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237°C., [~]D ~ --9.5 ° (2% soln. in 95% EtOH).  
This quantity of tetrahydroresin acids represents 5% 
of the total acid content of disproportionated rosin. 

Peak 3, p.e.v.  - -  650. Fractions 56-80 were com- 
bined. The acid was recovered by precipitation of the 
cyclohexylamine salt from the isooctane solution. The 
salt was converted to the free acid in ether solution 
with dilute HCI. After evaporation of the ether the 
acid crystallized upon wetting with ethanol. The 
dehydroabietic acid obtained had a m.p. ~ 170- 
172°C., [a]D ~ -t-61.7 ° (2% soln. in 95% EtOH),  
and showed maximum characteristic ultraviolet ab- 
sorption at 276 m~, a ---- 2.37 and 268 m~, a ~ 2.15. 

Peak 4; p. e. v. ~ -  1040. The acids in this peak were 
not isolated since they represented only 2% of the 
acidic portion of the disproportionated product. The 
position of the peak effluent volume indicates that they 
arc more polar than the characterized resin acids. 

Detection of Diene-Resin Acids  in Disproportion- 
ated Rosin. This chromatographic method is satisfac- 
tory for the detection of as little as 1% of the diene- 
resin acids in a completely disproportionated product 
since the peak effluent volumes of these acids range 
from 290 to 510 (Figure 1, curve 1). I t  is of interest 
to note that on disproportionation with 5% palladium 
on carbon catalyst all of the diene unsaturated acids 
in the rosin were converted to their di-, tetra, and 
dehydro derivatives. This includes the pimaric as 
well as the abietie-type acids. 

C h r o m a t o g r a p h i c  Invest igation of Commercially 
D i s p r o p o r t i o n a t e d  Rosins .  The chromatographic 
curves of three samples of commercially dispropor- 
tionated rosin are shown in Figure 2. The variations 
in the extent of disproportionation is apparent from 
examination of these chromatograms. No attempt was 
made to isolate the various components of these sam- 
ples. The degree of separation obtained shows that 
the method is applicable to all of the products ex- 

amined and that the percentage of dehydroabietie 
acid in the acidic portion of the rosin can be deter- 
mined. On that basis Table I shows the percentages 

T A B L E  I 

Distr ibut ion of Acids in Commercially Dispropor t ionated Rosins 

A c i d s  e luted  A c i d s  elate& 
p r io r  to Dehydro- a f te r  dehy- 

Sample dehydroabi-  abietic droabietic 
eric acid acid ac id  

1 ........................... 26 51 23 
2 ........................... 30 59 11 
3 ............................ 40 58 0 

of the various acids or groups of acids divided into 
three categories: a) acids eluted prior to dehydro- 
abietic acid, b) dehydroabietic acid, c) acids eluted 
after dehydroabietie acid. 

R E F E R E N C E S  

1. Fieser, L, F.~ and  Campbell, W. P.,  J .  Am. Chem. Soc,  60, 1 5 9 -  
170 (1938) ,  

2. Fleck, E. E ,  and  Palkin ,  S., Science, 85, 126 (1937) .  
3. Fleck, ~ .  E,, and  Palk in ,  S., J .  Am. Chem. Soc., 60, 921 -925  

(1938) .  
4. Fleck, E, E., and  Palkin ,  S., ibid., 60, 2 6 2 1 - 2 6 2 2  (1938) ,  
5. Fleck, E. E., and  Palkin ,  S., ibid., 61, 2 4 7 - 2 4 9  (1939) .  
6. Fleck, E. E., and  Palk in ,  S., ibid., 6I,  3197-3199  (1939) .  
7. Fleck, E. E.,  a n d  Palk in ,  S. U. S. Pa t .  2 ,239,555 (Apri l  22, 

1941) .  
8. Hampton ,  B. L., (to The Glidden Co.), U. S. Pa t .  2 ,494,550 ( J a n .  

17, 1950) .  
9. Hampton ,  B. L. (to T h e  Gl idden  Co,), U. S. Pa t .  2,497,882 (Feb. 

21, 1950) .  
10. Hasselstrom, T., and  Brennan ,  E. A., U. S. Pa t .  2 ,265,161 (Dec. 

