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Bruker Avance III 400 MHz #%®34R{X, TMS
SHPAHE, CDCL ¥R, FT-IR: NICOLET NEX-US
870. SAAEIEY : Agilent 6820, F-44: CP-Chirasil-
Dex CB chiral column (25 m x0.32 mm). 5235
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2: R1-tBu Rz-t-Bu
3: R = t-Bu, R? = adamanty!

Reaction conditions: a. salicyaldehyde, EtOH, reflux, 3 h; b. CH,Cl,, -78 °C, K,CO3, m-CPBA.
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Fig. 1 The synthesis of the catalysts
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1.2.2 N-oxide salen Fig{A& g4 gt 1. 1€ -78

RS, 110 mL B A T mmol ik
ﬂ% Yt B 22 ) salen B fR 1, 1.5 mmol K,CO,;, 2.0
mmol 52% m-CPBA, 4 mL CH,Cl,, s/ 10 h J5i&
Wi 2 A, TR, AR AR AT,
I AcOEL: CHyOH N UM, 1585 ([ 4.

2. N-benzyl-N’, N"-bis(3, 5-di-tert-butylsalicyli-
dene) pyrrolidine-3R , 4R-diamine- oxide

Yield, 85%; [a],” = -249.8 (¢ = 1.0,
CH,CL); IR (KBr, em™"): 3 033, 2 957, 2 869,
1626, 1596, 1 468, 1 440; 'H NMR (400 MHz,
CDCl,): 86 = 13.22 (s, 1H, OH), 13.07 (s, 1H
OH), 8.51 (s, 1H, CH), 8.37 (s, 1H, CH),
7.64 -7.61 (m, 2H, ArH), 7.47 -7.38 (m, 5H,
ArH), 7.06 - 7.04 (m, 2H, ArH), 4.85 -4.82
(m, 1H, CH), 4.68 —-4.54 (m, 2H, CH,), 4.30
-4.26 (m, 1H, CH), 4.21 - 4.18 (m, 1H
CH,), 3.87 -3.83 (m, 1H, CH,), 3.76 -3.71
(m, 1H, CH,), 3.64 -3.62 (m, 1H, CH,), 1.44

(s, 9H, CH,), 1.43 (s,
18H, CH,); “C NMR (100 MHz,
169.3, 168.4, 158.2, 157.8, 140.8, 140.1,
136.9, 136.6, 132.2, 130.3, 129.9, 128.9,
128.1, 127, 8, 126.9, 126.6, 117.4,74.2, 73.7,
73.2,71.8,70.9, 35.1,35.0,34.1, 34. 1, 31. 4,
31.3, 29.4, 29.3. HRMS (ESI-MS) caled. for C,,
HyN,O,[M +H] " ; 640.4473, found; 640.4441.
3. N-benzyl-N', N"-bis ( 3-adamantyl-5-tert-butylsali-
cylidene ) pyrrolidine-3R, 4R- diamine-oxide

Yield, 63%; [a],® = =251.7 (¢ = 1.0,
CH,CL,) ; IR (KBr, em™"): 3 035, 2 957, 2 849,
1624, 1595, 1451; '"HNMR (400 MHz, CDCI,) :
6 = 13.30 (s, 1H, OH), 13.09 (s, 1H, OH),
8.49 (s, 1H, CH), 8.36 (s, 1H, CH), 7.63 -
7.61 (m, 2H, ArH), 7.47 -7.45 (m, 3H, ArH),
7.35-7.32 (m, 2H, ArH), 7.05 -7.03 (m, 2H,
ArH), 4.83 -4.81 (m, 1H, CH), 4.68 —4.52
(m, 2H, CH,), 4.28 -4.25 (m, 1H, CH), 4.19
-4.15 (m, 1H, CH,), 3.85 -3.81 (m, 1H
CH,), 3.73 -3.70 (m, 1H, CH,), 3.62 - 3.60
(m, 1H, CH,), 2.16 -=2.09 (m, 17H,

9H, CH,), 1.26 (s,
CDCL): & =

adaman-
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tane), 1.80 — 1.73 (m, 13H, adamantane), 1.26
(s, 18H, CH,); "C NMR (100 MHz, CDCl,): § =
169.5, 168.4, 158.5, 158.0, 140.9, 140.2,
137.3, 136.9, 132.2, 130.3, 129.8, 128.9,
128.1, 127.8, 126.8, 126.5, 117.4, 74.4, 73.8,
73.2,71.9,70.8,40.3,40.2,37.2,37,1, 34.2,
31.4, 29.1. HRMS (ESI-MS) caled. for C5;H,,N;0,
[M+H]": 796.5412, found: 796. 5380.

