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Scheme 1. Alkynylation via Dual Activation of Both Carbonyl
Compounds and Alkynes
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Table 1. InBrs-Catalyzed Alkynylation of Aldehydes
InBrz (10 mol %)
0 . he— RS iProNEt (20 mol %) OH
R H 22 Ro- neat, 40 °C R‘)\
1 bR = (CH) 3 N
(2.0 equiv)
time yield time vyield
entry aldehyde alkyne () (%) entry aldehyde alkyne () (%)
1 QCHow 2a 10 84 | 7 QCHO1Q 2a 5 93
cl
2 <>fCHO1b 2a 44 73| 8 CFs 2a 10 98
Me
Cy-croth
3 @—wow 2a 48 88 | 9 2b 42 75
MeO NO,
4 OCHO1d 2a 44 63 |10 QCHOH 2a 10 99
E CHO
5 @CHO1e 2a 24 86 1i 2a 24 82
CHO
6F—< >—CHO 1f 2a 22 73|12 V4 \S 1k 2a 48 62
s
4 DME was used as a solvent (5.0 M).
Table 2. In(OTf)3-Catalyzed Alkynylation of Ketones i

In(OT3 (20 mol %)

j\ . - PrNEt (50 mol %) HO/
A o
R! R? 2a:R3=Ph DME (0.5 M), 40 °C R! R?
4 2b: R3 = CHy)» 5
2¢: R® = (CHj, 5CH3
(2.0 equiv)
time yield time vyield
entry ketone alkyne () (%) entry ketone alkyne (h) (%)
o o
1 4a:R=H 2a 24 90 7
7 é/ 4d 2a 10 85
2 2a 63 92
g R 2b 48 g5 | 8’ Abéo 4e 2a 48 58°
& 2 48 74| 2
9™ 4 2a 48 61
5 4b:R=Me 2a 24 90°
o}
6 4c:R=tBu2a 60 94°| 10 Ao 49 2a 48 64

¢ Performed with 10 mol % In(OTf); b Concentratlon was 5.0 M. ¢ Performed
with 5.0 equiv of alkyne. ¢ dr =1.3:1." ¢ dr =2:1. fdr=1.1:1. 8 dr=5.2:1.
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Table 3. InBr3/BINOL Complex-Catalyzed
Asymmetric Alkynylation of Various Aldehydes
InBrz (10 mol %)

j’\ ’ s (RIBINOL (10 mol %) OH
+ =
R TH 2 CyzNMe (50 mol %) R' 3
(2.0 equiv) CH,Cl, (2.0 M), 40 °C R®
time yield ee
t
entry aldehyde alkyne () (%) (%)
1 QCHO 1a H—=—Ph 9 95 98
2a
2 H——==—(CH,),Ph 36 77 >99
2b
3 H—==—(CH,),CN 42 93 99
2d
4 H—=—(CH,)sCl 42 91 85
2e
5 )\/CHO 11 H—=—Ph 25 85 96
2a
6 H—=—(CH,),Ph 48 46 98
2b
7 (j\ “~CHO im H—=—Ph 24 85 98
2a

©

@—CHO 1b H—=—Ph 24 84 95

2a

9 H—=—(CHy.Ph 48 70 98
2b

10 H—=—(CH,):CN 48 68 98
2d

11 H%@ 48 77 89
2f

12 H—=—=< 48 74 83
MeO 29

13 @CHO 1d H—=—Ph 48 77 97
2a

14 FOCHO 1f H—=—Ph 24 75 95
2a

15 H—==—(CH,).,Ph 45 61 99
CHO 2b

16 (/ \S 1k H—=—Ph 29 80 97
$” cho 2a

17 J\ 1in H—=—Ph 20 84 98
o] 2a

18" @CHO 1b H—=—Ph 24 85 94
2a

19° H—=—Ph 48 85 96
2a

@ Aldehyde 1m was slowly added over 22 h. ? The reaction was

performed under air atmosphere. ¢ InBr; (2 mol %), (R)-BINOL

(2 mol %), and Cy,NMe (10 mol %) were used (10 M CH,Cl,).
InBrs (10 mol %) OH

(R)-BINOL (10 mol %)
a2 CysNMe (50 mol %) S
2.0 equi V2 %
(@0eauy) e, (2.0 M), 40 °C pp
3aa

o [‘,—'_'__a__v
7 g

60 /
o II'

ee of 3aa (% ee)

0 20 40 60 80 100

ee of (R)-BINOL (% ee)

Figure 1. (+)-Nonlinear Effects in Asymmetric
Alkynylation Catalyzed by InBra/BINOL Complex





