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Ab&M-Cyanotrimethylsilane adds to some a&unsaturated ketones in conjugate manner under the catalytic 
action of Lewis acids such as triethylaltium, al* chloride, and Sn& Hydrolysis of the products gives 
fl-cyano ketones which are identical to the hydrocyanated products of the starting enones. The title silicon reagent 
reacts with acctals and orthoesters under the catalytic action of SnCl2 or BS.OEt* afiording 2-alkoxy- and 
2,2dialkoxyalkanenitriles. Application of the reaction to O-protected fl-Pnifuranoses gives selectively 8-D 
rihofuranosyl cyanide in excellent yield. 

Organosilicon reagents have found important roles in 
organic syntheses.’ One of these is cyanotrimethylsilane 
(1) which can be easily prepared from potassium or 
sodium cyanide and chlorotrimethylsilane and is con- 
sidered as stabilized hydrogen cyanide. Typically 1 is 
used in preparation of synthetically useful nitriles: (1) 
addition to hetero double bonds such as C=@ and C=N’ 
giving NC-C-OSiie~ and NC-C-NSiMeP moieties 
which serve as protected carbonyl or as precursors of 
hydroxyamines and amino acidsj (2) substitution of 
active halogen producing RCOCN, NAZN,~ PCN,’ and 
S-CN* compounds, respectively; (3) addition to oxiranes 
affording 3-trimethylsilyloxya&anenitriles~ (4) homolo- 
gation of ketones being achieved via the adducts of 1 to 
carbonyl group;” (5) reaction with SN1 active chlorides 
to form &riles.‘& This article describes two further 
synthetic applications of 1, first, conjugate addition to 
some enones or a new technique of hydrocyanation and 
second, direct cyano-substitution of one of the alkoxyl 
groups of acetals and orthoesters under the catalysis of 
Lewis acids. Some applications of the procedures are 
discussed. 

Conjugate addition of cyonotrimethylsilane (1). 
Besides the reported 1,Zaddition of 1 to conjugate 
enones? l&addition to some enones has been dis- 
closed.” General scheme of the transformation is shown. 

Hydrolysis of the adduct 3 afforded b-cyan0 ketone 
4.“Reaction with 6 - methylbicyclo[4.4.0]dec - 1 - en - 3 - 

Me,SiCN + -t=k-:- - 

1 6 
2 

one (5) is studied in detail with respect to the relation 
between the reaction conditions and product dis- 
tributions. Heating of a THF solution containing 5, 2.2 
equiv of 1, and 2 equiv of triethylaluminium at reflux for 
2Ohr (condition A) gave quantitatively a mixture of 
l&adducts which contained predominantly the cis- 
isomer (cisltrans = 6/7 = 9515). Shortening the reaction 
period to 3 hr gave less stereoselective mixture of 1,4- 
adducts (6/7 = 55/45) in quantitative yield. This indicates 
the cis-adduct 6 is the thermodynamically stable isomer. 
The reaction seems to be kinetically controlled in a 
toluene solution at room temperature. A mixture of 5,2.2 
equiv of 1, and 2 equiv of EtaAl dissolved in toluene was 
stirred at room temperature for 2Ohr (condition B). 
Workup gave a mixture of l&adducts containing the 
Pans-isomer predominantly (6/7 = 31/69) in a quantita- 
tive yield. 

1,2-Adduct 8 is exclusively obtained upon treatment 
with 2.2 equiv of 1 and 0.2 equiv of Eta at room 
temperature for 3 hr. GLC and NMR analyses indicate 
the homogeneity of the product but the stereochemistry 
is still an open question. The 1,Zadduct 8 is transformed 
to l&adducts by the further application of the condition 
A (reflux for 3 hr, 6/7 = 67/33) or condition B (6/7 = 
46154). In the absence of an additional amount of cyano- 
trimethylsilane the isomerization of 8 gave a complex 
mixture. The formation of l+adducts is explained as 
shown in the figure (next page). 
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Table I. Conjugate addition of 1 to 5 under condition C 

l,Q-Adduct 
Catalyst Conditions 

Yield (8) 6/7 -- 

AlC13 70-SOOC 7h 75a 44/56 

AlC13 room temp. 2 h _b 

BF3*OEt2 70-8OOC 7h 93 37/63 

Pr3B 70-8OOC 7h 100 40/60 

Me3SiOTf 70-SOOC 7h 100 40/60 

Zn12 room temp. 48 h 95 41/59 

SnC12 room temp. 48 h 95 33/67 

al,2-Adduct was obtained in 10% yield. bExclusive 

formation of 1,2-adduct in 71% yield. 

