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termining the product  composition. Undoubtedly  the 
p r ima ry  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 f rom these results that  the specific 
rate constants for the base-catalyzed reactions of an 
epoxide with the various anions (Equat ions D,F,  and 
I t )  have very little influence upon the product  com- 
position. The product  composition is determined pre- 
dominantly,  if  not solely, by the protonie acidity of 
the alcohol and its epoxide adducts, presumably  com- 
peting' in the proton exchange reaction of the type 
depicted in equations [E,G],  etc. Addit ional  suppor t  
for  this mechanism was obtained f rom the reaction 
of ethylene oxide with sodium see.-butoxide. When 
this reaction was conducted at 120C in toluene solu- 
tion a product  composition with e value of 1.3 (F lory  
e = 1.0) was obtained as compared to e value of 29 for 
the base-catalyzed reaction. The reaction with the 
sodium salt eliminates the proton t ransfer  steps [E,G],  
etc., and the product  composition will depend only 
upon the velocity constants of the epoxide addition 
reactions. The faet  that  the distribution constant e 
is close to uni ty  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 rear rangement  of 
the initial product  takes place. A number  of sub- 
st i tuted benzoic acids were also tried but the yield 
of addition product  was nil. Da ta  are included 
for the experiments  with a number  of phenols not 
previously reported.  These include: o-ehlorophe- 
nol,2,6-di-tert.-butylphenol, 2,4,6-trichlorophenol, 
resorcinol, 5-n-pentadecylresorcinol, hydroqui-  
none, methyl  salicylate, and 3m-pentadecylphenol.  
Good yields of addition products  of cyelohexene 
are obtained using" methanesulfonic acid as cata- 
lyst-solvent and the same nueleophiles employed 
previously. 

Introduction 
T N  PREVIOUS C O M M U N I C A T I O N S  f rom this labora tory  
1( 1,2), data were presented showing improvement  in 
yields of products  when methanesulfonie acid was used 
in place of sulfuric acid (3,4) as catalyst-solvent for 
the addition of phenols and phenyl  ethers to oleic acid. 
I n f r a r ed  studies of the phenol addition reaction gave 
suppor t  to the theory tha t  the addition proceeds via 
the format ion of an intermediate which subsequently 
rearranges  to give the substi tuted phenol instead of 
the phenoxy ether. I t  was also shown that  arylthiols 

1 P r e s e n t e d  at the  A O C S  m e e t i n g  in Toronto; Canada, 1962. 
A laboratory of the E. Utiliz. Res. & Dev. Div., ANN, U.S.D.A. 

could be added to oleie acid and good yields of product  
were obtained. The arylthio] addition, however, takes 
place without subsequent rea r rangement  of the initial 
addit ion product.  Invar iably ,  the end product  of the 
reaction was a thioether. 

Since diesters have been shown to have considerable 
utili ty, it seemed of interest to learn whether the ad- 
dition reaction could be applied to the addition of aro- 
matic carboxylie acids to oleie acid. I f  the reaction 
proceeded so that  the addition resulted in the forma-  
tion of a earbon-carbon bond, then the end product  
would be a diearboxylie acid derivative. Some evi- 
dence in support  of this hypothesis is found in a 
recent patent  (5) and paper  (6) describing the prepa-  
rat ion and propert ies  of benzoic acid modified a lkyd 
resins. An interesting product  was obtained in an 
a t tempt  to add benzoie acid to oleie aeid using meth- 
anesulfonic acid as catalyst. I n f r a r ed  analyses of the 
product  af ter  esterifieation were ineonelusive, in that  
it was not possible to differentiate between two pos- 
sible products:  methyl  benzoxystearate or a carbo- 
methyoxyphenyl-s tear ic  aeid ester. The former, on 
saponification followed by esterifieation with methyl 
alcohol, would yield a mixture  of methyl  hydroxy-  
stearate and methyl  benzoate. I f  the addition prod- 
uet was a carbomethoxyphenyl-s tear ie  acid derivative, 
saponification followed by esterifieation would not 
alter the material .  Saponification of the benzoic acid 
addit ion product  yielded hydroxy-stear ie  aeid demon- 
s t ra t ing  that  the addit ion took place via the earboxyl 
group and no carbon-carbon bond was formed. 

