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Preparation of Optically Active Stilbene Oxides Via Sulfonium Salts

Derived from C, Symmetric Thiolanes.!
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Abstract : Trans-stilbene oxides have been obtained in up to 83% enantiomeric excess via reaction of
S-benzyl ylides prepared from optically active trans-2,5-disubstituted thiolanes.

The potential of sulfur ylides for the preparation of optically active epoxides was first recognized and
investigated by Trost and Hammen in 1973.2 Unfortunately their system, reaction of the ylide from optically active
adamantylethylmethylsulphonium tetrafluoroborate with benzaldehyde, yielded styrene oxide with essentially no
enantiomeric excess.

We have been investigating the reaction of the S-benzyl ylides derived from the optically active C, symmetric
thiolanes (1), (2) and (3) with benzaldehyde, and in the case of (2) and (3) with substituted benzaldehydes, and find
that trans-stilbene oxides are produced in up to 83% enantiomeric excess. Very recently, Furukawa and
co-workers® have reported the preparation of several stilbene oxides in about 10-45% ee using an optically active
sulfonium salt prepared by modification of 10-camphorsulphonic acid. These results represent the first examples of
the preparation of optically active epoxides in which both a carbon-carbon and a carbon-oxygen bond rather than
only carbon-oxygen bonds are formed in an asymmetric manner.*
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The overall reaction scheme for the preparation of (R,R)-trans-stilbene oxide using the ylide (1) is shown
below.
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The thiolanes required for the preparation of the above ylides were synthesized by standard procedures. The
precursor for (1), thiolane (4), was obtained by resolving thiolane-trans-2,5-dicarboxylic acid with brucine’
followed by reduction and benzylationS, that leading to (2) by benzylation of the corresponding tetraol’»b. The
thiolane leading to (3) was prepared by reduction of the isopropylidenc tartrate®®, obtained from Ztartaric acid
followed by tosylation, deprotection, silylation and cyclization with Na,S in DMF.%

Sulfonium salt formation was carried out by treatment of the precursor thiolane with PhCH,Br in ether
followed by addition of AgClO,. Purification was accomplished by evaporating the ether, adding CH,Cl, and
filtering to remove the insoluble silver salt(s). The filtrate was evaporated and triturated with ether to remove any
unreacted thiolane and benzyl bromide. It is important to remove silver salt(s) impurities since their presence
results in black reaction mixtures during the ylide reaction and very low recovery of the thiolane auxiliary. The
salts thus obtained were characterized by proton and carbon nmr which showed clearly that only one sulfonium salt
had formed as expected on the basis of the C, symmetry of the thiolanes. The yields ranged from 60 - 75%. These
sulfonium salts became brownish on standing at room temperature suggesting limited stability.

We have used NaOH under phase transfer conditions and NaH in DMSO as base in our initial epoxidation
studies. The results for the reaction of the reaction of the ylides (1), (2), and (3) with benzaldehyde, and several
substituted benzaldehydes in the case of ylides (2) and (3), are shown in the Table. As can be seen the highest
enantiomeric excess was obtained with ylides derived from thiolanes having substituents close to the ylide reaction
center, i.e., at C-2 and C-5.

Interestingly and somewhat surprisingly the ylides (1) and (3) afforded trans-stilbene oxide with the same
absolute configuration despite the fact that the substituents at C-3 and C-4 in (3) have the opposite sense of chirality
compared to C-2 and C-5 in (1). The results obtained with the ylide (2) derived from 2,3,4,5-tetrasubstituted
thiolane suggest that the C-2 and C-5 substituents are dominant in determining the extent of asymmetric induction
in the product.

In order to have the potential for synthesis of optically active epoxides the chiral auxiliary thiolane. must be
recoverable and recyclable without loss of optical activity. This point was proven in the reaction of the ylide (1)
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and (2) with benzaldehyde. In addition to the 53% yield of (R,R)-trans stilbene oxide (60%ee) the thiolane (4) was
recovered in 80% yield with essentially no loss of optical purity.

Table. Preparation of stilbene oxides via optically active sulfur ylides.

Ylide Aldehyde Reaction Epoxide eel
Condition Yield (%) (%)
1 PhCHO A 53 60 (63)>
2 PhCHO A 27 64
2 4-NO,C¢H,CHO A 41 83
3 PhCHO B 30 15
3 4-MeCgH,CHO B 49 11
3 4-CICH,CHO B 94 7
3 4-NO,C¢H,CHO B 72 13

Method: A) NaOH 50% / cat. BaEt;NHCl/ CH,Cl, - 0°C .
B) NaCH,S(O)CH; / THF - 10°C.

1. Based on [o]]p measurements?.

2. Based on the 95% optical purity of (4).

We feel that it is somewhat premature at this point to try to draw mechanistic conclusion which might be used
to explain our results.!® We are confident that more effective chiral auxiliaries can be designed and synthesized
which will allow for the preparation of a variety of optically active epoxides via the sulfur ylide + carbonyl
compound route. The preparation of optically active cyclopropanes resulting from the reaction of sulfur ylides with
electron deficient alkenes is also being examined.
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