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Chiral allylic alcohols are among the most versatile synthetic Table 1. Optimization of the Vinylation Reaction: Ligand Effects

intermediates. Catalytic enantioselective synthesis of these chiral 1) catalyst (10 mol %)

building blocks currently relies on two main methods; kinetic %ljgdsg%mo' %) -
resolution using the Sharpless epoxidatiand asymmetric addition PhCHO + 7 Si(OMe)g . phe NF

of alkenylzinc reagents to carbonyl compoufdEhese ground- 1a 2a@equv)  2)TBAF 8aa
breaking reactions are reliable and have established new concepts gnyy catalyst ligand time (h) yield (%)

in the history of organic synthesis. Because of the recent demands

. N ; . 1 CuCI-TBAT? none 24 0
for safe and sustainable organic synthesis, however, resolution » CuF3PPR-2EtOH  none 24 0
methodology or the use of highly sensitive reagents is not desirable, 3 CuF3PPh-2EtOH dppe 24 61
especially for large-scale synthe3itn this communication, we 4 CuF3PPh-EtOH d@-Chppe 24 47
report a new catalytic method for chiral allylic alcohol synthesis 2 gﬂigiiggggﬂ g&r\geO)ppé 2514 5g9
using air-stable and commercially available vinylsilanes as nucleo- 7 CUF3PPR-2EtOH  dppf 4 100
philes. In addition, the method also allows for a highly enantiose- & CuF3PPh-2EtOH dppf 3 100

lective phenylation of aldehydes, producing another group of R buml N ervisiicats it
valuable chiral buiding blocks, diaylmethanols. G AR S

We previously reported that silylated nucleophiles such as a5 ol o, catalyst and 7 mol % dppf were used. SolvenbMF.
allyltrimethoxysilanes and ketene silyl acetals are activated by a
catalytic amount of CuF, producing highly nucleophilic allylcoppers  intermolecular vinylation of aldehydes using weakly nucleophilic
or copper enolates through transmetalafidThese species are  simple vinylsilane as a nucleophite.
sufficiently reactive to perform catalytic enantioselective allylation Having established the new catalytic vinylation conditions,
and aldol reactions to ketones, when the CuF is modified by chiral extension to a catalytic enantioselective reaction was investigated
phosphine ligands. On the basis of these findings, we planned tousing chiral diphosphines. Screening available chiral diphosphines
use trimethoxyvinylsilane as a nucleophile. Previous reports on led us to determine that DTBMSEGPHOS 4) was the best
CuCl-promoted homo-coupling of alkenylfluorosilarfess well as ligand23 reaction ofla was completed in 0.5 h using 3 mol %
stoichiometric Cu(l)-induced protodesilylatiband allylatior§ of catalyst (generated via in situ reduction of G@&H,O by excess
alkenylsilanes support our expectation that the generation of chiral phosphine), and the product was obtained in 99% yield with
alkenylcopper through transmetalation between copper and silicon94% ee (Table 2, entry 1).
atoms should be possible. On the other hand, the reactivity of the The substrate generality of this reaction is summarized in Table
thus-generated vinylcopper to carbonyl compounds and the pos-2. Excellent enantioselectivity was generally produced from a wide
sibility of catalyst turnover could not be predictd. range of aldehydes. As for enolizable aliphatic aldeh§tethe

Our initial studies focused on the determination of vinylation typical procedure afforded mainly undesired product via self-aldol
conditions for aldehydes using achiral CuF complexes, and we first condensatiod? In this case, however, simple tuning of the reaction
found a dramatic difference in reactivity between allylation and conditions using dimethoxymethylvinylsilan2h) as a nucleophile
vinylation reactions. When the optimized conditions for catalytic in toluene solvent gave the vinylation product in high chemical
allylatior’a were applied to catalytic vinylation of benzaldehyde Yield (entry 8). Alkenylsilane2c with a longer alkyl chain, which
(1a) using trimethoxyvinylsilaneZa), the reaction did not proceed ~ was conveniently synthesized through olefin cross metatHesis)
(Table 1, entries 1 and 2). The allylation was completed in 1 min be utilized as a nucleophile (entries 9 and 10). The reaction
under the same conditions. During the reaction, the solution color proceeded even using an internal alkenylsil&ue which was
changed from pale yellow (derived from CuF) to dark brown, which synthesized through Trost's ruthenium-catalyzed regioselective
might indicate the generation of a vinylcopper via transmetalation. hydrosilylation of the corresponding alkyfigentry 11). Although
To enhance the reactivity of the generated vinylcopper species,yi9|d and enantioselectivity require further improvement in this case,
ligand-acceleration effects were investigated (entrie3)3 After the result is noteworthy because products containingdisuibsti-
systematic screening of diphosphine ligands regarding the electronictuted alkenes are not accessible by reactions using alkenylzinc,
and steric factors, dppf was determined to be the optimum achiral Which is normally generated through a terminal position-selective
ligand (entry 7)i° The reaction rate was faster in DMF than in hydroboratior-transmetalation sequen€&he reaction proceeded
THF, and the reaction was completed3 h using 5 mol % catalyst chemoselectively with an activated ketofig giving the chiral

