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The asymmetric allylation reaction is a powerful method for the Table 1. Asymmetric Allylboration Catalyzed by Chiral Diols?
construction of chiral building blocks for use in synthésiany o 15 mol%

; . . . OR talyst
useful and innovative methods exist for the allylation of aldehydes; Jo & caays H3C’;<0H/\
) . . . . Ph™ “CHy  ZA>~"“0R Ph A
however, the enantioselective allylation of ketones to yield chiral
tertiary homoallylic alcohols remains a challenge for asymmetric Sa 10a R = i-Pr Ma

methods® Notable advances in this area include the use of chiral 10b R = C(CH3),C(CH,),

allylsilanes? chiral allylboranes$,and boronate%the asymmetric

o 4 vield? C
allylation of ketones using allyl stannanethe asymmetric Cu(l)- enty _catalyst  boronate _temp (C) solvent % yield o
catalyzed allylboration reactidhand the Ag(l)-catalyzed asym- ; . igz 8 Eﬂg::i éi 5050
metric SakurafHosoml rea}ctlon of ketones V\{Ith allyl silangn 3 > 10a 0 PhCH 19 5050
developing an asymmetric allylation reaction of ketones, we 4 3 10a 0 PhCH; 21 55:45
considered two key observations. First, recent reports illustrate that 5 4 10a 0 PhCH 58 50:50
the addition of allylboronates to aldehydes is accelerated by the 6  5a 10a 0  PhCH 35 72:28
use of Lewis acidd or strong Bransted acid$.The observed rate ; gg ﬁgz 8 Eﬂgg % ggg
acceleration is presumably due to Lewis acid activation of the boron g g4 10a 0  PhCH 68 5545
atom via coordination to the boronate alkoxy ligdA&econd, we 10 6b 10a 0 PhCH 76 71:29
sought to capitalize on the facility with which acyclic dialkoxybo- 11 7 10a 0 PhCH 72 68:32
ranes undergo ligand exchangale postulated that chiral diols 12 gg 182 :ggd pPrT((::E gg gfgﬂg 5
could_ act as catalytic promoters_ of_ asymmgtrlc aIIbeorat|c_>n_ 14 5b 10a _35 PhCHPhCR 83 973
reactions (eq 1): exchangeable chiral ligands with Brgnsted acidic 1:3
characteristics. Herein, we report the first example of a highly 15 5b 10b -35 PhCH:PhCR 0
enantioselective asymmetric allylboration of ketones using chiral 1 1 }:ﬁ Ph ) 47
BINOL-derived catalysts and allyldiisopropoxyborane. 6 8 0a -3 1_3CF$. Ch 5 53

OR
)(J)\ R é catalyst Ry ,OH a Reactions were run with 0.25 mmol boronate, 0.375 mmol acetophe-
R7 Ry, 3Y\/ “OR T RK%(\ M none, and 15 mol % of catalyst in organic solvent (0.1 M) for 15 h under
R4 Ry Ry Ar, followed by flash chromatography on silica gelsolated vyield.

¢ Enantiomeric ratios determined by chiral HPLC analy$Breezing point
We initiated our investigation by evaluating the reaction of Of PhCRis —29°C.
allyldiisopropoxyborand 0awith acetophenone in toluene atQ

(Table 1, entry 1). The uncatalyzed reaction afforded the product Ph Ph O e
11ain only 13% yield. However, when 15 mol % of§-TADDOL 0 _«KOH Ph._.OH EtO,C .OH OH
1was included in the reaction, a greater yield of the tertiary alcohol ><oj§<°H l l OH
was obtained (entry 2, 54% yield) but in racemic form. Other chiral ot B Ph”TOH  EtO,C" "OH O "
diols, such as§9-1,2-diphenylethane di@and (-)-diethyl tartrate 1 (+)-TADDOL 2 3 (+)-DET . (S)_BlpHE‘N“

3, gave only modest increases in yield over the uncatalyzed reaction

(entries 3 and 4). Alternativelysf-BIPHEN 4 and §)-BINOL 5a OO X X Br Br
both gave increases in yield over the uncatalyzed reaction (entries OH ‘O oH OO oH OO o
5 and 6), and §-BINOL afforded 11ain an enantiomeric ratio OH OH oH OCH,8
(er) of 72:28. Encouraged by this result, we evaluated other BINOL- OO ‘O OO OO
X X  Br
8

derived catalysts in the reaction. Catalysts with substitution at the Br
3,3-positions (catalystSb,c) gave higher enantioselectivities, and  5aX=H(S)}-BINOL ~ 6aX=H 7

the H-BINOL catalyst6b (entries 7-10) with 3,3-Br,-BINOL 5b Xz BbX=Br

afforded the product in the highest er (83:17). The isomerit 6,6
Bro-BINOL catalyst afforded 1ain an er of only 68:32 (entry 11).
Using catalysbb, we optimized the reaction for enantioselectivity PhCFR and PhCH was the most effective solvent system-&35
using temperature and solvent (entries-12). Higher er's were °C, affording the tertiary homoallylic alcohol in 83% yield and 97:3
achieved at lower temperatures but at a reduced rate (entry 12).er (entry 14). Interestingly, the use of allylpinacol boronkib as
Using solvents, such as GEl, and THF, gave lower er’'s, but  the nucleophile under catalytic conditions resulted in no conversion
o,0,0-trifluorotoluene (PhCE) gave comparable er's and higher to the product (entry 15), most likely due to the stability of the
yields at—25 °C as did toluene (PhCfiat —35 °C (entry 13), the cyclic boronate. Also of note was the reaction using methyl ether
limitation of PhCF being that it freezes at29 °C. A mixture of 8 (entry 16); the removal of one hydroxyl group on the catalyst

Figure 1. Chiral diols.

