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Summary: 1-(Trimethylsily1)benzotriazole-assisted Grig- 
nard addition to imines is described. 

Attempted reactions of imines which contain a-hydro- 
gens with Grignard reagents generally fail to give ac- 
ceptable yields of secondary amines by simple addition 
because of the poor electrophilicity of the imine carbon 
and competing loss of the a -pr~ton . l -~  Some organolithi- 
ums do add to certain types of imines, but the yields are 
generally low for the same  reason^.^-^ 

To circumvent these problems, a number of methods 
have been developed.7-11 The strategy most commonly 
employed has involved activation of the imine carbon to 
nucleophilic attack by coordination of a Lewis acid to the 
nitrogen lone pair.6J0J1 While this treatment enhances 
the electrophilicity of the imine carbon, the acidity of the 
protons a to N and C is also increased, which may 
facilitate unwanted enamine or azomethine formation. 
The presence of other Lewis basic centers in the starting 
substrate further complicates the reaction. The combined 
use of organocuprates (generally prepared in situ from 
Grignard reagents and CUI) and Lewis acids (mostly BF3) 
has been reported by several groups, and many alkyl 
groups have been efficiently introduced (yields 47-85%),7 
although lower yields (17-56%) were reported in two 
cases.10J2 More recently, Brook et al. reported the use 
of trimethylsilyl triflate (TMSOTD in facilitating the 
addition of Grignard and organolithium reagents to 
aromatic aldehyde imines, but apparently no imines 
containing hydrogen a to C were inve~tigated.~ 

Conversion of aliphatic primary amines to the more 
functionalized secondary amines is a challenging and 
important problem in organic synthesis, particularly in 
industry. Direct alkylation often affords mixtures of 
amines and is rarely useful synthetically. Reduction of 
imines generally requires acidic conditions (e .g . ,  NaC- 
N B H n C l )  and lacks the versatility of functionality 
provided by Grignard addition. Work in this laboratory 
has demonstrated the use of benzotriazole as a synthetic 
auxiliary in the transformation of secondary amines to 
the corresponding tertiary amines.13 A typical procedure 
generally involves Mannich condensation of benzotriazole 
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with an aldehyde and an amine followed by displacement 
of the benzotriazolyl group by Grignard reagents. How- 
ever, this method was much less successful when applied 
to the similar conversion of aliphatic primary amines to 
the corresponding secondary amines because the Man- 
nich reaction of the former with an aldehyde and ben- 
zotriazole often led to mixtures of mono- and double- 
condensation products14 (Scheme 1). 

We later found that this type of condensation could be 
controlled to give the monoadduct when carried out in 
either ether-water or ether a t  room temperature; how- 
ever, the reactions were limited to the use of formalde- 
hyde and generally to sterically hindered aliphatic pri- 
mary amines.16 Our efforts to develop an efficient 
method for the conversion of aliphatic primary amines 
to the corresponding secondary amines have now dem- 
onstrated that 1-(trimethylsily1)benzotriazole (8) effi- 
ciently facilitates the addition of both alkyl and aryl 
Grignard reagents to imines 7 (Scheme 2). The mecha- 
nism is believed to involve initial addition of 1-(trimeth- 
ylsily1)benzotriazole to  the imine followed by displace- 
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Table 1. Addition of Grignard Reagents to Imines To 
Give Secondary Amines 9a-j 

compd R R' Rz yield(%) 
9a i-Pr (CHd6CH3 Ph 78 
9b i-Pr (CHz)&& PhCHz 65 
90 i-Pr (CHz)&H3 ~ - B u  76 
9d i-Pr (CHZ)~CH~ Me 60 
Be i-Pr PhCHz Ph 73 
9f i-Pr PhCHz Me 69 
9g CHdCHz)z Ph Ph 70 
9h CH3(CHz)z Ph n-Bu 61 
91 4-MeC6& (CHZ)~CH~ Ph 93 
9j 4-MeCs& (CHZ)~CH~ Me 72 

Communications 

ment of the benzotriazolyl group with Grignard reagents. 
The addition step must be reversible as indicated by the 
fact that heating 7 and 8 in the absence of Grignard 
reagents gave only small amounts of the addition product 
10 (NMR). Comparative experiments in which we at- 
tempted to react 7 with a Grignard in the absence of 
l-(trimethylsily1)benzotriazole resulted in recovery of 
most of the starting material 7. 

In a typical procedure, equimolar amounts of 1-(tri- 
methylsily1)benzotriazole and the appropriate imine were 
dissolved in dry toluene and alkyl or aryl Grignard 
reagents (2 equiv) added. The mixture was gently 
refluxed for 24 h, quenched with saturated aqueous NH4- 
C1, and extracted with diethyl ether. The pure secondary 
amines 9 (cfi Table 1) were obtained after column 
chromatography in yields of 60-93%. 

Alternatively, the imines need not be isolated as 
exemplified by a one-pot preparation of N-(Z-methyl-l- 
phenylpropy1)octylamine (9a). Thus, equimolar isobu- 

tyraldehyde and octylamine were stirred at  room tem- 
perature for 30 min followed by the addition of 2 equiv 
of BtSiMea. The mixture was refluxed for 8 h in toluene 
and PhMgBr added. The mixture was heated at reflux 
for an additional 24 h to afford 9a in a yield of 85%. 

This method has several advantages, compared with 
other literature procedures, for the transformation of 
primary aliphatic amines to secondary amines. 1-(Tri- 
methylsily1)benzotriazole is readily prepared by heating 
equimolar quantities of benzotriazole and bidtrimethyl- 
si1yl)amine (HN(SiMe& followed by distillation.16 It is 
neither appreciably acidic nor basic, and therefore, side 
effects, such as those caused by the use of Lewis acids, 
are minimized. The reaction appears to  be quite general, 
and imines possessing hydrogens a to both C and N react 
readily with Grignard reagents to give the corresponding 
secondary amines. This method, complementing our 
work previously reported,ls is shown to be particularly 
useful for the preparation of less sterically hindered 
aliphatic secondary amines. 
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