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TWE DL LINTG MR, ELBEFIEET, el s = F LR (TMSCN) S i & AU N, 75 BIAH RN ) o-5
Tk, ZAR AR VAR . MR AL S mlsoR AT DL A AR
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Solvent-Free Achiral Cyanosilylation of Aldehydes and Ketones
Catalyzed by LiNTf;

Wang, Hongshe™

Zeng, June

(Shaanxi Key Laboratory for Phytochemistry, Department of Chemistry and Chemical Engineering,
Baoji University of Arts and Sciences, Baoji 721013)

Abstract An efficient method for the addition of trimethylsilyl cyanide (TMSCN) to various aldehydes and ketones has been
described using LiNTf, (1 mol%) as a catalyst at room temperature under solvent-free conditions. The advantages of this

method are easy work-up, mild reaction conditions, high yields and the catalyst exhibited remarkable reusable activity.

Keywords LiNTf,; aldehyde; ketone; cyanosilylation; solvent-free

TEANLA R, SRR o 2 e G P ) S 2 — 28
EE AR, W e T AT AR 2R R K
ek MAIeY EA MG, W, JEe] LUE
Tk = L U e (TMISCIN) b5 1 sl W] 18] 556 % 0 BB Y 15
Zend KRR 2, TMSCN 14— Rl AR T ISEAZ R
WARF, Ca) ZNH T AENLEG R, B R
PEOR . NTWOERRE RAF R 2 TS IR AE RN =
W G B SRR R4 . TMSCN 55 1 i HE4 725 4% n
FAF R o-TUAEAERE, & 0] DL G % o B- AN AN 1
f-m AW, g HonT H R, maeok, oa R
Z AR T T e L P B P = A A O, 43 T
Cu(Cl0,),*6H,0P!, HCl04/Si0,!%, & 4¢3k =" Licy
THF®, Au®, SbCL!", [(PhsP),N]"CI™ ", Sc(OTh),!"%,
NbFs!P MgO" s0,*7/Zr0,!"), ZnL"*F1 LiClO,!" 4%,
AR UL AR AT T — 2 HROR, (EE A b7
AR (R R S S A A SN IS TR K A 7] P e 22
RAPUEFIGEGR AL [FIEE, R 2 F b g Ttk
P o R ) X e PR ek A i S 24,
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(= 5 Y S 8 5 ) WO Y% 4 i SR [M(NT ), A b — 2%
FIRLN Lewis BRAEAGT OB V2 N FA LA B>,
I BR T R AL PERE. M(NTS), 243 HL SN H 1)
EATERE, — I e R 2 B, B T gs oA 4
FH, 53 T DR A 4 RNt e s 9k IV e 67 85 - [ 1 e
WU SRR RSEAZ B L. IE R BT M(NTR), 41
GER B, e RBLL S Lewis MMt 5
FEGEI Lewis IRIEALFIALEL, M(NTL,), B A 38 A U
MR PR LS« AT RIS A FH 255 ) D M(NTH),,
FEA N e B R FY L, A8 TR BB AR
SCRATE Y 75 55 43 2 B RS BRAR Y LINTE #4671,
WL T TCH FRIA PR BRI ) AEFPERE S A R M. 255
FW, AT RN AT URARIEEAT, Jf B A4k 57 &
/(1 mol%) (Eq. 1).

Q LiNTf, (1 mol%) MesSiO___CN
R1AR2 * MeSICN solvent-free, r.t. R1><R2 0
1 2 3
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1 ZR5WE

PLZK AT TMSCN IR SO B, 150 7% 5%
b 25 5 A5 B P DU A (= 3 P R P ) Y < R
Mg(NTf,),, LINTE, Yb(NTH); I Sc(NTH); M4 IE
(F 1. WK1 AT LU, 7R P80 6 FF R )
i 4 @, LINTE PTG PESe i, &MY 10 min, Y&
HKu[LLAS] 98%. Fi4b, {EPURELLTH, LiINTE Mk
A, WA FEMERY 1 YB(NTE); Il Sc(NTH); M1 #% i,
FTLA, LINTE, S fEAb 2K I 5 TMSCN W [ 1 i (4L
). [FEE, FRATTECEE T LINTE 5 k@ B e 2 R )
fEAL R, ML LiClO, 4 AL FIE, B4R K H R
TMSCN RREFA SO IR = 28 0] LA 100%, {H 2 KON I
K, HARALFIH L 100 mol%; *4LL LiCl ik
FIIE, HEAR R D3 mol%), fH 2 5 3 I ] 1 4 K
[FISE, AR AR 5 2240 ] LiCl i THE 39, BT a2
FHFE B AL B, $AE LU BRI

