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Composition Types of organic 
Components % compounds Percentage 

(theoretical) fou nd found 

0.5 Coconut, fatty acid 
iso,pro,panol amide 

Na-palmitate, 

Alkyl benzene 
sttlp'ho,nate 

" T E E P O L "  
(se.c. alkyl 
sulphate,s) 

Bnilders : sod~ 
ash, Na-CMO, 
sodium pyre- 
phosphate and 
sodium sulp,ha$e 

Water 

0.8 

1.5 

1.9 
(mol.wt.~---342) 

3.9 

4.9 

87.9 

Fatty acid .alkylol 
amide 

Fatty acid soap 

Alkyl benzene 
sulphonate 

see. alkyl 
snlp,hate,s 

1.5 
(average number 

of C' atoms pe,r 
molecule 16.5 ) 

2.2 
average 

reel. wt. 352 

3.9 

87 
(deteianined 
a,ccording" to, 

Dean and Stark 
ASTM D 95-4,6) 

termines not only the different types  (alkyl sulphates, 
a lkylary l  sulphonates, polyethene condensation prod- 
ucts) but  also the degree of branching  of the alkyl  
sulphate, the chain length of non-Joules based on poly- 
ethene oxide and, for  the anion-active compounds, the 
cation present. In  addition, this method can be used 
for  quant i ta t ive analyses. 

Recent ly Sadtler  (13) has also suggested analyzing 
synthetic  detergents by means of in f ra red  absorption. 

Both Delsemme's  and Sadt le r ' s  method may  be 
valuable to those who have an appara tus  for in f ra red  
spectrography.  An advantage of these methods is tha t  
the spectra can be filed so that  new products  can im- 
mediately  be compared with previous ones. 
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Summary 
An identification scheme for surface-active agents 

�9 is given which enables these agents or their  mixtures  
to be detected in commercial  products. Use is made of 
the acid resistance of the various types, which make it 
possible to separate the different compounds step by 
step f rom the mixture.  

An impor tan t  fea ture  of the method is that  it can 
be used also for  quant i ta t ive  analyses by weighing the 
extract ion residues obtained and determining their  
physical and chemical constants. 
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Bisphenol Derivatives as Antioxidants for Carotene 
E. M. BICKOFF, A. L. LIVINGSTON, and C. R. THOMPSON, Western Utilization Research Branch, 
United States Department of Agriculture, Albany, California 

p H E N O L I C  antioxida~its have been shown to pos- 
sess marked abil i ty to prolong the induction period 
of autoxidizing paraffin wax ( 4 ) a n d ,  under  cer- 

ta in conditions, to protect  carotene similarly (1). The 
success achieved in these tests with several compounds 
related to the bisphenols p rompted  a more extensive 
investigation of these materials  and related compounds 
as ant ioxidants  for  carotene dur ing  storage. As fa r  
as possible, the compounds tested were chosen to per- 
mit  observation�9 of change in act ivi ty  with systematic 
change in structure.  �9 The present  repor t  deals with the 
results of these stabil i ty tests. 

Experimental 
Stability of Oil Solution. The effectiveness of the 

antioxidants  for  the protection of carotene i~ '0ii so- 
lution was first determined. The substrate used for  
test ing the ant ioxidants  was a solution of purified 
crystalline carotene in a highly refined mineral  oil. 

The details of the stabil i ty test for  carotene in oil 
solution have been published previously (6). I t  con- 
sists of a d e t e r m i n a t i o n  of the t ime required for  

breakdown of 20% of the carotene in the oil solution 
stored as a thin layer  at 75~ under  specified con- 
ditions. As in previous work (1), the antioxidants  
were incorporated on an equivalent molecular basis 
ra ther  than  on a weight basis in order to facil i tate 
the comparat ive  evaluation of the ant ioxidants  in the 
oil solution. 

Stability in Alfalfa Meal. To test the effect of the 
ant ioxidants  on the stabil i ty of carotene in a l fa l fa  
meal, a rapid, simple method of incorporat ing the 
ant ioxidant  was employed. This involved spraying a 
Cellosolve (ethylene glycol monoethyl ether) solution 
of the ant ioxidant  on a 200-g. sample of meal while it 
was tumbled at 12 r .p .m,  in a ro ta ry  mixer. Samples 
were then stored for  2 weeks at 65~ Results so ob- 
tained were comparable to about eight months '  stor- 
age at 25~ Details of this technique have been de- 
scribed fu l ly  in an earlier repor t  (5). 

