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ABSTRACT 

There is evidence that an addition 
compound of oxidized dl-alpha-toco- 
pherol and linoleic acid is formed when 
the components are adsorbed in mixed 
monolayer on silica gel at a molecular 
ratio of 1:20, and subjected to heating in 
air at 80 C. A relatively nonpolar toco- 
pheryl quinone is also formed in smaller 
amounts. These are the major tocopherol 
oxidation products isolated in this system 
and do not correspond to any known to 
the authors. The addition compound has 
about the same mobility as linoleic acid 
in most thin layer chromatography (TLC) 
and chromatographic systems, but can be 
isolated by successive chromatography on 
silica and gel filtration on Sephadex 
LH-20. It yields a single spot in TLC in 
several systems. The elemental analysis is 
reproducible and consistent with a simple 
addition compound of linoleic acid and 
bivalently oxidized tocopherol. The com- 
pound has a carboxyl group which can be 
esterified. The ester has about the same 
TLC mobility as methyl linoleate. The 
molecular weight of the ester is 722.6. 
The UV spectrumoshows a single peak, 
ETOH = 3000 A, E = 4.74. The IR max 

spectrum shows a very strong chroman 
ether band at 9.12 At, a strong methyl 
band at 7.24 At and carboxyl but no 
hydroxyl absorption. The NMR spectrum 
shows, in contrast to that of tocopherol, 
a reduction in aromatic methyl protons, a 
carboxyl  proton exchangeable with 
deuterium oxide, but no hydroxyl pro- 
ton. The compound does not reduce 
Emmerie-Engel reagent prior to treatment 
with concentrated hydriodic acid, nor do 
the ether-extractable products after such 
treatment. The present data are con- 
sistent with an addition product whose 
bridging group is a new chroman ring. 

INTRODUCTION 

The oxidation of statistical monolayers of 
fatty acids formed by adsorption on silica gel, 
both with and without added d/-alpha-toco- 
pherol, has been reported from this laboratory 

(1,2). The products of these oxidations were 
studied to determine the relative translational 
mobility of the molecules in the monolayer. 
Since tocopherol and its oxidation products 
have characteristic UV absorptions indicative of 
monomeric and polymeric forms, and since we 
have shown that the silica gel system, under 
suitable experimental conditions, permits UV 
study of the products while in monolayer (2), it 
was decided to study first the alterations of this 
molecule. Although quinones and self-polymeric 
forms have been frequently reported (3-8), 
compounds of oxidized dl-alpha-tocopherol 
with molecules other than tocopherol under 
conditions presumably productive of free 
radicals, have not been frequently demon- 
strated. Only the 9-hydroxy-alpha-tocopherone 
(9), the 9-ethoxy-alpha-tocopherone (10), and 
the 5-benzoyloxymethyl-dl-alpha tocopherol 
(i  i)  appear to have been reported from in vitro 
reactions. From the alpha-tocopherol model 
compound,  6-hydroxy-2,2,5,7,8-pentamethyl 
chroman, Nilsson (12) prepared a styrene 
Diels-Alder type adduct (Fig. 1) during alkali 
ferricyanide oxidation in styrene solution. Also 
from the same model compound, Skinner and 
Parkhurst (13) have prepared Diels-Alder type 
adducts with dihydropyran and tetracyano- 
ethylene in aprotic solvents. 

About 40% of the tocopherol adsorbed from 
petroleum ether at a 1:20 molar ratio with 
linoleic acid in monolayer on silica gel and 
oxidized at 80 C in air was recovered as a 1 : 1 
adduct of oxidized tocopherol with linoleic 
acid. The adduct is quite stable, has a free 
carboxyl group and about the same chromato- 
graphic mobility as the free fatty acid in all 
systems tested, except gel permeation chro- 
matography. 

About 10% of the adsorbed tocopherol was 
recovered as a relatively nonpolar monomeric 
quinone of tocopherol without a hydroxyl 
group. Neither of the products corresponds to 
compounds previously reported (6). 

EXPERIMENTAL PROCEDURES 

Silica Gel G was supplied by Warner-Chilcott 
Laboratories Instruments Division, Richmond, 
California. It was acid-washed four times by the 
procedure of Stahl (14). Iron content of the 
final acid washings was 0.75 ppm, as deter- 
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FIG. 1. Structure of chromanol-styrene adduct and 
of tocopherol-linoleic acid adduct; n + m = 12. 
Relative location of methyl, carboxyl and double 
bond of linoleic acid moiety not determined. 

mined by atomic adsorption spectrophoto- 
metry. 

