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Abstract. The chiral oxazaborolidinone-catalysed aldol reaction of a silyl ketene acetal involving a dithiolane
moiety with B-silyloxy aldehyde resulted in the production of syn- and anti-1,3-diols with complete
stereoselection by the choice of the stereochemistry of the catalyst. This reaction is an elegant example of
enantioselective acyclic stereoselection under catalyst control. © 1997 Elsevier Science Ltd.

Acyclic stereoselection developed in the past two decades has been mostly attained by means of using
diastereoselective inter- and/or intramolecular chirality transfer of the stereochemistry of the first supplied chiral
center; consequently, the stereoselective construction of acyclic systems involving multiple chiral centers was
always affected by the stereochemistry of the substrates used in the reaction.? It might be expected for acyclic
stereoselection to evolve to highly intensive stages provided that enantioselective carbon-carbon bond formation
reactions proceed under complete catalyst control without any stereochemical disturbance caused by the substrates.
We have previously reported a chiral oxazaborolidinone (1 and 2), which was prepared from N-p-
nitrobenzenesulfonamide of valine and BH, THF, catalyzed aldol reaction with silyl ketene acetal 3 containing
a dithiolane ring which allows the production of acetate aldols 4 ,via dithiolane aldols ,with the level of almost
complete enantioselectivity . The opposite stereochemistry of acetate aldols 4 can be easily obtained using chiral
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borane 2 (Scheme 1).3 Here, if the chirality of the B-hydroxy aldehyde used in the reaction does not affect the
stereochemical course of the aldol reaction , we can exploit the strategy to achieve the synthesis of enantiopure
syn- and anti-1,3-diols. We disclose herein such an evolved example of acyclic stereoselection in enantioselective
synthesis of syn- and anti-1,3-diols, which are known to be fundamental units of 1,3-polyol chain found in the
polyene macrolide antibiotics and others.*

In order to confirm the effectiveness of the strategy, we chose lactone 6° involving a syn-1,3-diol unit, which
is known as a mevinic acid lactone derivative of HMG-CoA reductase inhibitors, mevinolin (Sa) and compactin
(5b) (Scheme 2).¢ According to the above procedures, silyl ketene acetal 3 was condensed with 4-phenylbutanal
in the presence of 1 to give the corresponding a-dithiolane aldol in 86% yield (the standard conditions of the
aldol reaction are presented in Scheme 1) which was converted to acetate aldol 7 in 96% yield upon treatment
with nickel boride under a hydrogen atmosphere. The value of enantiomeric excess of 7 was determined to be
>98 % by HPLC with Daicel Chiralcel OD. After TBS protection, the following DIBAL reduction gave f-
silyloxy aldehyde 8 of R configuration (in 85% yield from 7), which is a starting compound for the enantiodivergent
synthesis of 1,3-diols. If the sequence of the above aldol reaction and the following reactions with aldehyde (R)-
8 is repeated accompanied by the same level of enantioselectivity , only one isomer is detectable in the possible
diastereomeric 3,5-diol ester derivatives (R, R: R,S: S,R: §,§=99x99:99:99:1).

Next we examined the following chiral oxazaborolidinone-promoted aldol reactions of silyl ketene acetal 3
with $-chiral aldehyde (R)-8 in the presence of chiral boranes 1 and 2. In each case, (R)-8 underwent the aldol
reaction, followed by desulfurization to give the corresponding TBS-mono-protected aldols (9) in 77- 83%
yields; after deprotection, chiral borane 1 led to the production of enantiomeric pure syn-1,3-diol (3R,5R)-10 and
chiral borane 2 led to the production of enantiomeric pure anti-1,3-diol (35,5R)-10, respectively (Scheme 3). No
detectable amounts of the other isomers were observed in both HPLC modes of determining the ratios of
diastereomer and enantiomer, so that further purification procedures with column chromatography were not
required. The result provides the rationale that the chiral center at the B-position of the aldehyde did not affect
the stereoselection at the newly-created chiral center at all, which is really controlled only by the stereochemistry
of the used chiral borane. This is an exceilent example of enantioselective acyclic stereoselection under catalyst
control. The reason why the complete stereocontrol takes place with the catalyst is presumably explained by a
mechanism associated with a more converged transition state assembly involving the chiral borane, which is
consequently far from the adjacent B-chiral center of the aldehyde. The treatment of (3R,5R)-9 with
tetrabutylammonium fluoride gave a mixture of lactone (3R,5R)-6 and syn-1,3-diol 10 which was converted to
the lactone by p-toluenesulfonic acid ( 70% yield, from 9 to 6).” Acetylation of (3R,5R)-6 gave acetate 11 which
was identical with the previously reported result.® The epimer lactone (35,5R)-6 was also prepared via anti-1,3-
diol 10 according to similar procedures, mentioned above.

