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A broad range of benzaldimines and ketimines can be hydrosilated efficiently, employing B(CeFs); as a catalyst in conjunction with PhMe,SiH.
Spectral evidence supports the intermediacy of a silyliminium cation with a hydridoborate counterion formed via abstraction of a hydride from
PhMe,SiH by B(C¢Fs); in the presence of imines.

Although used primarily as an olefin polymerization cocata- The reduction of imines to amines is an important
lyst! applications of the commercially available borane, transformation in organic chemisttyMost methods in-
B(CsFs)s, in organic synthesis are growidgWhile it is volve borohydride reagents or transition metal hydrogena-
proposed to operate in a typical carbonyl-activating capacity tion catalysts; few general methods employing main group
in aldol and Diels-Alder type reactions?in the hydrosilation Lewis acidcatalystshave appearetlin this Letter, we re-
and allylstannation reactions it mediates, mechanistic studiesport the use of B(€Fs); as a mild, effective catalyst for
suggest its role is to activate the group 14 reagent ratherthe hydrosilation of imine functions. In addition to demon-
than the carbonyl or alcohol substrafeor silanes, the silicon  strating the scope of B{Es)s-mediated imine reduction, we
center assumes silylium character as the borane abstracts theresent convincing spectral evidence for the intermediacy
silane hydride; substrate then displaces [HEHE] ~, pro- of a silyliminium?“/hydridoborate ion paif, supporting
ducing an ion pair which collapses to the observed products.the mechanistic proposals advanced for carbonyl hydrosila-
In these reactions, silylium intermediates have not beention3aP

directly observed.

(5) For recent reviews on imine reductions, see (a) Kobayashi, S.; Ishitani,
H. Chem. Re. 1999 99, 1069. (b) Hutchins, R. O.; Hutchins, M. K.
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Chem. Soc. Jpril995 68, 1721. 1999 1, 1579.
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by B(CsFs)s in the presence of the imine substrate can lead
Table 1. Hydrosilation of Imines to Amines to the S|Iyl|m|n|um/hydndoborate_|on pair, wh|ch either
5 " collapses to product or reacts with another equivalent of
-R R

N B(CgF5)3 (5-10%) HN” silane.
I + PhMesiH o
Ar” TR!

Several observations support this picture of the reaction.
Generally, the less basic imines of Table 1 are hydrosilated
more readily than the more basic examples. This implies that

PRCHg, conditions g~ g

enty R R’ R? conditions yield when more borane is free to activate the silane reagent,
’ Ph H SO,Ph  rt, 30 min 93% reduction i.s facilitgted. F_or exa_mple, wher? R strongly
) Ph H  fBoc  rt. 30min 60%2 electron vylthQrawmg, as in entries 1 and 2 of Table 1, the
o hydrosilation is rapid and exothermic. Indeed,fly NMR
3 PhH Ph r.t., 60 min 95% spectroscopy, the imine substrate of E1 does not complex
4 Ph H Bn 70°C,3h 91% to B(CsFs)s in solution. Comparison of E3 and E5 shows
5 Ph H 4-MeOPh 70°C,1.5h  >95%° that increasing the basicity of the imine through incorporation
6 Ph H 2MeOPh rt,2h 86% of a paraOMe group slows the reaction considerably.
7 4-MeOPh H Bn 70 Og‘ 175h  97% Furthermore, as the steric size of thesRbstituent increases
8 Ph H Me 70°C,48h  nr. in the order E8, E9, E4, and E10, the reduction rate increases
9 Ph H ?"yl 70°C, 26 h 57% dramatically. Again, when Rs Bu (E10), no complexation
1(1) gE |\|/I-|e BBr‘]’ r.t.r, t30 4?:'" 8(5)0//0 between the imine substrate and B&); in the absence of
12 . Bn rt- "23 h 950/: silane is detected byF NMR spegtroscopy, |r!d|cat|ng that
©\) o most of the borane catalyst is available to activate the silane.
13 Ph Ph  Bn rt, 96 h 96% In contrast, for R= Me, no reduction is observed even under

forcing conditions. In this case, the imine coordinates
strongly to the borane catalySteffectively shutting down
the reaction. Finally, the ketimine of E11 is hydrosilated
under milder conditions than those of the corresponding
aldimine (E4), again reflective of the relative basicities of
As detailed in Table 1, a variety of benzaldimines and these two substrates toward BEg)s.
ketimines are hydrosilated in good to excellent isolated yield  The chemistry involving the ketimine derived from ben-
(of desilated amine) by employing-3.0 mol % of B(GFs)3 zophenone (E13) provides convincing support for the mech-
and a stoichiometric amount of Phd&H.° These substrates  anism depicted in Scheme 1. The rate of hydrosilation of
differ primarily in the nitrogen substitutent?Rind produce  this substrate seemed anomalously slow in light of the trends
a diverse range of amines witl? R SO,Ph,'Boc, Bn, Ph, discussed above. We thus chose to examine this particular
2- and 4-MeOPAh, allyl, an®u.1° The rates for hydrosilation  reaction more closely via NMR spectroscopy. When
of aldimines vary considerably, ranging from 30 min at room PhC=NBn, PhMeSiH, and B(GFs)z are mixed in equimolar
temperature (entries 1 and 2) to 26 h at IO (entry 9), ratios in GDs, formation of a liquid clathrate at the bottom
depending on the nature ofR of the NMR tube occurs rapidlf, indicative of formation
The qualitative reactivity trends observed in Table 1 are of an ion pair of some sort. NMR spectroscopy can be
consistent with a mechanism analogous to that found for performed directly on this liquid clathrate, using occluded
hydrosilation and allylstannation of carbony#s. Thus, as solvent as a deuterium lockF and''B NMR spectroscopy
shown in Scheme 1, abstraction of a hydride from the silane are consistent with the presence of a hydridoborate afion.

