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Catalytic enantioselective addition of vinylmetals to activated 100 mol % CuCN in 3 h, but nearly all possible isomers are
alkenes is a potentially versatile but underdeveloped class of trans-generated (entry 2); formation &a is accompanied by 19% of

formationst Compared to processes with arylmetalsd, particu-
larly, alkylmetalstab processes with the corresponding vinylic

1,4-diened as well as the product from transfer of aBu group
(5, 10%). There is<2% conversion after 24 h with 1 mol % Cuy£l

reagents are of higher synthetic utility but remain scarce, and the 2H,0 (entry 3), and achiral NH® cannot help promote alkylation

few reported examples are Rh-catalyzed conjugate additidves.
have developed an efficient method for catalytic asymmetric allylic
alkylations (AAA) with vinylaluminum reagents that are prepared

(same outcome with (CuOTFfCeHe and 6). Similarly, in the
presence of chiral NH@g complexes742 or 8,08 there is no
reaction (entries 5,6). In a remarkable contrast, with only 0.5 mol

and used in situ; stereoselective reactions of commercially available % 9a,° AAA proceeds to>98% conversion in only 3 h, furnishing
DIBAL-H with readily accessible terminal alkynes efficiently —3ain >98% ee and with>98% $,2' andE selectivityl® The high

deliver the vinylmetals. Alkylations are promoted by -©2A5 mol

% chiral N-heterocyclic carbene (NHE3omplexes derived from

an air stable Cu salt. To the best of our knowledge, this is the first

report of catalytic AAA reactions involving vinylmetal reagehfts.
We began by examining reactions of vinylalumin@nwith

allylic phosphatela, which belongs to a less-examined category

of substrates for catalytic AAA.Reagent2 is generated from

hydroalumination of 1-octyne with DIBAL-H.When2 is used to

alkylatelain the presence of 1 mol % CuCN, there is no reaction

(Table 1, entry 1). Alkylation proceeds to 65% conversion with

Table 1. Synthesis of Vinylaluminum Reagents and Use in
Catalytic Allylic Alkylation?

enantioselectivity aside, the data in Table 1 highlight the unique
attributes of the Cu complex derived frddg, which readily initiates
alkylation with exceptional sitex(98% $,2') and group selectivity
(<2% 5). Direct synthesis of vinylaluminums with DIBAL-H is
an attractive feature of the method and compares favorably with
other protocols. Previous two-step protoéblsnvolve alkyne
hydrozirconation with the more costly and sensitiv€p,ZrHCI

(or hydroboration) followed by transmetallation with pZ&, which

is also relatively expensivé.

Various allylic phosphates can be used (Table 298%
conversion is obtained in-26 h with 0.5-1 mol % chiral catalyst.
Transformations of trisubstituted olefins bearing an aryl substituent
are shown in entries-18. Substrates bearing sterically demanding

