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Photocatalyzed amination of alkyl halides to access primary amines

We demonstrate that oxime ester derivatives can be used as both an XAT agent and an imine source under photocatalytic conditions allowing the radical amination of alkyl halides, resulting in the formation of a broad scope of imines. Hydrolysis of the latter gives a direct access to the corresponding primary amines. Mechanistically, the reaction is believed to proceed through the formation of aryl radical intermediates, which are responsible for the activation of alkyl halides via halogen atom transfer (XAT).

INTRODUCTION

Amines are ubiquitous in organic chemistry, as they constitute significant and essential chemicals for the conception of medicines and materials. 1 For instance, amino/nitrogen groups are present in more than 80% of the 200 best-selling drugs, highlighting the crucial role of such moieties in drug activity. 2 Among amines, primary amines are without any doubt the most interesting as they play a key role as starting reagents in a plethora of organic reactions. Consequently, the development of novel methods allowing their preparation are still sought after. 3 In this context, recent innovative strategies have been developed, including hydroaminations, 4 metal-catalyzed reductive amination, 5 and dehydrogenative couplings. 6 Even though such processes enable the valorization of various amine precursors, such as alkenes or alcohols, none of them allow the use of prevalent alkyl halides. Indeed, the syntheses of primary amines using alkyl halides are mainly restricted to traditional approaches, which present several drawbacks (Fig- ure 1A). While aminations using ammonia lead to a mixture of primary, secondary and tertiary amines, the other methods that rely on S N 2 reactions are exclusively effective with primary and secondary alkyl halides. 7 Moreover, the harsh conditions needed for some of them (e.g. the Delépine reaction 8 ) are deleterious for the functional group tolerance (Figure 1A). More recently, radical amination of alkyl halides has been envisaged as an alternative to the above-mentioned ionic methods. This would provide access to primary amines through the formation of readily hydrolysable imines. 9 To date, only two such protocols have been reported, in which carbon radicals are generated from alkyl iodides by halogen atom transfer (XAT) (Figure 1B). However, both protocols only offer a narrow range of imine scope. Furthermore, they are based on the use of well-established XAT promoters, such as Me 3 Sn • radical (known for its toxicity) 9a and less widespread α-amino radical (Figure 1B-C). 9b As these procedures require the presence of peroxides and in most cases high temperature, there is still a need for developing a general approach under mild reaction conditions.

A literature survey allowed us to discover that longneglected XAT promoters, such as aryl radicals, 10,11 recently proved to be effective for activating a large variety of alkyl iodides in copper-catalyzed coupling reactions. 12 Indeed, in comparison with heteroatom-based XAT promoters or αamino radicals, 13 the use of aryl radicals as XAT promoters is still in its early stage (Figure 1C). In parallel, an impressive number of photocatalyzed transformations has been recently developed using oxime derivatives prone to photolysis of the N-O bond by energy transfer (EnT), 14 including hydrofunctionalization 15 and 1,2-difunctionalization 16 of radical receptors (alkenes, propellanes, heterocycles, diazenes…), functionalization reactions, 17 multi-component reactions 18 and radical CH-functionalization. 19 Such reactions are particularly noteworthy as they can be performed under mild reaction conditions. In this context, we got especially interested in the use of readily-available oxime ester 1, which we believed would act both as an XAT promoter and an imine source (Figure 1D). 20 Indeed, based on literature precedents, 14-19 the reaction would start by the photoexcitation of the photocatalyst (PC), which would activate the oxime 1 by energy transfer (EnT). Then the excited oxime 1 would undergo N-O bond cleavage followed by a fast decarboxylative process that would result in the formation of radical intermediates I and II (Figure 1D). Then the aryl radical (I) would be involved in the thermodynamically favored XAT with alkyl iodides 2 (BDE of PhI = 65 kcal/mol and BDE of iPrI = 56 kcal/mol) 21 leading to the formation of alkyl radicals (III). Finally, the radical-radical coupling between radical intermediates II and III would afford the expected imines 3. Herein, we describe preliminary results demonstrating that the oxime 1 can be used for enhancing radical amination under photocatalyzed conditions, delivering a large variety of primary amine precursors 3 with excellent functional group tolerance. 

