit recovery of the expensive
methanesulfonic acid catalyst-solvent for re-use seemed
quite desirable. During investigation of an extractive
procedure for recovery of the m-cresol-oleic acid addi-
tion product, evidence was obtained for the presence
of a m-cresoxystearie acid intermediate in the recov-
ered products.

By modifyfing the recovery procedure, products
are obtained which differ from those obtained for-
merly. If the reaction mixture is extracted prior to
dilution, and the methanesulfonic acid re-used in
subsequent runs, the unrearranged products are re-
covered from the extracts. The methanol esterified
products upon analysis had saponification equivalents
which agree with theory for a proper addition prod-
uet. The % hydroxyl, however, is much lower than
that required for theory. Infrared examination of
the material shows a high degree of absorption in the
1100-1300 em™ region characteristic of ethers. Ab-
sorption present in the 3300-3700 em~' region indi-
cated the presence of free hydroxyl groups. These
results suggest that the material is a mixture of esters
of m-cresoxy and hydroxytolyl stearic acids.

Because the m-cresoxy ester is less polar than the
ester containing free phenolic hydroxy groups, separa-
tion of the mixture by chromatography on a Florisil
column was attempted. The early fractions that were
eluted from the column, when examined by infrared,
showed no absorption peaks in the 3300-3700 cm™?
region indicating the absence of free hydroxyl group.
The same fractions had strong absorption in the 1100-
1300 em? region (ether). The fractions obtained from
later elutions with solvents of inecreased polarity did
have hydroxyl absorption and a considerable lessening
of the ether absorption.

By treatment with dilute acid, the m-cresoxy de-
rivative obtained from the early fractions could be
rearranged to the hydroxytolyl ester. This was proven
by infrared examination of the produect, i.e., appear-
ance of the OH absorption peaks in the 3300-3700
cm™! region.

The success obtained with the use of methanesul-
fonic acid as catalyst-solvent for the addition of
phenols and phenyl ethers to oleic acid prompted an
extension of the reaction to aryl thiols and thio ethers.
Roe ef al. (2) had indifferent success when they at-
tempted to add benzenethiol to oleic acid using sul-
furic acids as the catalyst. However, this was not
true when we employved methanesulfonic acid for that
purpose. A number of sulfur analogues of the previ-
ously used phenols were successfully added. The re-
sults of these additions, as well as those obtained with
other thiol nucleophiles, are summarized in Table I.

Initially the addition of the thiols proceeds in the
same manner as with the phenols but no rearrange-
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ment of the initial addition product takes place. In-
variably the end product of the reaction is a thioether.
The reaction may be represented as follows:

H

+ CHg{CHy)7CH = CH{CH;)7CO0H CHaSOgH

—_—

CH3(CHy )y - CH. (CH2) ,COOH
I

x +y=15%

Experimental

Isolation of m-Cresory Substituted Methylstearate.
A mixture of 28.2 ¢ (0.1 mol) of oleic acid and 43.2 g
(0.4 mol) of m-cresol was added slowly, with rapid
stirring, to a flask containing 60 g (0.624 mol) of meth-
anesulfonic acid. Only a slight exotherm was encoun-
tered and no external cooling was required. Stirring
of the reaction mixture was continued for 6 hr. The
reaction mixture was extracted 3 times with 150 ml
portions of commercial hexane. The methanesulfonice
acid layer was saved for further use. The extracts
were combined and washed with water to remove any
acid (Extract I).

A second mixture of 28.2 g of oleie acid and 43.2 g
of m-eresol was added with stirring to the methane-
sulfonic acid recovered from the previous run. Again
the stirring was continued for 6 hr. At the conclu-
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sion of this period, the reaction mixture was extracted
with commercial hexane as above. Combining the ex-
tracts and water washing yvielded Extract II.