Results 
Bisphenol  Derivat ives  in Mineral Oil Solution: 

Since all of the exper iments  repor ted here followed 
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the same pat tern,  the quant i ta t ive data can be con- 
eisely repor ted in one table. Column 3 of Table 1 
shows the comparat ive stabilizing effect of the vari-  
ous compounds tested for carotene in mineral  oil so- 
lution. The Stabil i ty Valu%0 of the control (i.e., the 
t ime in hours for  20% loss of carotene in the absence 
of added ant ioxidants)  was 2 hours. 

Certain of the bisphenols were very  effective anti-  
oxidants for carotene in oil solution, others were less 
effective, and some were completely ineffective. In 
a t tempt ing  to correlate s t ructure  wi th  a n t i o x i d a n t  
activity,  a nmnber  of general observations may  be 
made. I t  is immediately  evident tha t  the methylene 
group of the methylene bisphenols is of great  impor- 
tance. Effective ant ioxidants  were obtained when the 
methylene bridge was either ortho or para to the 
hydroxyl  groups on the r ings;  the most effective an- 
t ioxidants were ortho-linked compounds. Whenever  
both hydrogens of methylene were substi tuted in the 
2,2'-methylenebisphenols, there was a great  loss of 
act ivi ty  (compounds 3, 4, 42) al though comparable 
substi tut ion in the 4, 4'- methylenebisphenols did not 
cause loss of act ivi ty (compounds 15 and 19). 

Phenyl  substi tution of one of the hydrogens on the 
methylene group of a 2, 2 ' -methylenebisphenol to form 
the t r iphenyl  derivative (compound 14) decreased the 
an t iox idan t  act ivi ty to one-third tha t  of the parent  
compound. Replacement  of only one of the hydrogens 
of the methylene group with a low molecular weight 
alkyl group such as ethyl, propyl,  or isopropyl pro- 
duced little influence on the ant ioxidant  effectiveness 
of the parent  compound (compounds 30, 31, 32, 33). 

The addit ion of alkyl groups to the r ing markedly  
influenced the efficiency of the compound as an anti- 
oxidant. Usually, the addit ion of a second alkyl group 
to the ring" increased the ant ioxidant  act ivi ty of the 
compound (cOmpounds 21 and 39). The nature  of the 
alkyl groups on the r ing also had an impor tan t  bear- 
ing on the effectiveness of the compound. Thus the 
2,2 '-methylenebisphenols which contained two methyl  
groups in the 4 and 6 positions on the r ing were more 
effective than  the corresponding compounds, which 
contained two-t-butyl  groups in these positions (com- 
pounds 24 and 39). Fu r the rmore  the relative positions 
of the alkyl groups on the r ing were very  important .  
Thus 2,2 '-methylenebis(6-t-butyl-4-methylphenol)  was 
three times as effective as 2,2 '-methylenebis(4-t-butyl-  
6-methylphenol) .  Addit ion of a th i rd  alkyl group to 
the r ing of a dialkyl substi tuted bisphenol occasion- 
ally destroyed most of the ant ioxidant  effectiveness 
of the compound (compounds 9 and 24). 

In  passing f rom the two-ring to the related three- 
r ing compound, in some eases no increase and, in oth- 
ers, only a moderate  increase in ant ioxidant  efficiency 
was obtained (compounds 41, 42 and 21, 27). This 
does not agree with the observations of Morawetz (4), 
who found a great  increase i n  ant ioxidant  efficiency in 
passing f rom the two-ring to the related three-r ing 
compound. 

Previous work on the efficiency of ant ioxidants  for  
stabilizing paraffin wax had indicated that  halogens 
in the para  position caused a substantial  improvement  
in the ant ioxidant  efficiency of the compound (4). 
This was not borne out in the present  work with 
carotene, wherein it was found tha t  substi tut ion of 
chlorine in the ring destroyed almost all of the anti- 
oxidant  effectiveness of the compound (compound 7). 

A sul fur  l ink between two phenolic nuclei contrib- 
uted to ant ioxidant  efficiency to approx imate ly  the 
same extent as did the methylene group (compounds 
13, 21 and 38, 42). The disulfide group was much less 
effective whereas the sulfoxide link completely in- 
act ivated the phenol (compounds 5, 11, 38). 