R AR R TMSCN B9 fE 56 = Y. @

Table 1 Cyanosilylation of benzaldehyde with TMSCN cata-
lyzed by different catalysts

R 2 AN K R TMSCN . (1 54 @
Table 2 Effect of different solvents on the reaction of benzal-
dehyde with TMSCN

Entry Solvent Time/min Yield/%
1 CH,Cl, 20 95
2 CH;0H 90 16
3 THF 20 92
4 DMF 40 87
5 Toluene 70 71
6" None 10 98

“The reaction was carried out in different solvents at room temperature with 1
mol% LiNTf,. b The reaction was carried out at room temperature under sol-
vent-free conditions with 1 mol% LiNTf,. “Isolated yield.

R 3 AT R 2K SRR TMSCN . 5% ¢
Table 3 Effect of different amount of LiNTf, on the reaction of
benzaldehyde with TMSCN

Entry LiNTf,/mol% Time/min Yield/%
1 0.1 90 52
2 0.5 25 90
3 1.0 10 98
4 3.0 5 98
5 5.0 5 98
6 0 360 <1

Entry Catalyst/mol% Time/min Yield/%
1 LiNT6/1 10 98
2 Mg(NTH£)/1 20 95
3 Yb(NT£)s/3 45 74
4 Sc(NTH)/3 45 60
5 LiC10,'/100 30 100
6" LiCI-THF #/3 60 94

“The reaction was performed with 1 mmol of benzaldehyde and 1.2 mmol of
TMSCN at room temperature under solvent-free conditions. ? LiCl was used as
a29.5 mmol/L solution of THF. ¢ Isolated yield.

W, %% 7 A FHHF(CH,ClL, CH;OH, THF,
DMF, F2R)DL K TCH FI AR RN (KR 2). B3R
20 AEH, 4L 1 mol%[H) LINTE, AL, 5= T,
LI RIS 77 R b . M R N AE B WL F AT
W, P2 EBCREHG, o, DL CH;OH A AR, =35 1
A 16%, IX ] fE A R A 77450 5 A7) FR A A 7] (R A< B e
fi5. B, B MW RONVRCR, 2 WNIRES 1 K,
W SAE R LINTE, AR SN IR 1 358 B 3 45 A1

W5, 5T LINTE HEX R NVFEmHER 3). %
HALFAAAERE, B S NI A)E 360 min, VAR JL
TARAE. AERFERNZMET, SN 0.1 mol%IT)
LiNTE, I, RIEBEMR, F=24G T 8OR m. B
AR R, V=R m. AR 8 1 mol%
B, P=2IA ] 98%, HE— DRIt SR B
$erm, P, SRA 1 mol%M) LiINTE, 15 kS Ak 5
H

b, BABEHE R T AR ER LI L. BRK
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“The reaction was carried out at room temperature under solvent-free condi-
tions. ® Reaction without catalyst. ¢ Isolated yield.

S s ke, K R AL 7 LINTE E 120 CT43 h g,
A, FFESAEH. JILUEF RS TMSCN 7E = T
JNAE), WFSE T LINTE, 548 FH I g e, SE50
iR 4), LINTL EEAAH 5 &, HAiE IR
B, HOE NI A AT K

£ 4 LiINTHLAEZE RS TMSCN # 58 H ) E EAF

Table 4 The reuse of LiNTf, for the reaction of benzaldehyde
with TMSCN

Cycle Time/min Yield/%
0 10 98
1 10 98
2 10 96
3 10 95
4 15 93
5 15 90

© 2012 Chinese Chemical Society & SIOC, CAS

“Isolated yield.

W€ T BAERM RN AAERE, LA 1 mol%If) LiNTE,
AR, TEWERISAET, B980T TMSCN 5 AN
Wi e = R AT RERAL R N 5). & 5 mTLAR H,
BT A N3] 5 TMSCN R & AR | N, R BT
92%LL_E. LiNTE, X 75 &« Fg s . 23R BERT o, B-ANS
R HRAT AR AF AT M. T 05 ek, 43K i
WARIE AT S N =2 W Sk B2 (3% 5, Entries 1~~5).
KR PR3- PR E 1) = 22 43 010 7 94% T 99% (3% 5,
Entries 6, 7). a,f- AU =24 99%(3K 5, Entry 8).
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e 28 5 R A N, HF= % E(R 5, Entries 9, 10).
LyREAR L, MBEAT SN I il I ) BRI, H O AT i)
U ()= #6(3 5, Entries 11~15).