F r o m  the addit ion of benzoic acid to oleie acid 
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there was obtained a 30% yield of molecularly distilla- 
ble methyl  benzoxystearate. Analysis: Calc. C = 74.60, 
H = 10.11, S.E. = 209. Found C = 75.02, I I  = 10.37, 
S.E. = 224. A number  of other substi tuted benzoic 
acids were tried in the addition reaction. These in- 
eluded: m-nitrobenzoie, p-nitrobenzoie, p-toluic, o- 
chlorobenzoic, m-ehlorobenzoic, p-chlorobenzoic, 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 al ternat ive method for prepar ing  a 
dicarboxylic acid derivative f rom oleic acid, the addi- 
tion of methyl salicylate was tried. I t  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 derivat ive con- 
ta ining both hydroxyl  and carboxyl groups. When  
the addition reaction with methyl  salicylate was 
carried out at room temperature ,  the yield of addit ion 
product  was only 13%. To obtain this yield, the ad- 
dition of sulfuric acid was required ( 1 0 4 0 %  of the 
total aeid uxed), a!ong with the methanesulfonie acid. 
However,  when the addition reaction was run  at a 
t empera ture  between 50-60C and no sulfuric acid 
added to the methanesulfonic acid, the yield of methyl  
salicylate addition product  was 53%. Analysis:  Calc. 
C =72.28, H = 9.89, Sap. No. = 250, OH = 3.79, Mol 
w t = 4 4 8 .  Found  C = 7 3 . 2 8 ,  H = 1 0 . 5 6 ,  Sap. N o . =  
244, OH = 3.48, Mol wt = 427. 

I Iydroxyphenyls tea r ic  acid derivatives have been 
shown to have some ut i l i ty in lubricat ing grease com- 
po=:itions (7), and also have been repor ted to have 
oxidation and rust  inhibiting propert ies  in lubricants  
(8). Because of our continuing interest  in lubricants  
and lubricant  additives, and in order to complete the 
s tudy  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- 
inarizes these results. 

T A B L E  I 
Methyl Esters  of Hydroxyphenyls tear ic  Acids 

CH.~' (C t I2 )xCH - (CH~)y . COOCHa 
I 

R O H  
x-~- y =- 15 

R O H  

2,6-di ter t -Butylphenol  ........... 
o-Chlorophenol ...................... 
2,4, 6-Trichlorophenol  ........... 
Resorcinol  ............................. 
5-n-Pentadecylresorcinol  ...... 
Hydroqu inone  ....................... 
3-n-Pentadecylphenol  ............ 

Yield of 
~o leeu la r ly  

Dist i l led 
P roduc t  

40 a 
36 b 

No addi t ion  
55 

No addi t ion  
4 0 - 6 0  

33 

C a r b o n %  

Calc. Found 

70.64 71.64 

iiiii iii i 

Hydrogen  % 

Cale. I F o u n d  

11.46 
9.72 10.07 

12.08 12.05 

a/Viol w t :  Calc. 502, Found  482. 
b % O H :  Calc. 4.0, F o u n d  3.9;  %C1: Calc. 8.34, F o u n d  7.05. 

dieter t iary-butylphenol  and small ainolmts of methyl  
oleate. The fract ion distilling between 130-170C at 5 
(90g ,  40% yield) constituted the subst i tuted 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, a f ter  water  wash- 
ing to remove very  soluble methanesulfonic acid, by 
extract ing the ethereal solution with small portions 
of I % N a O H .  Extrac t ion  was continued unti l  the 
aqueous layer  was alkaline. The dilute N a O H  solution 
was allowed to remain in contact with the organic 
layer for  the min imum amount  of t ime (separat ion 
of layers in the extraction funnel) .  

The pre fe r red  method for  the removal of the excess 
of phenolic reactant  was by fract ional  distillation. 
This was done wherever possible. In  the prepara t ion  
of the hydroquinone addit ion product  of oleic acid, 
a large pa r t  of the excess of hydroquinone was removed 
f rom the crude reaction product  by extract ing with 
hot water.  The water  washed mater ia l  was dried, 
methylene chloride added, and the solution filtered 
off f rom the last portions of unreacted hydroquinone. 

