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Abstract

Diarylmethylamines are of great interest due to their prevalence in pharmaceutical chemistry. As a 

result, new methods for their synthesis are in demand. Herein, we report a versatile protocol for 

the synthesis of diarylmethylamine derivatives involving palladium-catalyzed arylation of in situ 

generated 2-azaallyl anion intermediates. The 2-azaallyl anions are generated by reversible 

deprotonation of readily available aldimine and ketimine precursors. Importantly, the arylated 

aldimine and ketimine products do not undergo isomerization under the reaction conditions. Scale-

up of the arylation and hydrolysis of the resulting products to furnish diarylmethylamines were 

also successfully performed.

Introduction

Molecules containing the diarylmethylamine scaffold are prevalent in biological and 

pharmaceutical sciences, with examples including Zyrtec,1 Levocetirizine,2 Meclozine,3 

Solifenacin,4 BDF9148,5 SNC80,6 and ARM4347 (Fig. 1). Given the widespread utility of 

diarylmethylamines in medicinal chemistry, new syntheses of these pharmacophores have 

immediate potential applications.

An appealing tactic for the synthesis of diarylmethylamines is functionalization of sp3-

hybridized C–H bonds adjacent to nitrogen in benzylic amines.8 Retrosynthetically, such an 

approach represents an umpolung disconnection (Scheme 1).

Direct deprotonation of the benzylic C–H’s in benzyl amine derivatives under catalytic 

conditions is anticipated to be quite difficult. As a result, strategies to increase the acidity of 
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the benzylic C–H’s have been explored. We recently employed arene activation by 

coordination of Cr(CO)3 in (η2-C6H5CH2NR2) Cr(CO)3 complexes, which were 

successfully coupled with aryl bromides, and enantioselectively with aryl triflates, under 

basic conditions.9 A different approach by Oshima and co-workers10 involved use of N-

benzyl benzophenone ketimines and derivatives that were deprotonated with CsOH at 140 

°C. In the presence of catalytic palladium and PCy3, cross-coupling of the intermediate 2-

azaallyl anion with aryl chlorides was achieved in moderate yields (Scheme 2). 

Unfortunately, the harsh reaction conditions resulted in isomeric mixtures in every case, 

underminding the utility of this chemistry (Scheme 2).10 Oshima and coworkers later 

introduced a method to convert the isomeric mixtures to a single products, but this required 

additional steps.10a

Given the great impact of diarylmethylamines in medicinal chemistry, and the unrealized 

potential of this transformation, development of a viable arylation of benzylic ketimines is 

clearly of value. We hypothesized that two intertwined problems would need to be 

surmounted before the reaction in Scheme 2 could be rendered synthetically useful. First, a 

catalyst for the coupling that operates under mild conditions must be identified. Second, 

bases and conditions must be introduced that avoid the undesirable deprotonation and 

isomerization of the product that was observed by Oshima (Scheme 2).

Herein we report the first synthetically useful arylation of benzophenone imines. In the 

presence of a NIXANTPHOS-based catalyst we have reduced the reaction temperature by as 

much as 115 °C. Most importantly, under our conditions, no isomerization of the product is 

observed. We also demonstrate the first examples with aldimine substrates, ultimately 

providing a flexible route to diarylmethylamines via regioselective arylation of 1,1,3-

triaryl-2-azaallyl anions.11

Results and discussion

To avoid simultaneous optimization of base, solvent, palladium source and ligand, we first 

focus only on the deprotonation step. We have found that trapping the resulting anion by 

benzylation allows us to determine which bases are capable of deprotonation of the 

substrates and serves as a starting point for optimization of the deprotonation step.12 The 

reaction between benzophenone imine 1a and benzyl chloride (Scheme 3) was examined in 

the presence of 12 bases [LiN(SiMe3)2, NaN(-SiMe3)2, KN(SiMe3)2, LiO–tBu, NaO–tBu, 

KO–tBu, NaH, LiOAc, KOAc, K3PO4, Cs2CO3, and KOPh, see ESI for details†]. Reactions 

were conducted in THF and CPME (cyclopentyl methyl ether) on microscale (10 μmol) at rt 

for 12 h. NaN(SiMe3)2, KN(SiMe3)2 and KO-tBu generated the benzylated product. On 

laboratory scale, the most promising result was obtained with NaN(SiMe3)2 in THF (95% 

assay yield).

