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Abstract -Intramolecular addition of a phenolic hydroxy func- 

tlon to an u,B-unsaturated chiral sulfoxide led to the forma- 

tion of a chlral chroman-sulfoxide in 22% optical yield. Sub- 

sequent conversions provlded an a-tocopherol synthon in 12% 

enantlomeric excess. 

The renewed interest in the biological role of o-tocopherol (vitamin El in view of 

its applications in human health2 has initiated new research3 into the synthesis 

of the naturally occurring form, (2R,4'R,8'R)-a-tocopherol 1. 

4 Recently we described the synthesis of %.-a-tocopherol via chroman-sulfouides , 

while the synthesis of =.-a-tocopherol based on this work will be reported in 

5 due course . We now wish to describe our investigations of an approach to optical- 
ly active chroman-sulfoxides through base-catalyzed intramolecular addition of 

phenollc hydroxy functions to a,B-unsaturated sulfoxldes (asymmetric B-induction 

by the chiral sulfoxlde moiety). 

'Dedicated to Professor Tetsuji Kametani on the occasion of his retirement from 
the Chair of Organic Chemistry at the Pharmaceutical Institute of Tohoku 

University. 



The selectivity of the base-catalyzed cyclization of the a.5-unsaturated sulfox- 

ides was first investigated in the racemic series. The magnitude of the 8-induc- 

tion by the sulfoxide function followed easily from the diastereoisomeric excess 

(d.e.), which could be calculated from the relative intensities of the C(2)-methyl 

protons in the n m r  spectra. 

6 Acetylation (Ac20 in pyridine) of the hemiacetal 2 to the diacetate 27 [74%yield; 
rnp 97-99-C; ir (CHC13) 1750, 1705 cm-l; nmr 6 (CDC13) 2.10 (aromat~c CE3), 2.30 

(CH3C02)] and subsequent Horner-Wittig reaction with the phosphonate 4 (slow addi- 
tion of the carbanion of 4 - preformed in THF with 1.1 mol. equiv. of n-BuLi at 
-78'C for 1 h - to a solution of 2 in THF at O0C), followed by column chromato- 

graphy on silica gel, afforded the required vinyl-sulfoxide 2 as a mixture of 

geometric isomersa in 74% conversion [41% yield; ir (CHC13) 1030 cm-l; nmr S , 

(CDC13) 6.08 (=CHSOPh); an g/K ratio of 1:l was calculated from nmr spectra in 

C 6 ~ 6  (=CESOPh at 5.89 and 6.02)] along with some hemiacetal Z and chroman-sulf- 
4 oxide (0% d.e.). Horner-Witt~g reaction of the carbanion of 4 (2 mol. equiv.) 

with hemiacetal 2 produced directly the chroman-sulfoxide 7 (32%), but with 0% 

d.e. 

fl r: 
A - A E t O i P C l i p b  

7 
4 - . 

OH OAc 

The results of the diastereoselective ring-closure upon treatment of i with base 

are compiled in Table I. Two equiv. of base might be consumed for saponification 

of the ester functions. Preliminary experiments with 1.05 and 3.5 mol. equiv. of 

5% aqueous NaOH in ethanol indeed showed incomplete reaction and severe deteriora- 

tion, respectively, whlle the best results were obtained wlth 2.1 mol. equiv. of 

base. It appears from Table I that most of the reactions furnished chroman deriva- 

tives with d.e. 20-30%, though in variable yields on account of formation of 
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decomposition products. Unfortunately-the highest d.e. (40%; run 5) was attended 

by a low yield. The best results were obtained with 7.5% KOH in ethanol at 2O'C 

(run 9). In all of the reactions wcth d.e.>O%, the chroman-sulfoxides contained 

as major component the isomer with the C(2)-methyl protons absorbing at relatively 

9 
low fleld, indicating predominant formation of the (R,S)/(S,R) racemhte . Con- 
sequently use of the (S)-enantiorner of the sulfoxide as starting material would 

result in predominant formation of the (2s)-chroman-(R)-sulfoxide. ' 

Table I. ' Cyclizations of 2 .  

Base 

5% aq. NaOH 

5% aq. KOH 

7.5% aq. KOH 

5% aq. N ~ O H ~  

imidazolg 

10% aq. Na2C03 

Solvent 

EtOH 

t-BuOH - 

dioxane 

EtOH 

CH2C12 

i-PrOH/H20 - 
EtOH 

- 
Cemp. 
("C) 

%he reaction was followed on tlc until no sign~ficant changes occurred 

b ~ b ~ ~ r p t i o n  of the C(2)-methyl protons at 6 1.66 always larger than at 6 1.45 

'with 0.15 eq.' phase-transfer catalyst 18-crown-6 

d ~ a t l ~  5:1 calculated from nmr spectra 

10 
Horner-Wittig reaction of the phosphoryl-(SI-sulfoxide 9 {[elD +142', acetone, 

c 1.0; enantiomeric excess (e.e.) 95%) with the ketone 2 provided the (R)-sulf- 

oxide in 53% conversion (28% yield; [alD -112.2'. acetone, c 2.0; ir and nmr 

spectra comparable wlth those of ?),which upon subsequent treatment with 2.1 mol 

equiv. of 7% aqueous KOH in ethanol at 20°C cyclized to give the mixture of 150- 

meric chromans ( [ u ] ~  +56.8', acetone, c 1.38) in 74% yield. According to the nmr 



spectrum, the mixture contained the (2s)-chroman-lR)-sulfoxide 11 in 22% d.e. (so 

the optical yield was 22%) and consequently the e.e. at CIZ), important for the 

synthesis of the =.-a-tocopherol, would be 21%. The Cl6)-hydroxy function was 

then protected by methylation of the mixture (n-BuLi in THF, Me11 to give the 

(2S)-chroman-(R)-sulfoxide methyl ether 12 (56% yield; ["ID f83.9". acetone, 

4 
c 1.04; ir and nmr spectra comparable with those of 1 ; relative intensity of the 

C(21-Cg3 absorption at 6 1.68 higher than at 6 1.48 with d.e. 22%). 

P m e r e r  reaction of 2 lAc20, AcONa, 135; cf. ref. 41 gave the (2s)-chroman-mono- 

thioacetal 13 183% yield; [aID -3.5". acetone, c 3.4; ir (CHC13) 1750 and lo20 cm-l; 

nmr 6 (CDC13) 1.40 and 1.44 (ratio 1:1, Cl2)-CEf3), 3.63 IOCg3), 6.33 and 6.42 (ratio 

1:1, Ac0CgS)I. which was hydrolyzed with aqueous ethanolic sodium hydroxide to 

furnish the (2s)-chromsn-aldehyde 2 181% yield; ["ID +1.6", CHC13, c 3.0; ir 

(CHC13) 1730 cm-'; nmr 6 iCDCl3) 1.39 lC(2)-CEf3), 3.62 10Cg3), and 9.62 (CHO)] in 

12% e.e. (as determined by nmr spectroscopy with chiral europium shift reagent). 

The optical yield over the last three steps amounted to 57%. Because Pummerer 

reaction and hydrolysis with analogous optically active chroman-sulfoxides pro- 

ceeded in high optical yield5, considerable racemization must have occurred in the 

methylation step, presumably by reaction of n-butyllithium with 11. Aldehyde 14 
7 can easily be converted into a-tocopherol according to the procedure of Mayer , 

but because of the low e.e. of 4 these final steps were not completed. 
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