1.2.3 SIREkmeammmla ™ ARSI,
[a] 25 mL Jz W 3 5 0 A 0. 5 mmol N-oxide salen fit

%ﬁ(N
t-Bu o’ /\"o t-Bu
i-PrOQi-Pr
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&l 2 3 AR A
Fig. 2 The catalysts used in this research
{4 . 0.5 mmol Ti( 0-i-Pr), (0.1 M in dry CH,CL, ) FI
5 mL CH,Cl,, ZHREHE 16 h, {518 RV 5 78 T3
|, Sk E k. IR (KBr, em™'): 2 963, 2 880,
1620, 1540, 1 438. HRMS ( ESI-MS; CH,Cl,/
MeOH) caled. for C,,H,N,O,Ti: [ M-220'Pr + 20Me
+H] " 748.4168, found: 748. 4159.
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Table 1 The screening of reaction conditions for the addition of TMSCN to acetophenone
OTMS
PhCOCH: + 2 equiv. TMSCN —_— o' !l CHs
Ph CN

Entry Catalyst (mol% ) T (°C) Time (h) Solvent Conv. * Ee '
1 2 +Ti(O'Pr),(10%) 0 24 CH,Cl, 54 12
2 3+Ti(0'Pr),(10%) 0 24 CH,Cl, 38 6
3 Ti2 (10% ) 0 24 CH,Cl, 88 13
4 Ti-2 (10% ) 0 24 PhMe 99 34
5 Ti2 (10% ) 0 24 Et,0 99 38
6 Ti-2 (10% ) 0 24 THF 99 21
7 Ti-2 (10% ) 0 24 i-Pr,0 99 35
8 Ti2 (10% ) 0 24 MeOCH, CH, OMe 99 10
9 Ti-2 (10% ) 0 24 DMF 97 0
10 Ti-2 (10% ) -20 24 Et,0 99 'y}
11 Ti-2 (10% ) -40 36 Et,0 99 39
12 Ti2 (7%) -20 24 Et,0 98 31
13 Ti-2 (15% ) -20 24 Et,0 99 42

* GC yield, n-nonane as internal standard.
" Enantiomeric excess of silyl ether is determined by chiral GC with a CP-Chirasil-Dex CB column.

Absolute configuration is based on the known order of elution of the two enantiomers.

% 2 A[E TMSCN FHE0 R M43t &K K #5500
Table 2 The effect of TMSCN and additive loading on the asymmetric addition

OTMS
Ti-2 10%
PhCOCH: TMSCN > , N
+ -20 C EO A’ CH:
Ph CN

Entry TMSCN/ketone Ph,PO (mol% ) Conv. " Ee °
1 2 - 99 42
2 1.5 - 58 39
3 2.5 - 99 42
4 2 10 98 48
5 2 20 98 52
6 2 30 98 53

*All reactions were carried out in Et,0 at —20 °C for 24 h.
" GC yield, n-nonane as internal standard.
“ Enantiomeric excess of silyl ether is determined by chiral GC with a CP-Chirasil-Dex CB column.

Absolute configuration is based on the known order of elution of the two enantiomers.



554

FUB S AR RE salen ik 07074 i A9 AN X B S A0 S 1z H Y 1oz

299

x 3 ZFAEREENEE A
Table 3 Cyanation of ketones with TMSCN catalyzed by Ti-2

OTMS
Ti-2 10% PhsPO 20%

)-\ll CHs
48 h, -20 'C Et:0 R

CN

RCOCH: + 2eq.TMSCN

Entry ketones Yield * (%) Ee" (%)
1 acetophenone 98 52 (R)
2 4’ -methylacetophenone 90 42 (R)
3 4’ -bromoacetophenone 95 13 (R)
4 4’ -fluoroacetophenone 97 17 (R)
5 4’ -methoxyacetophenone 90 42 (R)
6 3’ -methoxyacetophenone 90 43 (R)
7 2’ -methoxyacetophenone 62 38 (R)
8 2-butanone 46 11 (R)
9 1-indanone 83 20 (R)

* Isolated yield.
" Enantiomeric excess of silyl ether is determined by chiral GC with a CP-Chirasil-Dex CB column.
Absolute configuration is based on the known order of elution of the two enantiomers.

¢ The reaction was carried out in Et,Ofor 24 h at -20 C.
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Asymmetric Cyanosilylation of Ketones Catalyzed by Monometallic
Bifunctional Salen N-oxide Catalyst

LV Cheng-wei'"?, CHENG Qi-gan' , WANG Shou-feng' , SUN Wei'*
(1. State Key Laboratory for Oxo Synthesis and Seletive Oxidation, Lanzhou Institute of Chemical Physics,
Lanzhou 73000, China;
2. Chinese Academy of Sciences, Beijing, 100039, China)

Abstract: In order to ameliorate the asymmetric inductivity and catalytic activity of the salen ligands with pyrroli-
dine diamine collar, Lewis acid and Lewis base group have been introduced at different positions of the salen unit.
These new bifunctional N-oxide salen-Ti catalysts were successfully synthesized and applied to the catalytic asym-
metric cyanosilylation of ketones in mild conditions. The products were obtained generally with moderate enantio-
meric excesses and excellent yields.

Keywords: chiral N-oxide salen-Ti; bifunctional catalyst; ketones; asymmetric cyanosilylation



