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Abstract

N-Tosyl-2-1,3,2-oxazaborolidin-5-odevas used to probe the role of the Lewis basicity of aldehydes utilized in
Mukaiyama aldol reactions promoted by oxazaborolidin-5-ones. Eight aldehydes were each allowed to undergo
a Mukaiyama aldol reaction with ketene silyl acetal derived from methyl isobutanoate. Lewis basicity of the
aldehydes was determined computationally. The best results were obtained with isobutyl aldehyde and 3,4,5-
trimethoxy benzaldehyde (91% and 8%%. The best fit okeas a function of Lewis basicity gave a correlation of
R2=0.79 [when twaortho-substituted aldehydes were excluded] suggesting that Lewis basi@tefcan play a
role in reactions of aldehydes promotedby® 1999 Elsevier Science Ltd. All rights reserved.

ChiralN-sulphonylated 1,3,2-oxazaborolidin-5-ones (&,drig. 1) are known as efficient catalysts and
promotors for asymmetric Diels—Aldéryiukaiyama aldoP and 1,3-dipolar cycloadditionof nitrones
to ketene acetals. The active substaric&R&H; Fig. 1) was thought to form when borane<£R; Fig. 1)
or a boronic acid (Ralkyl; Fig. 1) is allowed to react with the correspondiNgsulphonylated amino
acid?!

Various aldehydes were used as starting material in the reactions mentioned earlier, but how important
the Lewis basicity oDcHo is, appears not to be knoviriThe aim of this study was to shed light on this
topic. Mukaiyama aldol reactions [usirdg(R=H, R'=i-Pr); Fig. 1] were carried out with one aliphatic
and seven aromatic aldehyd@sth; Fig. 1). The silylated aldols were desilylated by treating them with
dilute HCI. Formation of the aldol8a-h (Fig. 1) was confirmed byH NMR and theeevalues were
determined using HPLE.

Lewis basicity of the aldehydes was estimated computationally using the widely available semi-
empirical AM1 method as implemented in the Spartan prodrémone of the aromatiortho-substituted
aldehydesZc) the t-system of the CHO group was found, as expected, to be out of the plane of the ring
(other Tt-systems includin@e and 2h were fully planar). Results shown in Table 1 (and illustrated in
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Figure 1. Coding of aldehydeg)(studied as substrates of Mukaiyama aldol (giving rise to the formati@) pfomoted byl
(R=H, R'=i -Pr). Aldol adducts of these aldehydes (the Scheme) are coded accordingly’' [{(®R" (3)]

Table 1
Determineceevalue$ and chemical yieldsof 3a-h with charge$ of Ocyo of 2a-h
Aldehyde 3 (e.e. )" | 3(Yield %)’ | Q (Ocyo)© Aldehyde 3 (ee. B)* | 3(Yield %)® | Q (Ocyo)®
2a 91 70 -0.466 2e o) 50 50
2b 83 76 -0.448 2f 80 42 42
2¢ 56 74 -0.459 2g 85 73 73
2d 77 40 -0.421 2h 34 35 35

* Enantiomeric excesses (ref. 5). ° Isolated yields (ref. 5). © Atomic charges (electrostatic fit) of Oy (ref. 6). ¢ Fig. 1.

100 100
o3a y = -38,633+0,27033x R"2=0,790
90+
o03b 03g
804 O3t 03a
©3d 90
20403e "
® Oe & 3b 0 3g
o
o 607 2 L] )
1 ° 804 °3f
50 3d
] b
404 3h
] fo) o3e
30 T T T T T T T 70 — T T T T T T T T T
420 440 460 480 500 420 430 440 450 460 470 480
Charge -Q Charge -Q

Figure 2. Correlation of the negative chargesQ{o), Table 1] with the observed enantioselectivieg(Table 1)

Fig. 2) indicate that in the case @&, b and 2d—g the observecte values correlate considerably well
(R?=0.79; Fig. 2, on the right) with the Lewis basicity ©:no. On this basis it looks as if the Lewis
basicity would be a factor of some significance in the case of Mukaiyama aldols promoleRbyH;
Fig. 1).

The values of3c and 3h do not fit this correlation, possibly because thaitho-position is bearing
bulky groups, which are potentially oriented to directions in which they hamper coordination of RCHO
to 1. Both O-NO; and CHO groups oPe however, appear to reside in the plane of the aromatic ring
(the Quo, and HcHo atoms in asynrarrangement). Thus, thetho-effect is much smaller in the case of
2ethan in2c or 2h. Therefore, we consider the behavioraif and 2h to be related to repulsive steric
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factors which blur the enantiocontrol provided by attractive interactions. Further studies on these chiral
promoters are in progress.
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