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Enhancement of magnetically recoverable transition metal catalysts by the
introduction of hydrophobic field
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We prepared a magnetically recoverable gold(l) catalyst by immobilizing an
N-heterocyclic carbene-gold(l) complex on magnetite and applied 1t to the hydroamination of
alkynes. By employing 2 mol% of the magnetite-supported gold(l) catalyst, the hydroamination of
terminal alkynes proceeded smoothly to provide the corresponding imine in a fair chemical yield.
Moreover, after the reaction, the magnetic gold(l) catalyst was readily recovered by use of an
external magnet and could be reused up to five times.

Next, we applied a magnetically recoverable imidazolium hydrogen carbonate as an N-heterocyclic
carbene catalyst to the cyanosilylation of aldehydes and ketones. By employing the
magnetite-supported imidazolium hydrogen carbonate as a catalyst, the cyanosilylation proceeded at
60 ° C to provide the corresponding trimethylsilylated cyanohydrin in a fair chemical yield.
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Table 1. Hydroamination of 6acatalyzed by 5*

Br
Catalyst 5 (x mol%) /@’
Acid (y mol%) N
o

O= - O
24h

6a 7a 8a
Catalyst 5
Entry Acid y(mol%) Temp. (°C)  Yield (%)

X (mol%)

1 1 none 0 80 37(7)

2 1 12WO3-H3PO4-nH20 1 80 46 (22)

3 1 CF3SOsH 1 80 62 (14)

4 2 CF3S0sH 2 80 69 (17)

5 2 CF3S0sH 2 100 77 (20)

6 0 CF3S0sH 2 80 1(1)

2 Reaction conditions: Catalyst 5 (x mol%), acid (y mol%), 6a (3 equiv.), 7a (1 equiv.), carried out at

the indicated temperature for 24 h under an argon atmosphere.
b Determined by the integration of 'H NMR absorptions referring to an internal standard.

© The value in parenthesis is the chemical yield of acetophenone.
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Table 2. Various hydroaminations of alkynes 6*

Catalyst 5 (2 mol%)

R3
N:

Re=—rt+ HyN /\3 go _CFaSOsH 2mol%)
100°C, 24 h R R?
6 7 8
Alkyne Amine
Entry Product  Yield (%)>¢

R! R? 6 R} 7
1 Ph H 6a Br Ta 8a 77 (20)
2 Ph H 6a H 7 8b 70 (16)
3 4-t-BuCeHs H 6b Br Ta 8c 72(19)
4 4-t-BuCeHs H 6b H 7 ad 58 (25)
5 CeHis H 6c Br 7a 8e 754 (21)
6 Ph Ph  &d H 7 8f 1(1)

“The reaction conditions were the same as those indicated in Table 1.

b Determined by the integration of 'H NMR absorptions referring to an internal standard.
¢ The value in parenthesis is the chemical yield of the corresponding ketone.

4 E:Z=75:25 (Determined by integration of "H NMR absorptions).

©1 equiv. of 6d and 3 equiv. of 7b were used.
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Table 3. Catalyst recycling in hydroamination of ethynylbenzene 6a using 4-bromoaniline 7a"

Br
Catalyst 5 (2 mol%) /@’
CF3SO3H (2 mol%)

—u T

100°C, 24 h ©A

O= s

6a 7a 8a
Ist 2nd 3rd 4th Sth
73 83 84 85 86
Yield (%)
(22) (14) (@] ) 3)

“The reaction conditions were the same as those indicated in Table 1.
® Determined by the integration of 'H NMR absorptions referring to an internal standard.

¢ The value in parenthesis is the chemical yield of acetophenone.
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Table 4. Cyanosilylation of 14a by use of a catalytic amount of 12 or 13*

o Additive CN_ OSiMes
1%
H + MegSiON— &M% H
Hexane
30 min
14a 15a

Entry  Additive  X(mol%) Temperature (°C)  Yield (%)"

1 none - 60 3
2 12 0.01 60 7
3 13 0.01 60 90
4 13 0.01 rt 67
5¢ 13 0.01 rt 76
6 13 0.02 60 >99

aReaction conditions: benzaldehyde 14a (1.0 eq.), trimethylsilyl cyanide (1.02 eq.), catalyst 12 or 13
(0.01 mol%), solvent (I M based on 14a), carried out at 60 °C under an argon atmosphere. °

of 'H NMR at ions with to an internal standard. © A

Dx ined by the i

magnetic catalyst 13 which was preheated at 60 °C for 30 min in hexane was used for the

yanosilylation at room

60 °C
10

Table5. Cyanosilylation of various aldehydes and ketones catalyzed by 13

° Catalyst13  CN_ OSiMe,
R|LR2 + MeSicN — M%)

R""OR?
Hexane
14 60°C 15
Catalyst 13 Yield
Entry Substrate Product Time
X (mol%) (%)°
CN, OSiMe;
1 H 14a ©)<H 15a 0.02 30min  >99 (97)°

CN,_,0SiMe;y

14b 0.02 10 min >99

g
S
g

CN,_0SiMe;

3 /@*H 14c /@XH 15 005 3h 99
MeO’ MeQ’
] CN__OSiMe;
4 ©/\)H. 14d ©/\)<H 15d 005 Ih 93
9 CN,_OSiMe;
5 O)Hq 14e ©)<H Be 005 Ih 99
N josies
6 w14 ©A\)£H 15f 0.05 1h 98
9 CN_ OSiMe;
7 @* 149 ©)< 155 01 24h 70
CN_ OSiMes
8 é 14h 5 5 01 24h 99 (99)
[*] CN__OSiMe;
9 @/\* i ©/\)< 15 0.1 un 97
9 CN_,0SiMe;
10 14 15 0.1 8h 59

@ Reaction conditions were the same as those indicated in Table 4.° Determined by the integration of

"H NMR absorptions with reference to an internal standard. ® Isolated yield.
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Table6. Catalyst recycling in cyanosilylation of 14a catalyzed by 13

o Catalyst 13 CN_ OSiMe,
(0.02 mol%)
H + MegSICN ——————» H
Hexane

60 °C, 30 min

14a 15a

Run First Second Third Forth Fifth

Yield (%)" >99 >99 98 97 94

2 Reaction conditions were the same as those indicated in Table 4. Determined by the integration of

"H NMR absorptions with reference to an internal standard.
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