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ABSTRACT 

A rapid method is described for the separation of the a-tocopherol model 
compound, 2,2,5,7,8-pentamethy1-6-chromanol (6), from 9 of its oxidation products in a 
single 35 minute run. Separated derivatives of 6 ,  in order of elution, included the 5- 
cholcsteroxymethyl (l), spirotrimer (2 ) ,  spirodimer (3), 5-formyl (4), 5-ethoxymethyl 
(5), dihydroxydimer (7), chroman dione (S), quinone (9) and pyrano xanthene (10). A 
normal phase system, using gradient elution is employed, the eluent being monitored at 
290nm. The minimum detection limit for compounds 1-8 was 0.1 Fg per injection and for 
compounds 9 and 10 it was 0.3 pg per injection. 

INTRODUCTION 

Of all the naturally occurring forms of vitamin E, a-tocopherol possesses the 

greatest biological activity (1). The major biological role of a-tocopherol is thought to 
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be as a cellular antioxidant protecting membrane lipids from oxidation (2-4). Thus 

there is considerable interest in the oxidation chcniistry of a-tocopherol (5-9,18,19). A 

great deal of this chemistry has been studied in vitru using the a-tocopherol model 

compound 2,2,5,7,8-pentamethyl-6-chromanol ( 6 )  (5-7,10,11) due  lo the crystalline 

nature of many of its oxidation products (as opposed to the oily products of u -  

tocopherol), as well as their simplified spectral properties. The absence of the phytyl 

side-chain in 6 has negligible effect on its in vitrn antioxidative properties (12). 

Many of the oxidation products of a-tocopherol and of 6 have been reported 

simultaneously (5-7). Quantitative analysis of these products can give valuable insight 

into the possible mode of action and metabolic fate of a-tocopherol in vivo. A s  yet 

however, while an abundance of chromatographic methods exist in the literature for 

the separation and quantitation of the naturally occurring tocopherols as  found in 

foods, feeds and biological tissues (for extensive rcvicws, sec 13, 14), thcre are very few 

methods describing the separation of a-tocopherol from its oxidation products. Most of 

these methods separate only a limited number of oxidation products (9,15,16). Thc most 

useful of those available is the HPLC method of Ha and Csallany (17) which 

separates a-tocopherol from 5 of its oxidation products. However, a s  the system is 

isocratic, the total analysis time is longer than that required by the present method. 

While those authors report the elution of a-tocopheryl quinone in 52 minutes, its 

analog, 9, elutes in 25 minutes in our system. Further, they do  not report the elution of 

compounds more polar than a-tocopheryl quinonc. To date, there are few HPLC 

methods in the literature for the separation of 6 from a range of its oxidation products 

(18-20). Our studies have shown that oxidation of 6 gives a large number of products o f  

which 8 occur frequently and do  not appear to have been scparatcd by HPLC. The aim 

of the present work was to devise an HPLC system which would separate these and 

other similar compounds. 
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MATERIALS AND METHODS 

1959 

Rcaeents and Solvents 

Compound 6 and its oxidation products wcre prepared to satisfactory purity 

according to literature methods (Table I). HPLC grade n-hexane, reagent grade 

chloroform and ethyl acetate were obtained from Ajax Chemicals (Sydney, Australia). 

Chloroform and ethyl acetate were doubly distillcd before use. 

Instrumentation and Method 

Solvents [A n-hexane/chloroform (9:l v/v); B n-hexane/chloroform/ethyl acetate 

(4:1:5 v/v/v) 1 were filtered (0.45 Fm, Millipore) and dcgasscd before use. 

HPLC employed Waters Associates 501 (solvent A) and 6000A (solvent 8) pumps, 

U6K injector, with 2 ml loop, a 660 solvent programer, an ETP Kortec K 95 variable 

wavelength detector (set at 290 nm for these experiments), a National Pen Recorder 

VP-6513, an SIC Chromatocorder 12 integrator and separations were performed by 

linear program (from 7 to 65 % solvent B in 0-40 min) on a LiChrosorb Si 6 0 , l O  pm column 

(300 x 4.6 mm; packed in the School of Chemistry, University of New South Wales) at a 

flow rate of 1 mL/min. 

Preuaration of Staiidard Solutions 

The ten standards were divided into three groups; ( i )  5-cholesteroxymethyl- 

2,2,7,8-tetramethyl-6-chromanol (1). Compound 1 was kept separate from other 
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TABLE 1 

Oddation Products of 22,5,7,8-Pentamethyl+ch~omanol (6)  Separated by HPLC. --- Ref. 

S-cholesteroxymethyl- 
2,2,778-tetramethyl- 
bchromanol 

spirolrimer of 6 

spirodimer of 6 

5-formyl-2,2,7g- 
tetramethyl-6 
chromanol 

5-ethoxymethyl- 
2,2,7,&tetramethyl- 
b-chromanol 

2.25.78-pentamethyI- 
khromanol 

1.2-bis (2.2.78 
tetramethyl- 
b-chromanol-5)-et hane 

1 HO 11 303.298 

2 21 292 

3 21 337. 299 

4 386,288,282,238 

O H  

5 303, 298 HO 5 

0’ < 

22 296 
HO 

6 

2278 
tetramethylchroman- 8 
5.6-dione 

1 2911. 293 

2<3-methyl-3- 

3.5,6-himethyl-l,4- 
benzoquinone 

hydrorybuty1)- 9 

2JiIihydro-395.6.9, 
10,l la(Rbheptamethy1. 
7a(S)-(3-hydroxy-3- 
methy1butyl)-lH- 
pyrano[23+1 
xant hene-847aH). 
Il(1laH)dione 

