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A Simple One-Pot Synthesis of Silylated and Acylated
Cyanohydrins

Ryuji Yonena, Kazunori Santo, Shinya HARUSAWA, Takushi
KURIHARA®

Osaka University of Pharmaccutical Sciences, 2-10-65, Kawai,
Matsubara, Osaka 580, Japan

Reaction of variety of aldehydes and ketones with chlorotrimethylsilane and
acyl chlorides in the presence of lithium cyznide to give trimethyisilyleyano-
hydrins and acylevanohydrins is described.

Thermal and catalyzed addition of trialkylsilvl cyanide to
aldehydes and ketones is a general method for the prepar-
ation of silylated cyanchydrins, which are known to be quite
useful intermediates in organic synthesis’. Since this cyano-
silylation reaction has a variety of disadvantages, modified
one-pot cyanosilylation procedures have been reported’ . 2-
Acyloxyalkanenitriles or 2-acyloxyalkenenitriles have been
prepared by silylcyanation of the starting carbonyl com-
pounds followed by acylation with iron(11I) chloride cataly-
sis?. acylation of cyanohydrins under aquedus or non-
aqueous conditions, and one-pot reaction of the carbonyl
compounds with potassium cyanide in the presence of 18-
crown-6*. These are useful precursors for the preparation of
diene nitriles’, furans®, and 4-amino-2(SH)-furanones’.

We now report a simple one-pot process for the conversion of
aldehydes and ketones. including «.f-unsaturated aldehydes
and ketones, into trimethylsilyl cyanohydrins and acyl
cyanohydrins (3) by treatment of the carbonyl compounds 1
with trimethylsilyl chloride (2a) or acyl chlorides (2b, ¢) in
the presence of lithium cyanide®.
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The scope of the new silyl- and acylcyanation procedures is
shown in the Table. The reaction is performed in general by
using two equivalents of R*Cl and three equivalents of
lithium cyanide at room temperature in tetrakydrofuran.
These reactions are believed to proceed by the initial
formation of lithium cyanoalkoxide followed by displace-
ment with trimethylsilyl chloride or acyl chlorides to produce
the silylated and acylated cyanohydrins. As is shown in the
Table, aromatic (run 1) and aliphatic (run 18) aldehydes as
well as aliphatic (run 14) and a,f-unsaturated (run 16)
ketones react with trimethylsilyl chloride/lithium cyanide to
afford the silvlated cyanohydrins in excellent yield. Appli-
cation of our procedure to acetophenone (run 20) produces
the cyanosilylated product in almost quantitative yield by
using a slight excess of lithivm cyanide (4 equiv.). The
aldehydes (run 2, 4, 6, 8 and 13) are converted into
cyanohydrin benzoates in good yield, while lower vields are
obtained in the preparation of cyanohydrin acetates. -
Tetralone? and benzophenone'? failed to give any cyanohy-
drin derivatives, unfortunaiely.

In summary, a variety of carbonyl compounds undergo
cyanosilylation and cyaroacylation by this procedure, using
inexpensive lithium cyanide and without costly catalysts.

Silylated Cyanchydrins; General Procedure:

Lithium cyanice (493 mg, 15 mmol) is added to a magnetically
stirred solution of the carbonyl compound (5 mmol) and trimeth-
ylsilyl chloride {1.09 g, 10 mmol) in dry tetrahydrofuran (10 mi) at
room temperatare. The reaction is monitored by 'H-NMR spec-
troscopy. After the starting material has been consumed (~ 2 hy, the
tetrahydrofuran is evaporated. The residuc is distilled using a
Kugelrohr apparatus, giving the pure silylated cyanohydrins. {In the
case of acetophenone, 20 mmol of lithium cyanide is used.]

4-Phenyl-2-methyl-2-trimethylsiloxy-3-butenenitrile (3 ha):
C,4H,;oNOSi cale. € 6852 H 780 N3570
(245.4) found  68.30 791 5.65

IR (ncat): v = 840, 1250 [Si(CH3);]em ™"

H-NMR (CDCL/TMS,): 6 = 0.24 5.9 H, Si(CH,),J; 1.75 (s, 3H.
CH,), 6.13 (4 tH, J=16Hz, CeHsCH=CH);, 688 (d, 1H.
J =16 Hz, C,HsCH = CH); 7.25-7.43 ppm (m, 5 H. CeHs).