Observation of a cross-peak intld—B HETCOR experi-

ment confirms the direct HB bonding required. Thé®Si
Scheme 1. Proposed Mechanism for Hydrosilation of Imines

5t 8"
B(C6Fs)3 + PhMeoSiH ==lpnme,si - ~H--B(CeFs)3

aTwo-step yield from PhCH(MBoc)SQPh after desulfonylation with
K>COs. P Unable to completely purify from silane impurities.

(9) General Procedure for Hydrosilation of Imines: To an oven-dried
round-bottom flask containing imine (1.0 mmol) in 1 mL of dry PhCH
under an Ar atmosphere was added B{Js (26 mg (5 mol %) or 51 mg
(10 mol %)). To this solution was then added PhBié! (1.05 mmol) via
syringe. The reaction mixture was then stirred at room temperature or heated

“ - imine to 70 °C in an oil bath for the required period of time. Reactions were

2 monitored by GC-MS to determine when they were complete. Upon

RZ\N/B(CGFS)B R N ﬁompletion, the reaction mixtures were immediately columned using
exanes/ethyl acetate mixtures as eluent. The desilated amines were isolated,

)J\ Ar R1 with IH NMR then being used to assess purity (see Supporting Information).

Ar R1 (10) For nitrogen deprotection strategies for these functional groups,

R2. .SiMe,Ph

N
Ar{'\R1

- B(CgFs)3

RZ\%,SiMezph

©)
Ar” "R H-B(CeF5)3

3922

see: Greene, T. W.; Wuts, P. Brotecive Groups in Organic Synthesis
2nd ed.; John Wiley and Sons: New York, 1991.

(11) A paper describing B(Fs)s adducts of imines is in preparation.

(12) Lambert has also reported this behavior when generating solvent-
coordinated silylium-type species, see: Lambert, J. B.; Zhang, S.; Ciro, C.
M. Organometallics1994 13, 2430.

(13) For a detailed description of the use HF and 1B NMR
spectroscopy as diagnostics for coordination number and charge on boron
in B(CsFs)3 derivatives, see ref 3d and references therein.
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NMR data is also in line with a coordinated silylium species. || NG

Silyliminium ion pair 1 (Figure 1) represents the key inter-
mediate proposed in Scheme 1 and confirms the viability of
Bn. 7 B(CsFs)a

" h

©

<y SiMezPh
©
Ph™ "Ph H-B(C&Fs)3 ool

Bn

19p & - -
F: 8, =-132.4 ppm, 5, =-163.8 ppm, Bn\ﬁ/SiM%Ph

Om = -166.6 ppm; Ap.m = 2.8 ppm €]
11 H'B(CSF5)3
B: 3=-24 ppm

2i: 5= 27 ppm
TH: g4 =4.2-5.2 ppm (br.)

Figure 1. Selected spectral data for silyliminium intermediate. T T T T T
-130 -140 -150 -160  ppm

hydride abstraction by B((Es)s from silanes in the presence Figure 2. 282 MHz *%F NMR spectra of reaction of 1:1 Phise
of a Lewis basic substrate. SiH:thC=NBn + 10% B(GFs)3 at (a) rt after mixing and (b) 70
To assess the importance of this species under catalyticoc after 31 min.
conditions, we monitored the reaction of E13%{and*°F
NMR spectroscopy. As shown by tA8F NMR spectra in
Figure 2, when equimolar quantities of Phj@éH and
PhC=NBn are mixed with 10 mol % of B(£Fs)s, initially
the borane is sequestered by the imine, leading to a
complicated spectrum (Figure 2a). This spectrum of 15
separate resonances is due to the imine adduct ofFgJ{>
where all three gFs groups are inequivalent and experience
restricted rotation about the-BC bonds'! Upon heating, a
new set of signals, attributable 1g appear (Figure 2b) and
eventually supplant the imine:borane adduct signals. As
silated product is forming (as observed #y NMR), only
hydridoborate is observable in th8F NMR spectrum.
Clearly, the B(GFs)s in the system is tied up asthrough-

out the course of the reaction, raising the possibility that . . . .
g P y Supporting Information Available: Experimental de-

“PhMe,Si™”, rather than B(GFs)s, is the catalytically active tails. includi let tral data for Thi terial
species. Work is still in progress to conclusively establish 1alls, Inciuding compiete spectral data fr '_S materia
whether an additional equivalent of silane or hydridoborate is available free of charge via the Internet at http:/pubs.acs.org.

delivers the hydride to consummate hydrosilation. OL006695Q

In conclusion, we have developed a practical method for
carrying out imine reduction via hydrosilation using com-
mercially available B(GFs); as a catalyst. We have also
begun to elucidate the mechanism for this reaction by
showing that the reaction proceeds via activation of the imine
by “PhMeSit” and not by B(GFs)s.
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