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(9)-3,3-Dimethyl-2,2-biquinoline N,N’-Dioxide as an lective allylation of aldehydes with allyltrichlorosilanes that

Efficient Catalyst for Enantioselective Addition of exploits §-3,3-dimethyl-2,2-biquinolineN,N-dioxide (©)-2) as

Allyltrichlorosilanes to Aldehydes a catalyst, which affords homoallylic alcohols in high enantiose-
lectivities of up to 92% ee.

Makoto Nakajima,* Makoto Saito, Motoo Shifoand At the outset, we examined addition of allyltrichlorosilane to

Shun-ichi Hashimoto benzaldehyde using 10 mol % of isoquinolifNeoxide as a

catalyst. As expected, the reaction in dichloromethane proceeded

: PR ) smoothly at 23°C for 12 h to afford the corresponding
xﬁfabkaggeg?gﬁrfgﬁb%?ER,?rgiggEuoggbg;%%T] homoallylic alcohol in 76% yield_. Encouraged by this finding,
Akishima 196-0003, Japan W€ undertook asymmetric allylation, employing 10 mol % $f (
) ] 1,1-biisoquinolineN,N-dioxide ((§-1),'? which was patterned
Receied April 1, 1998 after (9-1,1-binaphthalene-22iol. However, the optical yield
The rational design and synthesis of novel chiral ligands OPtained here (23C, 2 h) was found to be less satisfactory (82%

directed toward catalytic, asymmetric reactions is currently the Yiéld, 52% ee). To improve the enantioselectivity, we then
focus of attention in synthetic organic chemistnGiven that  adopted §-3,3-dimethyl-2,2-biquinolineN,N-dioxide (©)-2)*
amine N-oxides possess a notable electron-pair donor property
to form complexes with a variety of meta&dthe development

of chiral amineN-oxides as chiral ligands or catalysts should be
a significant addition to the field of asymmetric synthesis;
however, there have been reported only a few attempts to use
chiral amine N-oxides for this purposeé. In this context, of
particular interest are the recent findings of Kobayasrd
Denmark that DMF or HMPA coordinates to the silicon atom

of allyltrichlorosilanes to form hypervalent silicaté%which in

turn react with aldehydes via cyclic chairlike transition states to
afford the corresponding homoallylic alcohols in a regio- and (S)-1 (5)-2
diastereospecific manner. As a logical extension of this reaction,
Denmark has reported the first example of the catalytic, asym-
metric version by the use of chiral phosphoramide derivatives as
Lewis bases, albeit with modest levels of enantioselectiiy.
Since amineN-oxides are known to exhibit a significant nucleo-
philicity toward the silicon atom! we were intrigued by the
feasibility of this catalytic, asymmetric process based on chiral
amineN-oxide. Herein we describe a new catalytic, enantiose-
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as a chiral catalyst, wherein thEoxide moieties were embedded
within a chiral pocket created by the walls of the biaryl Udit.
Indeed, we were gratified to find that the allylation reaction (23
°C, 2 h) under the influence o5)-2 (10 mol %) gave theR)-
enriched homoallylic alcohol in 90% yield and 71% ee. After
considerable experimentation based @&3,* we were very
surprised to find that the allylation was notably accelerated by

* Address correspondence to this author at Hokkaido University. the addition of 5 equiv of diisopropylethylamine (23, 10 min)
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Table 1. Enantioselective Allylation of Aldehydes with
Allyltrichlorosilane Catalyzed byS)-2

OH
(8)-2 (10 mol %) :
RCHO + \/\SiCIg . RS
; 'ProEtN (5 equiv)
(t2equv) o\ o, -78°C, 6 h
yield, ee,
entry R %* %" (configf [a]p®
1 Ph 85 88 R +38.5(GHe)%
2 4-MeOGH4 91 92 R +45.1 (GHe)®
3 4-CRCeHs 71 71 QY +24.6 (GHe)®
4 2-MeGH. 70 90 R  +39.2 (EtOHY
5  1-naphthyl 68 88 R)  +84.7 (GHe™
6 (E)-CHiCH=CH 74 81 (R}  +3.2(CHCE)®
7 (E)-PhCH=CH 87 80 R  —11.3(EpO)e
8  Ph(CH). 30 7 = —25(CHCE@
9  c-Hex 27 28 (S  —3.5(EtOHy%*