(entry 8)11 To our knowledge, this is the first example of a catalytic tertiary aIIyIic_ alcohol with high enantioselectivity (entry 12). _
Moreover, this methodology can be extended to a catalytic

" The University of Tokyo. enantioselective phenylatitusing dimethoxydiphenylsilan@€)
*PRESTO. as a nucleophile (entries 13 and 14).
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Table 2. Catalytic Enantioselective Vinylation and Phenylation Johnson, R. A.; Sharpless, K. B. Gatalytic Asymmetric SynthesiSjima,
1) CuF22H,0 (X mol %) I., Ed.; Wiley-VCH: New York, 2000; p 231.
4 (2X mol %) OH MeO.C OH (2) For selected examples, see: (a) Oppolzer, W.; Radinov, Reh. Chim.
R'CHO R2—Si(OMe)2 DMF, 40 °C 2, Acta1992 75, 170. (b) Wipf, P.; Ribe, SJ. Org. Chem1998 63, 6454.
1a-1h + \'( 2) TBAF R1” R2 or ph/ﬂ (c) Chen, Y. K,; Lurain, A. E.; Walsh, P. J. Am. Chem. So€002 124,
) ] 12225. (d) Li, H.; Walsh, P. JJ. Am. Chem. So2004 126, 6538.
or (2 equiv) 3 3ia For general reviews, see; (e) Pu, L.; Yu, H.Bhem. Re. 2001, 101,
1i  2a:R2=CH,=CH, Y = OMe R 757. (f) Noyori, R.; Kitamura, MAngew. Chem., Int. Ed. Engl991,
2b: R2 = CHp=CH, Y = Me o OMe 30, 49.
2¢: R2 = CHg(CHy)3CH=CH, Y = OMe 4 O (3) Recent contributions from Jamison’s group (reductive coupling of alkynes
. [¢] P R /o and aldehydes) are consistent with these demands. Substrate generality,
2d: R2 = )M\/\ Y = Me o P. R however, remains to be improved. Miller, K. M.; Huang, W.-S.; Jamison,
< O T. F.J. Am. Chem. So@Q003 125, 3442.
2e:R2=Y =Ph O OMe (4) (a) Yamasaki, S.; Fujii, K.; Wada, R.; Kanai, M.; Shibasaki, MAm.
4:R=Bu,5:R=Me \ R A Chem. Sac2002 124, 6536. (b) Oisaki, K.; Suto, Y.; Kanai, M.; Shibasaki,
substate catalvst  tme old b M. J. Am. Chem. SoQ003 125 5644. (c) Wada, R.; Oisaki, K.; Kanai,
entry o nucleophile . |y°/ o Ylf eoe M.; Shibasaki, M.J. Am. Chem. So2004 126, 8910.
(GD) (Xmol%)  (h) (%) (%) (5) For leading references of metal fluoride activation of silylated nucleophiles
1 Ph (1a) 2a 3 05 99 9af through transmetalation, see: (a) Pagenkopf, B. L.gruJ.; Stojanovic,
2 p-Cl-CgHs (1b) 2a 3 2 99 97 A.; (;arre_lra, E. MAngew. Chem., Int. EA998 37, 3124 (CuF activation
675 f silyl dienolate). (b) Yanagisawa, A.; Kageyama, H.; Nakatsuka, Y.;
3 Me-CeHs (1¢) 2a 3 8 99 99 ar stly . ‘ ' A : 1 P Y
p- 615 ; Asakawa, K.; Matsumoto, Y.; Yamamoto, Angew. Chem., Int. EA999
4 p-MeO-CgHs (1d) 2a 10 1 99 92 38, 3701 (AgF activation of allyltrimethoxysilane).
5 2-Thienyl (1e) 2a 10 0.5 99 o (6) Using a stoichiometric amount of Cu(l) salt: (a) Yoshida, J.-i.; Tamao,
6 (E)-PhCH=CH (1f) 2a 10 1 73 83 K.; Kakui, T.; Kumada, M.Tetrahedron Lett1979 13, 1141. (b)
7 PhCH,C(CHa), (19) 2a 10 40 99 99 lkegashira, K.; Nishihara, Y.; Hirabayashi, K.; Mori, A.; Hiyama,Ghem.
8¢  c-Hex (1h) 2b 10 16 84 98f Commun1997 1039. Using a catalytic amount of CuCl: (c) Nishihara,
Y.; Ikegashira, K.; Toriyama, F.; Mori, A.; Hiyama, Bull. Chem. Soc.
9 1a 2c 10 25 91 90/ Jpn 200Q 73, 985.
10 1g 2c 10 50 90 97 (7) Trost, B. M.; Ball, Z. T.; Jge, T.J. Am. Chem. SoQ002 124, 7922.
114 1a 2d 10 17 48 52 (8) Taguchi, H.; Ghoroku, K.; Tadaki, M.; Tsubouchi, A.; TakedaOFg.
o . ; Lett 2001, 3, 3811.
12¢ Py 1i 2a 10 22 76 84 (9) The allylcopper species generated through transmetalation from allylsilane
Ph” ~CO,Me demonstrated completely different reactivity and stability from that
¢ prepared through a conventional method (transmetalation from allyllithium
13 1b 2e 3 1 81 92 or allylmagnesium reagents). For example, CuF-catalyzed allylation
14 ic 2e 5 3 83 90/ proceeded with complete 1,2-selectivity to enones at room temperature
(ref 4a).
alsolated yield? Determined by chiral HPLCE The reaction was (10) Steric congestion around the copper atom appeared to be more important
performed at room temperature in tolueA@he reaction was performed for the ligand-acceleration effe.cts than the electronic factors (for electronic
at 60°C in the presence of 10 mol % TBAT as an additive. In the absence gﬁgrﬁgs?Saen(ii-l;gggi\%fyegé%e;%s f(;)r: géﬂ%gﬁ%ﬁtfﬁéeugaH%esldeesrétrri';: d31
of TBAT, the reaé:t_:%n d'g n?t procef(_ed?l’hg reactloré was perf(;)rmed at in ref 13), and steric effects). The difference between DTBM-SEGPHOS
room temperature.The absolute configuration was determined to 8e ( (4) and DMM-SEGPHOSS) under optimized conditions for enantiose-