R 5 LiINTL A B AT A 5 A S R @

Table 5 Cyanosilylation of aldehydes and ketones with
TMSCN catalyzed by LiNTf,

Entry R! R? Product Time/min Yield”/%
1 Ph H 3a 10 98
2 2-CH3C¢Hy H 3b 10 96
3 4-CH30CgH,4 H 3¢ 10 92
4 2-CIC¢Hy H 3d 10 96
5 4-NO,C¢Hy H 3e 10 98
6 2-Furyl H 3f 10 94
7 3-Pyridyl H 3g 10 99
8 (E)-PhCH=CH H 3h 15 99
9  CH;(CH,)s H 3i 10 94
10 Cyclohexyl H 3j 10 98
11 Ph CH; 3k 30 95
12 Ph Ph 31 45 92
13 4-CIC¢H4 CH; 3m 30 96
14 4-CH;Ce¢H,4 CH; 3n 30 95
15 CH;(CH,), CH; 3o 30 95

“ All the reactions were carried out with 1 mol% LiNTf, at room temperature
under solvent-free conditions. * Isolated yield.

ZWOCHR[7, 8, 13], LiNTHE, fh A M Bl 1 fek A
)R] BE S N ALEE 4 Scheme 1 Tz, 1 56 i 1k 5
LiITEN 5 TMSCN R AT SN A s A &) 4,
NG 4 B S N A T AMA S, SRS Al AE Ak
LINTf, F1 H A &4 3.

Me;SiCN
) _
NG
LiNTfZL—v A Me
MesSiO_ CN TENZSK
39! X Mé Me
R 'R? 4
3
rile2 -
Me3Si_O CN L|+ )(J)\
1
R R2 R "R?
1
5
Scheme 1

2 LIEERS
2.1 X5k

Nicolet FTIR-750 21 43 4% ; Bruker 400 A% 1L
PRAL(TMS Ky ks, CDCL AR, o HE S Q-Tof
micro. ATARFIL i A sl s prat.
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22 IWAHE

7 BB M A B 8¢ Bid(1, 1 mmol), TMSCN (2,
1.2 mmol) A1 LiNTH, (0.01 mmol, 1 mol%), 7F =it HEIx
N, TLC RS s W 26 p. [ W45 ol s, F A JlE(S mL X
3)AHL, AP TEK NaySO, T4, ¥ s 285 1 77 A5 4
P R AE R A(CHE) © SR SR =9 :
11544 3.

2-(= IR rk AR 3 )-2- K 3 M5 (3a)™: Tt IR
4. "TH NMR (400 MHz, CDCl;) d: 0.27 (s, 9H, 3CH3),
5.81 (s, 1H, CHCN), 7.36~7.48 (m, 5H, ArH); °C NMR
(100 MHz, CDCl3) 6: —0.2, 63.3, 119.3, 126.5, 129.2,
129.6, 136.2; IR (neat) v: 3081, 2261 (CN), 753 cm ..
HRMS calcd for C;;H;sNOSi 205.0923, found 205.0911.

2-(= AR A ) -2-(2- LR L) 415 (3b): o thi
R, b.p. 77~79 °C/0.13 kPa; '"H NMR (400 MHz,
CDCl3) 6: 0.23 (s, 9H, 3CHs), 2.42 (s, 3H, 3CHs3), 5.51 (s,
1H, CHCN), 7.20~7.29 (m, 3H, ArH), 7.51~7.56 (m,
1H, ArH); "C NMR (100 MHz, CDCl;) 6: —0.3, 18.5,
61.6, 118.9, 126.3, 127.2, 129.4, 131.2, 134.0, 135.8; IR
(neat) v: 3076, 2242 (CN), 756 cm . HRMS calcd for
C,H,,NOSi 219.1080, found 219.1068.

