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summary: Triethylaluminium-mediated reaction of cyanotrimethyl- 

silane with 6-methylbicycloI4.4.C~dec-L-en-3-one affords a mixture 

of diastereomeric 1,4-adducts. The reaction is kinetically cuntroll&! 

in toluene, whereas thermodyntically in refluxing TIE'. 4-Methyl-3- 

penten-2-one and carvone analogously give the respective 1,Gadducts 

and a conjugated dienone addords the 1,6-adduct in good yield. 

Conjugated hydrocyanation of a,B-unsaturated carbcrnyl compounds with dicthyl- 

aluminium cyanide has attracted considerable attention as a powerful tool in 

organic synthesis. 1 Selective 1,2-addition to enones has, however, been recorded 

with ~ano~ime~ylsilane. * This paper describes a novel conjugated addition of 

cyanotrimethylsilane to enclnes as well as a dienone by the action of triethyl- 

aluminium. The resulting cyanated siloxyalkenes I3 are useful intermediates in 

synthetic work 
3 

and are easily transformed to B-cyano ketones C upon acidic 

hydrolysis. 

TO a solukion of cyanotrimethylsilane (2.2 mmol. 0.28 ml) and triethyl- 

alnminium (2.0 mmol, 2.2 ml of 15% hexane solution) in 4 ml of THF was added 

6-methylbicyclo[4.4.Oldec-1-en-3-one (I, 1 mmol, 0.16 g) at room temperature. 

The mixture was stirred at reflux for 20 h, cooled, worked up with aq. NH4C1, 

and extracted with benzene. The ccmW.necI organic layers were washed lay- NN4C1, 

sat. NaHCI33, brine], dried (MgSO41, and concentrated affording 0.26 g 1quant.l 

of a mixture of 1,4-adduct isomers (cis/trans = Ita/Itb = 95/5, ~e~ody~ical~y 

controlled), 4.5 when the reaction time was reduced to 3 h, the transformation 

was less safficiently selective (IXa/Hb = 55/45, quant. yield). Moreover, the 

reaction seems to be kinetically controlled In toluene at room temperature, 

leading quantitatively to the 1,4-adducts (Ita/lIb = 31/6916 after stirring for 
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20 h. Hydrolysis of the 1,4-adducts, IXa and Itb, with dil. hydrochloric acid- 

TKF gave B-Cyano ketones,ma and IEb, respectively, in quantitative yields. 

When the reaction was carried out with 0.2 equiv. of trie~ylal~ini~ 

at room temperature for 3 h, a 1,2-adduct XV was obtained in 92% yield. 7 

Treatment of the 1,2-adduct fl nmol.) with trie~y~al~ini~ (2 mmol) and 

cyanotrimethylailane fl,lmmol) in 4 ml of THF in reflux for 3 h gave a mixture 

of 1,4-.adducts (ICa/Iltb = 67/33) in 95% yield. The reaction in toluene at room 

temperature overnight afforded a mixture (IIajlIb = 46/54) in 96% yield.8 

4-Methyl-3-penten-2-one (V, 2 mmol) was treated with cyanotrimethylsilane 

(4.4 mmol) and triethylaluminium (4 mmol, 4.4 ml of 15% hexane solution) in 8 m 

af THF under reflux for 3 h affording the 1,4-adduct VI in 87% yield.3 The Sam 

reaction in TEE' at rqmm temperature for 3 h gave the 1,2-adduct only. 

Treatment of carvone WI, 1 mmol) with cyaaotrimethylsilane (2.2 mmol) an 

triethylaluminium (2~mmol) in refluxing 4 ml of THF for 6 h gave the adduct VIE 

in quantitative yiel8. The reaction Fn toluene overnight at room temperature 

afforded the same product VIU (quant. yield).3'g 

I b 

a lUle3SiO ’ 
CN IV 

a 

/ 
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IX 
StOa 3 = 

CN XI 

a: Me3SicN + Et3A1 (2 equiv.) b: MepiCN + Et3Al (0.2 equiv.) 

c: THF-dil. HCl 
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Application of this procedure to a conjugated dienone IX (1 mmol, treatment 

with 2.2 mmol of cyanotximetbylsilane and 2-O mm01 of triethylalminiuml afforded 

the expected l,6-adduct X in 71% yield in refluxing TXE' for 20 h.18 On the other 

hand the reaction in toluene at room temperature for 20 h provided X in 35% yield 

and a substantial amount (12% yfeldl of the 1,2-adduct XI, 

Catalytic action of diethylalumfnium chloride or tripropylborane is illus- 

trative of the applicability of other Zewis acids. Compound I was treated with 

cyanotrimethylsilane (2.2 equiv.) and diethylaluminium chloride (3.1 equiv.) in 

toluene at O°C far 1 h affording a mixture of Ita and IIb (31/69) in quantitative 

yield and substitution of diethylaluminium chloride with tripropylborane gave 

the mixture in 72% yield after stirring at O*C for 26 h, 

As can be seen from the above described results this reaction provides a 

convenient procedure of conjugated hydrocyanation. Synthetic applications of 

this procedure are under investigation. 11 
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mixture of IUa and Glib in 36/64 ratio. The ratio changes to 29/71 upon 

treatment with hydrogen cyanide-triethylaluminium in place of diethyl- 

aluminium cyanide (ref. 1~). 

GLC and 13 C-nmr (vide infra) suggested the homogeneity of the 1,2-adduct -- 
whose stereochemistry was not determined yet. Larkhanoi+shifted nmr 

gave complicate(8. charts which could not be analyzed. 13c nnIr (CDc13, 

20 MHz), shows 13 carbon atoms: 6 ppm, 1.57, 22.03, 23.35, 28.07, 32.13, 

33.77, 34.94, 36.11, 41.53, 68.72, 121.10, 121.56, 149.34. 

The absence of the additional cyanotrimethylsilane in the isomerization 

of IV to II has yielded a complex mixture, although the role of the cyano- 

silane is not clear yet.. Following assumptions explain the observed rear- 

rangement. 

Et3AI 
- IV - 

Et3ilCN t---c Et$lNC 

THF Or PhMe 

_ lla + Ilb 
THF 

GLC of the crude productshowedone peak with small 

shoulder. The structure of the major product could 

be assigned as VIII' based on the proton signal 
0 SiMe3 

(E-C-CN, 6 3.1 ppm, 13 = 10 Bz) which corresponds to 

the quasi-eguatiorial proton. 

TLC (Xieselgel 60, benzene) indicated the homogeneity of the product. The 

structure X was determined by nmr analysis: a multiplet (g-C-CN, 6 3.2 ppm, 

1H) changed to a double doublet (J = 4, 6 Hz) by double irradiation at a 

doublet (C=Cg-CH-CN, S 5.0 ppm, J = 5 Hz, 1H). These observations suggest 

the stereochemistry of the proton geminal to cyano group should be equa- 

torial. 
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