Formation of 1 &adducts 6 and 7 was observed also in 
the reaction of 5 with 3 equiv of 1 under catalysis of 
Lewis acids (co.1 equiv) without any additional solvent 
(condition C). The results are summarized in Table 1. 
The fact that the catalysts did not affect the isomer ratio 
practically indicates the reaction being kinetically con- 
trolled. 

The angular Me group of 5 did control the stereo- 
chemical course of the reaction, as it turned out. In 
contrast to 5, bicyclic enone 9 and 10 stereoselectively 
gave frans - 1.4 - adducts, 11 and 13, respectively, under 
all three conditions A, B and C. Stereochemistry of 11 
was determined by the comparison of GLC as well as 
NMR spectra of the hydrolyzed product 12 with those of 

the authentic sample.12 Structure 13 was assigned by the 
transformation to rrans - l,l,l - trimethyl- 
bicyclo[4.4.0]decan - 3 - one.” 

Hydrolysis of the l&adducts 6, 7, 11 and 13 affords 
quantitatively P-cyan0 ketones 15, 16, 12 and 14, respec- 
tively, which are identical to the hydrocyanated products 
of the starting enones.” 

The present method is a modification of Nagata’s 
wellknown hydrocyanation technique.” The manipula- 
tion is much simpler and the reagents are commercially 
available. 

Some conjugated enones give l&adducts under con- 
dition A, B or C. 4 - Methyl - 3 - penten - 2 - one affords 
2.2 - dimethyl - 4 - trimethylsilyloxy - 3 - pentenenitrile 

Et,Al 

5-8 - m ._+ , 
Me,SiO -’ 

Et+ilCN __ El,ilNC 

1 THF or PhMe 

I- -6+7 

1 THF 

AHO& ~HoL% 
eH0 tH, 

a: Mc,SiCN/Lswis acid, b: H,O*, 

d: H,NNH,/KOH, e: CrO,(Joncs 

CH, 

c: r43u2AIH, 

oxdn. 1 



Cyanotrimcthylsilane as a versatile reagent for introducing cyanide functionality %9 

(quantitative yield under condition C, 87% under A), 
while 2 - cyclohexen - 1 - one and carvone quantitatively 
give 17 and 18, respectively.” 

NC 

NC OSiMs, 

In contrast to the above described results, the follow- 
ing unsaturated carbonyl compounds produced 
exclusively 1,2-adducts under all conditions A, B or C.’ 

n-Hex-CCC-C-Et 

6 

The above described procedures allow the l&addition 
of cyanotrimethylsilane to enones with certain limita- 
tions. 

One example of l&-addition of 1 is added. Dienone 19 
gave a 1,badduct 20 in quantitative yield under condition 

C (BF,*OEtJ. Yield diminished to 71% under condition 
A, and 35% of Xl and 12% of the 12-adduct were 
obtained under condition B. 

Exchange of one of the alkoxyl groups of acerafs and 
orthoesters with cyano group. Reaction of cyanotri- 
methylsilane with acetals and orthoesters under catalytic 
action of SnC& or BFj*OEt2 has been found to give 
Zalkoxy- or 2,2&lkoxyalkanenitriles, respectively, in 
excellent yields. Introduction of cyan0 ,poup was pre- 
viously carried out by acyl cyanides, and was ac- 
companied by considerable amounts of side reaction 
products.” The procedure described here utilizes 
catalytic amounts of Lewis acid and no solvent. Products 
are obtained in excellent yield and in pure state.“’ 

An equimolar mixture of l,l-dimethoxyheptane and 
cyanotrimethylsilane (1) was added with catalyst (l- 
10 mol%) and stirred for 2 hr at 0”. GLC as well as NMR 
analyses indicated the completion of the reaction afford- 
ing 2-methoxyoctanenitrile (21, R = H, R’ = n-&HI,, 

R’ 

R-L-OR” + Me,SiCN 
a 

AR” 

- R-C-CN + Me,SiOR” 

AR” 

1 21 

a: SnClt or BF,.OEt, without any solvent 

Table 2. 24koxy- and 2,2dialkoxyalkanenitriles (21) 

