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CuX (10 mol %)
Ligand (15 mol %)

~P(O)Ph, — “P(O)Ph,
o2 toluene, 70 °C o) R R
12 13 5 D\I)QI_,Q
i [ |
entry ligand CuX time (h) yield” (%) ee” (%) ' N N\)
1 8a CuOTf* 1.5 43 63 ipf ipy
2 8b CuOTf* 16 37 73 ;
3 8c CuOTf* 4 90 75 ;
o e > o | 8a(R=Me) 8 (R=2-MeBn)
e CuOTf* 3 51 75 ! B f (R = 3-MeB
6 8f CuOTf 19 43 81 | 8b (R = Et) 8f (R = 3-MeBn)
7 8¢  CuOTF 5 44 84 | ’M%UWU 8g (R =4-MeBn)
8 8h  CuOTF 30 64 84 8d (R = Bn) 8h (R = 3,5-(Bu),Bn)
9 8d CuBF 12 79 91 |

“Isolated yields. ”ee determined by HPLC. For conditions, see the :
Supporting Information. ¢ (CuOTf), - toluene was used. “ CuBF - 4MeCN

was used. Org Lett., 2013, 15, 1004.
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Entry Metal Ligand Solvent  Temp. (°C)  Yield (%), ee (%)

1 CuBF4 4MeCN L1 toluene 80 53, 65

2 CuBF4 4MeCN L17 toluene 80 74,81

3 CuBF4 4MeCN L17 toluene 55 75, 84

4 CuBF4 4MeCN L17 DME 55 75, 88

5 CuPF6 4MeCN L17 DME 55 83, 91

6" CuPF6 4MeCN L17 DME 55 75, 93

* Decagram scale (c = 0.4 M).
L1: R'=i-Pr, RZ=Bn L10: R' = j-Pr, R? = 3,5-(t-Bu),;Bn Mo Me
L2: R' = i-Pr, R2 = 2-MeBn L11: R' = j-Pr, R? = Et Mo M D\I)(\I’D
R2 R2 L3: R' = i-Pr, R? = 3-MeBn L12: R' = /-Pr, R? = s-BU o X o | |\),W
Dj)(r_o L4: R' = i-Pr, R? = 4-MeBn L13: R' = Me, R? =Bn Ph ‘|1>§||"\)...ph N N 4
S’IN NI\) L5: R' = i-Pr, R? = 4-+-BuBn L14: R' = +-Bu, R? = Bn N N “
4 L6: R' = i-Pr, R = 4-BrBn L15: R' = (S)-s-Bu, R? = Bn Ph Ph
R’ R’ L7: R' = i-Pr, R? = 4-IBn L16: R' = (S)-s-Bu, R? = 4-MeBn L19 L20

=
L8: R' = i-Pr, R? = 4-PhBn | L17:R' = (S)-s-Bu, R? = 4-+-BuBn |
L9: R = i-Pr, R? = 3,5-(Me),Bn L18: R' = (§)-s-Bu, R? =3,5-(t-Bu),Bn
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Scheme 1. Palladium(11)-catalyzed 1,4-addition of aryl boron com-
pounds to «,[3-unsaturated carbonyl compounds.
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Scheme 2. Proposed catalytic cycle. Sol=solvent molecule.
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Table 1: Optimization on the Pinacol Cyclizations of 7.7
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Entry Conditions Yield[%]"
26 27 28

1 TiCl,, Zn, rt. 9 43 12

VCl;(THF);, Zn, 0°C 4 6 5
39 n-Bu,SnH, AIBN, 80°C 0 0 0
4 Sml, —40°C  TS-C 14 0 57
5 Sml,, 0°C 10 30 21
6 SmlL, 50°C__ O 16 55 0
7 Sml,, —20°C  TS-A 33 24 11
8 Sml,, (R,R)-i-Pr-pybox, —20°C 13 58 10
9 Sml,, 2,2":6',2"-terpyridine, —20°C 43 16 15
10 Sml,, (5)-BINAP, —20°C 44 36 0
11 Sml,, 18-crown-6, —20°C 47 29 7
12 Sml,, 15-crown-5, —20°C 51 30 8
13 Sml,, tetraglyme, —20°C 68(65)" 15(13) 6(9) |

[a] Reaction conditions: 7 (0.1 mmol), low-valent metal (3.0 equiv) and
reductant or additive (6.0 equiv) in THF (¢=0.025 M) at indicated

temperature. [b] Isolated yields.

[] n-BusSnH (1.5 equiv), AIBN

(0.1 equiv) in toluene (c=0.025 M). [d] Yield based on 1.0 mmol scale.

AIBN =2,2"-azobis(2-methylpropionitrile),
bis(diphenylphosphino)-1,1"-binaphthalene,

oxypropane,

BINAP=2,2'-
2,2-DMP =2,2-dimeth-

i-Pr-pybox = 2,6-bis[4-isopropyl-2-oxazolin-2-yl|pyridine,
PPTS = pyridinium 4-toluenesulfonate.



Smil,(0.1 equiv)/Me,SiCly/

O HO R
) JJ\ Mg/tetraglyme . R2 R2
R1 R2 THF R‘l OH
up to 90% de

Scheme 1. Sml,-Catalyzed Pinacol Coupling Reaction
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