With the base/solvent combination outlined above, we conducted a room temperature screen 

of 24 electronically diverse, mono- and bidentate phosphine ligands with Pd(OAc)2 (see ESI 

for details†). The top 6 ligands, and their product : internal standard ratios, were: 

NIXANTPHOS13 (3.65), CataCXium A (2.96), PCy3 (1.22), dippf (1.10), SPhos (0.88) and 

XANTPHOS (0.77) (see Fig. 2 for select structures). It is particularly interesting that 
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NIXANTPHOS outperformed PCy3 by a factor of three at rt and was also much more 

efficient than the structurally similar XANTPHOS.

Based on the initial screening hits, we continued our optimization on laboratory scale with 

CPME and THF solvents, silylamide and alkoxide bases, NIXANTPHOS and Pd(OAc)2 

(Table 1, entries 1–6). Consistent with HTE screening results, NaN(SiMe3)2 in THF and 

CPME were the most promising, with up to 80% assay yield. During the optimization, two 

byproducts were isolated and assigned as the isomerized aldimine 1a′ and the diastereomeric 

dimerization products 4a (Scheme 4). The assignment of aldimine 1a′ was confirmed by 

independent synthesis.14 Subjecting the benzophenone imine 1a and the isomeric aldimine 

1a′ each to 1.5 equiv. NaN(SiMe3)2 in THF for 12 h at rt led to mixtures of 1a, 1a′ and 4a. 

In contrast, subjecting the arylation product 3ab to the deprotonation conditions did not lead 

to isomerization. Key to the outcome of the arylation reaction are the relative rates of the 2-

azaallyl anion reacting with the starting imines to give the dimer vs. transmetalation to the 

palladium catalyst, as shown in Scheme 4.

Attempts to eliminate the formation of the less reactive isomerized aldimine 1a′ or the 

dimerization product were unsuccessful. We hypothesized the impact of the byproducts on 

the arylation yield could be minimized by employing 2 equivalents of the benzophenone 

ketimine 1a in the coupling reaction. Furthermore, conversion to the desired arylation 

product, vs. the byproducts, could be improved by reducing the concentration of the azaallyl 

anion. We envisioned that this could be accomplished by slow addition of base to the 

reaction mixture. We found that portionwise addition of the base led to 99% assay yield of 

the arylation product in CPME (Table 1, entry 7) and 94% yield in THF (entry 8).

Further optimization of the catalyst loading indicated that the yield remained above 90% at 5 

and 2.5 mol% Pd (entries 9 and 10), but dropped to 78% at 1 mol% (entry 11).

With the optimized reaction conditions in hand (Table 1, entry 10), the scope of aryl 

bromides in the arylation of benzophenone ketimine 1a was examined (Table 2). 

Bromobenzene and aryl bromides bearing electron donating alkyl substituents at para- and 

meta-positions furnished coupling products 3aa, 3ab, 3ac and 3ad in 83–90% yield (Table 

2, entries 1–4). Aryl bromides possessing electron-donating 4-N,N-dimethylamino (2e) and 

4-methoxy (2f) groups furnished coupling products (3ae, 3af) in 78 and 70% yield, 

respectively (5 mol% catalyst loading). Raising the palladium loading for these more 

challenging substrates to 10 mol% resulted in an increase in the yield to 93 and 90%, 

respectively (entries 5 and 6).

Aryl bromides with electron-withdrawing substituents were also suitable coupling partners. 

In particular, 4-chloro bromo-benzene (2g, entry 7) was transformed into the coupled 

product 3ag in 90% yield with the carbon-chloride bond remaining intact. 4-Fluoro- (2h) 

and 4-trifluoromethyl bromobenzene (2i) afforded the coupled products 3ah and 3ai in 86 

and 75% yields, respectively (entries 8 and 9). Heterocyclic 3-bromopyridine 2j also 

coupled with 1a to give product in 60% yield at 5 mol% catalyst loading (entry 10). Aryl 

bromides bearing 4-cyano (2k) and 4-ethyl ester (2l) substituents provided arylation 

products in 64 and 63% yield with 10 mol% catalyst (entries 11 and 12). It is important to 
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note that even with electron withdrawing substituents on the aryl substituted products, no 

isomerization was observed in Table 2.