12660 = J. AM. CHEM. SOC. 2006, 128, 12660—12661 10.1021/ja0651308 CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Table 2. Asymmetric Allylboration of Ketones?

o ) 15 mol% oH
)L . Oi-Pr (S)-5b RX/\
R Ry ABoipr Rq A
PhCH3:PhCF3
9 10a -35° "

9b Ry = 3-BrCeHy, Ry = CH,
9¢ Ry = 4-BrCgHs, Ry = CHy
9d R; = 3-CF5CgHy, Ry = CH,
9e Ry = 4-MeOCgH,, R, = CH
9f R, = 2-Naphthyl, R, = CHs
9g Ry = 2-C4H3S, R, = CH3
9h Ry = 3-C4H,S, R = CH;

9i Ry = CgHs, Ry = CH,CH,
9j Ry = CgHs, Ry = CH,Cl

C
(0] (0} (¢]
} CHs3 Ph)j\
X)” O)‘\ Ny
9n 9%
9k n=1,X=CH,

91 n=2,X=CH,
9Im n=2,X=0

entry ketone product % yield® ere
1 9a lla 83 97:3
2d 9b 11b 81 95.5:4.5
3 9c 1lc 86 99.5:0.5
4 9d 11d 89 95.5:4.5
5 9e 1le 83 99.5:0.5
6 of 11f 81 96.5:3.5
7 99 11g 87 97:3
8 9h 11h 88 97:3
od 9i 11i 83 97.5:2.5
10 9j 11j 76 98:2
11 9k 11k 88 96.5:3.5
12 9l 111 87 97.5:2.5
13 9Im 11m 83 96:4
14 9n 11n 91 96.5:3.5
15 90 1lo 93 95:5

aReactions were run with 0.125 mmb0a, 0.19 mmol ketone, and 15
mol % of catalyst in a PhGFPhCH; (3:1) mixture (0.1 M) for 15 h under
Ar, followed by flash chromatography on silica gelsolated yield.
¢ Determined by chiral HPLC and chiral GC analys$iReactions were run
with 0.5 mmol10aand 0.75 mmol acetophenone.

Scheme 1. Asymmetric Crotylboration of Acetophenone
) 15 mol%
/cl)l\ Qi-Pr (S)-5b Hs%H/\ 72% yield
+ HC ~ Bo.. Ph Y 98:2dr
Ph™ “CHj SUININ z
Oi-Pr PhCH,:PhCF, CH, 99:1 er
9a 12a -35°C 13a
. 15 mol%
0 QPr (S}5b  H,C, ,OH .
PY + B - . ", 75% yield
Ph” “CH, (F > OHPr PRCHPHCF, Ph X 99 dr
CH; -35°C CH 98.5:1.5er
9a 3
12b 13b
resulted in diminished activity and lower selectivity, highlighting

the importance of the diol functionality.

The optimized reaction conditions were effective at promoting
the asymmetric allylboration of a variety of ketones in high
enantioselectivities (Table 2). Electron-rich and electron-deficient
aromatic ketones were tolerated in the reaction (entrie§)1
Heteroaromatic ketones afforded the corresponding homoallylic
alcohols in good yields and enantioselectivities (entries 7 and 8).
Notably, the ethyl and chloromethyl ketor@sand9j both cleanly
underwent the allylboration in high er’s (entries 9 and 10). Cyclic
ketones were good substrates for the reaction, as well (entries 11
13). The unsaturated enon®s and 90 only afforded the 1,2-
addition products, both in good yields and er’s (entries 14 and 15).
Catalyst5b also promoted the stereoselective crotylboration of
acetophenone;H)-crotyl boronatel2a afforded anti-isomer 13a
in high dr and er, andZ)-crotyl boronatel2b yielded thesyn
productl13bin good yields and high selectivities (Scheme 1). The
observed diastereoselectivities were consistent with a Zimmerman
Traxler transition state model.

Preliminary mechanistic experiments indicate a catalyst-associ-
ated boronate compléf Rapid exchange of one isopropoxy ligand
was observed bjH NMR in the reaction obb with 10a A similar
observation was made when we monitored the asymmetric allylbo-

Figure 2. Proposed transition state.

ration reaction catalyzed byb. A positive nonlinear effect was
observed when we examined the effect of catalyst er on the
enantioselectivity of the reactidf. However, the yield of the
reaction diminished linearly with catalyst er. The reaction was also
found to be first order in catalyst. We attributed the observed
nonlinear effect to racemate catalyst aggregatfddn the basis of
these experiments, we propose a model of selectivity in which the
5b-boronate complex imparts selectivity by activation of the alkoxy
ligand via hydrogen bondirig leading tosi facial attack on the
ketone in a chair-like TS(Figure 2).

In summary, we have developed a highly enantioselective and
diastereoselective allylboration of ketones catalyzed by chiral
BINOL-derived catalysts. Ongoing studies include expansion of
the scope and utility of the reaction.
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