_ T — rrhex groups (entries 1, 3, 6, and 8), electron-withdrawing aryl units
D‘B’;L'H Q aqﬁt;voésglgymll (entries 2-5) or an unsubstituted phenyl (entry 7) undergo AAA
B 2y _ Ar = o-MeCgHy in 82—94% vyield and 87 te>98% ee. The reaction in entry 9 (88%
Me OPO(OEt), rmex/\/‘;'('“B“)'«’ AT yield, 77% ee) is an efficient but less selective AAA of a
. i (Bu trisubstituted olefin with am-alkyl substituent. The only AAA that
Me 1a CT“;FE‘“'_;'gT::d- 4 AR affords the undesired chiraly3 product is one where the aryl
' Me 4 5 el substituent contains an electron donating ortho methoxy group
_ Toand TS 3 eeta (entry 6). As the examples in entries-102 indicate, alkylations
entry  Cu salt; mol % mol % () ()r 3 ogp (e Table 2. Cu-Catalyzed AAA with Vinylaluminum Reagent 22
1 CuCN; 1 nong 24 <2 - - - AL .
2  CuCN; 100 nane 3 65 361910 >98 - hex—— (vs alkyne) P
3 CuClw2H 0,1 none 24 <2 - - - OPO{OEY), hexanes, 55 °C, 5 h
I\ ) 21/\H Ry
4 CuClpaH0; 1 MeshagMesit o, p = =R R, 0.5-1 mol % 9a or 9b, 1-2 Mol % GuCly*2H;0, R, >98%E
Agcl 6 IHE 260 i
5 cucl?'szof1 ? 05 24 <2 - - - NHC; mol %; temp Sy2' yield ee
6 CuCl2H0/1 805 24 <2 - - - entry Ry Ry mol%Cu  (°C) product (%)? (%)° (%)
7 CuCl2H,0;1 %a 05 3 >98 >98:<2:<2 >98 >98
1 o-MeCsHs Me 1la 9505;1 —-15 3a >98 87 >98
aConditions: 2.0 equiv of vinyl-Al reagent (vs substrate) undgriNH 2 oBrGHs Me 1b 95051 —-15 3b >98 84 96
NMR analysis (400 MHz)¢ By chiral HPLC (Supporting Information). 3  0oNOCgHs Me 1c 93051 —-15 3c >98 94 96
4 p-NOCe¢Hs Me 1d 9g0.5;1 —-15 3d >98 93 89
5 m-TsOGHs Me le 9305;1 —-15 3e >98 82 87
6 0-MeOGHs Me 1f 94 0.5;1 —15 3f 90 88 95
Mes 2 7 CeHs Me 1g 950.5;1 —-15 3g >98 84 92
l Me:
“M‘*‘ ﬁ TN ﬁ’ T i 8 l-naphthyl Me1h 93051 -15 3h >98 88 91
Ly 9 Ph(CH), Me 1i 9b;051 —15 3i >98 88 77
Mes Mes l 10 GHs H 10a 991;2 —-50 1la >98 90 79
} Ax E»\ 11 Cy H 10b 9b1;2 -50 11b >98 92 86
Q\ \"j‘\'a 12 PhMeSi H 10c 950.5;1 —-15 11c =98 91 93
& R
aConditions: 2 equiv of vinyl-Al reagent (vs substrate); under NH
7 8 9af=F NMR analysis (400 MHz)¢ Yield after purification; all conversions 98%.
Llas o o Sl Sba_H d By chiral HPLC (Supporting Information}.Yield of pure $2' product.
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of disubstituted olefins proceed in high yield but are less selective bearing versatile alkyl halide substituelitsan be synthesized 9
unless a sterically demanding group, such as a silyl substituent, isin 92% ee). Tris(homoallylic) ethe20 and allylsilane21 are
present (entry 12). The findings in entries B2 of Table 2 involve obtained in 93% and 89% ee, respectively, and exclusivellg as
modified complexdb, since in such cases, use3ztleads to lower alkene isomers. Allylethe22 s, in contrast, formed witkr 98% Z
selectivities; 1,4-diene8i and 11ab,c are formed in 65%, 56%, selectivity (80% ee}? In the latter case, the initial hydroalumination
78%, and 90% ee, respectively, wh@ais employed. Reactions is likely directed by the proximal Lewis basic, albeit sterically
in entries -8 proceed with identical degrees of asymmetric demandingi-butoxy ether to generateds-vinylaluminum.
induction when9a or 9b are used. The utility of this method is showcased by the one-pot, gram-
scale transformation in eq 1. Treatment of 1-octyne with DIBAL-

TRex H, addition of a mixture oPa (0.5 mol %) and CuG2H,0 (1
mol %, from a commercial bottle), followed by the addition of 1.42
grams of allylic phosphatég, results in the formation 08g in
B 12 94% vyield and 92% ee>98% E). The Cu-catalyzed three-
component enantioselective process was performed on a bench top
9% yield, >98% E, 91% ee without the need to resort to glovebox techniques.
—50°C, 24 h)
Noteworthy are enantioselective syntheses of acyclic 1,4-diene 1.78 mL (10.0 mmol) DIBAL-H, hexanes, Tex
12(91% ee) and bicyclic dient3 (87% ee; 69% ee witha); these 55°C, 5 h; 7
transformations illustrate that catalytic AAA can be used with vinyl | #hex—= OPO(OEY), Ph (1
bromides and cyclic alkenes. Other alkynes may be employed to 1(i4?0mL “ 0.5 mol % 9a, Ve 3g
access products4—17, bearing different vinyl groups (Table 3; oo mn?'ol) Ph i 19 1 mol % CuCl2H:0 yield (1.14.g)
>98% Sy2' and E selectivity). Alkynes with sizable substituents {400 (5 r?mmnn THF, 15°C, 6 298% E. 92% ﬁﬂ’