lective reaction is also consistent with this tendency: €tEomplex (3
mol % in DMF) gave3aain only 31% vyield for 3 h, while the reaction

To gain insight into the reaction mechanism, several observations was completed in 0.5 h usir(Table 2, entry 1). This acceleration effect

were made. First, generation of an alkenylcopper was strongly might be due to stabilization of a hypothetical monomeric, active copper

; ; R species and/or acceleration of the rate-determining ligand exchange (see
supported l?y the observation of & NMR signal co_rrespo_ndlng text) to regenerate the active vinylcopper. For examples of acceleration
to (MeO)SiF, when the CufFdppf complex was mixed witl2a effects by sterically hindered ligands, see: (a) Littke, A. F.; Schwarz, L.;
i . iAl1,19 i i Fu, G. C.J. Am. Chem. Soc2002 124, 6343. (b) Strieter, E. R,;
in a 1:3 ratio:"* Second, enantioselectivity was not affected by Blackmond, D. G.; Buchwald, S. L. Am. Chem. S02003 125, 13978.
the substituents of the silicon atom of alkenylsildh&hus, the (c) Yamasaki, S.; Kanai, M.; Shibasaki, M. Am. Chem. So2001, 123,
silicon species is not relevant to the enantiodifferentiating addition 1256.

[N
~

. . . (11) For the substrate scope using the CuF-dppf catalyst, results of mechanistic
step. Third, the catalytic cycle can start from a copper alkoxide studies, and the proposed catalytic cycle, see Supporting Information for

DTBM—SEGPHOS complex with the same enantioselectivity as details.

i i i (12) For a comprehensive review on the reactions using alkenylsilanes, see:
that Qf the 'chlgal CuF comple®. These results, combined with Fleming. I Dunogas. J.. Smithers, ROrg. React198s 37, 57.
kinetic studies? suggested two key factors: (1) an alkgnylcopper (13) See Supporting Information for the effects of chiral ligands and the catalyst
(or a phenylcopper) generated through transmetalation works as preparation method. Briefly-tol-BINAP, Et-DUPHOS, anéPr-DuPHOS-
complexes (10 mol %) gavBaain 47% with 61% ee (24 h), in 51%

an active nuclegphile, and (2) the diphosphine Iigandg facilitate with 38% ee (24 h), and in 87% with 64% ee (5 h), respectively.

the rate-determining catalyst turnover step (regeneration of the (14) The self-aldol reaction might be promoted by CuOMe, which is generated

alkenylcopper from an intermediate copper alkoxide). through competitive methoxy ligand transfer from silicon to copper, instead

R . . . of the desired vinyl transfer. For a use of copper alkoxide as a Brgnsted

In conclusion, we developed a new catalytic enantioselective base catalyst for direct aldol reaction, see: Suto, Y.; Kumagai, N.;

method for chiral allylic alcohol and diarylmethanol synthesis using Matsunaga, S.; Kanai, M.; Shibasaki, Karg. Lett.2003 5, 3147.

air- and moisture-stable alkenylsilanes and phenylsilane as nucleo- (°) gé%t{ajsuﬁ%_ Fischer, H.; Kujiwa, M.; Marciniec, Betrahedron Lett

philes. Detailed mechanistic studies are in progress. (16) Trost, B. M.; Ball, Z. T.J. Am. Chem. SoQ001, 123 12726.

. . i (17) Simple ketones did not give the addition product at the current stage.
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characterization of the products. This material is available free of charge (19) Interestingly, no such signal was observed using-@RPh or TBAT as
via the Internet at http://pubs.acs.org a fluoride source, which demonstrated no catalyst activity.
’ T (20) The rate-determining step was identified on the basis of kinetic studies.
The order dependencies of the initial reaction rate were 1, 0, and 0.5
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Sharpless, K. BJ. Am. Chem. S0d987, 109, 5765. For review, see; (b) JA0507362
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