The scope of the N-benzyl group of the benzophenone ketimine coupling partner was 

determined (Table 3). Overall, ketimine substrates bearing electron-donating, electron-

withdrawing and heterocyclic N-benzyl derived groups furnished the coupling products with 

bromobenzene in moderate to excellent yields with catalyst loadings of 2.5–10 mol%. 

Coupling of 4-methyl benzyl ketimine derivative furnished the product in 89% yield (Table 

3, entry 1). The sterically more demanding 1-naphthyl substituted ketimine (1c) exhibited no 

reaction under the standard conditions. Optimization of this substrate led to 3ca in 71% yield 

at 80 °C after 12 h with 10 mol% palladium in THF and LiO–t-Bu (entry 2). The 4-methoxy 

benzyl amine derivative (1d) reacted sluggishly under our standard conditions, probably 

because of the increased pKa. Replacement of NaN(SiMe3)2 with a more reactive 

KN(SiMe3)2 resulted in 71% yield (entry 3).

Ketimines containing halogens (1e, 1f, 1g) smoothly reacted with 2a (2.5 mol% Pd), 

generating the desired products in 83–91% yield (Table 3, entries 4–6). The 3-pyridyl 

derivative (1j) furnished the arylation product in 87% yield with 5 mol% catalyst loading 

(entry 7). With the 4-pyridyl substrate, use of LiN(SiMe3)2 at 50 °C was necessary, 

ultimately leading to 90% yield (entry 8). The 2-furyl-based ketimine underwent cross 

coupling with 10 mol% catalyst loading in 60% yield (entry 9). Along similar lines, Scheme 

5 illustrates the coupling of two halogenated partners, followed by purification of the imine 

product and hydrolysis to give 3fh as the hydrochloride salt in 79% overall yield (Scheme 

5).16 For this substrate, bearing two electron-withdrawing groups, and all the products in 

Tables 2 and 3, no product isomerization was observed under our reaction conditions.

A wide variety of benzaldehyde derivatives are commercially available and inexpensive, 

inspiring us to explore the arylation of aldimines prepared from benzaldehyde and its 

analogues. Given the aldimine precursors 1′ and the isomeric ketimine 1 generate the same 

azaallyl anion, we examined coupling with aldimines 1′ under the standard conditions 

employed in Table 1 (entry 10), however, only 67% yield was obtained. In contrast, 

Buchwald’s 3rd-generation precatalyst in situ generated from 2.5 mol% of Buchwald’s μ-

OMs Pd dimer with 5 mol% NI-XANTPHOS17 at 60 °C gave 94% yield (Table 4, entry 1). 

4-N,N-Dimethylamino bromobenzene (2e) underwent coupling in 80% yield, providing 

product 3ae (entry 2). Aldimines containing heterocycles were also well tolerated. Both 3- 

and 4-pyridyl derived aldimines (1h′ and 1i′) furnished products in 77 and 91% yield with 

10 and 5 mol% catalyst loading, respectively (entry 3 and 4). Notably, the 3-furyl-based 

substrate underwent cross-coupling at 5 mol% catalyst loading and furnished the product in 

85% yield. Considering the price difference between 3-furylmethylamine ($750 per g) and 

3-furancarboxaldehyde ($7.94 per g),18 the aldimine arylation proved to be much more cost 

effective.

The success of the 3rd-generation Buchwald precatalyst in the aldimine arylation (Table 4) 

inspired us to exploit it with very difficult substrates. Coupling of ketimine 1a with N-(4-

bromophenyl) acetamide, with a free N–H, was undertaken. As outlined in Scheme 6a, using 

μ-OMs dimer 6 enabled coupling of 1a with 2m to afford 75% yield of product 3am. No 
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byproduct derived from Buchwald–Hartwig coupling19 was observed (1H NMR). In the case 

of the sterically hindered aryl bromide, 2-bromo toluene (2n), a synthetically useful 56% 

yield was obtained. It is noteworthy that precatalyst 7, in the presence of NIXANTPHOS, 

afforded bis-heterocyclic product 3ij in excellent yield (90%, Scheme 6c).