RESULTS AND DISCUSSION

To implement our mechanistic proposal, the reaction was first performed with the oxime ester 1a and 1,1,1-Trifluoro-2iodoethane 2a as model substrates. The first experiments with those compounds were performed using 10 mol% of thioxanthone (TX) 22 as photocatalyst (PC) in EtOAc under 390 nm irradiation. In those conditions, the expected imine 3a was formed in a satisfying NMR yield of 67% (Table 1, entry 1). The replacement of TX by Ir-based or 4-CzIPN photocatalysts under blue light irradiation did not yield any improvements (Table 1, entries 2-3). When a lower quantity of 1a (1.5 equiv.) was used, the reaction delivered 3a in a slightly lower yield (Table 1, entry 4). Finally, the reaction was performed in various solvents (Table 1, entries 5-7). While in DCM or acetone no improvement was observed, the use of MeCN resulted in a significant increase of NMR yield (98%). Under these best conditions, in MeCN, product 3a could be isolated in a very good 84% yield. However, it is important to mention that such conditions also lead to the formation of a by-product stemming from reaction between the imine radical and the • CH 2 CN radical, generated by HAT. 18c Consequently, in the substrate scope exploration (see below) both solvents (EtOAc and MeCN) were employed.

The reaction was also investigated in the presence of various oximes 1 in MeCN, for which the aryl moieties that correspond to the XAT agents, were modified (Table 1, entries 8-10). Given that XATs are generally more effective with electron-rich XAT agents, 12 the reaction was first explored with oximes 1b and 1c bearing three methyl or two methoxy substituents, respectively. Unfortunately, the use of these oximes resulted in the formation of 3a in only moderate to insignificant yields (Table 1, entries 8-9). Interestingly, the oxime 1d bearing an electron-poor aryl moiety also provided 3a, albeit in low yield (Table 1, entry 10). Finally, control experiments showed that both the presence of thioxanthone and the exposure to light were essential for the reaction to proceed well ( With the optimized conditions in hand, we explored the scope of the amination reaction (Scheme 1). First, the reaction was investigated in the presence of various primary alkyl halides. Moderate to good yields were obtained for alkyl iodides of different chain lengths bearing cyano or trifluoromethyl groups (3a, c, d).

Scheme 1. Scope of the amination a a Reaction conditions: 1a (1 mmol), 2 (0.5 mmol) in MeCN or AcOEt (5 mL).

Yields refer to isolated products. In the case of bromoacetonitrile, product 3b was isolated in a good 61% yield. The reaction conditions were also compatible with alkyl iodides bearing nitro (3e), phosphonate (3f), silyl ether (3g) and phthalimide (3h) groups. A protected alkyne group was well tolerated (3i). In the case of the alkene containing ester substrate, the final product 3j was isolated in low 24% yield due to hydrolysis upon purification (NMR yield 50%). A primary amide precursor afforded compound 3k in good 55% yield. Finally, the use of ethyl iodo-or bromoacetate gave similar results, resulting in the formation of 3l in modest yields. Subsequently, a range of secondary halides were employed. Piperidines protected with Boc or benzoyl derivatives as well as an azetidine derivative led to the formation of 3m-3p in moderate yields. The propionate esters bearing alpha-halides gave moderate (bromide, 30%) and good (iodide 47%) results for product 3q. It is remarkable that this methodology can be extended to tertiary alkyl halides as shown for ethyl 2-iodo-2-methylpropionate and tBu-iodide, providing products 3r and 3s in 40% and 60% yields, respectively. The excellent functional group tolerance was further demonstrated in the late-stage transformation of several complex molecules. The imines derived from amino acids 3t, 3w, ibuprofen 3u or sugar derivative 3v were obtained in good 43 to 54% isolated yields. It should be noted that unactivated alkyl bromides, benzylbromide and 2-bromoacetophenone provided the corresponding imine products in yields lower than 10%, likely because phenyl radical cannot activate such bromides by XAT. Scheme 2. Scale up and mechanistic investigations.

Next, owing to the cost-effectiveness and mildness of the method, we envisaged to scale-up the reaction. For instance, a 10 mmol preparative-scale synthesis of 3f could be achieved without further optimization while still maintaining a high isolated yield of 54%, thus demonstrating the robustness of our protocol (Scheme 2A). We then turned our attention to the mechanistic elucidation (Scheme 2B-C). First, the crude reaction mixture of 1a with 2a under standard conditions was examined by GCMS analysis. We were pleased to observe every time the formation of iodobenzene (Scheme 2B). Moreover, the latter has been isolated upon purification in a nearly quantitative yield of 91%, which tends to prove that the transient aryl radical is well engaged in the XAT with alkyl iodides. Then, the reaction was performed in the presence of the radical scavenger 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO; 1 equiv) (Scheme 2C). In those conditions, the reaction allowed the formation of 3a in a poor yield of 6%, along with the formation of TEMPO adducts, which were detected by MS analysis. Indeed, TEMPO-Ph and TEMPO-CH 2 CF 3 as well as the imine dimer were identified. These results highlight the formation of both aryl and CH 2 CF 3 radicals.

