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Summary : The iodotrimethylsilane-catalyzed reaction of silyl enol ethers with 
aminomethyl ethers in acetonitrile gives aminomethylation products of the cor- 
responding ketones readily. The reaction can also be catalyzed by trimethyl- 
silyl trifluoromethanesulfonate in dichloromethane. 

Aminomethylation of ketones is an important reaction for the synthesis of 

a-methylene ketones. 
2 Although preformed Mannich salts are the most represent- 

ative reagent for the reaction, 
3 

an elegant but somewhat time-consuming proce- 

dure2b is required for preparing the reagent and the manipulation is also in- 

convenient because of the hygroscopic nature of the reagent. Recently, amino- 

methylation without isolation of the iminium salt has been devised in order to 

avoid these drawbacks. 
4 

We now report that in situ aminomethylation of ketones 

can readily be achieved by the reaction of silyl enol ethers(i) with amino- 

methyl ethers(z) catalyzed by iodotrimethylsilane(La) or trimethylsilyl tri- 

fluoromethanesulfonate(triflate)(3_b) (eq. 1). 

+ R30CH2NR24 
Me3SiI(;Za) R2 

or Me3SiOTf(2b) 

1 N .z 4 
NR24 
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All reactions proceed very smoothly at room temperature in acetonitrile to 

give the corresponding 8-aminoketones in good yield. A catalytic amount 

(ca. 5 mol%) of iodotrimethylsilane is enough to complete the reaction. The 

results are listed in Table 1. 

n-Butyl dimethylaminomethyl ether($a) gave better results than methyl di- 

ethylaminomethyl ether(?fs), the latter giving, in addition to the expected i, 

by-products(?) such as 5," in entry 4 and 5,b in entry 9 (Table 1) produced by 

subsequent aminomethylation of 2. 5 The formation of these by-products, however, 

could almost be prevented by the addition of a sterically hindered amine such 

as dicyclohexylmethylamine. With bis(dimethylamino)methane, instead of 2, the 

reaction did not proceed smoothly. 
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Table 1. Aminomethylation of silyl enol ethers(A) with aminomethyl alkyl 

ethers(A) catalyzed by iodotrimethylsilane(&a) or trimethylsilyl triflate(Lb) 

Entry 
Silyl en01 Aminomethyl 
ether(J-) ether(z) 

Conditionsa Products % Yieldb 

Me SiI($a) 
1 x:la) nBBuO(~~~NMe2 CHiCN, 5h 83 

cv 
*NMe (La) 

" 

SiMe3 

2 

8 
($1 2Na 

3 2," 

4 la 

8 lc 

OSiMe3 

9 Ph -& (+_$) 

10 b 

11 lb 

La 

MeOCH2NEt2 

(G) 

?.a 
CH3CN, 8h 

NMe2( 4,) 

2.a 
CH3CN, lh 

i!? 
CH3CN, 20h 

(g$Lc) 
NEt2 

(2) 

NEt2 

29 4,c 
(CH2C1)2, 4.5hd 5," 

Ge 
CH3CN, 9h 4," 

3,a' 

CH3CN, 13h 
NEt2 

3,a’ 
CH3CN, 4h 

NEt2 

3,a 
CH2C12, 20h Ph +&-NEt2(5b) 

Me3SiOTf(3J) 

CH2C12, 1.5h ?-a 

zb 
CH2C12, 4h 

70 

68 

52' 

llC 

16' 

loc 

71 

60 

47 

23 

36f 

68 

63 

a All reactions were carried out in the presence of 5 mol% of a catalyst at room 
temperature unless otherwise stated. b Determined by NMR unless otherwise not- 
ed. c Yields after isolation by GLC. d At reflux. e Reactions were conduct- 

ed in the presence of dicyclohexylmethylamine. f Yield after isolation by TLC. 
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Acetonitrile was the most suitable solvent among examined. Contrary to 

iodotrimethylsilane-catalyzed allylation of acetals, 
6 

the reaction in dichloro- 

methane or dichloroethane gave less satisfactory results. In addition, it is 

interesting to note that trimethylsilyl triflate(;b) , which is known as an ef- 

ficient activator of acetals, 
7 

can effectively catalyze the reaction in di- 

chloromethane at room temperature. 

Scheme 1 
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Scheme 1, in which the initial formation of an oxonium ion 8 takes place at 

room temperature, illustrates the mechanistic rationale for the present reac- 

tion. Although the mechanism involving the initial formation of an iminium 

salt3c and its subsequent reaction with a silyl enol ether(L)' can not neces- 

sarily be excluded at present, the fact that generation of the salt could not 

be observed at all throughout the reaction suggests strongly the formation of 

an intermediate(&), similar to the intermediates in the reaction of acetals. 6,7 

These intermediates must be highly electrophilic and subjected to bimolecular 

nucleophilic displacement by A via 7_ , where 3 is thereby regenerated to complete 

the catalytic cycle. 

Interestingly, during the course of studies on the activation of a hetero- 

atom-substituted methyl ether by iodotrimethylsilane, we have found that the 

reaction of chloromethyl methyl ether(i) with l,d was catalyzed by La to result 

in the introduction of a methoxymethyl group, instead of an expected chloro- 

methyl group, 
10 

onto the u-position of the ketone. (eq. 2) This is the first 

example of activation of a carbon-chlorine bond by La. The driving force of ac- 
11 tivation is presumably due to the formation of the strong silicon-chlorine bond. 

Ph + MeOCH2C1 
Me3SiI 

) PhLOMe (2) 

Id 8 
yu 2, 37% 
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A general procedure is as follows. 12 In a two-necked flask a silyl enol 

ether(A)(1.05 mmol) and an aminomethylether (3 (1.60 mmol) were placed in aceto- 

nitrile (2 ml). Two drops of a (ca. 

hexamethyldisilane and iodine, 
? 

5 mol%), which had been prepared from 
3 
was added and the resulting mixture was sub- 

sequently stirred for 5 hrs at room temperature, disappearance of 1 being best 

monitored by GLC. After hydrolysis with 2 N hydrochloric acid, no:-basic mate- 

rials are extracted from the aqueous layer with ether. After sodium hydroxide 

was added to the aqueous solution, the amine was extracted with ether and the 

extract was worked up as usual. 
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