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Abstract We report the comparative studies of Me,(CH,CI)SiCN and Me;SiCN in the catalytic enantioselective cyanation
reactions of aldehydes, which were catalyzed by the merger of 5 mol% Jacobsen’s catalyst (salen)AICI (R,R)-1 and 6 mol%
ylide 2a, and are conducted at —50 C using i-Pr,O as the solvent. This was based on our recent finding that (R,R)-1 could
be effectively activated by ylide to form an enhanced chiral Lewis acid. Generally, the use of Me,(CH,CI)SiCN as the cya-
nating reagent afforded obviously higher activity in the reaction of all the aldehydes we examined, along with by-and-large
similar enantioselectivity. This further suggested that Me,(CH,CI)SiCN might be useful cyanating reagent to develop reaction
involving the use of less active substrates. Under the indicated condition, aromatic aldehydes worked well to give the desired
adducts in up to 99% yield and 94% ee, but the reactions of vinyl aldehydes and aliphatic aldehydes were not successful. All
the reactions were performed by the following general procedure. To a 4 mL vial were successively added complex (R,R)-1
(30.3 mg, 0.05 mmol), ylide 2a (22.6 mg, 0.06 mmol) and i-Pr,O (1.0 mL). The resulting solution was stirred at —50 C for
0.5 h before the addition of aldehydes (1.0 mmol) and the cyanating reagent, Me,(CH,C1)SiCN or Me;SiCN (250 uL, 2.0
mmol). After TLC analysis indicated the full consumption of the aldehydes, the reaction mixture was filtrated with a pad of
silica gel and eluted with Et,0. The filtrate is concentrated under reduced pressure to give a crude residue for column chro-
matography purification. In contrast, when Me,(CH,C1)SiCN is used, both cyanohydrins and its silyl ethers were obtained, so
a further deprotection by p-TsOH is adopted to obtain free cyanohydrins as the only product.

Keywords enantioselective cyanation; TMSCN; Me,(CH,C1)SiCN; (Salen)AlCl/ylide complex; chiral cyanohydrins
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Figure 1 Diverse elaboration of cyanohydrins and its application
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Figure 2  Chiral (Salen)AICl/ylide complex mediated asymmetric cyanation reaction
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Table 1 Effect of different solvents and ylide on reaction Table 2 The evaluation of substrate scope
(RR)1 2a OTMS TMSCN (2.0 equiv)
(x mol%) mol% " .0 equiv. OTMS
(y mol%) CN (RR) (5 mol%), 2a 6 mol%)  J.
TMSCN (2.0 equiv.) 6a , . R™ “CN
Q solvent, T °C c o Pr20,-507C 6
H__| o _ .
o 5a (RR)1 2a OH R S H Mez(?‘HZCI)SSN ;2.0 equnt/))) OH
0 o , (R,R)-1 (5 mol%), 2a (6 mol%) i
(x mol%)  (y mol%) “GN R') “CN
4 (2.0 equiv.), solvent, T °C 7a i-Pr;0, -50 °C; then p-TsOH 7
then p-TsOH
CHO
5 6a 7a R N o
Entry 7/°C, x/y, solvent — - 5 - - 5 L J\
Time/h Yield"/% ee’/% Time/h Yield“/% ee’/% 5a: R = 4-Cl R' “H
1 —30, 5/5, Et,O 3 91 90 3 85 82 5b: R =4-F 5g: R =2-Cl 5I: R" = 1-naphthyl
2 —30,5/5,i-PnO 3 2 92 2 88 87 5c: R =4-Br 5h:R=H 5m: R" = 2-naphthyl
) 5d: R = 4-CF, 5i R = 4-Ph 5n: R' = E-PhCH=CH-
3 —30,5/5,BuUOMe 3 89 84 2 88 74 S5e:R=4-COMe 5 R =4-Me 50: R! = PhCH,CH,
4  —30,5/5,n-Bu,0 3 91 76 2 84 84 5f: R =3-Cl 5k: R = 4-OMe 5p: R" = cyclohexyl
5 —30, 5/5, THF 15 84 80 10 81 76
6 —40,5/5,i-Pr,O0 15 88 93 8 86 89 Ent 5 Using TMSCN Using Me,(CH,CI)SiCN
ntry
7 —50,5/5,i-P,O 96  trace — 96 61 93 6 Time/h Yield/% ee”/% 7 Time/h Yield"/% ee’/%
8 —50,5/6,i-Pr,0 30 85 94 18 89 93 1 5a 6a 30 84 94 7a 18 89 93
9 —50,5/7.5,i-Pr,0 44 61 90 24 81 92 2 5b 6b 72 48 91 70 12 97 89
10 —50,5/10,i-Pr,0 96 47 90 96 73 88 3 5¢ 6c 32 91 94 7¢ 19 90 93
“Isolated yield; ” Determined by chiral HPLC analysis. 4 54 6d 6 94 91 7d 5 97 9
7 8 B [ SRR R R] BEAT FR 0 I SR KR, AT 3o e Ge 40T 91 e 12 94 88
e RBLE R FRE, AR AT RO Rt s ¢ 5T O 248 s s 6 s
2a RARFFHEA AR R BIEVE. 2425 2a E 2 6 mol%HT, 7oose 6 24 97 8T 12908
AVEAEH TMSCN i& 72 4 AR, SOSEE R K 8 Sho6h 429695 Tho 309793
WERERETY, 7<) 6a A1 7a W] 43 HIHLET 85%F1 89%IH17= % S S 6 s T o
LT (5 Wk BV (Entry 8); (H2, #F—D4gmntar 105 6 1997 777 1797 90
TR 2 A B 3l R AIE FE L 10 BT T P (Entries 9, o Sko6k 4099 77 Tk 30 96 6
N N c d — C
10); ik, %4 2a FFHEERIRR)-1 HIPIERT, AELE 12 St T e 080
A TMSCN £ 4 fEREULIAR, REENRMNHARE 13 Smoom 36 96 93 7m 24 94 92
AP (Enoy 10). 1 TRATATMMBRA T SR 14 o6 20 04 8 A 4
15 50 60 5 85 78 To 3 86 77

