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A new aspect of commonly used BF;-OEt; has been illuminated by successfully demonstrating the unique but highly stereoselective reactions
of hydroxy carbonyl and dicarbonyl substrates. For example, treatment of p-hydroxy ketone 1c with BF;-OEt,/BusSnH in CH,Cl, at =78 to —40
°C afforded the corresponding 1,4-diol 2¢c with virtually complete diastereoselection, while use of TiCl, as a Lewis acid under similar reaction
conditions caused a total lack of diol yield and selectivity (17%; 2c/3c = 1.2:1), accompanied by a significant formation of 2,3-disubstituted
tetrahydrofuran 4 (44%).

Undoubtedly, stereochemical control in acyclic and cyclic as exemplified byerythro-selective addition of allyltrialkyl-
systems (1,rasymmetric induction) has been of great and stannane to aldehydé&siowever, the full synthetic potential
continuous interest for synthetic organic chemistewis of BF3*OEL in organic synthesis has yet to be realized
acid catalyzed regio- and/or stereoselective addition of especially in terms of functional group compatibility and
organosilicon and organotin compounds to carbonyl sub-
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stereoselectivity. Here we wish to report the unique synthetic propiophenonela with BF;-OEL (1.2 equiv) in toluene at

utility of BF3*OE®L in stereoselective reactions of hydroxy

—78 °C and subsequent addition of gnH (1.2 equiv)

carbonyl and dicarbonyl substrates, clearly demonstrating itsresulted in clean formation of the corresponding didts

advantage over ordinary transition-metal Lewis aéids.
With information on the commercial availability of several
BF;-ROH's in hand, we first examined the stereoselectivity
in the reduction of a series of hydroxy ketones with;BF
OEt (Scheme 1), since direct use of free hydroxy groups
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without a protection-deprotection sequence is quite conve-
nient for functional transformation. Selected data are sum-
marized in Table 1. Thus, initial treatment athydroxy-

Table 1. Diastereoselective Reduction of Hydroxy Ketones
la—&

syn/anti ratiob¢

entry Kketone reagents condition (% yield)d
1 la  BF3OEt/BusSnH —78,2 13:1 (80)
2 TiCl4/BusSnH -78,1 — (trace)®
3 TiCl4J/EtsSiH —-78,1,25,8 1:1.6 (75)
4 TiCls/PhMe,SiH  —78,0.5, —40, 12 1:1.3 (75)
5 TiF4/BusSnH —78,0.1; 25, 20F 1:1.8 (87)
6 SnCl4/EtsSiH —78,0.1; 25,20 — (trace)
7 1b  BF3-OEt,/BusSnH —78, 0.5 >20:<1 (98)
8 TiCl4/EtsSiH -78,1, -20, 2 19:1 (84)
9 TiF4/BusSnH —78,0.1; 25, 4"  >20:<1(87)
10 SnCl4/Et;SiH —78,6 14:1 (<8)
11 1c BF3-OEt,/BusSnH —78, 12; —40, 1 >20:<1 (74)
12 TiCl,/Et;SiH —78,9; —40,0.5 1.2:1(17) [44]
13 TiF4/BuszSnH —78,0.1; 25, 12f  — (trace) [49]9
14 SnCI4/Et;SiH —78, 6; —40, 2 — (trace) [86]¢

aThe reaction was carried out in toluene or £t with 1.2 equiv of
each reagent under the indicated conditi®rsynanti ratio was determined
by 300 MHz'H NMR analysis* The relative configuration of the major
isomer was determined as follows: Correlation to the authentic sample
independently synthesized frotmans-3-methylstylene according to the
Sharpless protocol (Kolb, H. C.; Sharpless, K.T&trahedron1992,48,
10515) (entries 1—6). Evaluation dfvalues in theH NMR analysis of
the corresponding acetonide derived with catalytic PPTS and dimethoxy-
propane in CHCl, (entries 7—10). Comparison with the knowrR(2S)-
2-methyl-1-phenyl-1,4-butanediol (Matsumoto, K.; Aoki, Y.; Oshima, K.;
Utimoto, K.; Rahman, N. ATetrahedron1993, 49, 8487) (entries 11—
14).91solated vyield.¢BusSnH was consumed instantaneously to give
probably BuSnCl and the reduction did not proceed further even after
warming to room temperaturéHigher reaction temperature was necessary
because of the insolubility of TiFn both CHCI, and toluene? Yield of
2,3-disubstituted furad as a side product is given in brackets.

