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Asymmetric C-C bond formation using a ruthenium catalyst with chiral counter anion
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Attempt to develop enantiotopic group selective [2+2] cyclization of 1,7-allenyne
using a ruthenium catalyst having a chiral counter anion part. Although various phosphate- or sulfate-bas
ed anions were employed as a chiral anion part for the asymmetric cyclization, no satisfied results were o
btained so far. Investigation of the reaction using chiral alcohol as a chiral anion source was also cond
ucted. As a result, it was found that the use of menthol gave gave the desired cyclized product in modera
te enantioselectivity.

On the other hand, we also investigated the possibility of chiral ionic liquid as a chiral anion source.
Thus, the [2+2] cyclization in the ionic liquid was examined. As a result, [BDMI][PF6] was found to be a
suitable solvent for the cyclization. Furthermore, recycling the ionic liquid containing the ruthenium ca
talyst was possible for up to 10 times.
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Table 1.

Table 3.[2+2] Cyclization of various allenyne in IL and catalyst recyclability.®

time yield

Bu
///_ 5 mol% tBu
MeO,C [Cp"Ru(MeCN);]PFq MeO,C
Me0,C — solvent, temp, time MeO,C
3a 4a
run solvent co-solvent ES?;)P ?‘173‘3
16 THF - 1t 96
2 [BMI][NTf,] - 50 -91)
3 [BMI][BF,] - 50 11 (75)
4 [BMI][PF] - 50 -(79)
5 [BDMI][NTTf,] - 50 5(84)
6 [BDMI][BF,] - 50 5(87)
7 [BDMI][PF] - 50 18 (80)
8b [BDMI][PFg] tolunene It 11 (75)
9b [BDMI][PF] THF It 95
100 [BDMI][PF] CICH,CH,Cl 1t 93
116 [BDMI][PF] MeCN t quant

4Values in parentheses are the yields of recovered allenyne 3a. ? The reaction was
carried out in a mixed solvent of [BDMI][PFg] and co-solvent (ratio of 1 to 1)
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Table 2. Effects of co-solvent, temperature and catalyst loading on

1 mol%

Me

recyclability of the catalyst.2

50 ° C

run allenyne product ol Thy (@)
Bu
/_ tBu
1 25 65
2 25 56
I MeO,C MeO,C 3 41 complex
MeO,C J— MeO,C mixture
3b 4b
> 1 05 89
2 J 2 1 91
:1 MeO,C 3 22 92
MeO,C Meézc 4 50 17 (55)
MeO,C = 4c
3c
1
fBu Bu
7/
MeO,C MeO,C ;
MeO,C — q MeOC R
3 3d®R!=Ph) 4d R = Ph) roos
2 2 77
3 18 34(33)
4 3e (R! = CH,OTBS) 4e (R! = CH,0TBS) 1 2 95
2 21 47(5)
Bu
a tBu 1 05 71
5 J = 2 2 T
TsN TsN 3 54 complex
__— mixture
= af
3f
//—’Bu tBu
< / 1 05 82
BnO = BnO
3g %
tBu 1 05 quant
/—Bu 2 0.5 quant
3 0.5 quant
7 o 2 (o) 4 05 91
>< \?\ 5 05 97
o] = o 6 05 92
7 05 93
3h 4h 8§ 05 9
9 1 quant
10 2 quant

“Reaction conditions : 10 mol% [Cp*Ru(MeCN)3]PF, [BDMI][PFg:MeCN = 131,

Nickel (0)-Promoted

50 °C. © The reaction
was carried out in the mixed solvent of [BDMI|[PF¢] and CICH,CH,Cl (1:1). ¢ The reaction was carried
out in the mixed solvent of BDMI][PF] and MeCN (1:2).
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run cosolvent temp cycle t'(w)e 32'0%‘1
1 toluene rt - 21 11(75)
2 THF rt 1 05 95

2 21  31(68)
3 CICH,CH,CI rt 1 05 93

2 1 87

3 14 86(14)
4 MeCN rt 1 2 quant

2 4 97

3 42  92(8
5 MeCN 50 °C 1 05 quant

2 05 quant

3 05 quant

4 14  quant

5 47 93

6 50 75(25)
6 MeCN 50°C 1 05 quant

2 05 quant

3 05 quant

4 05 quant

5 05 95

6 1 quant

7 4 quant

8 4 quant

9 19 quant

10 48  78(17)

aReaction conditions: [Cp*Ru(MeCN);3]PFg (5 mol%), [BDMI][PF g]/co-
solvent = 1/1. PThe values in parentheses are the yield of recovered
allenyne 3a
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