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Asymmetric Imine Hydroboration Catalyzed by Chiral 
Diazaphospholenes 
Matt R. Adams,[a] Chieh-Hung Tien,[a] Robert McDonald[b] and Alexander W. H. Speed*[a] 

Abstract: The first use of diazaphospholenes as chiral catalysts has 
been demonstrated with enantioselective imine hydroboration. A 
chiral diazaphospholene prepared in a simple three-step synthesis 
from commercial materials has been shown to achieve the highest 
enantioselectivity for hydroboration of alkyl imines with 
pinacolborane reported to date. Enantiomer ratios of up to 88:12 
were obtained with low (2 mol %) catalyst loadings. Shown are 20 
examples of asymmetric reduction employing this main-group 
catalysis protocol, including the synthesis of the pharmaceuticals 
ent-rasagiline and fendiline. 

The preparation of enatioenriched amines is of vital importance 
for the preparation of pharmaceuticals and agrochemicals.[ 1 ] 
While enzymatic resolution of primary amines by lipases is a 
practical method, these types of resolutions are not effective for 
preparation of enantioenriched secondary amines.[ 2 ] 
Hydrogenation of imines to form enantioenriched secondary 
amines by chiral transition metal catalysts is a well developed 
field.[3] Despite the performance of transition metal catalysts in 
homogenous hydrogenation, development of alternative 
procedures employing main-group element-based catalysts is 
currently of great interest, both to reduce usage of precious 
metal catalysts, and to uncover alternate selectivity and 
reactivity patterns to metal complexes. [4,5] Chiral frustrated Lewis 
pairs have been used for hydrogenation of imines to form 
enantioenriched amines.[6] Reductants other than hydrogen have 
been widely explored. Chiral Lewis base activation of 
trichlorosilane allows asymmetric reduction of aniline-derived 
imines.[ 7 ] A number of chiral Brønsted acid based catalysts 
employ Hantzsch esters or dihydrobenzothiazoles as terminal 
reductants, with a chiral sulfonic acid developed by List and co-
workers (Scheme 1) proving especially effective for the 
synthesis of secondary alkylamines.[ 8 , 9 ] Surprisingly, reports 
employing  boranes as terminal reductants are scarce. Reports 
of asymmetric reductive amine formation with CBS 
catalyst/Itsuno type reagents frequently require stoichiometric 
quantities of amino alcohol ligand, or very electron poor imines 
for high conversion or enantioselectivity unless the substrate is 
an oxime.[10, 11 ,12] In a more recent development, Du and co-
workers reported the asymmetric reduction of aryl imines with 
ammonia borane, employing 10 mol % of an adduct between 
Ellman’s chiral sulfinimide and Piers’ borane as a catalyst 
(Scheme 1).[13]   A report by Enders and co-workers describes 

the use of a chiral Brønsted acid for imine reduction employing 
catecholborane as the terminal reductant (Scheme 1), with aryl 
α imino ester substrates giving optimal enantioinduction.[14]  

  

Scheme 1. Systems for Metal Free Synthesis of Secondary Amines  

Hydridic diazaphospholenes are an emerging class of 
reductive catalysis. Follwing Gudat and co-workers’ original 
demonstration of diazaphospholene hydridicity in stoichiometric 
transformations,[15] Kinjo and co-workers demonstrated catalytic 
carbonyl and diazene reductions.[ 16 ] Our group recently 
demonstrated the application of neopentoxy diazaphospholene 
precatalysts for  imine reduction with low catalyst loadings at 
ambient temperatures (2 mol %). [17] Attracted by this efficiency, 
we sought to develop an asymmetric variant. While a 
diazaphospholene bearing chiral alkyl groups on nitrogen has 
been synthesized,[ 18 ] no examples of asymmetric reactions 
catalyzed by diazaphospholenes have yet been reported.  