Entry R R' R" Catalyst Yield (%)a Bp. OC (rmuig) 

1 H 

2 Me 

3 Me 

4 "-CA3 

5 PhCH2 

6 Ph 

7 ClCH2 

a H2C=CH 

9 n-C6Hl3CX 

10 H 

11 H 

12 Me 

13 OMe 

H Me S"C12b 64 

H Me BF3*OEt2= 13 

H Et BF3'0Et2 
b 

97 

H Me S"C12 83 

H Me BF3'OEt2 83 

H Me S"C12C 94 

H Me S"C12 BOd 

H Me SnC12 72 

H Me BF3'0Et2 94 

OMe Me BF3'OEt2= 80 

OEt Et BF3*OEt2 84 

OMe Me BF3.0Et2 70 

OMe ne S"C12b 83d 

90-110 

114-117 

50-55 (10) 

82-87 (10) 

100 (5) 

103-106 (9) 

80-85 (30) 

136-137 

107-110 (5) 

115-121 

160-168 

134-138 

135-140 

?solated yields are shown. GLC yields are quantitative. 

bReactio" was carried out at room temperature for 2-5 h. =Exothermic 

reaction was observed upon simultaneous addition of all reagents. 

d Reaction catalyzed by BF3*OEt2 gave unsatisfactory result. 
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R” = Me) and methoxytrimethylsilane in quantitative 
yield. Workup of the reaction mixture gave the product 
in 83% isolated yield after distillation (entry 4). Ap- 
plication of BF,*OEt2 in place of SnC& gave satisfactory 
results with some exceptions. As shown in entry 7 and 
13,2 - chloro - 1,l - dimethoxyethane and tetramethyl 
ortbocarbonate afforded the products in almost quan- 
titative yields when SnC& was employed as catalyst. 
Although the preparation of 21 has been reported, ‘*I9 
the present procedure is much simpler and gives higher 
yields. The resulting 2-alkoxyalkanenitriles are O-pro- 
tected cyanohydrins of aldehydes and ketones, while 
2,2_dialkoxyalkanenitriles acyl cyanide acetals, all of 
which serve as useful intermediates of organic syn- 
thesis.‘6*m 

The lithio derivative of O-protected cyanohydrin of 
aldehyde has been used in the preparation of ketones in 
the sense of umpolung. Some lithiated 2-al- 
koxyalkanenitriles provide masked acyl anions,2o white 
lithio derivative of 2,2dimethoxyacetonitrile serves as an 
equivalent of “methyl lithioformate”.” 

Direct introduction of cyano group into carbohydrates. 
Applications of the above described novel cyanation to 
cyclic acetals and carbohydrates have been explored.” 
Reaction of 1 with 2-methoxytetrahydrofuran (22, R= 
Me) in CHXl, gave a mixture of 2-cyanotetrahydrofuran 
(23, 3%)= and 2 - methoxy - 5 - trimethylsilyloxypen- 
tanenitrile (24, R= Me, 44%). The reaction of 2-t- 
butoxytetrahydrofuran favored the cleavage of the 
endocyclic ether linkage atTording 2 - t - butoxy - 5 - 
trimethylsilyloxypentanenitriie (24, R = t-Bu) in 98% 
yield. Analogous reaction of 2-methoxytetrahydropyran 
(25, R = Me) gave 2cyanotetrahydropyran (26)23 in 20% 
and 2 - methoxy - 6 - trimethylsilyloxypentanenitrile (27, 
R = Me) in 80% yield. 

On the other hand 2-acetoxytetrahydrofuran (22, R= 
AC) and 2-acetoxytetrahydropyran (25, R = AC) selec- 
tively produced Zcyanotetrahydrofuran (23) and 2- 
cyanotetrahydropyran (26), respectively. These results 
suggest the applicability of the reaction to carbohydrate 
synthesis. 

About 1: 1 mixture of cis/trans-isomers of 2-cyano-5- 
methoxytetrahydrofuran (29 and 30) was obtained in 

1 CL- 0 OR 
(x 0 CN 

+ Me,Sio~CN 

22 23 24 

(-JOR’ (-&; wo-CN 
OR 

25 26 27 

28 29 (1 :1) 30 

31 32 (1 :l) 33 

84% yield by this reaction in CH2C12 solution starting 
from either cis - 2,5 - dimethoxytetrahydrofuran (28) or 
cis/trans-mixture. cis - 2,5 - Dimethoxy - 2,5 - dihy- 
drofuran (31) also gave a cisltrans-mixture of 2 - cyan0 - 
5 - methoxy - 2,5 - dihydrofuran in 98% yield (32: 33 = 
1: 1). These results suggest an SN1 type mechanism of 
the reaction involving planar carbccation intermediates. 