In conclusion, our strategy using the chiral oxazaborolidinone-promoted aldol reaction with complete
enantioselectivity opens up a novel access to acyclic stereoselection for the synthesis of 1,3-diol systems. Further
applications of this method are in progress for constructing more complicated 1,3-polyol skeletons.
Acknowledgment: This work was supported by Grant-in-Aid for Scientific Research (Nos. 7640790 and 8245239)
from the Ministry of Education.
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Syn-1.3-diol 10: [c:JL]"D +4.3 (¢ = 0.472, CHCL,). IR (neat) 3397, 1732, 850, 748, 700cm™. 'H NMR (500MHz) (CDCl,) 8 1.27
(3H, t,J =7.0Hz), 1.45-1.58 (4H, m), 1.27 (3H, 1, J = 7.0Hz), 1.45-1.58 (4H, m), 1.65-1.69 (1H, m), 1.74-1.78 (1H, m), 2.46 (1H,
d,J = 52Hz, 1H,d, J = 7.0Hz), 2.63 (2H, 1, J = 7.6Hz), 3.26 (1H, bs), 3.76 (1H, bs), 3.89 (1H, quintet, / = 6.5Hz), 4.16 2H, q, /
=7.0Hz), 4.25 (1H, quintet, J = 6.2Hz), 7.17-7.28 (5H, m),."C NMR (125 MHz) (CDCl,) 4 172.54, 142.30, 12839, 128.27,
125.71,71.97, 69.08, 60.78, 42.27, 41.66, 37.33, 35.81, 27.10, 14.13.

Anti-13-diol 10: [a]*; +10.0 (c = 1.105, CHCL)). IR (KBr) 3531, 3460, 3362, 3271, 837, 750, 700cm™*. 'HNMR (500MHz)
(CDCL) 51.27 3H, t,J = 7.3Hz), 1.51 (1H, quintet, J = 5.2Hz), 1.56-1.61 (2H, m), 1.63-1.71 (2H, m), 1.79 (1H, dddd, J =214,
10.7, 5.6, 2.9Hz), 242 (1H,d. J =4.9Hz), 2.46 (1H, dd, J = 16.5,4.0Hz), 2.52 (1H, dd, /= 16.5, 8.9Hz), 2.64 (2H, ABq, apparent
t,J=76,73Hz),3.40 (1H,d, J =34Hz),3.94 (1H,ddd, /= 159,79, 2.1Hz),4.17 (2H, dd, / = 143, 7.0Hz),4.33 (1H, ddd, J =
15.9,8.5,3.7Hz), 7.16-7.29 (SH, m);."C NMR (125 MHz) (CDCl,) & 172.90, 142.28, 128.39, 12830, 125.75, 68.73, 65.67,
60.77,42.01, 41.22,37.03,35.81, 2749, 14.16.

Mevinic lactone derivative, (3R,5R)-6. The following data provided definitive evidence of the existence of two conformational
isomers: [af*) +14.6 (c=1.78, CHCL). IR (neat) 3396, 1732, 850, 748,700cm . ‘H NMR (500MHz) (CDCl,) 8 1.47-1.81 (m),
1.84-1.94 (m), 2.38 (bs), 2.52 (bs), 2.59 (ddd, J = 17.7,3.7, 1.8Hz), 2.64 (ABq, apparent t, / =7.5,7.3Hz),2.69 (dd,/ = 17.7,5.2,
4.9Hz), 3.80 (ddd, J = 15.0,7.9, 4.3,4.0), 3.85-3.89 (m), 4.34 (quintet, / = 3.8Hz), 4.69 (ddt, / = 16.5, 4.9, 2.8Hz), 7.16-7.29
(m);.*CNMR (125 MHz) (CDCL,) 3 170.57, 142.20, 141.75, 128.38, 128.35, 128 33, 128.28, 125.85, 125.75, 75.69, 72.09, 62.57,
61.76,38.58, 38.18, 37.26, 35.83, 35.75,35.47, 34.93, 27.25, 26.52.

Epimer lactone, (35,5R)-6: [a]?, +323(c = 1.24, CHCL). IR (neat) 3429, 1730, 752, 700cm. ‘H NMR (500MHz) (CDCL,)
1.55 (1H, ddd, J = 13.7, 11.6, 9.2Hz), 1.62-1.68 (2H, m), 1.69-1.77 (2H, m), 1.84-1.88 (1H, m), 2.21 (1H, dddd, J = 12.5, 5.2, 2.7,
1.2Hz), 2.33 (1H, bs), 243 (1H, dd, J = 17.1, 7.9Hz), 2.64 (2H, ABq, apparent t, / = 7.3Hz), 2.86 (1H,ddd, /= 17.1, 6.1, 1.2,
0.9Hz), 4.15-4.24 (2H, m), 7.16-7.29 (5H, m),.*C NMR (125 MHz) (CDCl,) 8 170.69, 141.64, 128.36, 12830, 125.91,77.10,
63.81,39.48,37.79, 35.44,34.98, 26.52.

Acetate 11: [a]?, +104 (c=0.77, CHCL). IR (neat) 1738, 750, 702cm ™. '"H NMR (500MHz) (CDCl,) 6 1.62-1.68 (1H, m),
1.70-1.80 (4H, m), 1.85-1.93 (1H, m), 2.07 (3H, s), 2.66 (2H, ABq, apparent t, / = 7.3, 7.0), 2.66 (1H, ddd, / = 18.0,3 4, L.5),
2.76 (1H,dd, J = 18.0, 5.5Hz), 4.55 (1H, dt, J = 7.3, 7.0Hz), 523 (1H, dt, / = 8.9, 8.5, 3.5Hz), 7.16-7.29 (5H, m);.*C NMR (125
MHz) (CDCl,)  169.93, 168.84, 141.60, 128.37, 125.93,75.92, 65.55, 3548, 35.33,34.94,32.97, 26.46, 21.00.
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