10 

23 438.270 

23 268.258 

‘v 6 297, 290. 250 
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2,2,5,7,8-PENTAMETHYL-6-CHROMANOL 1961 

compounds as it was not always used as a standard. (ii) Chromanoid: spirotrimer of 6 

(2), spirodimer of 6 (3) ,  5-formyl-2,2,7,8-tetramethyl-6-chromanol (4), 5- 

ethoxymethyl-2,2,7,8-tetramcthyl-6-chromanol ( 5 ) ,  6 and 1,2-bis-(2,2,7,8-tetra- 

methyl-6-chromanol-5-)ethane (7) and (ii i)  quinonoid: 2,2,7,8-tetramethylchroman- 

5,6-dione (S), 2-(3-mcihyl-3-hydroxybutyl)-3,5,h-trimcthyl-l,4-benzoqui1~one ( 9 )  and 

2,3-dihydro-3,3,5,6,9,lO,lla(R)- heptamethyl-7a(S)-(3-hydroxy-3-methylbutyl)-lH- 

pyrano[2,3-a] xanthene-8-(7aH),ll (llaH)-dionc (10). Chromanoid and quinonoid 

compounds were kept separate from each other to avoid any possibility of redox 

reactions occurring between them. All solutions were inadc up with solvent A and 

working concentrations were betwefn 50 and 65 pg/mL. 

RESULTS AND DISCUSSION 

Separation of 6 from 9 of its oxidation products is shown in Figure 1. 

Compounds 2 and 3 predominate in oxidations which take place in non-polar 

solvents unless there is a reactive nucleophilc such as an alcohol present in which case 

compounds such as 1 and 5 predominate. Compound 9 is always present to some degree 

but increases as the water concentration of the rcaction increases. Compounds 4,7,8 and 

10 would be regarded as secondary products. 

The first five compounds elute within 6.5 minutes, thus the initial conditions had 

to be chosen carefully to prevent co-elution, but to kecp the analysis time to a minimum. 

Minor impurities present in the standard solutions can be swn as 3 small peaks eluting 

just prior to 1,2 and aftcr 8. 
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FlGURE 1.  

HPLC separation of 2,2,5,7,8-pentamethyI-6-chronianol (6) from 9 o f  its oxidation 
products (as shown in Table I). Gradient: Linear, 7-65%8 over 0-40 min. Column: 300 x 

4.6 mm (i.d.), LiChrosorb 5-60, 10 Fm. Detection at 290 nm, range 0.32 AUFS. Solvent A: 
n-hexane/CHC13 (9:l); Solvent B: n-hexanc/CHCl3/cthyl acetate (4:1:5). Standard 

concentrations: approx. 30pg/ml. 

An unusual result was that 5-hydroxymethyl-2,2,7,8-tetramethyl-6-chromanol, 

one of the intermediates in the oxidation of 6, was vcry difficult to detect by HPLC and 

the peaks were not reproducible. As it is vcry acid labile, i t  must be concluded that the 

silica column is sufficimtly acidic to decompose it. 

Choice of the detector wavelength was made after comparing the UV absorbing 

properties of 6 and its 9 oxidation products (Table 1 ). While the chromanoid compounds 

had maximum absorbance at approximately 290 nm, those containing the quinonoid 

chromophnre had maximum absorbance (with a much greater extinction co-efficient) at  

approximately 270 or 250 nm. 
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2,2,5,7,8-PENTAMETHYL-6-CHROMANOL 1963 

After testing a range of detector wavelengths between 260 and 290 nm, the best 

single wavelength p i n g  a good response for both chromanoid and quinonoid compounds 

was found to be 290 nm. The use of a higher Wavelength also minimized the baseline 

drift caused by impurities in the ethyl acetate. At  this wavelength, the minimum 

detection limits were approximately 0.1 pg per injection, except for 9 and 10 which were 

slightly higher at 0.3 pg due to their broader peak profile. While Ha and Csallany 

report a lower detection limit (17), the present method is convenient in that it uses a 

single detector wavelength throughout the analysis. In applications where greater 

sensitivity is required, i t  should be possible to use fluorescence detection, which, in 

addition to being more selective, has been reported (24) as 10 times more sensitive than 

UV absorbance in the analysis of tocopherols. However, detection of 9 and 10 would 

still require UV absorbance, although by combination with fluorescence detection, the 

UV wavelength could be specifically set to maximize the 8 and 9 response (270 nm), 

considerably improving their minimum detection limits. 

While the response factor linearity has not been measured over a wide range, all 

ten compounds gave a linear response over the range 0.3 - 1.3 pg per injection. 

Earlier experiments in this laboratory (unpublished data) showed the same order 

of elution for the a-tocopherol analogs of 2, 3, 4, 5, 6 ,  9 and 10 using isocratic elution 

with n-hexane/ethyl acetate (9:l v/v). While lack of material has prevented those 

compounds from being run in this system, it may be possiblc to extend this method to the 

separation of a-tocopherol and its oxidation products. 

In conclusion, this HPLC technique enables the rapid determination of 6 and its 

oxidation products in under 35 minutes. We have applied this method to study the rate 

of oxidation of 6 as a function of time, and these results will be published shortly. 
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