Transformation of Dribofuranose into fi - D - ribo- 
furanosyl cyanide was successful under the above reac- 
tion conditions. The resulting product is an important 
intermediate of C-nucleoside synthesis.“‘2s 

A mixture of I - 0 - acetyl - 2,3,5 - tri - 0 - benzoyl - g - 
D - ribofuranose (34, R = Ph), cyanotrimethylsilane (1, 
4.5 equiv), and a catalytic amount of SnC12 was heated at 
70” for 2hr afforded stereoselectively 2,3,5 - tri - 0 - 
benzyl - j? - D - ribofuranosyl cyanide (35, R = Ph)‘* in 
85% yield. When the above mixture was stirred for 2hr 
at room temperature, 3,5 - di - 0 - benzoyl - 1,2 - 0 - (1 - 
cyanobenzylidene) - g - ribofuranose (36, R = Ph) was 
obtained as a sole product with some recovery of the 
starting material. The product 36 (R = Ph) was converted 

Ok3 
a 

?Me b r)hle e 
H-A-CN - Li-k-CN -) R-6-CN - RCOOMe 

bme om. bt& 

a: LDA, b: RX, c: H ‘! acetone-H,0 

RCOO OCOR 
. CN 

34 35 36 K 

A: Ma,SiCN SnCI, . 70% ( R = Ph ) 

B: Me,SiCN snq r.t. (R=Ph, hle) 

c: Mc,SiCN BFjOE1, r.t. (R=Ph. Me) 
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into the cyanide 35 (R= Ph) in excellent yield by the 
treatment with cyanotrimethylsihute (1) at 70” in the 
presence of SnC12. The action of BFS-OEtz, in place of 
SnCIZ, gave the same cyanide 35 (R = Ph) in 85% yield 
from 34 (R = Ph) after stirring at room temperature for 
2hr and also gave 35 in 85% yield from 36 under the 
same reaction conditions. 

The reaction of O-acetylated ribofuranose (34, R= 
Me) with 1 under the catalytic action of BF,*OEt, at 
room temperature provided acetylated cyanide (35, R= 
Me) in 64% yield in addition to 36 (R = Me) in 2% yield. 
The reaction catalyzed by SnC12 at room temperature 
gave 36 (R = Me) in %% yield and further transformation 
into ribofuranosyl cyanide 35 (R= Me) was accom- 
plished by treatment with cyanotrimethylsilane (1) and 
BF,*OEt2 at room temperature. Tin(E) chloride was 
ineffective to the latter transformation. The same 
cyanide 35 (R = Me) was obtained stereoselectively from 
1,2,3,5 - tetra - 0 - acetyl - (r - D - ribofuranose which 
was a 1 - a - epimer of 34 (R = Me). 

These results suggest the mechanism of the above 
described stereoselective cyanation, namely double in- 
version at C-l by the formation of carbocation 37 or 
cyanobenzylidene compound 36 and successive attack of 
cyanide at C-l stereospecifically. 

o-c=0 

8 
R 

34 

/ 

J 

RCO OCR 

a a 
36 

R= Me. Ph 

35 

In contrast to I - 0 - acetyl ribofuranose 34,2,3,5 - tri - 
0 - acetyl - 1 - 0 - methyl - fl - D - ribofuranose (38) gave 
acyclic product 39 in 71% yield by treatment with 
cyanotrimethylsilane (1) under the catalytic action of 
BFj*OEt2 and the yield was decreased to 34% with SnClz 
as catalyst. 

AcO OAc 
38 39 

R&HI R’OCH, 

R,oQR-R,o~cN+~o~~cN 

OR’ OR’ 
40 41 42 Me 

Results of the application of the procedure to ghrco- 
pyranose are shown in Table 3. 

The cyclic acetat 42 was recovered unchanged after 
treatment with 1 together with Lewis acids for prolonged 
reaction tune. 