Linoleic acid was purchased from the 
Hormel Institute, and was used as received, 
since further purification in our hands gave a 
product not noticeably more free of UV 
absorption at 233 nap than the original, which 
shows less than 0.1% conjugated diene. There is 
about 0.1 moles percent of an impurity with 
the  UV spectrum and chromatographic 
behavior of conjugated trienoic acid. 

Both synthetic, racemic d/-alpha-tocopherol 
and natural d-alpha-tocopherol were used. The 
synthetic tocopherol was purchased from 
Nutritional Biochemicals Corporation, Cleve- 
land, Ohio, and was of N.F. grade (96% toco- 
pherol). It was purified by eight repetitions of 
the acid and alkali wash procedure of Parker 
and McFarlane (15). The product gave a single 
spot in several systems of thin layer chromato- 
graphy (TLC) and UV absorbance in agreement 
with literature values. 

Natural d-alpha-tocopherol was purchased 
both from Fisher Scientific Company and from 
Distillation Products Industries. These prepara- 
tions, which are initially of high purity, were 
used without further purification from an 
unopened ampoule and were pure to TLC and 
UV analysis. 

Redistilled, low-boiling (35-52 C) petroleum 
ether of A.C.S. Reagent Grade was used as 
adsorbing solvent. It was deoxygenated by 1 hr 
of flushing with dry nitrogen. Benzene and 
chloroform used as eluting solvents in chro- 
matography were also of A.C.S. Reagent Grade 
and were used as received. 

Silicic acid used for the initial chromato- 

graphy was Mallinckrodt A.R. Grade, "Suitable 
for Chromatographic Analysis by the Method 
of Ramsey and Patterson." It was activated at 
110 C for at least 10 hr, and column beds were 
washed with about three bed volumes of 
benzene. 

For the final gel filtration of the com- 
pounds, Sephadex LH-20 was purchased from 
Pharmacia Fine Chemicals, Inc. The gel was 
allowed to swell overnight in a mixture of 
chloroform and cyclohexane (8:2 v/v). After 
column packing, it was washed with about 
three bed volumes of chloroform. 

The methods of adsorption on silica gel of a 
monolayer of lipid containing linoleic acid and 
tocopherol at a molar ratio of 20:1, subsequent 
c o n t r o l l e d  air oxidation at 80 C, and 
monitoring of the oxidation by oxygen uptake 
and UV measurements of the monolayer while 
on silica, have been reported elsewhere (1,2). 

Briefly summarized, the method entails 
adsorption on 2 g of acid-washed, activated 
Silica G at room temperature of approximately 
370 mg of linoleic acid and 25 mg of toco- 
pherol from solution in 45 ml redistilled petro- 
leum ether in an acid-washed, 100 ml round 
bottom flask. After 40 min of shaking and 3 
min of settling, the supernatant solvent is 
decanted and the adhering residual solvent 
removed during 1 hr under dry nitrogen flow at 
slightly above atmospheric pressure. The 
reaction vessel is then flushed with filtered 
laboratory air for 5 min, capped with a rubber 
serum bottle stopper, placed in an 80 C off 
bath, and sampled for headspace gas at appro- 
priate intervals, using a Fisher Gas Partitioner 
(16). After this procedure, no petroleum ether 
peak could be detected by the Gas Partitioner. 

It has been previously shown (1) that 
adsorption conducted under the above con- 
ditions conforms to the Langmuir adsorption 
isotherm. The amount of linoleic acid adsorbed 
at the solution concentration used was equi- 
valent to about 75% of theoretical monolayer 
coverage and was approximately the molecular 
equivalent of the available oxygen in the flask. 

Flasks were removed at appropriate intervals 
and samples of lipid-coated silica were sub- 
jected to successive elution and two-stage chro- 
matography, first in a silica-benzene and later in 
a gel filtration system. Final purification 
i n v o l v e d  repeated gel f i l t rat ion,  which 
accomplished the difficult separation of the 
tocopherol-linoleic acid adduct from linoleic 
acid. 