748 2d B S(salen)AICH FERE 2 1 &G, BATIA
IR SIAE 2a 2GR TR ASECAL AL, FHIE T 4%
BRI (P AY, T B S PG S BT %R

TSR, FRATE 5 mol%HI(R,R)-1 A1 6 mol%
fRH ST 2a R HHEAG TR AN S DI BRI RV I 264 R,
E—50 CHXHER TMSCN Al 4 X Pl A B FAL R 57
) 5 B R E AT T 5R, 45 2.

X055 B R R R RERTAEY) Sa~Sg,
AR HREE A BN SEAY,  NERREIF 4T, DA
2R 0 Wik B PEAS B H AR =) (Entries 1~7). fii
TMSCN fE Jy & A I, e B 2 L Al
Mey(CH,CD)SICN B2 K, HAH R R ALK 6a~6g
(Xt B LB =) Ta~Tg Bm. S NEANAR
XK S 5b 5 TMSCN f N AEH 18, [RMNAE 72 h
JE JUF&al, ANFRHEAT, 7R Th AL GE LA 48% (K43 55 77 %
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“Isolated yield; ® Determined by chiral HPLC analysis. ‘At —30 C. “With a
NMR yield of 7%.

23, T8 Mey(CH,CI)SICN e i, X7 12 h Bi#Af
AR 997%™ 2. ANE AR AR AR, o8 g
Sh. 4-ZREOR FIE 5i DA K 2-25 FE Sm ¥ B3 RE HUAS
.75 B X ke 6 (Entries 8, 9, 13). % T B A5 %4 B 1 HL
R H S 5j~5k, TMSCN 2 5 SfE—50 CF
M LA, fFAE—30 C A BEAHE4T, (HFY)
6j~6k HIXF ik FEMEA 77%; 1 Mey(CH,CI)SICN fE
RNEARFN R SAE—50 CHRIE fE LA B 4TSI 55 17
SN} Wi L 15 2 B 1) B E =4 7j~7k (Entries
10, 11). XFT KA 1-ZEHE 51, {84 TMSCN 1))
MAE—30 CFHEHMESAT, MH 4 RBAE—30 C
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T RE LA 86%I11 7= A1 90%[1] ee {E15 2 H #5724 71 (Entry
12).