2-(= H IR RS E)-2-(4- F AR A5 3o
R AA. "H NMR (400 MHz, CDCls) §: 0.23 (s, 9H,
3CH3), 3.61 (s, 3H, CHs), 5.32 (s, 1H, CHCN), 6.70 (d,
J=6.8 Hz, 2H, ArH), 7.16 (d, J=6.8 Hz, 2H, ArH); "*C
NMR (100 MHz , CDCl) 6: —0.2, 55.5, 63.9, 114.6,
119.8, 128.0, 128.5, 160.4; IR (neat) v: 3050, 2241 (CN),
750 cm” . HRMS calcd for C,H7NO,Si 235.1029, found
235.1018.

2-(= H HEREA IR )-2-2-F A3 2 EBa)™: F
R A, "H NMR (400 MHz, CDCl;) 6: 0.25 (s, 9H,
3CH3), 5.56 (s, 1H, CHCN), 7.19~7.28 (m, 3H, ArH),
7.62~7.65 (m, 1H, ArH); *C NMR (100 MHz, CDCl;) ¢:
—0.3, 612, 118.4, 127.6, 128.8, 130.3, 131.5, 132.4,
134.2; IR (neat) v: 3105, 2244 (CN), 749 cm '. HRMS
caled for C;H,4CINOSi 239.0533, found 239.0546.

2-(= FIERE A HL)-2-(4- i 3L 20 2 S (Be) ) vk
PR AR, "H NMR (400 MHz, CDCl3) 8: 0.27 (s, 9H,
3CH,), 5.53 (s, 1H, CHCN), 7.60~7.64 (d, J=8.6 Hz, 2H,
ArH ), 8.20 (d, J=8.6 Hz, 2H, ArH); C NMR (100 MHz,
CDCly) 0: —0.3, 62.6, 118.4, 124.2, 127.5, 143.1, 148.5;
IR (neat) v: 3108, 2352 (CN), 746 cm'. HRMS calcd for
C1H,4N,05Si 250.0899, found 250.0891.

2-( = HIFE AR AR I ) -2-(WRmsg 35) Z 5 (30! TE ik
WAk, "TH NMR (400 MHz, CDCl5) d: 0.19 (s, 9H, 3CH3),

Chin. J. Org. Chem. 2012, 32, 934~938
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5.44 (s, 1H, CHCN), 6.16~6.20 (m, 1H, ArH), 6.32 (d,
J=3.6 Hz, 1H, ArH), 7.25~7.28 (m, 1H, ArH); *C NMR
(100 MHz, CDCly) 8: —0.4, 57.8, 110.3, 111.1, 117.3,
1442, 148.7; IR (neat) v: 3086, 2353 (CN), 757 cm ..
HRMS caled for CoH3NO,Si 195.0716, found 195.0723.

2-( = PR REAIE)-2-3-Mkme ) 4 JiF BT Tt
HRMBAE. "TH NMR (400 MHz, CDCly) 6: 0.25 (s, 9H,
3CH3), 5.50 (s, 1H, CHCN), 7.35 (dd, J=4.8, 7.8 Hz, 1H,
ArH), 7.86 (d, J=7.8 Hz, 1H, ArH), 8.60 (d, J=4.8 Hz,
1H, ArH), 8.65 (s, 1H, ArH); *C NMR (100 MHz, CDCl5)
5: 1.9, 60.5, 118.6, 124.3, 132.7, 134.8, 147.2, 149.9; IR
(neat) v: 3080, 2346 (CN), 751 cm '. HRMS calcd for
C10H,4N,08i 206.0875, found 206.0867.

(E)-2-( = FREREAE I )-4- K3 -3- T G (3h)™: TEta
WERMBAE. "TH NMR (400 MHz, CDCly) 6: 0.26 (s, 9H,
3CH;), 5.22 (d, J=6.0 Hz, 1H, CHCN), 6.16 (dd, J=6.0,
15.9 Hz, 1H, CHCH=CH), 6.83 (d, J=15.9 Hz, 1H,
CH=CHPh), 7.28~7.36 (m, 5H, ArH); *C NMR (100
MHz, CDCl3) : —0.2, 62.5, 118.5, 123.2, 126.8, 128.7,
128.8, 133.7, 134.9; IR (neat) v: 3090, 2254 (CN), 753
cm . HRMS caled for Ci3HsNOSi 231.1079, found
231.1085.