Bisphcnol Derivatives for Carotene in Alfalfa 
Meal. Column 4 of Table 1 shows the comparat ive  
stabilizing effect of the various compounds tested for  
carotene in alfalfa  meal. The compound, 2,2'-methyl- 
enebis(6-t-butyl-4-methylphenol) ,  which was one of 
the most effective ant ioxidants  for carotene in mineral  
oil solution was also the most active for carotene in 
alfalfa  meal. Several related compounds, in which 
one of the hydrogens on the methylene groups was 
replaced with an alkyl group, were also quite effective 
(compounds 26 and 28). However  the related 3-ring 
compound, 2,6-bis ( 3'-l-butyl-2'-hydroxy-5'-methylben- 
zyl)-4-methylphenol,  was relat ively less effective in 
alfalfa  meal than  it was in mineral  oil solution. Fur -  
thermore a nmnber  of other compounds which were 
effective ant ioxidants  for  carotene in mineral  oil solu- 
tion had little or no act ivi ty for carotene in a l fa l fa  
meal (compounds 25, 29, 31, 32, 33, 35, 39). At  least 
two ant ioxidants  for carotene in mineral  oil were 
pro-oxidants in alfalfa  meal (compounds 9 and  17). 

Discussion 
In  general, the results of this investigation have 

confirmed and extended the earlier observations tha t  
certain bisphenols were effective ant ioxidants  for  hy- 
drocarbon systems. I Iowever  it appears  to be difficult 
to predict  at this t ime whether  an ant ioxidant  will 
afford the same order of magni tude of protect ion in 
different media. Thus, al though certain bisphenol de- 
rivatives were effective, for  s t a b i l i z i n g  c a r o t e n e  in 
mineral  oil solution as well as in a lfalfa  meal, others 
were much less effective in the meal than  in the oil 
solution. This is in accordance with previous work 
f rom this labora tory  which showed that  certain de- 
r ivatives of pyrogallol  possessed marked  act ivi ty  for  
carotene in mineral  oil but  not in a l fa l fa  meal (2). 

There exists no easily apparen t  explanat ion for  the 
diversi ty of results in the two systems. The solu- 
bil i ty of an ant ioxidant  in the media in which its 
act ivi ty is being observed is an impor tan t  factor. 
Thus, in a heterogeneous mixture  such as a lfalfa  
meal, the ant ioxidant  must  be soluble in that  phase 
which it is designed to protect,  a fact  which may  
account for  the decreased act ivi ty of certain of the 
bisphenol derivatives toward carotene in a l fa l fa  meal. 
Fu r the rmore  a complex media such as a l fa l fa  meal 
contains a number  of substances which are subject  
to autoxidat ion either selectively or concurrently,  and 
the individual  stabil i ty of each of these components 
is affected markedly  by  the presence of the others. 

I t  has been shown that  a l fa l fa  meal is rich in natu- 
ra l ly  occurr ing antioxidants  (3) so tha t  the possibil- 
i ty  of synergistic action of the added ant ioxidants  
with those na tu ra l ly  present  must  be taken into ac- 
count. I t  has even been demonstra ted in this s tudy 
that  under  different conditions an ant ioxidant  may  
not only lose all act ivi ty  but  may  even appear  to act 
as a pro-oxidant.  I t  should therefore be emphasized 
that  generalizations which may  be made regarding  
n.uclear substi tut ion of bisphenols and their  stabilizing 
effect app ly  only under  the conditions studied. That  
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TABLE I 

Efficiency of Antioxidants for Stabilizing Carotene in Mineral  Oil Solution at 75~ and in Alfalfa ~Ieal at 65~ 

Oompound 
Number 

Structural  Formula and Name 

Effect on Caro- 
tene Stability 

Alfalfa 
Oil a Meal b 

Control 

H o u r s  % 2r 
ta ined 

2 2]. 

c~ 

2,2 ' -Methylenebis ( 6.-n-bu~l-4- 
meU~71phenoZ ) 

_~.c~m) oH oH ~c,,~ 

2~,2' -Cyc lohe~lidene -bls ( 6-t-butyl- 
h-my U~vlphenol) 

, , -c~ OH ci3 _ 

0"3 % oH3 
2,2 ~ - I s  opr opyl-i~enebis ( 6 - t - bu t y l -  
~_me ~4vlphenol ) 

23 

2~ 

2~; 

_~cLm~ ~ ci3 

2,2' sec, -Butylide~e-bis ( 6- t-butyl - 
~---~:~ph~noZ) 

OH OH 

oH3 cH 3 

2 ~ 2 ' - D i ~ - 5 , 5  ' -dimeth~idipher~l- 
sulfone 

OH OH 

~i Cl 

2~2 ' -Dihydro~-5,5' -dicblorodiphenyl 
sulfide 

2? 

