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Abstract: A new route to chiral diol systems has been developed based on double
nucleophilic addition to the cationic ions fixed on a 6-membered ring system using
chiral hydrobenzoin as an auxiliary.

The development of the stereoselective synthesis of chiral 1,2-disubstituted 1,2-diols is a very important
subject in the organic synthetic area and many methodologies have been devised so far. Most of them consist of
the diastereoselective addition to the carbonyl functionality bearing a chiral alkoxy group next to it.] Recently
the asymmetric dihydroxylation of olefins has been rapidly developing.2

We present here a new approach to the chiral 1,2-diol systems. The concept is illustrated in Scheme 1.
Thus, stereoselective double nucleophilic addition to the chiral 1,2-ethanediol 1,2-dicarbocation i would afford
the chiral 1,2-diols ii. To realize this idea, we studied the reaction using acetoxydiphenyldioxanone 1 as a
synthetic equivalent of i and succeeded in developing a new reaction path to the chiral 1,2-diols.
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Scheme 1

Compound 1 was prepared from chiral hydrobenzoin and glyoxalic acid in two steps, condensation (1.5
eq. of glyoxalic acid/1 eq. of chiral hydrobenzoin/cat. p-TsOH/Bz./reflux) and acetylation (Ac2O/Pyr./cat. 4-
DMAP), as a 6 to 1 diastereomixture of the acetoxy group in 73% yield. Initially, racemic hydrobenzoin was
used to study the stereoselectivities of the reactions.3 The first nucleophilic additions to 1 were studied using
allyltrimethylsilane under various reaction conditions (Lewis acid: TMSOTS, BF3+Et20, SnCly; solvent:
CH;Cl3, CICH2CH,Cl, CH3CN). The best stereoselectivity was attained using Me3SiOSO2CF3 (TMSOTY) (1
eq.) as a Lewis acid in CHCl3 and the desired product was obtained in 92% de. Although introduction of
other nucleophiles is still under investigation, highly diastereoselective allylation was attained for 1. The second
nucleophilic addition was then studied. The precursor 3 of the cationic species was prepared as a 6 to 1 mixture
of acetate by reduction of 2 with DIBAH followed by acetylation. During this stage, minor 3S-isomer of 3 was
removed by a simple SiOz column chromatography separation (hexane/AcOEt=8/1) and 3R-one 3 was obtained
in a pure state. Nucleophilic addition of allyltrimethylsilane to 3 was carried out in the presence of a cat. amount
of TMSOTT at 0°C (Scheme 2). As shown in the Table, use of CH2Cl» as a reaction solvent resulted in fruitless
(entry 2), but the reaction proceeded in an extremely highly stereoselective manner (299% de) to giv 4a in

1 This paper is dedicated to Professor Dr. Richard Neidlein on the occasion of his 65th birthday.
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good yield using CH3CN as the solvent (entry 1). Other silicon-containing nucleophiles (silyl enol ether, silyl
ketene acetal) similarly reacted with 3 in a highly diastereoselective manner. The use of 2-
(trimethylsiloxy)furan as a nucleophile gave two products; 4d (52%) was obtained by the reaction at the C-5
position of the furan ring and 4e (22%) was obtained by the reaction at the C-3 position of the furan ring and
successive isomerization,4 in highly stereoselective manners (=299% de), respectively (entries 3-5).
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Table. Nucleophilic Addition to Dioxane Acetate 3

Entry  Nu-SiMes Products (Yield) De(%)®
1 A~ SiMeg 4a : R= Xy (89%) =99
23 _A~_-SiMe; 4a : R="X (20%) =99
OSiMe3
3 = 4b : R=CH,COPh (70%) =99
Ph
OSiMe
s =< 3 4c : R=CH,CO,Me (80%) =99
OMe
g /& =99°
5 O\O&M% 4d :R= o +4e:R= 99
(52%) O (22%)

a) The reaction was carried out in CH,Cl,.  b) Determined by 1H NMR.
c¢) De of 4d and 4e were =99%, respectively.

The stereochemistries of the products were determined as follows. Hydrogenation of the diallyl
compound 4a, prepared from optically active 1 derived from (R, R)-(+)-hydrobenzoin, with PA(OH),-C in
AcOEt under medium pressure afforded (+)-4,5-octanediol 5. Comparison of its specific rotation {[a]p27
+44.4 (c=1.20, EtOH))} with the value of (+)-4,5-octanediol {{a]p20 +43.1 (c=1.10, EtOH)}, prepared by the
reaction of trans-4-octene and AD-mix-f which is supposed to give (R,R)-diol,5 suggested that 4 has a 2R,3R
configuration (Scheme 3). The stereochemistry of the first introduced allyl group (3R configuration) was
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unequivocally confirmed by an X-ray analysis of the major product 4d in entry 5. Thus, the X-ray analysis of
4d proved the 3R-configuration and the ¢rans relationship between the C-2 and C-3 substituents including the R-
configuration of the butenolide unit (Fig.1). 6 The stereochemistries of the products in entries 3 and 4 were
tentatively assigned from mechanistic analogy.
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X-Ray crystallographic
structure of 4d

These results point out that the first introduction of an allylic unit occurred from the re-face of the
oxonium ion intermediate iii formed from 1 and the second nucleophiles were introduced from re-face of the
oxonium ion intermediate iv formed from 3. These stereoselections could be rationalized as follows. Both
intermediates iii and iv would exist as the conformers depicted in Scheme 4, where two bulky phenyl groups
occupy pseudo-equatorial positions, and the nucleophilic addition would proceed from the re-face in a highly
stereoselective manner for a stereoelectronic effect on the intermediate iii, then the second attack would proceed
in an extremely high stereoselection from the re-face for steric repulsion of the next allylic group in addition to

the stereoelectronic effect on intermediate iv (Scheme 4).7
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Advantages of our method are i) the protection of the diol unit of the formed products with 1,2-

diphenylethylene group which promises further transformation of compounds 4 much easier and reproduction of
diols at proper stage and ii) the availability of several cleaving methods for the benzyl ether derivatives.8 Indeed
Birch reduction of (+)-4a with Ca metal afforded a diol (+)-6 with intact olefinic functions (Scheme 5).
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Scheme 5 (+)-1,7-octadiene-4,5-diol (+)-6

[a)p?? +42.4(c=0.83, EtOH)

In conclusion, the methodlogy described here is an unprecedented approach to chiral 1,2-disubstituted
1,2-diol systems based on double stereoselective nucleophilic addition to the cationic ions fixed on a 6-
membered ring system using chiral hydrobenzoin as an auxiliary. Since both enantiomers of chiral
hydrobenzoin are available,? our method allows one to synthesize optically active vic-diols in both enantiomeric
forms.
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