The extracts, I and II, were evaporated to remove
solvent and each residue was converted to methyl
esters by conventional esterification methods with ab-
solute methanol. Fractionating the methyl esters from
Extract I yielded 12.2 g of a product which had a
S.E. of 407 and 4.16% OH. Theory for the methyl
ester of the hydroxytolyl substituted stearic acid S.E.
405, % OMH 4.20, yield 30%. Fractionation of the
methyl esters of Extract II yielded 28 g of product
which had a S.B. of 410 and 2.95% O, yield 69%.
The low hydroxyl content of the esters from Extract
IT show that it is a mixture of the isomeric m-cresoxy
and hydroxytolyl derivatives since the theoretical hy-
droxyl content for the rearranged produect is 4.20%.

To separate the isomers chromatographically, Flo-
risil was used as the adsorbent. Employing a 30 to 1
ratio of adsorbent to material, 7.18 ¢ of the mixed
esters from Extract IT in 75 ml of hexane were
charged on to a 216 g Florisil column. Elution with
hexane removed 2.43 g of material which when ex-
amined by LR. showed strong absorption at 1100-
1300 ¢m-! (ether) and no absorption in the 3300-3700
em! region (absence of OH). The non-hydroxy ma-
terial could be rearranged to the hydroxy derivative
by treatment with dilute methanesulfonic acid.

Further elution with 20:80 benzene-hexane mixture,
followed by elution with methylene chloride, removed
3.71 of material from the column. This product under
I.R. had strong absorption at 3300-3700 ¢m™!, indicat-

TABLE I
Meihyl Esters of Arylthio Stearic Acids

CHy ~(GHy)y ~CH = (CHa)y . COZCHy

S
|

R (x +y) =15
Boiling Range | Yield | Saponification ] Carbon % [ Hydrogen % ( Sulfur %
RSH Equivalent
°C mm 4 Calc. Found | Calc. Found Calc., Found Calc, Found
@ SH 170-195 0.t 60 wo7 385 | 73.83 73.73 16,41 10.43 7.88 8.10
SH
Molecularly
Distilled 70 463 450 | 75,26 74.56 10.89 10.74 6.93 7.09
C{CHg), :
@ SH 170-205 0.1 37 421 378 | 74.23  73.62 10.54 10.73 7.62 8.66
Chg
@ SH 185-207 0.1 63 421 388 74.23  74.31 10.54 10.76 7.62 7.54
CHg !
°"3® sh 170-205 0.1 | 52 421 398 74.23  74.07 10.54 10.65 | 7.62 7.49
|
X SH Moleculartly
‘ Distilled 48 457 440 | 76.03 76.26 9.71 9.74 7.02 7.0l
%
@ SH Mc!ecglarly
coocH Distilled 40 232 229 69.78 69.50 9.54 9.66 6.90 6.83
¢ @ su(a) | Molecularly
Distilled 37 4y 431 68.07 67.86 9.37 9.38 7.27 7.7
No addition
@ SCHg product _ _ — | _ _ — — — _
HS.CHy.CHy CO0ICGH 7 :
Molecularly i 257%53 i 69.98() ©or1.36(b} 6.23 b;
Distilled — | 208 < 212, 66.30 c) g7.50 | to.eulc) 1102 7.70(c 7.54

) Analysis of product for chlorine cale. 8.04%, found 8.199.

(a
(b) Calculated as mixed methyl and isoocctyl ester.
(c) Calculated as dimethyl ester.
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ing it to be the hydroxytolyl product. The ratio of
hydroxy to non-hydroxy (ether) product in the mix-
tare is about 3:2.

Addition of Thiols to Oleic Acid. The same proce-
dure used for obtaining the addition products with
phenolie nucleophiles was employed (1). The molar
ratio of methanesulfonic acid to oleic aeid was always
the same (6:1). However, because of the limited
amount of thiol available, the ratio of nucleophile to
oleic acid was reduced from 4:1 to 2:1 in several in-
stances. In all the experiments the excess of thiol
was recovered with the reaction product. Titration
of the prodnets with ethanolic iodine solution gave
negative results, demonstrating the absence of free
mercapto groups. The yields and apalyses of the re-
sulting thioethers are summarized in Table 1.