23 

OH OH 

Cl Cl 

2~2' -Methylenebis (J~-chlorophenol) 

2~ 

% 

l 
OH 3 

23 

4,4' -Isopropylidene diphenol 

Compound 
Number 

10 

11 

12 

~J 

Structural  Formula and Name 

Effect on Caro- 
tene Stability 

Alfalfa 
Oil a Meal b 

t _ ~  oH ~ _ ~  

_~%~ oH~ oH 3 _~%~ 

H o u r s  

13 

~e- 
rained 

16 

2,2, -Methylenebis ( ~,6-di-~-bu~l-3- 
~e~hylphenol) 

OH 

28 

?-t-Butyl-2-( 4'-~r'butyl-3'- 
h~r o~benzylme~cap to) benzothlazole 

_t-C~,~ OH OH _t-%~9 

oH3 oH3 

3,3' -Di-i~-bu~l-2 ) 2 ' - ~ - 5  ,'5' - 

CH2 

2,2 ' -Methylenebim (4-1mo-cc~vl-~- 
mt~vlphenel ) 

h7 25 

OH OH 

cH3 oH3 

2,2' -Di~-5,5' -dime t~vl-,phe~vl 
sulfide 

~8 2~ 

j ~ CH 

2,2 ' -~,m~vlide~bis ( 6-t-bu~l-h- 
me~wlphenol ) 

52 26 

oR3 / %  % /% 
c~ oH3 ~ cH 

% 

4,4) -Isopropylidenebis ( 2-is~opropylphenol ) 

_t-Ck~ _t-%H 9 

2,2' -Me ~lenebls ( 4- r 
mthylphemol) 

~2 2~ 

55 23 
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T A B L E  I ( C o n t i n u e d )  

COmpound 
N u m b e r  

S t r u c t u r a l  F o r m u l a  a n d  Name 

Effect  on Caro- 
tene Stabi l i ty  

Al fa l fa  
Oil a Meal  b 

18 

19 

20 

21 

H o u r s  % Re-  
t a i l e d  

i~i' -Me 5hylenebis ( 6- t-butyl - 
2-naph~hol ) 

H 

- _ n 

Formaldehyde condensation product 

65 28 

4~4 ' -Is opropylidenebis (2,2'- 
�9 ethylphenol ) 

% I % 

:,I-~ ( 5-t-~uty~-h-hydroxy-o-to:yl )-Z- 
prupa~ue 

OH OH 

2,2 ' -Methylenebis ( 4-me ~hyl-pheaol) 

68 

72 

78 

2h 

23 

25 

26 

22 

23 

OH OH OH 

H3C-~-"Clt 3 

2~6-Bis-(4! -me ~hyl-2 ' -Noxybenzyl ) -4- 
t-bu~iphenol 

CH 3 CH 3 

0 C OH 85 

C3H7--~--~ 
iso=C3H 7 iso-C3H ? 

h,h' -Butylide nebis ( 3-me t~l-6- t- 
Imtylphensl) 

CH 2 , 

~,2 ' -Methyle~bis ( 4,6-di-%-Imtylphe~al ) 

85 

26 

~3 

22 

Compound  
N u m b e r  

25 

26 

27 

28 

29 

3O 

31 

32 

S t r u c t u r a l  F o r m u l a  and  N a m e  

Effec t  on Caro- 
tene  S tab i l i ty  

Al fa l fa  
Oil a ~ e a l  b 

CH 3 CH 3 

~-c2H5 
-t'C4H9 ~a -t'C4H9 

C3H7 

b,4' - ( 2-ethyl-2 -he~re-l-ylidene ) bis 
( 6-t-butEI-3-methylphenol ) 

H o u r s  

100 

CH 3 CH 3 NCH 3 3 

2~2' -I s obu~yl ide nebis ( 6- t-butyl-h-me ~hylp he nol ) 
OH OH 

2,6-Bis(5' -methyl-2 ' -hydr oxy-benzyl ) -4- 
�9 ,e thylphenol 

c~3 ca3 cH 3 

2,2 '-Ethylidenebis( 6-t-butyl-4- 
methylphenol ) 

cH 3 CH~ 

4, h' - o-Nydroxybenzylide ne -b is ( 6-t-butyl - 
3-me--thylphenol } 

c~r 3 OH 3 

t-q,,,. 9 ~ c ~  

h,h'-Hs*.h.vleneb~( 6~ 
methylQhenol ) 

cH 3 cH 3 

_~-%H 9 ~H 3 _t-c~r~ 

4, 4' -Propylldenebis ( 6-t-butyl-3- 
met~Iphenol ) 

