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A hybrid silylene-Pd catalyst: efficient C–N
cross-coupling of sterically bulky amines and
chiral amines†

Sandeep H. Kaulage, ‡a Nasrina Parvin,‡a Kishor V. Khopadebc and
Shabana Khan *a

Herein, we report a catalytic system with N-heterocyclic silylene

(NHSi)-phosphine-based hybrid bidentate ligands [PhC(NtBu)2-

SiN(PR2)(2,6-iPr2-C6H3)] and Pd(dba)2, which serves as an effective

catalyst for C–N cross-coupling of a wide range of sterically bulky

amines and optically active amines, which is challenging otherwise.

Recently, the heavier analogues of N-heterocyclic carbenes
(NHCs), namely N-heterocyclic silylenes (NHSis), have attracted
significant attention due to their superiority as ligands in
several catalytic reactions.1 Many organic transformations have
been performed efficiently using NHSis ligated transition
metals.2 Among the bond formation reactions, the C–N cou-
pling reaction has materialized as a general tool for the
preparation of aromatic amines with extensive applications in
pharmaceuticals, synthesis of natural products, materials
science, and catalysis.3 In the last few decades, phosphines
and NHCs have been the dominating ligands in C–N cross-
coupling reactions.4 However, there have been only sporadic
reports on Pd-catalyzed coupling of chiral amines to access
chiral N-aryl amines as racemization happens in the presence
of a strong base and palladium (Pd).5 Although NHSis
have been used for a variety of applications, their use in C–N
coupling reactions is still in its infancy.6 Surprisingly, there are
no reports on C–N cross-coupling reactions using NHSi-Pd(0)

complexes. Moreover, there is no example of the use of NHSi-
metal complexes in asymmetric catalysis to date.

Considering the above facts, we anticipated that the strong s-
donation of silylene in combination with a phosphine ligand could
be used to develop a more comprehensive catalyst system for the C–
N cross-coupling of various substrates. We also presumed that such
a bidentate ligand system could suppress the amine racemization,
leading to enantioretention.5c This work reports challenging inter-
molecular C–N cross-coupling of chiral amines and sterically bulky
amines catalyzed by the silylene-phosphine-based bidentate ligand
palladium(0) (SiNP/Pd). Our results are discussed below.

We envisioned the use of functionalized amidinato silylene
[PhC(NtBu)2SiN(PPh2)(2,6-iPr2-C6H3)] (L1) in C–N cross-coupling
reactions, which consists of two coordination sites, Si(II) and
P(III).7a To widen the ligand scope of this hybrid system, we also
prepared another analogue with a –PiPr2 group (L2) and also
utilized a SiNP ligand with a phenyl backbone (L3) (Scheme 1).7b

To target the difficult C–N cross-couplings, we screened
three model C–N cross-coupling reactions of a very bulky amine
(2,6-bis[bis(4-(methyl/tert-butyl)phenyl)methyl]-4-methyl aniline)
and aryl bromide (mesityl bromide and 1,3-bis(trifluoromethyl)-
5-bromobenzene) (Scheme 1 and Table S2, ESI†). It is noteworthy
to mention that these amines are very challenging to couple in
excellent yields due to their extremely bulky nature.8 We also
screened other ligands such as PNGe (L4), PNSn (L5), mono-
dentate silylene [PhC(NtBu)2SiN(TMS)2] (L6), PNP (L7) DPEphos
(L8), IPr (L9), etc (see the ESI† for the synthesis of the ligands) for
a comparison (Scheme 1). We observed that the ligands L1 and
L2 give the best results with 499% isolated yield of the products
compared to other ligands, including diphosphine and IPr
carbene (Scheme 1). The better catalytic performance of L1
and L2 is presumably due to the strong s-donation and biden-
tate nature of the NHSi ligand, which makes the metal centre
more electron-rich and stable.