9, 1941) .  
11. Kalman,  N. L., and  Ruther ford ,  N. J .  (to Ridbo Laborator ies  

Inc . ) ,  U. S. Pa t .  2 ,395,278 (Feb. 19, 1946) .  
12. L i t tmann ,  E.  R., J .  Am. Chem. Soe., 60, 1 4 1 9 - 1 4 2 1  (1938) .  
13. L i t tmann,  E.  R. (to Hercules  Powder  Co.), U. S. Pa t .  2 ,154,629 

(Apri l  18, 1939) .  
14. L i t tmann,  E.  R. (to Hercules  Powder  Co.), U. S. Pa t .  2 ,201,237 

(May 21 1940) .  
15. Loeblich, V. M., Baldwin,  D. E., and  Lawrence ,  R. V., J .  Am. 

Chem. Soc., 77, 2 8 2 3 - 2 8 2 5  (1955) .  
16. Mills, J .  S., and  Werner ,  A. E. A., J .  Oil & Colour Chemists '  

Assoc., 37, 131 -142  (1954) .  
17. Ramsey~ L. L., and  Pat terson,  W. I., J .  Assoc. Offic. Agr,  Chem- 

ists, 3I, 441--452 (1948) .  

[ R e c e i v e d  J a n u a r y  25,  1 9 5 6 ]  

The Antioxidant Properties of Some 6-Hydroxychromans 
And 5-Hydroxycoumarans 
WILLIAM K. T. GLEIM and JOSEPH A. CHEN1CEK, Universal Oil Products Company, Des Plaines, Illinois 

H s. OLCOTT AND O. H. ]DMERSOiN ~ (1) related the 
• antioxigenic properties of the unsaponifiable 

matter of wheat germ oil to its tocopherol 
content. They noted the great difference in the anti- 
oxidant power of fl and a tocopherols which differ 
chemically only by the reversal of the methyl group 
and the unsubstituted position on both sides of the 
phenolic hydroxyl. C. Golumbic (2) investigated the 
relation between antioxidant activity and constitution 
in the case of hydroquinone and 6-hydroxychroman, 
the basic ring system common to all tocopherols. He 
compared the effect that C-methylation of the aromatic 
ring had on the antioxidant properties of hydro- 
quinone and 6-hydroxychroman in lard. He con- 
cluded that methylation is detrimental, especially in 
the case of hydroquinone, which becomes practically 
inactive in lard. The 6-hydroxychroman still retains 
some activity even when completely mcthylatcd in 
the aromatic ring. In 1943 R. H. Roseuwald and J. A. 

Chenicek (3) showed that the introduction of a tert- 
butyl group ortho to the free hydroxyl into the mono- 
methyl ether of hydroquinone greatly increased the 
inhibitor activity over that of the parent compound. 
The introduction of two tert-butyl groups in the 2 
and 5 positions does not improve the low inhibitor 
potency of methoxyphenol. The 6-hydroxychroman 
may be considered structurally related t(~ a mono- 
alkylated alkoxyphenol, in which the introduction of 
a tert-butyl group should depress the inhibitor ac- 
tivity. Therefore the effect of the introduction of a 
tert-butyl group into a 6-hydroxychroman could not 
be predicted and could only be determined empiri- 
cally. The 5-hydroxycoumaran was investigated also 
because of its close chemical relation. 

The chromans and coumarans selected were the 
2,2-dimethyl-6-hydroxychroman and the 2,2-dimethyl- 
5-hydroxycoumaran. The two compounds were pre- 
pared as suggested by C. D. Hurd  and W. A. Hoff- 
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man (4), who showed that this 6-hydroxychroman 
can easily be prepared free of the isomeric coumaran 
and the 2,2-dimethyl-5-hydroxycoumaran equally free 
of the isomeric chroman. Both compounds were 
readily alkylated in 85% HsPO 4 at 70-80 ° with tert- 
b u t y l  alcohol, yielding 6-tert-butyl-2,2-dimethyl-5- 
hydroxycoumaran and 7-tert-butyl-2,2-dimethyl-6-hy- 
droxychroman (5). 