For the silicic acid column chromatography, 
since the compounds had been calculated to be 
in monolayer form on the silica, they were 
eluted directly from the oxidized lipid-coated 
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FIG. 2. IR spectrum of tocopherol adduct (A) and of tocopherol (B). 

silica onto the top surface of the silicic acid 
column bed. The 2 g sample of lipid-coated 
silica, representing the charge of one flask, was 
dusted through a long-stemmed funnel onto a 
filter paper disk covering the top of the silicic 
acid bed surface, which was submerged in ca. 1 
ml of the slurrying solvent, benzene. A second 
disk was floated into place above the charge, 
solvent was added cautiously, and elution 
commenced. Among other minor fractions, 
about 2 mg of a bright yellow, relatively non- 
polar tocopheryl quinone was usually eluted at 
about 1.2 bed volumes. The nearly colorless 
tocopherol-linoleic acid adduct was eluted at 
two to three bed volumes, depending on the 
silica activation. Linoleic acid (and its conju- 
gated trienoic acid impurity) was eluted shortly 
after the emergence of the adduct, and cochro- 
matographed with it during much of the 
elution. Of the initial charge of 375 mg, there 
were retained for gel filtration the middle frac- 
tions containing about 165 mg of linoleic acid 
and 20 mg of tocopherol-derived products. 

Since the adduct was highly contaminated 
with fatty acid after silica chromatography, it 
was twice rechromatographed by gel filtration 
on Sephadex LH-20, using chloroform as 
eluent. In this system, using newly swelled 
Sephadex, or Sephadex regenerated by chloro- 

form and methanol washing and overnight 
vacuum drying before swelling, the adduct sepa- 
rates as a pure fraction just preceding the fatty 
acids, at about two bed volumes. 

UV spectrophotometry was performed on a 
Cary Recording Spectrophotometer, Model 14, 
using 95% ethanol, unless otherwise specified. 
IR spectrophotometry was done on a Perkin- 
Elmer IR Spectrophotometer, Model 21, using 
CC14 as solvent. NMR spectrometry wa s carried 
out on a Varian HA-100 NMR Spectrometer. 
Spectra were recorded at 100 MHz, operating in 
the frequency-swept mode, using deuterated 
chloroform as solvent and tetramethylsilane as 

R 0 R 

R R' R' R 

TOCOPHEROL DIMER 

R = CH 3 

R' = ClsH33 

R 

II 
CH 2 

QUINONE METHIDE 
OF TOCOPHEROL 

(HyL~othetical) 

FIG. 3. Structure of tocopherol dimer and of 
hypothetical quinone methide of tocopherol. 
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FIG. 4. IR spect rum of  tocopherol  dimer. 

internal standard. Peak values are reported in 
the tau convention, as parts per million. Mass 
spectrometry was performed on the methyl 
ester of the adduct using a CEC Mass Spectro- 
meter, Model 21-I 10B, with perfluorokerosene 
as an internal standard and a source tempera- 
ture of 240 C at time of recording the parent 
molecular ion. Molecular weight and a con- 
firmation of the elemental analysis were deter- 

mined by the peak-matching method of Nier 
(17). 

The adduct was characterized by using TLC 
on Silica G with benzene, esterification with 
boron trichloride and methanol reagent (18), 
reaction with the Emmerie-Engel spray reagent 
and with 58% hydriodic acid (15,19). Ana- 
lytical data for the compound are shown 
below. 
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FIG. 5. IR spectrum o f  tocopheryl  allyl e ther  (A) and o f  tocopheryl  me thy l  e ther  (B). 
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All analytical data on the adduct except that 
from mass spectrometry were obtained from at 
least two separately purified samples and were 
reproducible: pale yellow oil; molecular weight 
(mass spectrometry) 708.6; Rf linoleic acid 
0.07, tocopherol-linoleic acid adduct 0.08, 
m e t h y l  linoleate 0.40, tocopherol-methyl  

ETOH linoleate adduct 0.42; ;kma x 300 m/.t 
(Egc~4.74) with blue shift on silica and with 
polar solvents; IR (/J) carboxyl at 5.84, strong 
bands at 9.12 ( tocopherol  chroman) and 7.24 
(methyl);  NMR, 7.88 (2 aromatic methyl 
groups), 4.56 (2 olefin protons),  5.93 (1 ether 
proton),  carboxyl but no hydroxyl  protons;  
adduct gives no Emmerie-Engel reaction; with 
BC13-MeOH is converted to an ester giving no 
Emmerie-Engel reaction; HI t reatment  does not 
produce t o c o p h e r o l  or ether-extractable 
products that give an Emmerie-Engel reaction. 