RS Sn 5 TMSCN (R BIFE—30 CHf A BEIF)
HBEAT, LL94%IK = R A 81%I1) ee (E15 2 H b57=4 6n; 1M
HE5 4 PRMNAE—30 C T 4 h BIEERBAIE, P-4
7n AT ELS 89%HI 7= 1 86%H] ee {H(Entry 14)

JE i S I D TE 246 1F PR REE T, (H =PIk Xt it ik
PRI AERAR, BINZR AR So FIMRCIEHEE Sp 5
TMSCN ¥ Jo N1 43 5 BUAS 78% A1 62% ] ee {H; 115
4 AT SN 3R B M AR R, 8 2331 LA
76%FH 70%[1) ee [HAF G4 To F1 7p (Entries 15,
16).

3 4ig

BAVSLBL T T 1 (salen)AICI/ M- 3745 2% & W14k
i () v b Wk B T A ON,. BETE R B, AT R I
AR 7 Me,(CH,CDSICN A Lt F-1£ 42 1) TMSCN, TEfT %
S Fh05 F FNR T 1 S S, 350 B SR A () IR BT
PR, MRS B e RV IR AR B R, 8 R X AP K
FRTAS B S L= B B AR A 2, (E R AE— LR
PRIKPIIG SO R A BRI 2250, BA M. iXgt 5t
T _E Mey(CH,CDSICN 71 B 1k A s 8 H 2R IR HS
N, BRI — AR A B AR — L T AR I T
Y25 1 EA R A B RS R R, SRE— Lk
4t TMSCN FIT A8 SEIL s By M e 6 0. W e ie R
B, FIH F M (salen) AICY/ 3228 AWK K FREBE HI 0 %
SNERT, B 0 43 I ST B S RE, (LI Ik 5 P A I )
HAT KA BHEUARIE f 7 4, AT DUR I AR b 14 &
FTEPE. R Mey(CH,CDSICN iX — ¥ B i Ak iRk 77 ok
R FAASKE IR E A S LA FE EAE HEAT .

4 SKIERSY

ERSHE T, B Schlenk % FH AR VI (R,R)-1
(30.4 mg, 0.05 mmol), 3748 2a (22.6 mg, 0.06 mmol)
MK i-Pr,O (1.0 mL), Frff¥EAE—50 CHitE 0.5 h
JEARVIMNEE 7 (1.0 mmol)FIAH R () &AL IR [ TMSCN
i, Me,(CH,CI)SiCN 4, 2.0 mmol]. £ TLC Wil s Sk AT
SEYeZ )5, RO 5 om RERCFE L€ 3 H EtO (10 mL)
WBE. KT TMSCN R, 4 FiRJERE T /54
FEEHT AT 1500 B ) FURERERE =) 6, T 15 4 1K1 b,
W IR BT AT S R~ CH,Cl/MeOH (3/1, 4
mL)¥% ARG, II p-TsOH (17.2 mg, 0.10 mmol), $%47E
Fin PR RPN R 4, R R ERRIEFE, &
FEJZ M o] 15 B0 B S =) 7.
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[19] We tried the one-pot sequential asymmetric cyanosilylation/
chloromethyl transfer reaction, and the corresponding aromatic me-
thyl ketones were obtained as the major product. For the proposed
mechanism, see supporting information:

Ar = 4-CICgHy, 66%
Ar = 2-Naphthyl, 52%

OTMS

[20] According to the reviewer's suggestion, we investigated the effect of
Ph;PO, which could generate from side Wittig reaction, on the cya-
nation of p-chlorobenzaldehyde and TMSCN. NMR analysis of the
crude reaction mixture showed the signals of both Ph;PO and ylide,
suggesting ylide 2a was not consumed at the end of the cyanation.
The addition of 6 mol% of Ph;PO did not appreciably accelerate the
cyanation reaction. When Ph;PO and (salen)AICl were used as the
catalysts, in the absence of ylide 2a, the reaction could also proceed
well, albeit in a lower reaction rate (finish within 2 days and afford
91% ee). This suggested that the Ph;PO produced from side Wittig
reaction had little acceleration effect on the reactivity, but slightly
decreased the enantioselectivity of the reaction.

x=6,y=0:30h, 86%, 95% ee

X =6,y =6:30h, 84%, 92% ee
x=0,y=6:48h, 87%, 91% ee

(Cheng, B.)
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