The stability times in a lard having an induction 
period of 5 hrs. were determined according to the 
modified Active Oxygen Method of R. W. Riemen- 
schneider, J. Juros, and R. M. Speck (6). Results in 
Table I show that the 2,2-dimethyl-5-hydroxycou- 

T A B L E  I 

Ef fec t iveness  of 5 - n y d r o x y c o u m a r a n s  and  
6 - n y d r o x y c h r o m a n s  in  L a r d  

U n i n h i b i t e d  L a r d  --~ 5 hrs .  S tab i l i ty  T i m e  

A.O.M-. T i rae ,hrs .  
An t iox idan t ,  Wt .  % 

2 ,2 -d ime thy l -6 -hydroxychroman  ............ 
2 ,2=dimethyl-7-tert~butyL6-hydroxy- 

e h r o m a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2,2 -dimethyl-7 -tert.-bu*yt-6-hyd roxy- 
e h r o m a n  + 0 . 0 0 0 1 %  8 5 %  
P h o s p h o r i c  ac id  ................................ 

2 ,2-dimethyl-7- ter t -butyi -6-hydroxy-  
ch rom an  -[- 0 . 0 0 1 %  Ci t r ic  acid  ........ 

2 .2-dimethyl-5 - h y d r o x y c o u m a r a n  .......... 
2 ,2-dimethyl-6- ter t -butyl-5-hydroxy- 

c o u m a r a n  ........................................... 
2 ,2-dimethyl-6 -ter t-butyl*5-hydro~y- 

c o u m a r a n  + 0 . 0 0 0 1 %  8 5 %  Phos-  
phor ic  ac id  ........................................ 

2,2 -dimethyl-6 -ter t -butyl-5-hydro~y- 
c o u m a r a n  + 0 . 0 0 1 %  Ci t r ic  acid  ..... 

0 . 0 0 5 %  t 0 , 0 1 %  

16 22 

19 26 

23 26 

21 26 
26 26 

47 49 

52 54 

53 60 

0.02% 
26 

33 

31 

32 
26 

41 

41 

47 

marans differ from the corresponding 2,2-dimethyl-6- 
hydroxychroma:ns in the following respects: they are 
more effective; they reach their maximum efficiency 
at lower concentrations; and they respond more to 
synergists. 

In both classes of compounds the introduction of a 
tert-butyl group ortho to the phenolic hydroxyl in- 
creases the potency. This effect is not very strong 
with the 6-hydroxychroman while it practically dou- 
bles the activity of the 5-hydroxycoumaran on a 
weight basis. The effect is even greater, if calculated 
on a molar basis, because the introduction of the tert- 
butyl group decreases the molar concentration of the 
phenolic hydroxyl in the 2,2-dimethyl-5-hydroxyeou- 
maran by 25%. 

Table II  shows the effects the different chromans 
and coumarans have on the induction period of a 
thermally cracked gasoline. This induction period 
was determined according to U.O.P. Method H-6-40 
(7). The differences in the atkylated 5-hydroxy- 
coumaran and the 6-hydroxychroman in this gasoline 
are not as marked as in lard. Both are effective in- 
hibitors at concentrations of 0.006% and over while 

they do not perform quite as well at lower concentra- 
tions. Washing of the gasoline with a methanolic 
potassium hydroxide prior to inhibition did not yield 
any clear-cut results. The purpose of this procedure 
is to remove any naturally occurring phenols. 

The 5-hydroxycoumaran is a better inhibitor than 
the 6-hydroxychroman, both in lard and gasoline. 
When tert iary butylated, its activity is approximately 
doubled both in lard and gasoline at low concentra- 
tions, at higher concentrations less. The behavior of 
the 6-hydroxychromans is quite different. In lard, 
alkylation does not add much potency. As a matter of 
fact, the inhibitor potency of both chromans is only 
fair but, in gasoline, alkylation triples the effective- 
hess of the 6-hydroxychroman at the low concentra- 
tion. Table I[  shows that 2,2-dimethyl chroman 
lengthens the induction period by 60 rain. and the 
2,2-dimethyl-7-tert-butyl-6-hydroxychroman by  17 5 
min., a three-fold increase. However the absolute 
activity of the tert-butylated 6-hydroxychroman is 
not better than that of the corresponding eoumaran. 