  
Inspired by C2 symmetric carbenes developed by 

Herrmann and co-workers,[ 19 ] and Cramer and co-workers’ 
recent use of pseudo C2 symmetric diaminophospholanes as 
ligands for metal-catalyzed processes,[20 ] we investigated the 
preparation of pseudo C2 symmetric chiral diazaphospholenes 
(Scheme 2). Our previous studies showed that unsaturation in 
the backbone is required for reductive activity, precluding the 
use of a similar route to Cramer.[17] 
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Scheme 2. Strategy for synthesis of chiral diazaphospholenes and crystal 
structure of precatalyst 3c. Non-hydrogen thermal ellipsoids are scaled at the 
30% probability level. Hydrogen atoms are shown with arbitrarily small thermal 
parameters. Selected Interatomic distances for 4a (Å) P–O 1.636(2), P–N1 
1.702(2), P–N2 1.705(2), C1–C2 1.323(4). 

We investigated several diazaphospholenes with varying chiral 
groups. Known diimines 1a, [21] 1b,[22] 1c,[23] and 1d[24] underwent 
reductive cyclization with PBr3 in the presence of cyclohexene to 
give bromides 2a-2d according to the procedure developed by 
Macdonald and co-workers for achiral diimines.[25],[26] Bromides 
2a-2d were converted to the corresponding neopentyloxides 3a-
3d by treatment with neopentyl alcohol and triethylamine. A 
single crystal of 3c, grown from acetonitrile, exhibited a 
conformation where the naphthyl groups avoid the neopentoxy 
group. Diimine  1e did not undergo cyclization according to the 
PBr3 protocol. [20] Switching to use of PI3 as reported by Cowley 
and co-workers resulted in cyclization to phosphenium triiodide 
4.[27] Exposure 4 to an alkoxide was not fruitful, an observation 
precedented by Gudat, Nyulászi, and co-workers’ difficulties of 
adding metal amides to related pyridoannelated phosphenium 
cations.[28] It was found lithium hydride in diethyl ether could 
convert 4 to diazaphospholene iodide 2e which was uneventfully 
converted to precatalyst 3e. 

 
We next sought to explore these precatalysts’ ability to conduct 
asymmetric reduction reactions (Table 1). Imine 5, the precursor 
to the therapeutic ent-rasagiline, 6a, was employed as a test 

substrate since the alkyne in 5 would present a selectivity 
challenge for many transition metal catalysts. A brief solvent 
screen showed that THF gave the optimal induction for all 
precatalysts. In an initial reaction, precatalyst 3a gave 
predominantly (S) amine 6a (configuration determined by sign of 
optical rotation) in 72:28 e.r. (entry 1). All alkyl precatalyst 3d 
gave (S) imine with an inferior e.r. (entry 2). Electron-rich pre-
catalyst 3b also provided inferior stereoselection to catalyst 3a 
(entry 3). We next attempted reduction with catalyst 3c bearing 
larger and more rigid 1-naphthyl aromatic side chains.  
 
Table 1. Optimization of Asymmetric Induction  
 

 
 

Entry Catalyst Solvent Conversion[a] e. r.[b] 

1 
2 
3 
4 
5 
6 
7 
8 

3a 
3d 
3b 
3c 
3e 
3c 
3c 
3c 

THF 
THF 
THF 
THF 
THF 
CH3CN 
CH2Cl2 
Toluene 

>98 
>98 
>98 
>98 
>98 
>98 
63 
>98 

72:28 
60:40 
62:38 
85:15 
35:65 
62:38 
73:27 
76:24 

[a] Determined by 1H NMR spectrometry. [b] Determined by HPLC on a chiral 
stationary phase.  

 
Reduction of 5 employing catalyst 3c resulted in amine 6a in 
85:15 e.r. (entry 4). Replacing the methyl groups with tert-butyl 
groups (3e) resulted in a reduction in stereoselectivity. 
Measured enantiomer ratios produced by optimal catalyst 3c in 
three other select solvents are included for comparative 
purposes (entries 6-8).  