can be utilized: 1,4-dieng7 (entry 4, Table 3) is obtained in 93%

: 0 0 .
yield and 88% ee (82% ee wie). Acknowledgment. Support was provided by the NIH (Grant
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R (vs alkyne) P Supporting Information Available: Experimental procedures and
OPO(OEt),  hexanes, spectral and analytical data for all products. This material is available
L 55°C,5h Ph free of charge via the Internet at http://pubs.acs.org.
Me 0.5 mol % 9a or 9b, Me
1 1 mol % CuCl,*2H,0,  >98% E and Sy2 References
g IHE. -15°C. 2-61h in
1) (a) Yorlmltsu H.; Oshima, W(QO% 44, 4435~
- (b) Hoveyda A. ird, A. acprzynski, .Amgm
yield ee W 004 1779—1785
entry R NHC product (%)° (%)¢ (2) Kacprzynski, M. A,; May, T. L.; Kazane, S. A.; Hoveyda, A. Bagew.
d2007 46, 45544558,
1 PhCh 9b 14 85 91 (3) For Rh-catalyzed asymmetric conjugate additions of vinylboronates and
2 (cyclopent)CH 9a 15 90 92 vinylzirconocenes respectively, to enones, see: (a) Hayashi, T.; Yamasaki,
3 cyclohex 9a 16 91 91 K. 003 103 2829-2844. (b) Nicolaou, K. C.; Tang, W.;
4 t-Bu 9b 17 93 88 Dagneau, Faraom _(2005 44, 3874-3879.
(4) For other catalytchAAlnvoIvmg chiral NHC complexes, see: (a) Larsen,
» . . A. O.; Leu, W.; Nieto-Oberhuber, C.; Campbell, J. E.; Hoveyda, AJH.
aConditions: 2 equiv of vinyl-Al reagent (vs substrate); under NH 2004 126 11130-11131. (b) Van Veldhuizen, J_J.;
NMR analysis (400 MHz)¢ Yield after purification; all conversions 98%. 127 8877 Sas ((BI)u_tli_ICI R.E; Igovgyo{(a 2l OC>i’-<005t
d i i i ¢) Tominaga, i ato, n, amoto,
By chiral HPLC (Supporting Information). 3 {12004 45 5535-5586, () Lee, Y Hoveyda A H.

iy . . . @006 128 15604-15605.
Additional attr'bUtes of _the method are illustrated by preparation  (s) an example of hydroalumination of an alkyne/Cu-catalyzed asymmetric
of 18—-22. Enantioselective synthesis df8 demonstrates that conjugate addition tg-methylcyclohexenone has been reported (73%

. - . . : -d’ in, M.; is, A 49,
conjugated enynes can be utilized to access chiral dienes. Products o) aagnoux-dAugustin, M., Alexakis 2007 13

(6) (a) Falciola, C. A.; Tissot-Croset, K.; Alexakis, t.

Ed. 2006 45, 5995-5998. (b) Gllllngham D.G; Hovey a, .
d2007, 46, 3860-3864.

(@) Neglsh|, E.; Takahashi, T.; Baba, Grg. Synth., Collect1993 8, 295—

Cl
> (8) Lee K. S.; Brown, M. K.; Hird, A. W.; Hoveyda, A. Hisstiilaimaai.
oz P Soc.2006 128 7182-7184.

9) (a) Brown, M. K.; May, T. L.; Baxter, C. A.; Hoveyda, A. Hndew.
Mdzom 46,1097-1100. (b) Reference 2. (c) Reference 6b.
(10) When the precursor imidazolinium salt@d is used, 77% conversion is
Me 18 Me 19 observed (24 h—15 °C) and3a is formed in>98% ee ¢98% E and
74% yield, 86% yield, ?gﬁ’)df‘(l;here is, however=2% conversion with the BFimidazolinium
>98% E, 90% ee >96% E, 92% ee (11) Huang, Z.; Negishi, EQugelaif. 2006 8, 3675-3678.

(1.5mol % 9a,-15°C, 3 ) (0.5 mol % 9b, -15°C, 12 h) (12) (a) Lipshutz, B. H.; Ellsworth, E. 499Q 112, 7440~
7441. (b) Wipf, P.; Nunes, R. 0, 1269-1279. (c)
#+BuO tBuO/\E/ Li, H.; Walsh, P. J 127, 8355-8361.
Me 20

OtBu (13) For hydrolalumination of halogen-containing alkynes, see: Gardette, M.;
Jabri, N.; Alexakis, A.; Normant, J. mlg&l 40, 2741-
Me

2750.
PhMe; S' (14) For directed hydroalumlnatlon of propargyhmutyl ethers, see: (a)
Alexakis, A.; Duféault ) M. 1988 %9 6243-6246.
92% yield, 90% yleld, 91% yleld, For a review on directed reactions, see: Hovey a, A. H.; Evans, D.
>98% E, 93% ee >98% E, 89% ee >98% Z, 80% ee A FU, G. C.(alaiiit 1993 93 1307-1370.
10.5mol %9a —30°C 3N _(1mol%9b —30°C. 31 (1mol%9b —50°C 121 JA0782192
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