Analysis�9 Calculated for C47H8004:  C, 
79.60; H, 11.37. Found:  Sample 1, C, 79.45;H,  
12.17. Sample 2, C, 79.32; H, 12.10�9 

The methyl and allyl ethers of d-alpha-toco- 
pherol were prepared, using either methyl 
iodide or allyl bromide in acetone solution 
shaken with 36% sodium hydroxide solution at 
room temperature (20). After two repeti t ions 
of silica-benzene chromatography, the middle 
fractions in both cases were a clear oil for 
which UV, IR and NMR spectrophotometry 
were consistent with the relevant ether struc- 
ture, as was elemental analysis. The ethers were 
readily cleaved to tocopherol  using hydriodic 
acid (19). 

Analysis of allyl ether. Calculated for 
C32H5402:  C, 81.64; H, 11.56. Found:  C, 
81 .93 ;~ ,  11.14. ND20: 1.4956. 

Analysis of methyl ether. Calculated for 
C30H5202:  C, 81.02; H, 11.79. Found:  C, 
80.92;H,  11.77. ND20: 1.4925. 

The spiro-keto ether dimer of tocopherol  (3) 
was prepared in over 90% yield using silver 
oxide. Twenty-two milligrams of d-alpha-toco- 
pherol were dissolved in 7 ml of methyl  iodide 
contained in a 50 ml round bo t tom flask with 
reflux condenser. One gram of silver oxide was 
added, whereupon the solution became bright 
yellow. The suspension was refluxed at 60 C for 
3 1/2 hr and filtered. The solvent was removed 
at reduced pressure to leave 21.5 mg of a 
bright, orange-yellow oil, soluble with difficulty 
in ethanol, but very soluble in petroleum ether. 
The UV absorption spectrum in hexane showed 
an absorption maximum at 301 mff and a 

E ]7~ 3 secondary maximum at 338 m# ( 1 cm 5. , 

2.3). This spectrum was very little changed on 
further purification and closely corresponds to 
reported values (3-5,7) for the keto-ether dimer 
of tocopherol.  The oil was further purified by 
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FIG. 6. UV spectra of tocopheryl derivatives. 
Tocopherol adduct, 0.16 mg/ml. Nonpolar quinone, 
0.016 mg/ml. Allyl ether, 0.20 mg/ml. Dimer, 0.21 
mg/ml. 

column chromatography on silica, using 
benzene as eluent, the bright yellow oil 
emerging at 0.79 bed volumes. After  two 
repetit ions,  the middle fractions of the yellow 
zone were collected for an analytical sample 
and were pure to TLC (Silica G-benzene). UV 
and IR spectra were in agreement with reported 
values, as was the elemental analysis. 

Analysis. Calculated for C58H9604:  C, 
81.25 ; H, 11.29. Found:  C, 80.62; H, 11.26. 

RESULTS A N D  D ISCUSSION 

Course of Oxidation in the Linoleic 
Acid-Tocopherol Monolayer 

It was found, using silica-UV and gravimetric 
measurement methods previously described 
(1,2), that about 4.3 moles per cent tocopherol  
were co-adsorbed with 185 mg of linoleic acid 
in a monolayer on 1 g of silica from 25 ml of 
petroleum ether solution initially containing 10 
mg/ml of linoleic acid and 0.8 mg/ml of toco- 
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FIG. 8. NMR spectrum of tocopheryl methyl ether 
(A) and of tocopheryl aUyl ether (B). 
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FIG. 7. NMR spectrum of tocopherol adduct (A), 
linoleic acid (B) and tocopherol (C). 

pherol. In the typical experiment at this con- 
centration and at a temperature of 80 + 2 C, 
oxygen uptake was followed for five to seven 
days, or until  headspace oxygen had reached 
less than 1%. This oxygen consumption was 
approximately equivalent to 1 mole of oxygen 
per mole of linoleic acid. 