To further increase the synthetic utility and efficiency of our arylation of 1,1,3-triaryl-2-

azaallyl anions, we set out to develop a protocol for the in situ imine generation followed by 

cross-coupling. Subjecting the commercially available benzophenone imine Ph2C=NH to 1 

equiv. of benzyl amine in THF at 50 °C for 12 h in a sealed microwave vial under nitrogen 

led to ketimine 1a (Table 5). Complete removal of the THF solvent under vacuum was 

followed by addition of 5 mol% Pd(OAc)2 and 7.5 mol% NIXANTPHOS. Next, aryl 

bromide was added followed by portionwise addition of NaN(SiMe3)2 in CPME (as outlined 

in entry 10 of Table 1). As illustrated in Table 5, aryl bromides bearing electron-

withdrawing, neutral and electron-donating groups furnished the desired arylation products 

in 63–92% yield. In a similar fashion, a telescoped aldimine synthesis/cross-coupling 

procedure was conducted (see Experimental section). Aryl bromides bearing electron-

withdrawing, neutral and electron-donating substituents furnished the desired arylation 

products in 73–93% yield (Table 6).

For any method to be synthetically useful, it must be scalable. We scaled up the ketimine 

arylation using imine 1a with 1-bromo-4-tert-butylbenzene on a 3 mmol scale with catalyst 

loading of 2.5 mol%. The desired coupling product was isolated in 81% yield (0.98 g, 

Scheme 7A). We also scaled up the telescoped synthesis with 4-pyridyl imine 1i and cross-

coupling with bromobenzene. Using the procedure outlined in Table 5, the reaction was 

conducted with 3 mmol 1i (Scheme 7B). The desired product 3ia was isolated in 74% yield 

(0.77 g).

Hydrolysis20 of several ketimine products afforded diaryl-methylamines 8–15 as crystalline 

hydrochloride salts in 92–97% yield (Table 7). Salts 9 and 10 were reported to have 

antispasmodic activity against furtrethonium.21 Other salts (8, 12, 13, and 14) are useful 

intermediates toward bioactive compounds.22 In each case, only a single diarylmethylamine 

product was isolated in high yield, indicating that isomerization of the arylated ketimines 

during their formation and hydrolysis did not take place. In contrast, hydrolysis of the 

products from the Oshima procedure in Scheme 2 would give a mixture of 

diarylmethylamines.

Simple functionalization of our diarylmethylamine products afforded bioactive compounds 

in synthetically useful yields (Scheme 8). Acetylation of 12 was conducted to provide the 

amide 16. Acetamide 16 was reported to exhibit in vivo anti-hypoxic and anticonvulsant 

activity.22a N-Benzhydrylurea derivatives 17 was synthesized from 13 and urea. It was 

reported to have antihypoxic activity,23a in vivo effects on mouse liver microsome 

cytochrome P-450 content,23b and anticonvulsant activity.23c
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Conclusions

Diarylmethylamines have played a significant role in the betterment of human health and 

wellbeing. Herein, we have developed the first efficient approaches to the synthesis of this 

important class of compounds based on the arylation of 1,1,3-triaryl-2-azaallyl anions. The 

key to success is the advancement of a NIXANTPHOS-based catalyst that enables the 

arylation to be conducted under mild conditions and the identification of a hindered base 

[NaN(SiMe3)2], such that the product of the reaction is not deprotonated or isomerized, as 

observed previously. Finally, in contrast to other palladium catalyzed reactions of 1,1,3-

triaryl-2-azaallyl anions,11 our catalyst enables excellent control over regiochemistry of the 

C–C bond forming reaction.24

Experimental section

General methods

All reactions were conducted under a nitrogen atmosphere with oven-dried glassware and 

standard Schlenk or vacuum line techniques. All solutions were handled under nitrogen and 

transferred via syringe. Anhydrous solvents, including CPME (cyclopentyl methyl ether), 

1,4-dioxane, and 2-MeTHF were purchased from Sigma-Aldrich and directly used without 

further purification. Toluene and THF were dried through activated alumina columns. 