Finally, we explored the hydrolysis of several imines 3 to the corresponding primary amines 4 or ammonium hydrochlorides 5 (Scheme 3). Following a reported procedure using PPTS, 9b the imine 3o could be converted to the corresponding amine 4o at room temperature in quantitative yield. Additionally, treating imines 3 with HCl gas in Et 2 O at room temperature provided the corresponding hydrochlorides 5 also in high yields. Pleasingly, chemical functions prone to hydrolysis such as esters or acetal were well tolerated during imines hydrolysis.

Scheme 3. Hydrolysis of imines 3 to primary amines 4 or ammonium hydrochlorides 5.

CONCLUSION

In summary, we have developed a general, effective and mild protocol to access primary amines starting from alkyl iodides/bromides and an oxime ester derivative. This two-step approach relies first on a photocatalyzed amination of alkyl halides furnishing imines, in which the oxime ester has the role of an XAT promoter and an imine source. The imines can secondly be easily hydrolyzed to give the corresponding pri-mary amines or their hydrochlorides. Overall, this strategy offers the possibility of using primary, secondary and tertiary alkyl halides bearing various functional groups and delivers expected amines in good yields.

EXPERIMENTAL SECTION

General information. 1 H, 13 C and 19 F spectra were recorded on a Bruker ® AC-400 MHz spectrometer (400 MHz, 101 MHz, and 376 MHz respectively) at ambient temperature. The peaks were internally referenced to residual undeuterated solvent signal (CDCl 3 : 7.26 ppm ( 1 H NMR), 77.16 ppm ( 13 C NMR)). The following abbreviations were used to explain multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad). All 19 F NMR spectra are reported in ppm relative to CFCl 3 . NMR yields were determined by using respectively trifluorotoluene or trifluoroanisole for 19 F NMR yields and trichloroethylene for 1 H NMR yields as internal standards. HRMS (Q-TOF) studies were performed on a JEOL JMS-DX300 spectrometer (3 keV, xenon) in a m-nitrobenzylalcohol matrix. All reactions were performed under an argon atmosphere in a sealed reaction vial. Reactions were monitored by analytical thin layer chromatography (TLC) using commercial sheets precoated (0.2 mm layer thickness) with silica gel 60F254 (Macherey-Nagel). Product purification by flash column chromatography was performed using Macherey-Nagel Silica Gel (40-63 μm). Solvents and reagents were obtained from commercial sources and used as received. Materials. Commercial grade reagents and solvents were purchased from Sigma-Aldrich, Fluka, Alfa Aesar, Fluorochem, SynQuest at the highest commercial quality and used without further purification, unless otherwise stated. Starting materials: Thioxanthone as well as the following alkyl halides 2a, 2b, 2d, 2k, 2l-Br, 2p, 2q, 2r, 2s are commercially available. They were purchased from Sigma-Aldrich, Alfa Aesar, Fluorochem, TCI Europe, and used without further purification. Starting materials 2c, 23 2e, 24 2f, 25 2g, 26 2h, 27 2i-2j, 26 2l-I, 28 2m-2o, 26 2t-2v, 26 2w 29 were synthesized according to described procedures. Photochemical equipment. Reactions were performed in the EvoluChemTM PhotoRedOx reactor fitted with the selected EvoluChem lights (450 nm -18W, relative irradiance 34 mW/cm 2 , SKU: HCK1012-XX-002) for reactions with (Ir[dF(CF3)ppy] 2 (dtbpy))PF 6 and Kessil PR160L lights (390 nm -40 W, relative irradiance 399mW/cm 2 ) for reactions with thioxanthone. The equipment was purchased from Interchim. The distance between the light reflection and the vessel has been measured to 2 cm. Synthesis of oxime 1a. Diphenylmethanone O-benzoyl oxime (1a): A round-bottom flask equipped with a stirring bar was charged with diphenylmethanone oxime (21.5 g, 109 mmol, 1.0 equiv.) and pyridine (17.6 mL, 218 mmol, 2.0 equiv.) in DCM (300 mL, 0.3 M) at 0 °C. Then, benzoyl chloride (13.9 mL, 120 mmol, 1.1 equiv.) was added dropwise and the reaction was left with stirring at 0 °C for 0.5 hour and then for 2.5 hours at room temperature. After dilution with H 2 O (mL), the layers were separated and the aqueous layer was extracted twice with DCM. The combined organic layers were washed with K 2 CO 3 , brine, dried (MgSO 4 ), filtered and evaporated. Purification by silca gel column chromatography (90% petroleum ether: 10% ethyl actetate) gave the products 1a in 86% yield (28.2 g) as a white solid. 1 H NMR (400 MHz, Chloroform-d) δ 7.87 -7.79 (m, 2H), 7.75 -7.67 (m, 2H), 7.58 -7.32 (m, 11H). Spectroscopic data obtained are consistent with the data reported in the literature. 30 Synthesis of oxime 1b. Diphenylmethanone O- (2,4,6trimethylbenzoyl) oxime (1b): A round-bottom flask equipped with a stirring bar was charged with diphenylmethanone oxime (2.0 g, 10 mmol, 1.0 equiv.) and pyridine (1.6 mL, 20 mmol, 2.0 equiv.) in DCM (30 mL, 0.3 M) at 0 °C. Then, 2,4,6trimethylbenzoyl chloride (1.8 mL, 11 mmol, 1.1 equiv.) was added dropwise and the reaction was left with stirring at 0 °C for 0.5 hour and then for 2.5 hours at room temperature. After dilution with H 2 O (mL), the layers were separated and the aqueous layer was extracted twice with DCM. The combined organic layers were washed with K 2 CO 3 , brine, dried (MgSO 4 ), filtered and evaporated. Purification by silca gel column chromatography (90% petroleum ether: 10% ethyl actetate) gave the products 1b in 74% yield (2.5 g) as a white solid. 1 H NMR (400 MHz, Chloroform-d) δ 7.65 (dd, J = 5.3, 3.2 Hz, 2H), 7.49 -7.29 (m, 8H), 6.79 (s, 2H), 2.25 (s, 3H), 2.20 (s, 6H). Spectroscopic data obtained are consistent with the data reported in the literature. 31 General procedure for the synthesis of oxime 1 (GP1). A round-bottom flask equipped with a stirring bar was charged with the corresponding benzoic acid (5.5 mmol, 1.1 equiv.) and one drop of DMF in DCM (15 mL, 0.3 M). Then, oxalyl chloride (635 µL, 7.5 mmol, 1.5 equiv.) was added dropwise at room temperature. The reaction was stirred for 1 hour at room temperature, then diluted in DCM (10 mL) and subsequently added to a solution of diphenylmethanone oxime (1.0 g, 5 mmol, 1.0 equiv.) and pyridine (0.8 mL, 10 mmol, 2.0 equiv.) in DCM (15 mL, 0.3 M) at 0 °C. The reaction was left with stirring at 0 °C for 0.5 hour and then for 2.5 hours at room temperature. After dilution with H 2 O (mL), the layers were separated and the aqueous layer was extracted twice with DCM. The combined organic layers were washed with K 2 CO 3 , brine, dried (MgSO 4 ), filtered and evaporated. Purification by silica gel column chromatography gave the products 1.