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

E x p e r i m e n t a l  

In general, the additions were carried out in es- 
sent ia l ly  the same manner  described in our earlier 
papers.  I l lustrat ive of these experiments  is the prepa-  
rat ion of the addition product  of 2,6 di ter t iary-butyl-  
phenol and oleie acid, described as follows: To a mix- 
ture of 124.9 g of oleic acid (0.442 mole) and 182.3 g 
of 2,6-dietert iary-butylphenol (0.884 mole), 254.8 g 
methanesulfonie (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 rain. St i r r ing was continued for  an 
addit ional  6 hr  a f ter  which the reaction mixture  was 
st i rred 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- 
t ively distilled. The residue was esterified by adding 
500 ml of methanol, 10 g of p-totuenesulfonic 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 s t r ipped 
of solvent. The residue was subjected to fract ional  
distillation in a molecular still. The early fractions, 
distill ing below 130 C at 5 ~ consisted of excess 2,6 

Discuss ion  

The yield data for  the phenol addit ion products  
of oleic acid listed in Table I give addit ional  suppor t  
for  our  preference for  methanesulfonic acid over sul- 
fur ic  acid as catalyst-solvent for  the addit ion reaction. 
In  previous work with phenolic substances containing 
one t e r t i a ry  butyl  group, the yield of addit ion product  
when sulfuric acid was  used as catalyst  ranged f rom 
17.5 (8) to 23% (3). With  methanesulfonic acid the 
yield was more than doubled. In  the present  work 
even 2,6-di ter t iarybutylphenol  w a s c a p a b l e  of being 
added in 40%yield.  No addition product  was obtained 
in a t tempt ing  to add 2,4,6-trichlorophenol or 5-n-pen- 
tadecyl resorcinol, but addition products  were obtained 
with o-chlorophenol and resorcinol. The hydroquinone 
and 2,6-di ter t iarybutylphenol  addit ion 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. I t  is planned to 
investigate this possibility. 

As a fu r the r  extension of the investigation of 
methanesulfonic acid catalyzed additions, the addit ion 
of nucleophiles to cyclohexene was studied. A num- 
ber of the substances tha t  were successfully added to 
oleic acid were used similarly with cyclohexene. The 
products  obtained f rom the addition of the phenolic 
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Phenol  
m-Cresol 
2-Naphthol  
o Chlorophenol 
Methyl  

Salicylate 
Resorcinol  
2,6-ditert-  

Butylphenol  
p-t e r t -Butyb  

benzenethiol  
2-N aphthalene-  

thiol 
Anisole 
Pheneto le  
Thioanisole 
Benzoic acid 

T A B L E  l I  

Cyclohexene Addition P roduc t s  

Carbon % H y d r o g e n  % [ Hydroxy l  % 

(/ale. Found  Cah'.. I Fonnd  Calc. I F o u n d  

81.77/81.381 9151 025/965  945 
82.06 82.03 9.54 I 9.75 / 8.94 8.70 
84.91 83 .90  8.02 7.99 7.52 7.42 
68.40 68.81 I 7 . 1 8 ]  7 . 2 4 ]  8.07 7.70 

71.77 [ 71.86 7.74 ] 7.80 I 7.26 I 6.60 
74.97 I 74.83 8.39 / 8.67 I N o t d e t e r m i n e d  

83.27 83.17 11.18 10.99 Not de te rmined  

77.35 77.89 9.74 9.97 ........ 

79.28 79.21 7.49 7.52 ........ 
82.06 81.83 9.54 9.56 ........ 
82.30 82.17 9.87 9.90 ........ 

I 

71.44 72.94 7.90 7 85 ] ........ 