GLC was performed on a Shimadzu GC-tBPT with 3 mm x 
3 m glass column packed with 20% PEG2Ohi and 20% HVSC on 
Chromosorb W-AW (80-100 mesh). IR spectra were obtained on 
a Shimadzu IR-27G spectrometer. ‘H-NMR were measured on a 
Varian EM-390 with Me,Si as internal standard and Ccl, or 
CIXll as solvent and “C-NMR on a Varian CFT-20 with MerSi 
as internal standard and CD& as solvent. Mass spectra were 
obtained on either Hitachi RMU-6L or Hitachi M-SO spec- 
trometer. Elemental analyses were performed by Elemental 
Analyses Center of Kyoto University. All the reactions were 
carried out under an atmosphere of dry argon. 

General procedures of conjugate addition of cyanotrimethylsilane 

(1) 
Condition A. An unsaturated ketone (I mmol) was added to a 

soln containing 2.2 mmol of 1 and EtJl (2.0 mmol, 2.2 ml of IS% 
hexane soln).and 4ml THF at room temp. The mixture was 
stirred at reflux for 20 hr, cooled, worked up with NH&l aq, and 
extracted with benzene, hexane, or ether. The combined organic 
layers were washed with NH.&] aq, sat NaHCO3 aq, and brine, 
dried (MeSO,), and concentrated. Distillation or chromatography 
of the concentrate gave the pure product. 

Condition B. Tohrene (4ml) was used in place of THF in the 
above described procedure and the mixture was stirred at room 
temp for 20 hr. 

Condition C. Lewis acid (0.OS-O.l equiv) such as AK&, 
BFvOEtr and SnClr (shown in Table 1) was added to a mixture 
of the enone and 3 equiv of 1 at room temp. The mixture was 
stirred at an adequate temp and suitable period (Table 1). 

A mixfure of 6 and 7 from 5 
A mixture of 6 and 7 (Calc. for C,:Hr:NOSi: C, 68.39; H, 

Table 3. Reaction of 1 with glucopyranose 40 

Starting Material Temp. Time Product (a)* 

40 I71 R2 OC h 41 42 

a Me Me 60 40 b __ __ 
- 

b Me AC 60 9 S,C'd -_ 

c AC AC 60 9 <1 6Je 

'SnC12 (0.0-O-2 aquiv.) was used aa catalyst. bRecovery 

of 4Oa. C180mer ratio was a:6 - 1.5:1. d Ref. 27. - =Ref. 29. 
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Reaction of 38 with 1. Procedure F gave 39 in 71% yield; Mass ‘A. Lopusinski, L. Luczak, J. Michalski, M. M. Kabachnik and 
spectrum, (P+H)‘. m/z 390.1583 (Calc. for Ci6HzaNOaSi: M. Moriyama, Tetrahedron 37,201 I (1981). 
390.1583); (Found: C, 49.29; H, 6.90%. Calc. for &HnNO&i, C, ““J. A. Seeker and J. S. Thayer, Jnog. Chem. 14,573 (1975); *A. 
49.34; H, 6.99%). Lopusinski, J. Michalski and W. J. Stoc, Liebigs Ann. 924 

Reaction of glucopyranose (40) with 1. Starting from 724mg W771: ‘D. N. Haron B. T. Friedlander. C. Larsen. K. Stelion 
(2.37 mmol) of 4Oe, 540 mg (I.51 mmol, 64% yield) of 42 (R’ = and A: Stockton, .f: ‘drg. Chem. 43,3481(1978); “D: N. Harup, 
Me) was obtained by procedure D. B. T. Friedlander and-R. A. Smith, Synthesis I81 (1979) ‘S 

Treatment of 698 mg (2.7 mmolj of 48h with 1 by procedure D 
.__^ ..:_.: 

Tomoda. Y. Takeuchi and Y. Nomura. Cirem. iett. lObY (IWI). 

gave 570 mg (87% yield&of 41. Chromatographic separation gave “‘W. Lid;, Tetrahedron Letters 1449 (1973); bI. Fleming and M. 
Woolias; J. Chem. Sot. Perkin I, 829 (1979). - pure Q - D - isomer, [alo t 119” (c = 3.3, CHCl+ lit. 

- D - isomer, [d]? t 38.1” (c = 4.2, CHCb. lit.* 
120”). and g 

36.2’). ‘&R. 0. Klaus. H. Tobler and C. Ganter. Jfelo. Chim. Acta 57. 

2517 (1974); bP. Buchs and C. Ganter,’ Ibid. 63, 1420 (1980): 
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