2-(= IR AL B GO B iRk, H
NMR (400 MHz, CDCl;) d: 0.22 (s, 9H, 3CH3), 0.81 (t,
J=6.8 Hz, 3H, CH3), 1.21~1.30 (m, 6H, 3CH,), 1.35~
1.40 (m, 2H, CH,), 1.67~1.72 (m, 2H, CH,), 4.28 (t, J=
6.5 Hz, 1H, CHCN); *C NMR (100 MHz, CDCl;) : —
0.4, 14.1, 22.6, 24.3, 28.8, 31.5, 36.3, 52.4, 120.2; IR
(neat) v: 2358 (CN), 742 cm™'. HRMS calcd for C;H,;N-
0Si 213.1549, found 213.1562.

2- = FERE A I -2- IR L3R G B)™: T R
f&. 'TH NMR (400 MHz, CDCl;) 6: 0.22 (s, 9H, 3CH3),
1.05~1.27 (m, 6H, 3CH,), 1.60~1.79 (m, 4H, 2CH,),
2.00~2.03 (m, 1H, CH), 4.18 (d, J=6.6 Hz, 1H, CHCN);
C NMR (100 MHz, CDCl;) §: —0.5, 25.5, 26.1, 28.1,
28.3, 42.9, 66.7, 119.6; IR (neat) v: 2350 (CN), 745 cm .
HRMS calcd for C;;H,NOSi 211.1392, found 211.1384.

2-( = F L RESA L) 2- KB I B! Tt iR v
f£. 'TH NMR (400 MHz, CDCl;) ¢: 0.18 (s, 9H, 3CH3),
1.89 (s, 3H, CH3), 7.30~1.35 (m, 3H, ArH), 7.48~7.51
(m, 2H, ArH); >C NMR (100 MHz, CDCl;) 6: 1.1, 33.7,
71.5, 121.4, 124.6, 128.5, 128.6, 141.7; IR (neat) v: 3088,
2363 (CN), 755 c¢cm . HRMS caled for C,HNOSi
219.1079, found 219.1072.

2-(= LRSI )-2- 2RI G B! TE etk

Chin. J. Org. Chem. 2012, 32, 934~938
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W&, "H NMR (400 MHz, CDCL3) : 0.13 (s, 9H, 3CH3),
7.31~1.37 (m, 6H, ArH), 7.44~7.48 (m, 4H, ArH); °C
NMR (100 MHz, CDCl;) 8: 0.9, 76.5, 120.4, 125.7, 128.6,
128.7, 141.9; IR (neat) v: 3101, 2370 (CN), 761 cm .
HRMS calcd for C,,H;sNOSi 281.1236, found 281.1245.

2-( = F R AR ) -2-(4- R ) N I Bm)!: e
PRV A, 'TH NMR (400 MHz, CDCLy) d: 0.18 (s, 9H,
3CH3), 1.85 (s, 3H, CHj), 7.35 (d, J=8.6 Hz, 2H, ArH),
749 (d, J=8.6 Hz, 2H, ArH); “C NMR (100 MHz,
CDCly) d: 1.1, 33.6, 712, 121.2, 1262, 128.9, 134.7,
140.7; IR (neat) v: 3093, 2365 (CN), 759 cm '. HRMS
calcd for C;,H,cCINOSIi 253.0690, found 253.0677.

2-(= FISERE AR I )-2-(4- 2R IR ARG Bm) 0 et
RWAA. 'TH NMR (400 MHz, CDCl3) 6: 0.16 (s, 9H,
3CH3), 1.82 (s, 3H, CH3), 2.36 (s, 3H, CH3), 7.17~7.19
(m, 2H, ArH), 7.40~7.42 (m, 2H, ArH); *C NMR (100
MHz, CDCly) d: 1.1, 21.1, 33.5, 71.6, 121.5, 124.6, 129.4,
138.7, 139.1; IR (neat) v: 3084, 2360 (CN), 753 cm .
HRMS calcd for C,3H;sNOSi 233.1236, found 233.1248.

2- FBE-2-(—= I BERE AL ) UG (B0): ot R 1.
b.p. 93~95 °C/0.93 kPa; 'H NMR (400 MHz, CDCls) §:
0.22 (s, 9H, 3CH3), 0.93 (t, J=7.2 Hz, 3H, CHy), 2.36 (s,
3H, CH3), 1.35~1.61 (m, 5H, CH,CH3), 1.65~1.72 (m,
2H, CH,); "*C NMR (100 MHz, CDCl;) 8: 1.3, 13.8, 17.7,
28.9, 45.6, 69.7, 122.3; IR (neat) v: 2351 (CN), 747 cm .
HRMS caled for CoH,oNOSi 185.0916, found 185.0905.
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