Unless otherwise stated, reagents were commercially available and used as purchased 

without further purification. Chemicals were purchased from Sigma-Aldrich, Acros, Alfa 

Aesar or Matrix Scientific, and solvents were purchased from Fisher Scientific. Progress of 

reactions was monitored by thin-layer chromatography using Whatman Par-tisil K6F 250 

μm precoated 60 Å silica gel plates and visualized by short-wave ultraviolet light as well as 

by treatment with iodine or ceric ammonium molybdate (CAM) stain. Flash chromatography 

was performed with silica gel (230–400 mesh, Silicycle). 1H and 13C{1H} NMR spectra 

were obtained using a Brüker AM-500 Fourier-transform NMR spectrometer at 500 and 125 

MHz, respectively. Chemical shifts were reported in units of parts per million (ppm) 

downfield from tetramethylsilane (TMS), and all coupling constants were reported in hertz. 

The infrared spectra were taken with KBr plates with a Perkin-Elmer Spectrum 100 Series 

spectrometer. High resolution mass spectrometry (HRMS) data were obtained on a Waters 

LC-TOF mass spectrometer (model LCT-XE Premier) using chemical ionization (CI) or 

electrospray ionization (ESI) in positive or negative mode, depending on the analyte. 

Melting points were determined on a Unimelt Thomas-Hoover melting point apparatus and 

were uncorrected. Deactivated silica gel was prepared by addition of 15 mL of Et3N to 1 L 

of silica gel. Note that in some cases, due to the large number of inequivalent aromatic 

carbons in the products, coincidental overlap of resonances prevented observation of all the 

expected resonances.

Procedure and characterization for the Pd catalyzed ketimine arylation

An oven-dried microwave vial equipped with a stir bar was charged with imine 1a (54.3 mg, 

0.20 mmol) under a nitrogen atmosphere. A stock solution of Pd(OAc)2 (0.55 mg, 0.0025 

mmol) and NIXANTPHOS (2.1 mg, 0.00375 mmol) under nitrogen in 0.5 mL dry CPME 

was taken up by syringe and added to the reaction vial. The vial was sealed, and 1-bromo-4-
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tert-butylbenzene (17.3 μL, 0.10 mmol) was added dropwise by syringe to this solution 

through the rubber septum. A solution of NaN(SiMe3)2 (36.7 mg, 0.20 mmol) in 0.5 mL 

CPME was added portionwise by syringe at 0.1 mL per 30 min at 24 °C. The reaction 

mixture was stirred for 3 h at 24 °C, opened to air, quenched with two drops of H2O, diluted 

with 3 mL of ethyl acetate, and filtered over a pad of MgSO4 and silica. The pad was rinsed 

with an additional 6 mL of ethyl acetate, and the combined solutions were concentrated in 

vacuo. The crude material was loaded onto a silica gel column via pipette and purified by 

flash chromatography (hexanes to diethyl ether–hexanes = 1 : 50).

Procedure and characterization for the Pd catalyzed aldimine arylation

An oven-dried microwave vial equipped with a stir bar was charged with aldimine 1a′ (54.3 

mg, 0.20 mmol) under a nitrogen atmosphere. A stock solution of Buchwald’s 3rd 

generation pre-catalyst Pd dimer (1.8 mg, 0.0025 mmol) and NIXANTPHOS (2.8 mg, 

0.0050 mmol) under nitrogen in 0.5 mL dry CPME was taken up by syringe and added to 

the reaction vial. The vial was sealed, and 1-bromo-4-tert-butylbenzene (17.3 μL, 0.10 

mmol) was added dropwise by syringe to this solution through the rubber septum. A solution 

of NaN(SiMe3)2 (55.0 mg, 0.30 mmol) in 0.5 mL CPME was added portionwise by syringe 

at 0.1 mL per 30 min at 60 °C. The reaction mixture was stirred for 12 h at 60 °C, opened to 

air, quenched with two drops of H2O, diluted with 3 mL of ethyl acetate, and filtered over a 

pad of MgSO4 and silica. The pad was rinsed with an additional 6 mL of ethyl acetate, and 

the combined solutions were concentrated in vacuo. The crude material was loaded onto a 

silica gel column via pipette and purified by flash chromatography (hexanes to diethyl 

ether–hexanes = 1 : 50).