One can explain why the 7-tert-butyt-6-hydroxy- 
chroman and the 6-tert-butyt-5-hydroxycoumaran are 
better inhibitors than the 2,5-di-tert-butyl-4-methoxy- 
phenol, since the latter is a relatively poor inhibitor 
(11), but it is not possible to explain in the present 
state of knowledge why the 5-hydroxyconmarans are 
better inhibitors than the 6-hydroxyehromans in lard 
but are substantially the same in gasoline. 

T HE MAIN ACTION all inhibitors have in common is 
the transfer of a hydrogen atom from the inhibitor 

to a chain-propagating free radical like the alkyl 
peroxy free radical: R 0 H  -¢- R 0 0  ° ~ - - >  RO ° + 
ROOH; where R 0 H  = Inhibitor (8). This is chain 
termination. The first task of an antioxidant is to 
supply this hydrogen atom, but  not every eomponnd 
which is able to do so is a good antioxidant. Many 
phenols can suDDly hydrogen atoms but arc not good 
antioxidants. The crucial characteristics and proper- 
ties of a good antioxidant rest with the activity of the 
remaining free radical or semiquinone. If  the re- 
maining semiquinone shows sufficiently high resc- 
tivity, it could become a chain starter for autoxidation 
by removing a hydrogen atom from a molecule of the 
substrate. This would therefore nullify its first chain- 
stopping action when a hydrogen atom was trans- 
ferred to peroxy-free radical, or, in other words, it 
would act as a chain-transfer agent. 

The necessary decrease of the reactivity of the semi- 
quinone is supplied by the resonance energy, which i~ 
really a negative energy factor. Its presence connotes 
a lower energy content, thereby creating greater 
stability. I t  is not surprising that most commercial 
inhibitors operating at ambient temperatnres con- 
sist of aromatic ~s~ems carrying hydroxyl and/or 

T A B L E  I I  

Ef fec t iveness  of 5 - H y d r e x y c o u m a r a n s  and  6-] : Iydrox-ychromans in C r a c ke d  Gasol ine  

Ant iox idan t ,  Wt .  % 

I n d u c t i o n  P e r i o d s  i n  M inu t e s  a t  100 lbs. 0.~ and  2 1 0 ° F .  in  a P e n n s y l v a n i a  
T h e r m a l l y  Cr acked  Gasol ine  of 100 rain. I n d u c t i o n  P e r i o d  

o.oi% 0 . 0 0 3 %  0 . 0 0 6 %  

T r e a t e d  a Not treated Treated Not treated T r ea t ed  Not  treated 

2 ,2 -d imethhy l -6 -hydroxychroman  ................................................. 160 160 230 225 275 285  
2,2-dimethyl-7- ter t -butyl-6-hydroxych rom an  ................................ 275 275 380 410 570 510 
2,2 -dimeChyl-5-hydro~wcoumaran ................................................. 190 210 290  290 355 390 
2,2-dimethyl-6 -tort-butyl-5 - h y d r o x y c o u m a r a n  .............................. 290 285 440 385 535 49'5 

" The t r e a t m e n t  eonsiste~l of w a s h i n g  tile gaso l ine  th ree  t imes  w i t h  10 vol. (/'v of a solution c o n t a i n i n g  5 0 %  methanol ,  2 5 %  H~O, 2 5 %  K O H .  The  
induc t ion  per iod  va lues  a re  the a v e r a g e s  of f o u r  de t e rmina t i ons .  
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amino groups. Aromatics can supply greater amounts 
of resonance energy than any other conjugated sys- 
tern. The first free radical found was the triphenyt 
methyl radical stabilized by the resonance energy of 
three phenyl groups. The resonance energy of this 
system has been calculated by L. Panling and G. W. 
Wheland (9). 