120 

Re- 
tained 

23 

36 

26 

35 

23 

29 

cH 3 ca~ 

OH OH 

cH 3 \ 
_t~ 9 ~ca~ 

~,,~, -E~ylldeneb• 6-t-~l-3- 
m~ t.'-~iphenol ) 

125 24 �84 
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(TABLE I (Conchtded) 

Compound 
Number 

Structural Formula and Name 

Effect on Caro- 
tene Stability 

Alfalfa 
Oil a Meal b 

Hours % l~-  
rained 

% H % 

~'%' c< \% 
4,4' -I e obuSylidenebis ( 6-t-bu~yl-3- 
methylphenol ) 

3h OH ~ CI~ 130 27 

c~ c~ 

,4 ' -Me thylenebis ( 6-t-bu~yl-2- 
methylphe nol ) 

CH~ OH OH CH~ 

OH 3 CH3 ca 3 

2,2' -Ethylldenebis (h,6-dAmsthylphen~) 

36 ~ C, H2 ll~O 3;* 

C2H 5 C2}'~ 

2,2 ' -Me thylenebis ( 6-_t-bull-h- 
e thylpheaol) 

_~--C8H17 OH oa ~CSHI? 

2,2' -~thylenebis ( 4-methyl-6-_5- 
octylphenol ) 

Compound 
Number 

38 

39 

~,0 

t~ 

Structural Formula and Name 

Effect on Caro- 
tene Stability 

Alfalfa 
Oil ~ :Meal b 

cb % 

3,3 ' -Di-t-butyl-2,2' -di~o~-5,5' - 
dime thyl-~henyl sulf• 

% % 

2,2 ' -Me ~ylenebls ( h, 6-dime thylphenol) 

c ~3 ~H2 c~ 

7' 
CH 3 

2,2' -n-Butylidenebls ( 6-t-butyl-4- 
methylphenol) 

OH OH OH 

OH3 CH3 OH3 

2,6-Bis ( 3 ' -t~butyl-2 ' -h~coxy-5' -~t~yl- 
ben~yl ) -4~thylphenol 

t-Clflo OH OH t'-Cht'~ 

CH 3 CH 3 

2,2' -P~thylenebis ( 6 - ~-butyl -h-me t~Iphen el ) 

Hours 

~ o  

aSo 

155 

155 

e~ Re- 
tained 

28 

21, 

28 

a Time in hours for 20% loss of carotene at 75~ 
b Percentage of initial carotene retained after two weeks' storage at  65 ~ C. 

the generalizations do not always hold is shown in this 
s tudy as well as in comparison with other work. They 
may or may not apply  to other systems. 

Summary  

Relative values for  the carotene-stabilizing effects 
in mineral  oil solutions of a number of bisphenol 
derivatives were determined. Certain r e l a t i o n s h i p s  
between molecular s t ructure  and antioxidant  act ivi ty 
were observed. Alkyl s u b s t i t u t i o n s  in the reactive 
ortho and para positions were shown to improve the 
stabilizing efficiency of the compounds studied. High 
activities were obtained with bisphenols linked by  
methylene or sulfur. Several of the most effective 
antioxidants were found to be also effective for sta- 
bilizing carotene in alfalfa meal. 

Acknowledgment 

The authors are indebted to Givaudan-Delawanna 
Inc., Dew Chemica l  Company,  Gulf Research and 
Development Company, and A m e r i c a n  C y a n a m i d  
Company for supplying many  of the compounds 
evaluated in this study. The technical assistance of 
I. V. Ford  is also grateful ly  acknowledged. 

REFERENCES 

1. Bickoff, E. :M., J. Am. OiI Chemists' Sot., 28, 65 (1951).  
2. Bickoff, E. M., Coppinger, G. M., Livingston, A. L., and Campbell, 

Ted W., J.  Am. Oil Chemists' Soc., 29, 51 (1952) .  
3. Griffith, R. B., and Thompson, C. R., Bet. Gaz., 111, 165 (1949).  
4. :Morawetz, i . ,  Ind.  Eng. Chem., 41, 1442 (1949).  
5. Thompson, C. Ray, Ind.  Eng. Chem., 42, 922 (1950).  
6. Williams, K. T., Bi,ekeff, E., and Lowrimore, B., Oil a~d Soap, 

21, 161 (1944).  

[ R e c e i v e d  M a r c h  29, 1954]  