Yield of 
Reac t an t  Addit ion 

P roduc t  

44 
62 
25 
48 ~ 

4 5  b 

66 

5O 

65 e 

21 (l I 

addit ion I 
47 e i 

'~Chlorine % :  Calc. 16.83, Found  17.09. 
h S.E.:  Cale. 234, Found  233. 
e Sul fur  % : Calc. 12.91, Found  13.00. 
d Sul fur  % :  Calc. 13.23, Found  12.90.  
e S.E.:  Calc. 204, Found  206. 

nueleophiles were eyclohexyl subst i tuted phenols; the 
products  obtained f rom the addition of arylthiols were 
thioethers. In  the prepara t ion  of the 2-naphthalene- 
thi01 addition product  of eyclohexene, the excess of 
thiol was removed by dissolving the crude mixture  
in a small amomlt  of methylene chloride and precipi tat-  
ing the unchanged 2-naphthalenethiol by the addit ion 
of hexane. Phenyl  ethers were also capable of being 
added (See Table H ) .  

Table I i  shows the yield data for the addition of 
phenols, phenyl  ethers and arylthiols to cyclohexene. 
The products  obtained from these additions are similar 
to the addition products  f rom oleic acid. Cyc]ohexy] 
benzoate was formed by the addition of benzoic acid 

to cyelohexene. Methyl salieylate added to eyclohexene 
via the phenolic hydroxyl  group. The 66% yield of 
cyclohexyl resoreinol is another example of the ad- 
vantages of the methanesu]fonie acid catalyst-solvent 
addit ion procedure. Bar t le t t  and Garland (9) ob- 
tained only a 5% yield of product  in condensing 
cyelohexyl chloride with resorcinol in the presence of 
a luminum chloride. 

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

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

A C K N O W L E D G M E N T  
Analyt ica l  res~tlts by E.  T.  Dm~ahue and  meml)ers  of the  analyt ical  

section of the Eas t e rn  Regional  Research  Labora to ry .  
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Report of the Commercial Fats 

Analysis Committee, 1963 

T HE NAY 1962 repor t  was the last repor t  of the 
long-standing Fa t  Analysis Committee. The fol- 

lowing month, the Commercial  Fa ts  and 0ils Analysis  
Committee was organized with nine subcommittees, 
most of which were carried over, with the exception of 
the Refining Subconlmittee 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 s tar ted the year  under  the chair- 
manship of T. C. Smith, who was replaced in Novem- 
ber, 1962, upon his ret irement,  by E. R. I tahn.  An 
interim report  (dated 1962) p repared  by Mr. Smith, 
and revised in some detail, contains essential infor-  
mation for fu ture  work on the selection of bleaching 
earths for distr ibution by AOCS. 

"Negot ia t ions  were s tar ted in the fall  of 1959 for  
a new supply  of na tura l  bleaching earth to replenish 
the supply  of AOCS official na tura l  earth, estimated 
at the time to be close to twelve hundred cans. As 
of J u l y  15, 1960, there were 831 cans of the original 
8,100 cans approved for  distr ibution August  1, 1954, 
on hand. This indicates that  the annual  sales had 
averaged slightly over 1,200 cans or about 100/month ; 

and Oils 

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

" I t  was our good for tune  to have been favored with 
the foresight of the Bennet t -Clark Co., supplier  of 
the current  official earth. The original lot of domestic 
na tura l  earth was purposely  produced in excess of the 
immediate requirements.  The excess, amounting to ap- 
proximate ly  12,000 lb in 80-lb mult i -ply paper  bags, 
was held in Bennet t -Clark storage for  future  require- 
ments  without compensation by the Society. This earth 
had been evaluated for  un i formi ty  as a ' g r a n d  lot '  of 
450 eighty-pound bags. The sampling and testing of 
the ' g r a n d  lot '  of earth, for the sake of completeness, 
will be discussed more ful ly  elsewhere in this report .  

" T h e  foresight mentioned relieved the committee 
of a considerable amount  of essential work involving 
the reestablishment of the m d f o r m i t y  of a new lot 
of earth, because this phase of the work had already 
been accomplished dur ing September,  1951. 

Bleach Tests on New Earth--1959-1961.  " I t  is re- 
quired that  the earth be approved by the Chemists '  
Committee of the N C P A  and the Technical Committee 
of the NSPA.  The Chairnlen 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 