2 |solated yield P Determined by HPLC analysis employing a Daicel
Chiralcel OD, 0J, or Chiralpak AD. Configuration assignment by
comparison to literature values of optical rotatioh®bserved rotations
and literatures? Assignment by analogy.The reaction was carried
out with 20 mol % of §-2. f Determined by HPLC analysis of the
corresponding 4-nitrobenzoatDetermined by HPLC analysis of the
corresponding 3,5-dinitrobenzoate.

such as triethylamine, pyridine, and diaza[2.2.2]bicyclooctane
showed the relatively modest effects. While the role of diiso-

propylethylamine is presently unclear, it may be reasonable to

assume that the amine promotes a dissociationSpR (from
silicon atom in the product by ligand exchange to regene2 (
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Table 2. Enantioselective Allylation of Benzaldehyde with
Allyltrichlorosilanes Catalyzed byg-2

1 (S)-2 (10 mol % QH "
PhCHO + R2/§(\Si0|3 : (10 mol %) PRy
R3 'ProEtN (5 equiv) Rl "=R2
(12equiy  CHoClp, -78°C,6h
yield, ee,
enty R R*> R %% %" (configP [a]p®
19 H CHs H 68 86 (IR2R) +94.6 (CHCH)
2 CHs H H 649 84 (IR29 +22.6 (CHCh)
3 CH CHs H 52 78 R® +46.4 (CHCh)1%
4 H H CH 70 49 R +24.0 (GHg)1%2

a|solated yield.” Determined by HPLC analysis employing a Daicel
Chiralcel OD, 0J, or Chiralpak AD. Configuration assignment by
comparison to literature values of optical rotatioh®bserved optical
rotations and literature$.E:Z = 97:3.¢E:Z = 1:99. synanti = 3:97.
9 synanti = 99:1.
allyltrichlorosilane. These results suggest that the allylations of
aromatic and unsaturated aldehydes mediatedSpy proceed
via cyclic chairlike transition structure involving hypervalent
silicates where one of a pair ®-oxide moieties occupies an
axial position. In this respect, it is of interest to note that the

because the addition of the amine does not influence the sense
and extent of the enantioselection.

The results obtained for the reaction of a variety of aldehydes
with allyltrichlorosilane are summarized in Table 1. Allylation
of aromatic aldehydes gave results similar to those with benzal-
dehyde, except in the case of 4-(trifluoromethyl)benzaldehyde . . . ) . )
bearing an electron-withdrawing group (entry 3). It is worthy of allylathn using sterlcqlly conggstgd prenyltnphlorosnane still
note that the enantioselectivity (92% ee) observed with anisal- Maintained good enantioselectivity in accord with a general trend
dehyde is the highest reported to date for enantioselective (€ntry 3), whereas a dramatic drop in enantioselectivity was
allylations of aldehydes with allyltrichlorosilane catalyzed by a ©observed with methallyltrichlorosilane (entry 4). On the basis
chiral Lewis base (entry 2). While the present protocol could be Of the above hypothesis, the latter result may also be rationalized
extended tax,S-unsaturated aldehydes (entries 6 and 7), aliphatic Py assessing the 1,3-diaxial-type steric repulsion between the
aldehydes (entries 8 and 9) proved to be unsuitable substrates ifmethyl group and the wall of the biaryl unit. _
terms of both chemical yield and enantioselectivity. In summary, we have demonstrated the effectivenes§)ef (

To establish the mechanistic profile of the amiNeoxide- 3,3-dimethyl-2,2-biquinoline N,N-dioxide (§)-2) as a catalyst
promoted process, we then examined allylations of benzaldehydefor engntloselectlve adq_lltlon of aIIyItrlchIqrosnanes to alo_lghydes,
with (E)- and @)-crotyltrichlorosilane¢® As shown in Table 2, Wherein the use of diisopropylethylamine as an additive has
y-allylated anti-homoallylic alcohol was obtained fromE)- proven to be crucial for the acceleration of the catalytic cycle.
crotyltrichlorosilane (entry 1) while correspondisgnalcohol Studies on the mechanism as well as the design of chiral amine
was produced fromZ)-crotyltrichlorosilane (entry 2), both in N-oxides to further enhance enantioselectivity are currently in
virtually complete regio- and diastereoselectivities. In each case, PrO9ress.
the consistent sense and magnitude of t_he asymmetric induction Acknowledgment. This research was supported in part by the Special
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Supporting Information Available: Preparation of $-1, X-ray
crystallographic data ofg-1-(R)-binaphthol complex, procedure of
enantioselective allylation, andH, 3C NMR, HPLC data of all
homoallylic alcohols are provided (15 pages, print/PDF). See any current
masthead page for ordering information and Web access instructions.
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