The course of oxygen uptake and the 
changes in the UV spectrum of such a mono- 
layer on silica have been reported (1). Briefly 
summarized, during the first day of a four day 
"induction period," there is a pronounced up- 
take of oxygen (10% of available oxygen), coinci- 
dent with a shift in the peak of maximum UV 
absorbance from 285 nap (tocopherol adsorbed 
on silica) to 277 nap (quinone adsorbed on 
silica). The oxygen consumption then declines 
slowly and the UV spectrum remains nearly 
constant for three more days. However, at the 

end of the fourth day about 25% of the avail- 
able oxygen has been consumed, or about 5 
mole/mole of tocopherol. After this four-day 
tocopherol-dependent "induction period," there 
is a sharp increase in oxygen consumption and an 
abrupt shift in the peak of the silica-UV 
spectrum back to 283 m/~ (diene carbonyl on 
silica). Almost all of the oxygen is consumed 
within the next day or two. 

Oxidation Products Derived From Tocopherol 

Silicic acid chromatography of the products 
of oxidation direct from the monolayer on 
silica just prior to the end of the four-day 
"induction period" showed two predominant 
products traceable to tocopherol. A yellow, 
re la t ive ly  non-polar, monomeric quinone 
without a hydroxyl group (Compound A) is 
eluted after about one bed volume of benzene 
as eluent. The UV absorption spectrum in 
ethanol showed maxima at 261, 267 mp 
(E]%cm approx. 300). Compound B, a nearly 
colorless oil, appears after three or four bed 
volumes, just prior to linoleic acid and, in later 
fractions, merged with it. It is a tocopherol- 
linoleic acid adduct, the analytical character- 
istics of which have been described above. 
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OXIDIZED TOCOPHEROL-LINOLEIC ACID ADDUCT 

These two compounds, at most, represent 
about 50% of  the available tocopherol.  Neither 
silica-UV spectrophotometry nor subsequent 
chromatography gave evidence for other 
monomers, dimers or trimers as elsewhere 
reported from tocopherol  oxidation. 

The TocopheroI-Linoleic Acid Adduct 

Because it is present in larger amounts,  and 
because of its possible importance to toco- 
pherol function, the adduct was the more 
thoroughly characterized of the two products.  
Many of its characteristics have been stated 
above, but some should be discussed in more 
detail. 

The elemental analysis most closely cor- 
responds to that calculated for a simple or 
multiple adduct of the composition: linoleic 
acid + tocopherol,  C47H8204.  However, the 
parent ion molecular weight derived from mass 
spectral data for the ester, 722.617, cor- 
responds more closely to that  calculated for 
C48H8204,  722.621, consistent with methyl 
linoleate + tocopherol  - 2H, the coupling of 
bivalently oxidized tocopherol  with methyl 
linoleate (Fig, 1 for the acid). 

The IR spectrum (Fig. 2) shows the presence 
of a carboxyl group at 5.83 g and the methyl 
(7 .24 / l )  and chroman (9 .12 / l )  groups of toco- 
pherol but no hydroxyl  or unsaturated 
carbonyl groups. The chroman peak arises from 
the CO stretch vibration of the cyclic aromatic 
ether ring. The ratio of the absorbance of the 
methyl-methylene peak at 3.42 g to that of  the 
carboxyl group is 1.50 for the adduct,  com- 
pared to 0.78 for linoleic acid alone, nearly a 
twofold increase, as expected for the hypothe-  
sized adduct.  

In general, then, the IR spectrum confirms 
the presence of both linoleic acid and toco- 
pherol moieties. Only one oxidation product  of  
tocopherol  is known which has an esterifiable 
carboxyl group (21). The ring of this com- 
pound, alpha-tocopheronic acid, has a quinone 
structure and reactions, which Compound B, 
the adduct,  does not. The chroman peak of the 
adduct is twice as intense as that in the toco- 
pherol spectrum, and its wave length matches 
that of the chroman peak of the known toco- 
pherol dimer (Fig. 3,4). The dimer contains a 
second chroman ring linking the monomers 
(4,8) and is probably derived from a quinone 
methide intermediate.  The absorption by the 
adduct in the acyclic aromatic ether region 
around 8 /l is weak in contrast to the compar- 
able absorption of the allyl and methyl toco- 
pheryl ethers (Fig. 5), 

Of the four oxygens in the 1:1 adduct sug- 
gested by the elemental analysis and mass 

spectrometry,  the IR analysis permits assign- 
ment of two to the carboxyl and one to the 
chroman group. The assignment of  the 
remaining oxygen is critical to the problem of 
structure. The IR analysis and the failure of the 
adduct to give an Emmerie-Engel reaction rule 
out hydroxyl  and unsaturated carbonyl groups. 
Thus, for the group containing the remaining 
one atom of oxygen, there remain only simple 
or cyclic ethers as alternatives, either of which 
places a requirement that the aromatic struc- 
ture be preserved, since no ether peak other 
than that of the intensified chroman is observed 
in the 9 kt cyclic and aliphatic ether region. 

