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Inglett and Mattill (Inglett, 1955) reported that the reaction of 

benzoylperoxide with a benzene solution of &tocopherol gave a-tocopheryl- 

z-quinone in 23-53s yields. They suggested that the quinone was formed 

by hydrolysis of an intermediate such as Ia. We have been especially 

interested in obtaining Ia, since it is a carboqlic ester analog of 

Ib, a proposed intermediate in oxidative phosphorylation (Clark, 19.960; 

WIBU, 1961). 

We were unable to obtain intermediate Ia in a series of reactions 

run at temperatures ranging from -40" to 80" in anhydrous benzene or 

hexane under nitrogen. However, these reactions yielded a corn-d 

to which we assigned the structure IIa (X max 302 w). Benzoic acid 

was removed by crystallization from hexane. F'urther attempts to purify 

IIa by chromatography on alumina and magnesium silicate or shaking the 

crude reaction mixture with aqueous N KOH resulted in rapid formation 

of a compound previously identified as the spirane-dienone dimer of CL 

tocopherol (Nelan, 1962) as shown by correlation of ultraviolet and 

infrared spectra with the spectra of authentic dimer. The dimer may 
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have been formed by l,k-elimination of benzoic acid from IIa to give 

the o-quinone methide (III) followed by dimerization. Similar reactions 

of o-quinone methides have been noted by others (e.g. Merijan, 1963). - 

Formation of the dimer --- shown to be coupled through the 5-methyl 

group (Nelan, 1962; McHale, 1964; Schudel, 1963) --- from IIa provided 

evidence that substitution of the benzoyloxy radical of IIa also was on 

the 5-methyl group of as-tocopherol. 

CH20R' IIc, R = CH Id ' 
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Ia, R = C6H5C IIa, R = H, z' = C6H5C o - = CH3 

Ib, R = FO = 
3 IIb, R = C!H3! , R' = ,,: 

* 

The structure of IIa was proven by comparing UV, IR and NMR spectra 

of its acetate with those of authentic acetate IIb obtained by reaction 

of sodium benzoate with 5-bromomethyl-7-tocopheryl acetate (Nelan, 1964). 

Mild acetylation of IIa produced the diacetate IIc as well. 

We have made IIc, and the decanoate IId by reaction of Cr-tocopherol 

with the appropriate acylperoxide, followed by acetylation. The un- 

acetylated compounds exhibited the instability characteristic of the 

benzoate IIa. 

Inglett and Mattill obtained 5-benzoyloxymethyl-2,2,7,8-tetramethyl- 

&hydroxychroman in benzene (Inglett, 1955), but they did not report the 

formation of IIa when a-tocopherol was substituted for the pentsmethyl- 

hydroxychroman. Compound IIa may not have been observed because it 

decomposed and dimerized. In this connection, we have noted that the 

compound designated bis(dl-ac-tocopher-6-one)peroxide in Inglett's thesis - 
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(Inglett, 1952) has an infrared spectrum which appears to be identical 

to that of the spirane-dienone dimer. a-Tocopheryl-p-q&none, the major 

product identified by Inglett and Mattill may have been the result of 

the reaction of the Gtocopheryl radical with water, producing a hemi- 

ketal. This hemiketal rapidly decomposes to CY-tocopheryl-p-quinone 

( DlJrckheimer , 1962). 

Though we have no proof that homolytic reactions are involved, we 

suggest that IIa was formed by coupling of a benzoyloxy radical with a- 

tocopheryl radical IV. An alternative mechanism would involve addition 

of benzoic acid to the quinone methide (III). Experiments indicate that 

benzoylperoxide aid not react with aGtocophery1 acetate, so we believe 

that radical IV was formed from radical V, as previously suggested 

(Skinner, 1963). 

Formation of IIa is an example of preferential reaction at the 5- 

methyl as opposed to the T-methyl position of a-tocopherol. The major 

product of the benzoylperoxide reaction with 6tocopherol Gas IIa (SO- 

70$) but since all by-products were not identified, reaction at the 7- 

methyl position was not excluded. The bulk of the identified by-products 

consisted of spirane-dienone dimer (5-10s) and a-tocopheryl-p-quinone 

(5-10s). 

Biochemical mechanisms for oxidative (or photo) phosphorylation 

based on known chemical reactions involving either the 3-methyl group of 

vitamin K or the 5-methyl group of coenzyme Q have been proposed (Mamont, 

1963; Erickson, 1963). The special reactivity of the analogous 5-methyl 

group of a-tocopherol reported herein suggests that a-tocopherol may 

participate in similar biochemical reactions. 

Finally, we have shown that a-tocopherol dimers may be formed by an 

alternate pathway that probably does not involve direct coupling of two 

radicals such as IV, namely that IIa can decompose and dimerize. There- 

fore, isolation of CX-tocopherol dimers from in vivo or in vitro oxida- -- -- 

tions does not exclude the existence of intermediate compounds such as 
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IIe that might have a function more specific than that of free radical 

scavengers. 

