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Preparation of homoallylic amines via a three-component 
coupling process† 
 Xiaoxu Ou,a Ricardo Labes,a Claudio Battilocchio,a,b* Steven V. Leya* 

A three-component synthesis of homoallylic amines is described. 
The allylboronic species were generated in situ by homologation of 
vinyl boroxines with trimethylsilyldiazomethane, then followed by 
trapping of the allylboron intermediate with imines. Twenty-seven 
compounds were successfully prepared in moderate to high yields. 
Imines bearing various functional groups were tolerated, including 
aliphatic, aromatic and heteroaromatic substituents. Further 
elaboration of some of the homoallylic amines to form azeditines is 
also reported. 

 Homoallylic amines occur as a structural feature in various 
alkaloids and anti-cancer agents (Figure 1).1 As a result, there is 
interest in developing efficient strategies for the formation of 
these particular entities. 

Of special merit for their preparation is the addition of 
allylboronic derivatives to imines.2-5 The first diastereoselective 
allylboration of acyclic imines by allylic boroxines under 
anhydrous conditions was reported in 2014.2 In this particular 
case, the authors selected three boroxines, which were 

Figure 1 Natural products containing the homoallylic amine motif. 

prepared via a Pd-catalysed procedure.6 Despite the lack of 
stability and the limited scope of the boroxine component, the 
method has broad imine scope. 
 Concerning the allylation of imines to afford homoallylic 
amines, although there are many reported studies to show 
applicability of the various methods, there is however a need 
for a complementary, more general method which would result 
in a broader scope of the boronic precursors. 
 Recently we have described a metal-free route to afford 
homoallylic alcohols via in situ generation of allyl boronic 
species, which are initially formed from 
(trimethylsilyl)diazomethane (TMSCHN2) and a vinyl boronic 
acid, and trapped with aldehydes.7 In addition to this, recent 
DFT studies8 have shed light on the role that boroxines play in 
the reactivity of this system.  
 Based on this previous work, we explored the use of 
boroxines as reactive species to afford a broad class of 
homoallylic amines, via homologation with TMSCHN2 followed 
by combination with a variety of substituted imines. 
 In Table 1, N-methyl benzaldimine 2 and chloro-methylvinyl 
boroxine 1 were selected as model substrates for initial studies. 
The reaction was performed under anhydrous conditions, to 
avoid hydrolysis of the boroxine, and a 1:1 ratio of 
trimethylsilyldiazomethane vs boroxine was initially 
investigated. When 1 equivalent of imine and boroxine were 
reacted with trimethylsilyldiazomethane in CH2Cl2 at room 
temperature for 24 hrs (Table 1, entry 1), we could isolate the 
homoallylic amine 3 as a single diastereomer, but only in 13% 
yield, alongside unreacted starting material and homoallylic 
alcohol byproduct 4. 
 A series of further experiments highlighted that the yield 
and reaction rate were affected by the stoichiometry of the 
boroxine (Table 1, entry 3-5), whereby increasing the equivalent 
of boroxine to 1.5 drove the reaction to completion. Employing 
strictly anhydrous conditions, at 85°C, it was possible to obtain 
the product in 94% yield, over 6h (Entry 11). 
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Table 1 Allylboration of arylimines with allylboroxines 

Entry Eq. Monomeric 
Boroxine 

Solvent Temp  Time(h) Additive Yield 
3 (%) 

1 1 CH2Cl2 rt 24 - 13 

2 1 CH2Cl2 rt 48 - 17 

3 1.3 CH2Cl2 rt 48 - 20 

4 1.5 CH2Cl2 rt 48 - 29 

5 2 CH2Cl2 rt 48 - 30 

6 1.5 toluene rt 48 - 55 

7 1.5 toluene rt 48 Et3N 0 

8 1.5 toluene rt 48 Na2SO4 73 

9 1.5 toluene 85˚C 12 Na2SO4 86 

10 1.5 toluene 85˚C 12 - 87 

11 1.5 toluene 85˚C 6 - 94 

12 1.5 toluene 85˚C 3 - 43 

 
 Next we explored and the scope of the method, initially 
varying the boroxine component. Both electron-rich (Table 2, 
entry 4) and electron-deficient (Table 2, entry 5 and 6) all 
reacted in high yields. Alkyl and vinyl boroxines were also 
tolerated affording good yields of the corresponding products 
(Table 2, entries 7,13,15-18 and 21-23).  

Table 2 Allylboration of arylimines with allylboroxines 

 

Table 2 Continued 

  
 The examples demonstrate wide reaction scope tolerating 
heterocycles, esters, alkenes, halides and anilines. In most 
cases, the reactions are highly diastereoselective while in some 
cases moderate d.r. were observed. Yields are generally good to 
excellent. 
 This very general and mild protocol clearly sets the scene for 
further product transformations. One can envisage various 
cross-couplings, cross metathesis, deprotection and ring 
forming reactions for example. Similarly, the vinyl trimethylsilyl 
substituent can serve as a precursor for protodesilylation or 
halodesilylation following known procedures.9-10 
 By way of an illustration, we report three examples whereby 
the chloromethylated precursors 3, 25 and 26 were readily 
converted using triethylamine to the corresponding azetidines 
29-31 in essentially quantitative yields (Table 3). 

Table 3 Synthesis of azetidines from homoallylic amines 

 
 It is clear that this new three component coupling approach 
rapidly builds molecular complexity and attractively leads to a 
wide range of useful homoallylic amines, some of which 
precursors for azetidine preparation. One can anticipate further 
elaboration and in particular employing other reactive more 
substituted diazo species. 
 We are grateful to Syngenta Crop Protection (CB) and the 
EPSRC (SVL, grant # EP/K009494/1, EP/M004120/1 and 
EP/K039520/1) for financial support. 
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Conclusions 
In conclusion, the method efficiently generates a wide range of 
potentially useful homoallylic amines through a 3-component 
coupling approach, involving the reaction with vinyl substituted 
boroxines, which were homologated in situ with trimethylsilyl 
diazomethane prior to being intercepted with various imines to 
afford a range of useful building blocks including azetidines. 

Conflicts of interest 
There are no conflicts to declare. 
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