The UV spectrum in ethanol (Fig. 6) adds 
strong support to the aromatic ether assign- 
ment. The main 300 m/l band shows a slight 
bathochromic shift to 301 m# in less polar 
solvents like chloroform, and a pronounced 
hypsochromic shift in more polar systems such 
as the silica-UV system (2), where the peak is at  
295 m/~. We have found such a hypsochromic 
shift in polar media to be associated with the 
aromatic ring of all tocopherol  derivatives so far 
examined, whenever aromatici ty is preserved. 
Thus, tocopherol  and its allyl and methyl 
ethers, and the main 300 m~u band of the dimer, 
which contains one aromatic ring, shift in this 
manner. On the other hand, tocopherot 
quinones experience a bathochromic shift on 
silica of 7-10 rn~, and the unsaturated ketones, 
in particular the ketone band of the dimer, also 
shift bathochromically,  often as much as 30 
my. Pure conjugated polyene systems of up to 
three double bonds shift only slightly batho- 
chromically. 

Confirmation of aromatici ty was provided 
by the NMR spectrum. In addit ion to the usual 
methyl peaks between 9.06-9.12 ~ and 
m e t h y l e n e  peaks between 8.63-8.73 T, 
representing the aliphatic chains of linoleic acid 
and tocopherol  (Fig. 7), there occurred broad, 
asymmetric peaks at 4.56 T and 5.93 r ,  which 
were equivalent to two and one protons, 
respectively. The former peak is in the region of 
nonconjugated olefinic protons,  while the lat ter  
is not exchangeable with deuterium oxide, and 
is in the region of protons on carbon alpha to 
an aromatic ether oxygen. A carboxyl proton 
exchangeable with deuterium oxide was located 
below the zero of the scale. The most promi- 
nent peak below 8.0 r was the strong singlet at 
7.88 r ,  representing six protons of two toco- 
pherol methyl groups. This low field posit ion is 
indicative of methyl groups attached to 
aromatic or olefinic carbons (22). 

The assignment most critical to structure is 
that of the 7.88 ~" singlet, since it must arise 
from the ring methyl groups of tocopherol  (Fig. 
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7), which  have no  ad jacent  a lpha  c a r b o n  w i th  a 
p r o t o n  in any  k n o w n  s t ruc tures .  Since it  has  
been  shown  by  the  IR tha t  the re  is no  unsa tu-  
ra ted  ca rbony l  f u n c t i o n  in the  ring, it appears  
conf i rmed  t h a t  the  r ing remains  a romat i c ,  and  
t ha t  the  single unass igned oxygen  a t o m  is par t  
of  a s imple or cyclic a roma t i c  e the r  l ink. S t rong  
suppo r t  for  this  ass ignment  is f o u n d  in the  peak  
at 5.93 r ,  wh ich  is in the  region of  p r o t o n s  o n  
ca rbon  a lpha  to an a roma t i c  e the r  oxygen ,  as is 
evident  in the  spectra  of  the  allyl and  m e t h y l  
e thers  (Fig. 8). This peak in the  a d d u c t  is equi-  
va len t  to  a single p r o t o n ,  which  suggests t h a t  
the  pa ren t  ca rbon  a t o m  is secondary ,  and  thus ,  
par t  of  a chain.  

