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[FCO]" ion. From a CO/Br, mixture and SbF; no evidence for

BrCO]* was obtainable. It is concluded that the [FCO]* ion is
a stronger electrophile than the [CICO]* ion, while the
[BrCO]* ion is less thermally stable than the [CICO]" ion.
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Among the several a-pinene-based asymmetric synthetic
methods!! that we have developed over the last ten years, the
allylboration of aldehydes with B-allyldiisopinocampheylbor-
ane (1, p-Ipc,BAI)? has been adopted in numerous synthe-
ses.’l Recently, we reported an efficient synthesis of C,-
symmetric diols with very high diastereoselectivity (de) and
enantioselectivity (ee) by the allylboration of various dicar-
boxaldehydes with 1.14

On the contrary, there are only a few reports on the
allylboration of aldimines, probably owing to the inherent
instability of such imines and the lack of reactivity of the more
stable N-substituted imines.’! Recently, Itsuno and co-work-
ers reported the asymmetric allylboration of various
N-masked benzaldimines with a variety of allylborating
agents, including 1 (Scheme 1). They concluded that N-
trimethylsilylaldimine is the most reactive species for such
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Scheme 1. Asymmetric allylboration of 3 with 1 or 2.
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3 Zzg°c, 3n

allylborations. The reaction can be carried out at —78°C to
give the corresponding homoallylamines with up to 92 % ee
upon use of the norephedrine derivative 2 as the chiral
auxiliary. Villieras and co-workers adopted Itsuno’s method-
ology for the allylboration of N-trimethylsilylaldimines with a
2-ethoxycarbonyl-substituted allylboronate.!”}

We previously established that the rate of allylboration of
aldehydes with 1 is exceptionally fast at — 78 °C, and fast even
at —100°C.®l It appeared desirable to obtain comparable
information about the allylboration of imines, especially
trimethylsilylaldimines, which Itsuno had reported to be very
facile. Accordingly, we mixed N-trimethylsilylbenzaldimine
(3) and 1 in THF at —78°C and followed the rate of reaction
by !B NMR spectroscopy. To our great surprise, we observed
no reaction after several hours, not even after a week at room
temperature! Clearly there is a discrepancy with the literature
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report of a reaction time of 3 h at —78°C in the case of 1.
The 'H NMR spectrum also supported this observation,
revealing only the unchanged starting materials. Interestingly,
the aqueous workup of this reaction mixture led to a strongly
exothermic reaction which provided the product amine in
95% vyield. Apparently, the reaction takes place during the
aqueous workup. It might have proceeded by rapid liberation
of the aldimine intermediate from the N-trimethylsilylaldi-
mine derivative following the addition of water, with a fast
reaction of the aldimine with 1.

Consequently, we repeated the reaction with dropwise
addition of a molar equivalent of water in THF to the solution
of 3 and 1 at —78°C (Table 1). Indeed, we obtained product
amine 4 with 92% ee and in 90 % yield (Scheme 2), which is

NSiMe3 NH;
1)1, 2) H0 NaOH/H,0,

Ar)]\H Ar)\/\

—-78°C — RT, THF

, Ar=Ph

, Ar=2-Cl-CgHy

, Ar=4-MeO-CgHy
, Ar=2-furyl

8, Ar = 2-thienyl

81-92% ee

N o ol w

Scheme 2. Asymmetric allylboration of 3 as well as 5—8 with 1.

considerably better than the 73 % ee and 70 % yield realized
previously.”l Lowering the reaction temperature to —100°C
improved the chiral induction to 94 % ee. In Itsuno’s case, it is
possible that the exothermic reaction during the aqueous
workup raised the reaction temperature rapidly, resulting in
an inferior enantioselectivity.

We then examined the allylboration of 2-chloro- (5) and
4-methoxybenzaldimines (6), and obtained the products with
82 and 92 % ee, respectively (Table 1), in contrast to the values
of 46 and 52 % ee reported earlier.[ In addition, the reaction
of 2-furfuraldimine (7) and 2-thiophenealdimine (8) with 1
furnished the corresponding homoallylamines with 86 and
81 % ee, respectively. Thus, we have shown that in the
presence of one molar equivalent of H,O, 1 is an excellent
reagent for the allylboration of aldimines.

N-Trimethylsilylimines are not reactive toward 1. However,
our observation suggests that the reactive aldimines can be

Table 1. Asymmetric allylboration of some aromatic aldimines with D-
Ipc,BAIL

Iminel T Yield Product homoallylamines
[°C] [% ]t ee [% )<l configld  [a]E (¢, CHCly)

3 —78 90 (73)  92(73) S — 432 (1.9)
3 —100 87 94 N —44.0 (1.3)
5 —78 69 (62) 82(46) S —71.3 (1.5)
6 —78 74(65)  92(52) S —347 (1.2)
7 —78 86 86 S —30.4 (1.5)
8 —78 7 81 S ~20.2 (1.5)

[a] The N-trimethylsilylaldimines were prepared in 75-87 % yield based
on the literature procedure.’) [b] The values in parentheses are from
ref. [6]. [c] Determined by HPLC analysis of product amines on a Chiralcel
OD-H column with hexanes/iPrOH/Et,NH (95/5/0.05) as eluent. [d] De-
termined either by comparison with the rotation value reported in the
literature,!'" or by analogy.
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generated in situ from N-trimethylsilylimines in a controlled
manner upon addition of one equivalent of water, and then
captured by the allylborating agent. We believe that this
observation is significant for imine chemistry and should find
wide applications in organic synthesis, extending considerably
the range of applicability of the allylboration reaction.

Experimental Section

Representative example: asymmetric allylboration of 3 with 1. All of the
operations were conducted under a nitrogen atmosphere: To a stirred
solution of 3 (0.89 g, 5.0 mmol) and 1 (1.79 g, 5.5 mmol) in THF (5 mL) at
—78°C, was added dropwise H,O (0.100 g, 5.5 mmol) in THF (0.50 mL).
The mixture was stirred for 0.5h, warmed to room temperature, and
worked up with NaOH (6.0 mmol), H,O, (12 mmol), and diethyl ether
(20 mL). The product was extracted with 3N HCl (3 x 10 mL). The
combined aqueous layer was washed with diethyl ether (2 x 10 mL),
neutralized with Na,COs;, extracted with diethyl ether (3 x 10 mL), washed
with brine (2 x 10 mL), and dried over anhydrous MgSO,. Removal of the
solvent provided a crude product, which was purified by column
chromatography (hexanes/iPrOH/Et,NH 80/20/0.5) to afford the product,
1-phenyl-3-butenamine, as a colorless liquid (0.66 g, 90 % yield). HPLC
analysis of the amine on a Chiralcel OD-H column revealed it to be the S
isomer (92% ee); [a]f =—43.2° (c=1.9 in CHCL;; [a]§ =—42.6° (¢=0.5
in CH,Cl,)!%1),
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