2016

and 3a in 80% yield with highsyn selectivity (syn/anti=
13:1; entry 1), while the selectivity was dramatically lowered
when TiX, (X = Cl, F) was used as the chelating Lewis
acid, regardless of the reaction temperature (entries)2°
Using SnClJ, the reduction did not proceed and most of the
starting a-hydroxy ketone was recovered (entry 6). In the
case of-hydroxy ketonelb, high levels of diastereoselec-
tivities were uniformly observed with BFOE®, TiX, (X =

Cl, F), and SnCl(entries 710). Moreover, evep-hydroxy
ketonelc on reaction with BE-OE%/BusSnH gave rise to
the corresponding 1,4-didc with virtually complete dia-
stereoselection (entry 11). In sharp contrast, however, use
of TiCl, as a Lewis acid under similar reaction conditions
caused a total lack of selectivity, and 2,3-disubstituted
tetrahydrofurart was obtained as a major product via facile
hemiacetal formationA] and subsequent reduction under
the reaction conditions (entry 12). Such hemiacetal formation
took precedence over the desired reduction with, Bifrd
SnCl, (entries 13 and 14}

The distinct advantage of BFOE®L over ordinary transi-
tion-metal Lewis acids is further illustrated by the stereo-
selective reactions of substitutgeketo aldehydeSa,band
8 as shown in Table 2. Here again, 86E% works well

Table 2. Diastereoselective Reduction of Substituje&eto
Aldehydesba,b and 82

keto syn/anti ratio?
entry aldehyde reagents condition (% yield)°
1 5a BF3-OEt,/BusSnH —78, 6; —40, 4.5 12:1 (99)
2 —78, 4; —40,2.5 >20:<1 (52)d
3 TiCly/EtsSiH —78,6,0,45 3.6:1 (23)°
4 5b BF;-OEt,/BusSnH —78, 4; —40, 6 10:1 (40)9f
5 8 BF3-OEt,/BusSnH —78, 3; —40, 0.5 10:1 (94)9

a2 Unless otherwise specified, the reaction was carried out isOGHvith
1.05 equiv of Lewis acid and 2.1 equiv of g&nH under the indicated
conditions.? syn/antiratio was determined by 300 MHi# NMR analysis.
¢ Isolated yield 9 Use of toluene as solverftStartingy-keto aldehyde was
recovered with concomitant formation of the partially reduced hydroxy
ketone.f Thesynconfiguration was confirmed by correlation to the authentic
sample prepared from 4-phenyl-3-buten-1-ol by @s@talyzed dihydroxyl-
ation (Xu, D.; Park, C. Y.; Sharpless, K. Betrahedron Lett1994, 35,
2495).9 The stereochemical assignment was made by comparison of the
signals of hydroxy bearing carbons in tH€ NMR spectrum (Breitmaier,
E.; Voelter, W.Carbon-13 NMR Spectroscopy; VCH: Weinheim, 1987).

not only to obtain the desired alcohols with high stereo-
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hemiacetalization leading to cyclic ethers suchlas
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Since hydroxy ketone$0 and11'? can be reduced tth2 Ph}\‘/\/oswhzsu‘ Ph)\‘/\/OH
and6b, respectively, by the BFOEL/BusSnH system with OH 45 OSiPhBu’ gy,

high diastereoselectivity, eithasyn-or anti-stereoisomeric
triols of type6b or 7b can be synthesized from the single
starting material, dihydroxy keton®, by appropriately
protecting the hydroxy functionalities (Scheme 2). This bonyl and dicarbonyl substrates, which provides 1,n-diols
picture demonstrates that the presentsBEL-mediated (n = 2—4) with almost complete diastereoselection. Aside
method certainly offers a new stereoselective approach forfrom the clear synthetic utility of the present system, the
the construction of polyhydroxy backbones. origin of selectivity is unclear and is under current investiga-
In conclusion, we observed characteristic features of tion.
BF5;-OEY, in the stereocontrolled reduction of hydroxycar-

88% (>20 : <1} 53% (>20 : <1)
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