Results and Discussion

The superiority of methanesulfonie acid over sul-
furic acid as eatalyst-solvent for addition to oleic acid
is demonstrated again by the yields of thioethers re-
sulting from the thiol additions. It was even possible
to add polycyclic thiols such as 2-naphthalenethiol.
Previous investigators using sulfuric acid for the ad-
dition of thiols experienced difficulty in isolating the
produets. The advantage in using methanesulfonie
acid is probably due to the lesser tendency for oxida-
tion and other undesirable side reactions to take place
in this medium. The negative ethanolic iodine titra-
tions indicate the products to be thicethers exclusively.
Rearrangements of thioethers similar to those of the
phenolic addition products would yield titratable free
mereapto (—SH) groups.

The inclusion of thicanisole in Table I serves to
demonstrate that thioethers do not add to oleie acid.
This result is not unexpected since the products iso-
lated from thiol addition were thioethers. It will be
recalled that phenolic ethers such as anisole and
phenetole could be added successfully under similar
conditions,

Vou. 39

The yield of thiol addition products seems to par-
allel those obtained from their phenolic counterparts.
Steric influences of substituents already present in
the aromatic ring play a similar role in influencing
the yields, ie., lower yields from ortho substituted
compounds ; higher yields with meta and para deriva-
tives, Without exception, the odor of the thicether is
less disagreeable than the thiol starting material. No
vield data are listed in Table I for the experiment
when isooctyl 3-mercaptopropionate was added to oleie
acid. About 20 g of a distillate was obtained from a
fractionation of the ester. The saponification equiva-
lent and elemental analysis of one fraction gave re-
sults that lie hetween the theoretical values for a
mixed iscoctyl methyl ester addition produet and the
dimethy] ester addition product. It may be inferred
that the values obtained are due to a partial aleo-
holysis of the isooctyl group during the esterification
of the substituted stearic acid.

In addition to the thiols listed in Table I, two ad-
ditional sulfur derivatives were added to oleic acid:
a, o' dimercapto p-xylene HSCH.-CsH,-CH.SH and
phenylmercaptoacetic acid (carboxythioanisole). The
dimercaptoxylene added to give a mixture of high
mol wt compounds which were unidentifiable. The
phenylmercaptoacetic acid was added via the carboxyl
group. This fype of addition is to be the subject of a
future communication.
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The Lipid Depressant Activities of Whole Fish and Their

Component Oils’ ’
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Abstract

Hypercholesteremic rats were used to investi-
gate the lipid depressant activities of lyophilized
whole fish prepared from menhaden, silver salmon,
mullet, and ocean perch. Ingestion of the whole
fish supplements promoted a significant reduction
in the circulating levels of cholesterol and phos-
pholipids, and in the TC/TP ratios of blood lipids
from the rat. The effects of whole fish were dupli-
cated by feeding rats proportionate amounts of
the oils found in these fish supplements. These
supplements had similar, but less dramatie, effects
on the liver lipids of the rats. The nonlipid com-

1 Presented, in part, at the A.0.C.S. Meeting in Chicago, 1961.

2 Researches supported by U.S. Department of Interior, Fish & Wild-
life Service, American Heart Association, U.S. Public Health Service
and the Hormel Foundation.

3These studies were completed during the tenure of an Established
Investigatorship from the American Heart Association.

ponents, isolated from the fish, had no apparent
influence on the distribution of lipids m the blood
and liver tissues. The preparations of lipid and
nonlipid components of the fish are described, and
the GLC analyses of marine oils are discussed.

N PREVIOUS $TUDIBS we found whole body oils from

tuna and menhaden to be very effective cholesterol
depressants for the rat (1), while Ahrens ef al. re-
ported that menhaden oil lowered the blood lipids
of a hyperlipemic patient and a hypercholesterolemic
patient (2). Further studies revealed that fractions
of menhaden oil fatty acid esters were more effective
lipid depressants than corn oil or various other die-
tary fats (3,4). Although these and other studies
(5,6,7) suggest that a variety of marine oils may be
of benefit in alleviating a hypercholesterolemic con-