Acylated Cyanohydrins; General Procedure:

Lithium cyanide (495 mg, 15 mmol) is added to a magnetically
stirred solution of the carbonyl compound (5 mmol) and acyl
chloride (10 mmol) in dry tetrahydrofuran (10 mi) at room tempera-
ture. The reaction is monitored by TLC [silica gel (Merck Art 5715),
using n-hexane;acetone, 5: 1, as cluent]. Afier the star ling material
has been compietely consumed, the tetrahydrofuran is evaporated.
The residue is dissolved in water (10 ml) and benzene (50 ml). The
organic layer is separated, washed with water (2 < 10 ml) and dried
over sodium silfate. After concentrating the benzene layer, the
residue is purified by column chromatography [silica gel (Merck Art
7734, 60 g) using »-hexane/acctone, 501, as eluent]).

a-Benzoyloxy-a-(4-biphenylylacetonitrile (3 eb):

C, HysNO, cale. C30.49 H 483 N447
(313.3) ound  80.48 4.89 4.3

[ (KBr): v = 1725 (C=0)cm ™ .

-NMR  (CDCL/TMS;,): 0=672 (s, 1L,
7.39-8.10 ppm (m, 14 H,,,,).

a-Acetoxy-a-(4-biphenylyDacetonitrile (3 ec):

C,HNO, zale. € 7647 H 522 N 557

(251.3) found  76.27 5.25 5.02

IR (KBr): v = 1740 (C=0)cm™ L.

HI-NMR (CEClLy/TMS,.): 0 = 2.19 (s, 3H, CHy): 6.46 (s, 1H
CHCN); 7.39-7.68 ppm (m, 9 H,om)-

CHCN);
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Table. Conversion of Aldehydes and Ketones into Silylated and Acylated Cyanohydrins

Run Starting Material Reaction Product® Yield m.p. ["C] or b.p. [“C]torr
— — Time %] - e
1 2 found reporlcd

1 a a 1h 3aa 94 81-83/1 93-95/1.75!
2 a b 1h 3ab 87 55-56 58!
3 a c 48 h 3ac 70 95-98/1 137-138/111<
4 b b 10 min 3bb 100 97-99 99.5-101"?
5 b c 1h 3be 87 75-77 7576
6 c b 30 min 3ch 100 54--55 575818
7 ¢ c 5h 3ce 83 114-115/1 104-10770.5%
8 d b 4h 3db 80 60-63 66-67'*
9 d [ 4h 3dc 47 112/1 165/6'°

10 e b 30 min 3eb® 100 108-109

1 e c 48 h 3ec® 64 100-102 : )

12 f a 1h 3fa 94 125/1 135,17

13 f b 11h 3 81 64-65 66677

14 g a 1h 3ga 92 92/ 96/1.5!

15 g b 6h 3gh U 74 76!

16 h a 2h 3hat 93 115-117;2 -

17 h b 4h 3hb? 65 93-92 -

18 i a 30 min 3ia 85 108/4 106-108/6.5"

19 i b 30 min 3ib® 100 93-95 :

20 i a 97 71-73/1 73-75/0.9!

6h 3ja

* Fully characterized by IR and '"H-NMR spectra.

2-Benzoyloxy-2-methyl-4-phenyl-3-butcnenitrile (3 hb):

CigH sNO, cale. C7796 H 545 N 35.05

(277.3) found  78.09 5.50 5.7

IR (KBr): v=1725 (C=0)cm .

'H-NMR (CDCL/TMS,,): 6 = 2.06 (s, 3H, CH,); 6.31 (d, 1H,
J=156Hz, CH;CH=CH); 711 (d. 1H, J=156Hz

CsHsCH=CH); 737 -8.05 ppm (m, 10H

a-Benzoyloxycyclohexylacetonitrile (3 ib):

CisHi-NO, cale. C7405 H7.04 N5.76

(243.3) found  74.14 7.00 5.84

IR (KBr): v = 1720 (C=0)cm 1.

"H-NMR (CDCly/TMS;,0): 8 = 1.22--2.02 (m, 11 H, ¢ H, and CH),
545(d. 1H, J = 5.9 Hz, CHCN); 7.45-8.07 ppm (m. SH, om)
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