One-pot ketimine synthesis/Pd-catalyzed arylation

An oven-dried microwave vial equipped with a stir bar was charged with benzylamine (32.1 

mg, 0.30 mmol) and benzophenone imine (54.4 mg, 0.30 mmol) under a nitrogen 

atmosphere. Next, 1 mL of dry THF was added under nitrogen via syringe and the vial was 

sealed. The reaction was then placed in an oil bath at 50 °C. After the reaction mixture was 

stirred for 12 h at 50 °C, the solvent was completely removed in vacuo and the vial was 

refilled with nitrogen. A stock solution of Pd(OAc)2 (0.55 mg, 0.0025 mmol) and 

NIXANTPHOS (2.1 mg, 0.00375 mmol) under nitrogen in 0.5 mL dry CPME was taken up 

by syringe and added to the same reaction vial through the rubber septum. 1-Bromo-4-tert-

butylbenzene (17.3 μL, 0.10 mmol) was added dropwise. A solution of NaN(SiMe3)2 (55.0 

mg, 0.30 mmol) in 0.5 mL CPME was added portionwise at 0.1 mL per 30 min at 24 °C. 

The reaction mixture was stirred for 3 h at 24 °C, opened to air, quenched with two drops of 

H2O, diluted with 3 mL of ethyl acetate, and filtered over a pad of MgSO4 and silica. The 

pad was rinsed with an additional 6 mL of ethyl acetate, and the combined solutions were 

concentrated in vacuo. The crude material was loaded onto a silica gel column via pipette 

and purified by flash chromatography (hexanes to diethyl ether–hexanes = 1 : 50).

One-pot aldimine synthesis/Pd-catalyzed arylation

An oven-dried microwave vial equipped with a stir bar was charged with benzaldehyde 

(21.2 mg, 0.20 mmol) and diphe-nylmethylamine (36.6 mg, 0.20 mmol) under a nitrogen 
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atmosphere. Dry THF (1 mL) was then added under nitrogen via syringe and the vial was 

sealed. The reaction was then placed in an oil bath at 80 °C and stirred for 12 h. Next, the 

volatile materials were completely removed at rt and the remaining solid was dried under 

reduced pressure at 60 °C for 2 h. The vial was then backfilled with nitrogen and a stock 

solution of Buchwald’s 3rd generation pre-catalyst Pd dimer (3.7 mg, 0.005 mmol) and 

NIXANTPHOS (5.6 mg, 0.010 mmol) in 0.5 mL dry CPME was added by syringe through 

the rubber septum. Next, 1-bromo-4-tert-butylbenzene (17.3 μL, 0.10 mmol) was added 

dropwise by syringe through the rubber septum. A solution of NaN(SiMe3)2 (36.7 mg, 0.20 

mmol) in 0.5 mL CPME was added portionwise at 0.05 mL per 30 min at 60 °C. The 

reaction mixture was stirred for 6 h at 60 °C, opened to air, quenched with two drops of 

H2O, diluted with 3 mL of ethyl acetate, and filtered over a pad of MgSO4 and silica. The 

pad was rinsed with an additional 6 mL of ethyl acetate, and the combined solutions were 

concentrated under reduced pressure. The crude material was loaded onto a silica gel 

column via pipette and purified by flash chromatography (hexanes to diethyl ether–hexanes 

= 1 : 50).
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Fig. 1. 
Important diarylmethylamine containing molecules.
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Fig. 2. 
Structures of relevant phosphines used in screening reactions.
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Scheme 1. 
Umpolung retrosynthesis of diarylmethylamines.

Li et al. Page 13

Chem Sci. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Scheme 2. 
Arylation by Oshima and co-workers (X = Cl, Br).
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Scheme 3. 
Use of benzylation to identify the base and solvent.
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Scheme 4. 
Reaction pathway for arylation of the 1,1,3-triaryl-2-azaallyl anion.15
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Scheme 5. 
Arylation of 1f with 2h.
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Scheme 6. 
Coupling of aryl bromides with (a) a free N–H, (b) ortho-substitution, and (c) to give a bis-

heterocyclic diarylmethylamine derivative.
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Scheme 7. 
Scale-up of the imine arylation.
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Scheme 8. 
Functionalization of diarylmethylamines.
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Table 2

Scope of aryl bromides in Pd-catalyzed arylation of 1aa,b

Entry Pd(OAc)2 (mol%)/NiXANTPHOS (mol%) Yield (%)