 
We developed a predictive model for induction based on the 
observed stereochemical outcome. In a conformation where the 
H substituents on the stereogenic centres point toward the 
phosphorus, a sterically controlled substrate approach based on 
minimizing interaction between the substituents on the imine and 
the large aryl groups produces the observed configuration 
(Figure 1). Minimization of A1,3 strain between the peri position of 
the naphthalene ring and the stereogenic centre increase the 
protrusion of the naphthyl ring into the space where the 
substrate would approach the P-H bond, potentially explaining 
the higher induction observed with catalyst 3c.[29] Catalyst 3e 
may have decreased steric differentiation between the void and 
filled quadrants relative to 3c, because of the increased steric 
bulk of the tert-butyl groups, potentially explaining the 
diminished enantioselectivity.  
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Figure 1.Quadrant model for asymmetric induction.30 
 
A series of amines were formed in investigation of substrate 
scope (Scheme 3), employing a reduced loading of 2 mol % of 
3c, with essentially no erosion of e.r. obtained for 6a at this 
loading. High conversions were generally observed after 16 
hours of reaction time. Substitution of the propargyl group with 
benzyl gave 6b with similar selectivity. A PMB group in 6c also 
gave similar selectivity. Investigation of electron withdrawing and 
donating groups in 6d and 6e, showed the electron withdrawing 
group resulted in a slight reduction of enantioselectivity. An 
imine derived from methoxyacetophenone and PMB amine gave 
amine 6f with slightly higher enantioselectivity. Amine 6g, 
containing a 2-naphthyl group was formed with higher selectivity 
than 1-naphthyl-bearing amine 6h. Ortho–substitution was 
tolerated in the formation of 6i. Propargylamines 6j and 6k again 
showed that an electron withdrawing group was detrimental to 
selectivity. Reduction of an imine derived from an isopropyl 
ketone to give amine 6l resulted in low induction, implying that 
imines with less steric differentiation between the substituents 
are poor substrates, in line with the quadrant model presented in 
Figure 1. Branching on the nitrogen substituent, in amines 6m 
and 6n also gave modest enantioselectivity.  Pyridyl (6o), furyl 
(6p) and ferrocenyl (6q) were tolerated with varying selectivities. 
Very electron rich aryl groups (6r and 6s) gave comparable 
selectivity to unadorned 6c. Finally, the pharmaceutical fendiline 
(6t) could be prepared with good enantioselectivity. The 
absolute (S) configuration for several of these products was 
confirmed by comparison of observed optical rotation to 
literature values.  
 
While the enantioselectivities for alkyl imine reduction observed 
with 3c do not equal the highest inductions obtained with chiral 
Brønsted acids such as those shown in Scheme 1, 3c has a 
number of attractive features, which should encourage further 
development and exploration of chiral diazaphospholenes in 
catalysis. The preparation of 3c is simpler than the Brønsted 
acid and Piers borane based catalysts shown in Scheme 1, 
requiring only three steps from commercially available 1-(1-
naphthyl)ethylamine, no organometallic intermediates, and no 
chromatographic purification. [31] The 2 mol % loading of 3c and 
16 h reaction times compares favorably with 5-10 mol % 
loadings required for imine reduction with catalysts shown in 
Scheme 1. While Hantzsch esters do not function as reductants 
with 3c, use of pinacolborane may confer advantages for 
product purification.[ 32 ] Additionally, pinacolborane is 
approximately half the molecular weight of typically used 
Hantzsch ester reductants. 
 

 

 

Scheme 3. Substrate Scope for Reduction. [a] Enantiomer ratio determined by 
HPLC of the amine on a chiral stationary phase. [b] Enantiomer ratio 
determined by HPLC of the BOC protected amine on a chiral stationary phase. 
Bn= benzyl, PMB=4-methoxybenzyl, Cy= cyclohexyl. 

 
 
In conclusion, we have shown chiral diazaphospholenes are a 
new and practical class of catalyst for asymmetric synthesis. 
The use of chiral diazaphospholenes with commercially 
available HB(pin) as the terminal reductant has been shown to 
be competitive with existing metal-free technologies for 
reduction of imines because of simple catalyst preparation, and 
low catalyst loading. A broad substrate scope among imines 
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flanked by aromatic groups was demonstrated, and 
enantiomeric ratios are best-in-class for alkyl imine 
hydroborations with pinacolborane. Efforts to explore chiral 
diazaphospholene architecture in other classes of reactions are 
underway, and will be reported in due course.  
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