5-Renzoyloxymethyl-7-tocopherol (IIa) Benzoylperoxide(0.533 g., 2.32 

mmoles) was added to 1 g of d-actocopherol (2.32 mmoles) in 200 ml of 

benzene (dried over sodium). Nitrogen was bled through the system at a 

moderate rate. The reaction was started at room temperature, then heated 

to reflux for a total reaction time of 12 minutes. 5 mg of NaRH4 was 

added to decompose unreacted peroxide. The mixture was concentrated to 

50 ml on a flash evaporator and benzoic acid crystals were removed by 

filtration. ee 302 w. IR bands - 3.01 g (phenolic OH); 5.91 p 

(benzoate carbonyl); 7.82 p (benzoate); 6.24, 6.32, 14.04 I.I (phenyl). 

5-Renzoyloxymethyl-7-tocopheryl acetate (IIb) Acetic anhydride 

(0.23 ml) and pyridine (0.38 ml) was added to the solution of IIa and 

the solution was allowed to stand at room temperature overnight. Solvent 

was removed and the oily residue was chromatographed on a column, 3.7 x 

20 cm, of magnesium silicate (Florisil, 60-100 mesh Floridan Co.) by 

elution with 10s diethyl ether in hexane. First 90&l. fract. discarded 

(contains dimer-- and other products). Fraction 2 (590 ml) contained IIb 

(847 mg). Fraction 3 (250 ml) contains CY-tocopheryl-p-quinone, benzoic 

acid and other unidentified materials. Fraction 2 was rechromatographed 

on neutral alumina (Rrockman Grade III, Woelm) to obtain analytical 

samples. IIb was eluted with second 300 ml of 4% diethyl ether in hexane. 

Snail amounts of IIc come off insucceedingfractions. Xhexane max - 273 w 

(E 2350); 291~ (E 3200); 293 ~JJ (E 3120). IR bands - 5.62 p (acetate 

carbonyl); 5.76 p (benzoate carbonyl); 6.24 p, 6.31 P, 14.09 P (pheny1); 

6.89 p (benzoate); 7.31 p (acetate); 9.25 p (chroman). Calc. for 

C38H5605 ; sawn. eq. 296; C, 77.0; H, 9.52. Found sapon. eq. 292; C, 

77.3; H, 9.5. 

OGTocopherol dlmer Crude IIa in benzene solution (from above pre- 

paration) was shaken 5 minutes with 100 ml of z KOH. A bright yellow 

color developed immediately. Product was worked up according to Nelan 
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and Robeson (Nelan, 1962). A:? 302 w (E 4620); 338 w (E 1900). 

IR bands 5.97, 6.03, and 6.27 p (conjugated carbonyl and conjugated 

double bond). 

5-Decanoyloxymethyl-y-tocopheryl acetate (IId) Decanoylperoxide 

was substituted for benzoylperoxide in the syntheses of IIa and IIb. 

Xhexane 284 
El2l.X 

w (E 2750); 291~ (E 2940). IR bands 5.65 IJ (acetate 

carbonyl); 5.73 p (decanoate carbonyl); 7.31 p (acetate); 8.64 w (dec- 

anoate); 9.25 p (chroman). Calc. for C42HT205; C, 76.8; H, 11.05. Found 

C, 76.6; H, 11.1. 

5-Acetoxymethyl-7-tocopheryl acetate (11~) Acetylperoxide (25% in 

dibutylphthalate) was substituted for benzoylperoxide in the syntheses of 
hexane 

IIa and IIb. Xmax were the same as for IId (above). IR data show 

presence of two acetate groups by bands at 5.66 and 5.73 p and 8.26 and 

8.34 p. Calc. for C33H5405; C, 74.7'; H, 10.3. Found C, 74.9; H, 10.1. 

Acknowledgement: We wish to thank D. R. Nelan for generous samples 

of the spirane-dienone dimer, compounds IIb and 11~. 

REFERENCES 

Clark, V. M. and Todd, A., in "@inones in Electron Transport" 
Wolstenholme, G. E. W. and O'Connor, C. M., editors, Little, Brown 
and Company, Boston, 1960, p. 90. 

Dallam, R. D., Biochem. Biophys. Res. Comm. 2, 106 (1961). 
&ckheimer, W. and Cohen, L. A., Biochem. Biophys. Res. Comm. 2, 

262 ( 1962). 
. 

Erickson, R. E., Wagner, A. F., and Folkers, K., J. Am. Chem. Sot. 
5, 1535 (w63). 

Inglett, G. E. and Mattill, H. A., J. Am. Chem. Sot. i7, 6552 (1955). 
Inglett, G. E., Thesis, State University of Iowa, August, 1952. 
McHale,.D. and Green, J., Chem. and Ind. 1964, 366. 
Mamont,'P., Azerad, R., Cohen, P., Vilkas~ and Lederer, E., Compt. 

Rend. 257, 706 (1963). 
Merijan, A., Shoulders, B. A., and Gardner, P. D., 'J. Org. Chem. 28, 

2148 (1963). 
Nell, D. R., personal communication (1964). 
Nelan, D. R. and Robeson, C. D., J. Am. Chem. Sot. 84, 2963 (1962). 
Schudel, P., Mayer, H., Metzger, J., Rfiegg, R., & Isler, O., Helv. Chim. 

Acta 5, 636 (1963). 
Skinner, W. and Alaupovic, P., J. Org. Chem. 2&, 2854 (1963). 

553 