I t  appears,  however ,  f r om an  in spec t ion  of  
the  NMR spect ra  of  the  allyl and  m e t h y l  e thers  
of  t o c o p h e r o l  t ha t  the  a d d u c t  does  n o t  have a 
s imple a roma t i c  e the r  l ink.  Unl ike  t he  adduc t ,  
b o t h  of  these  e thers  wi th  widely di f fer ing 
oxygen  subs t i t uen t s  show a charac te r i s t ic  
benzyl ic  m e t h y l e n e  t r ip le t  at  7.4 r ,  near ly  the  
same as t ha t  in t ocophe ro l ,  and  a very d i s t inc t  
tr iple singlet s t ruc tu re  of  the  a roma t i c  m e t hy l s  
in the  7.85 r region.  In add i t ion ,  b o t h  o f  these  
e thers  have a UV a b s o r p t i o n  m a x i m u m  at 
a b o u t  288 m/~ in e thano l ,  in con t ras t  to  300  m/l  
for  the  adduc t  and  the  main  b a n d  of  the  d imer .  

The  failure of  hydr iod ic  acid t r e a t m e n t  to  
p roduce  e the r -ex t rac tab le  c o m p o u n d s  reac t ing  
like t o c o p h e r o l  in  the  Emmer ie -Enge l  r eac t ion  
is f u r t he r  evidence t h a t  a s imple a roma t i c  e the r  
br idge is no t  involved,  since the  s imple allyl and  
m e t h y l  e thers  readi ly  p roduce  t o c o p h e r o l  u n d e r  
these  cond i t ions .  

All the  above  data ,  the  s imilar i ty  of  the  IR 
spec t rum in the  8-9 /a region to  t h a t  of  the  
t o c o p h e r o l  d imer  (Fig. 3,4),  ( to  which  has been  
assigned the  s t ruc tu re  of  a second  c h r o m a n  ring 
as a br idge)  and  Nilsson 's  d e m o n s t r a t i o n  (12)  of  
a s t y r e n e - c h r o m a n o l  adduc t  for  which  he  pos tu-  
lates a second  c h r o m a n  ring bridge (Fig. 1), 
appea r  cons i s ten t  wi th  an  a d d u c t  whose  
br idging group is a new c h r o m a n  ring. 

The  presen t  f indings  of  a m o n o m e r i c ,  non-  
h y d r o x y l i c  q u i n o n e ,  and  an a d d u c t  of  ox id ized  
t o c o p h e r o l  and  l inoleic acid,  coupled  w i th  
fai lure to  f ind  se l f -polymeric  fo rms  of  ox id ized  
t o c o p h e r o l  r e p o r t e d  by  o t h e r  workers  f rom 
one-  and  two-phase  bu lk  l iquid  sys tems,  suggest 
t ha t  t o c o p h e r o l  o x i d a t i o n  fol lows a d i f fe ren t  
course  in the  silica m o n o l a y e r  sys tem.  Thus,  
t o c o p h e r o l  molecules  appea r  to  be  p reven ted ,  
e i ther  by  separa t ion  or by  steric res t r ic t ions ,  
f r om m u t u a l  associa t ion  and  reac t ion .  However ,  
t he  exis tence  of  the  a d d u c t  in  p r o p o r t i o n a t e l y  
large yield suggests t ha t  the  chemica l  reac t iv i ty  
of  the  t o c o p h e r o l  molecule  wi th  o t h e r  
molecules  is still cons iderable .  The  data  are thus  

c o n s i s t e n t  wi th  a relat ively unres t r i c t ed  
reac t ion  rate,  bu t  a great ly  r educed  migra t iona l  
mobi l i ty .  Since t o c o p h e r o l  is the  more  mobi l e  
of  the  two c o m p o n e n t s  in mos t  silica c h r o m a t o -  
graphic  sys tems,  i t  would  seem plausible  t h a t  
b o t h  c o m p o n e n t s  are qu i te  f i rmly  ancho red ,  
t h a t  the i r  ini t ial  d i s t r i bu t ion  is qu i te  r a n d o m ,  
wi th  l i t t le t e n d e n c y  for  segregat ion of  the  two  
c o m p o n e n t s ,  and  t h a t  the  au to -ox ida t i on  
reac t ion  may  be p ropaga ted  in d o m i n o  fashion ,  
wi th  l i t t le  la teral  t rans la t ion .  

I f  these  f indings  are n o t  u n i q u e  to  the  
sys tem descr ibed,  ana logous  c o m p o u n d s  m a y  
be  d e m o n s t r a b l e  using m e m b r a n e  c o n s t i t u e n t s  
l ike u n s a t u r a t e d  phospho l ip ids  on  silica, or  in  
lyophi l ized ,  or in vivo tissue sys tems.  
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