To understand the ligand–metal bonding situation of L1–L3,
we prepared their PdCl2 complexes (1–3) by reacting L1–L3 with
PdCl2(ACN)2 salt in a THF/toluene solvent in a 1 : 1 molar ratio
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(Fig. 1). All the complexes (1–3) were isolated in good yields as pale-
yellow crystals. The molecular structures of 1–3 display a four-
coordinate Pd(II) centre (Fig. 1). The Pd(II) centre in 1–3 is
coordinated with Si(II) and P(III) sites, displaying a distorted square
planar geometry. We further calculated the buried volume (%Vbur)9

of the complexes 1–3 (%Vbur = 51.9% of 1, 53.4% of 2, and 56.0% of
3) (Fig. S1, see the ESI† for details) to understand the steric nature
of the ligand around the metal centre, which clearly reveals the
bulkier nature of L3. The bite angles9 (SiPdP) in 1–3 further
support the more steric nature of L3 compared to L1 and L2,
which is presumably responsible for the lower yield of the products
with L3. To check the catalytic potential of the Pd(II) complexes 1–
3, we tried them for the C–N coupling of the bulky amine with aryl
bromides, which led to the formation of B70% coupled products
at 2 mol% catalyst loading (see the ESI† for details).

The substrate scope of the L1/L2-Pd(0) system was investigated
with a diverse range of sterically hindered amines with several
aryl bromides (possessing electron-donating and electron-
withdrawing groups) to give the coupling products 4a–4p in
excellent yields (up to 99%) (Fig. 2). Notably, an excellent product
conversion was observed for the coupling of extremely bulky
amines and aryl bromide substituted with –CF3 groups (4p,
95%), which is otherwise sterically and electronically disfavoured.

The Pd-catalysed coupling of chiral amines to access chiral
N-aryl amines is very challenging as racemization happens in

the presence of a strong base with Pd due to the b-hydride
elimination, which restricts the scope of this catalytic system for
asymmetric catalysis.5 There is only one report on Pd-catalyzed
C–N coupling of chiral amines, which explains using BINAP
(2,20-bis(diphenylphosphino)-1,10-binaphthyl) as a ligand to pre-
vent racemization.5c Hence, we tested our catalytic system for the
coupling of the chiral amines with aryl bromides and screened
other ligands too for the comparison (Table 1 and Fig. 3). Ligand
L2 outperformed other ligands displaying the best enantiomeric
excess (ee%) (Table 1). Furthermore, several chiral amines were
coupled with aryl bromides bearing electron-donating and
electron-withdrawing groups affording desirable products in
good yields (5a–5l) (Fig. 3). Notably, most of the substrates
demonstrated high stereo retentivity (ee 4 85%), which is highly
desirable as they tend to lose enantioselectivity in the presence
of Pd and NaOtBu at high temperature. The steric bulk and the
bidentate binding of the ligand L1/L2 with a Pd centre are
considered to be responsible for this enantioretention, as other
ligands (L7–L9) did not afford the same results.

Scheme 1 Ligand e�ect on C…N cross-coupling of a sterically bulky
aniline.a aConditions unless specified otherwise: Aryl amine (0.5 mmol,
1 equiv.), aryl bromide (0.5 mmol, 1 equiv.), NaOtBu (1.4 mmol, 2.8 equiv.),
ligand (0.01 mmol, 2 mol%), [Pd] (0.01 mmol, 2 mol%), toluene (2 mL),
100 1C and 24 h. Pd(dba)2 = [Bis(dibenzylideneacetone)palladium(0)]. All
are isolated yields (average of two runs). Dipp = 2,6-diisopropylphenyl. Fig. 1 Reaction of L1–L3 with PdCl2(ACN)2 (ACN = CH3CN) and the mole-

cular structures of L2, 1–3 with anisotropic displacem ent parameters depicted
at the 30% probability level. Hydrogen a toms are not shown for clarity. Selected
bond distances (Å) and angles (1): For (L2) P1…N1 1.747(2), N1…Si1 1.795(2); and
P1…N1…Si1 120.73(7); For (1) N1…P1 1.733(2), N1…Si1 1.746(2), P1…Pd1 2.2177(7),
Si1…Pd1 2.2079(8), Pd1…Cl1 2.4140(8), Pd1…Cl2 2.4140(8); and P1…N1-Si1
92.76(9), N1…Si1-Pd1 97.22(7), Si1…Pd1-P1 69.35(2). For (2) N1…P1 1.748(4),
N1…Si1 1.738(4), P1…Pd1 2.232(1), Si1…Pd1 2.210(1); Si1…Pd1-P1 69.18(4). For
(3) P1…Pd1 2.222(2), Pd1…Si2 2.234(2) and P1…Pd1…Si2 87.82(7).
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