The stability of the triphenyl methyl radical rests 
on the number of phenyl groups which deactivate 
the methyl radical by their resonance energy. Many 
of the effective phenolic antioxidants carry an alkoxy 
group in the para position to the free phenolic group 
like methoxy in butylated hydroxyanisole and the 
heterocyclic part of the coumarans and chromans. 
These groups have an eleetro~l releasing effect on the 
benzene system, a + M  effect, according to C. K. 
Ingold (10), and thereby decrease the electron defi- 
ciency on the site of the odd electron. In addition, 
the resonance from the 4-site structures of the odd 
electron diminishes the reactivity of the semiquinone 
even more. Another corollary of resonance is the 
shortening of bonds; anything which tends to coun- 
teract this will diminish the resonance energy. That 
is why planarity of the molecule enhances the reso- 
nance energy and anything that wilt strain the bonds 
of groups attached to the aromatic ring will decrease 
the resonance energy-. 

Although 2-tert-butyl-5-methyl-4-methoxyphenol is 
no t  as e f f e c t i v e  as 2-tert-butyl-4-methoxyphenol 
(BHA),  it is nevertheless much better than 2,5-di- 
tert-butyl-4-methoxyphenol (11). The 5-tert-butyl 
group acts sterically on the 4-methoxy group, forcing 
it out of the plane of the aromatic ring, setting up a 
strain, and diminishing the resonance energy thereby. 
The effect of the 5-methyl group is much smaller, 
therefore the inhibitor potency of BHA is much less 
disturbed. The reactivity of the semiquinone is de- 
creased further  by adding a tert-butyl group ortho to 
the phenolic oxygen carrying the odd electron. Steric 
hindrance thus created prohibits the approach of any 
save the smallest atoms, like the hydrogen atom. I f  
the last-mentioned contingency occurs, the inhibitor 
is reconstituted and could act again. As to the further 
actions of the semiquinone, T. W. Campbell and 
G. M. Coppinger (12) have shown for the 2,6-di-tert- 
butyl-p-cresol that its mesomeric cyc]ohexadienone 
free radical can combine with a peroxy free radical: 

0 0 
t! i! ©: (CRI)t¢ C( I1t + (CH.~]3CO0" "----) 

CH~ CH~ "OOC (Cg~ } 3 

I t  is not known whether the semiquinones formed 
from BHA and the hydroxy-tert-butyl ehromans and 
coumarans will react in the above indicated manner 
with high reactive radicals and thereby stop another 
chain reaction. R. H. Rosenwald and J. A. Chenicek 
(11) suggest dimerization in the ortho position for 
BHA. As to the fate of the ehromans and coumarans, 
C. Golumbic (13) recognized tocoquinones as the im- 
mediate oxidation products of tocopherols in fats. 
0rthoquinones, n a m e l y  the  chroman-5,6-quinones, 
were also found but only in autoxidized vegetable fat, 
never in animal fat. 

In view of these experiments in which the oxidation 
of the antioxidant proceeds by different pathways, 
even in so closely related substrates as animal and 
vegetable fats, it is too early to correlate the results 
C. E. Boozer and G. S. Hammond (14) obtained con- 
cerning the fate of the inhibitor when working in 
simplified systems. 

Summary 
The inhibitor activity of some 6-hydroxychromans 

and 5-hydroxycoumarans in gasoline and lard was in- 
vestigated. The coumarans are the more effective in 
both substrates. Introduction of a tert iary butyl 
group ortho to the hydroxyl group increases the 
activity of 2,2-dimethyl-5-hydroxycoumaran in both 
substrates, but the activity of the 2,2-dimethyl-6- 
hydroxychromans is increased only in gasoline. 
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Improved Method for Determining Gossypol in 
Crude Cottonseed Oils 
WALTER A. PONS JR., DONALD MITCHAM, ROBERT T. O'CONNOR, and MACK F. STANSBURY, 
Southern Regional Research Laboratory/ New Orleans, Louisiana 

T 
HE USE OF newer cottonseed processing methods 
has resulted in the commercial production of 
crude oils in which the gossypol content can 

vary from as little as 0.1 to as much as 0.7% (5, 
11). With increased use of these methods more cou- 

1 One of the laboratories of the Southern Utilization Research Branch, 
Agricultural  Research Service, U. S. Department of Agriculture. 

sideration may be given to the amount of gossypol 
in crude oils, particularly since evidence has been 
presented (2, 5, 11, 12) to indicate that this pigment 
and its derivatives are primarily responsible for in- 
creases in refined and bleached oil color resulting 
from tbe storage of some crude oils at elevated 
temperatures. 