1 2.5/3.75 90 (3aa)

2 2.5/3.75 90 (3ab)

3 2.5/3.75 87 (3ac)

4 2.5/3.75 83 (3ad)

5 10/15 93 (3ae)

6 10/15 90 (3af)

7 2.5/3.75 90 (3ag)

8 2.5/3.75 86 (3ah)

9 2.5/3.75 75 (3ai)

10 5/7.5 60 (3aj)
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Entry Pd(OAc)2 (mol%)/NiXANTPHOS (mol%) Yield (%)

11 10/15 64 (3ak)

12 10/15 63 (3al)

a
Reactions conducted on a 0.1 mmol scale using 2 equiv. of 1a, 2 equiv. of NaN(SiMe3)2, and 1 equiv. of aryl bromide at 0.1 M. Base was added 

portionwise at 0.1 mL per 30 min.

b
Isolated yield after chromatographic purification.
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Table 3

Scope of ketimine in Pd-catalyzed arylationsa,b

Entry Ketimine Pd(OAc)2/NIXANTPHOS (mol%) Yield (product)

1 5/7.5 89 (3ac)

2 10/20 71c (3ca)

3 5/7.5 71d (3af)

4 2.5/3.75 83 (3ah)

5 2.5/3.75 89 (3ag)

6 2.5/3.75 91 (3ga)

7 5/7.5 87 (3aj)

8 10/20 90e (3ia)

9 10/20 60f (3ja)
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a
Reactions conducted on a 0.1 mmol scale using 2 equiv. of imine, 2 equiv. of NaN(SiMe3)2, and 1 equiv. of bromobenzene at 0.1 M. Base was 

added portionwise at 0.1 mL per 30 min.

b
Isolated yield after chromatographic purification.

c
3 equiv. of LiO–tBu 80 °C in 3 mL THF for 12 h.

d
3 equiv of 1d and 3 equiv. of NaN(SiMe3)2.

e
2 equiv. LiN(SiMe3)2, 50 °C.

f
50 °C.
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Table 4

Scope of Pd-catalyzed aldimine 1′ with aryl bromidesa,b

Entry Ar’–Br μ-OMs dimer/NIXANTHPOS (mol%) Yield (%)

1

1a′

2.5/5 94 (3ab)

2

1a′

2.5/5 80 (3ae)

3

1i

2.5/5 91 (3ia)

4

1h′

5/10 77 (3aj)

5

1l′

2.5/5 85c (3la)

a
Reactions conducted on a 0.1 mmol scale using 2 equiv. of aldimine, 3 equiv. of NaN(SiMe3)2, and 1 equiv. of aryl bromide at 0.1 M. Base was 

added portionwise with speed 0.1 mL per 30 min.

b
Isolated yield after chromatographic purification.

c
THF, 3 h.
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Table 5

Telescoped imine synthesis and cross-couplinga,b

Entry Ar–Br Pd(OAc)2 (mol%)/NIXANTPHOS (mol%) Yield (%)

1 5/7.5 90 (3ag)

2 5/7.5 92 (3ab)

3 5/7.5 63 (3ae)

a
Reactions conducted on a 0.1 mmol scale using 3 equiv. of benzyl amine, 3 equiv. of benzophenone imine, 3 equiv. of NaN(SiMe3)2, and 1 

equiv. of aryl bromide at 0.1 M. Base was added portionwise at 0.1 mL per 30 min.

b
Isolated yield after chromatographic purification.
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Table 6

Telescoped aldimine synthesis and cross-couplinga,b

Entry Ar–Br μ-OMs dimer/NIXANTHPOS (mol%) Yield (%)

1 5/10 82 (3ah)

2 5/10 93 (3ab)

3 5/10 73 (3ae)

a
Reactions conducted on a 0.1 mmol scale using 2 equiv. of benzaldehyde, 2 equiv. of diphenylmethanamine, 2 equiv. of NaN(SiMe3)2, and 1 

equiv. of aryl bromide at 0.1 M. Base was added portionwise at 0.05 mL per 30 min.

b
Isolated yield after chromatographic purification.
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Table 7

Hydrolysis of product ketimines

a
See ESI for the synthesis of corresponding imine precursor for hydrolysis.
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