General procedure for the synthesis of imine 3 (GP2). In a vial, the corresponding alkyl iodide (0.5 mmol, 1 equiv.) was added to a solution of diphenylmethanone O-benzoyl oxime (301.3 mg, 1.0 mmol, 2 equiv.) and thioxanthone (10.6 mg, 0.05 mmol, 10 mol %) in AcOEt (5 mL). The reaction mixture was degassed via a freeze pump thaw procedure, and then placed in the EvoluChemTM PhotoRedOx reactor fitted with the Kessil PR160L -390 nm light. The reaction was stirred under light irradiation at room temperature for 18 h and then concentrated in vacuo. NEt 3 (approx. 0.3 mL) in DCM and SiO 2 were added to this solution and the volatiles were removed under reduced pressure, affording a powder which was loaded on column. Purification by silica gel column, pre-basified with NEt 3 using petroleum ether: EtOAc mixtures afforded the corresponding diaromatic imine products 3. Note: NEt3 was used as the product can be partially hydrolyzed by acidic silica, causing a slight decrease in the yield (approx. 5-10%). The amount of NEt 3 added to the eluent was approximately 1 ml for 300 ml of solvent. When NEt3 was used for TLC analysis, one Pasteur pipette drop was used for 10 ml of eluent. "Pre-basified" silica refers to silica gel, which have been soaked with 1-3% triethylamine in pentane prior to use.

Synthesis of amine 4m. Following a reported procedure. 9b A test tube equipped with a stirring bar was charged with 3m (40 mg, 0.11 mmol) and THF (1.9 mL) and H 2 O (0.1 mL) were added. Pyridinium p-toluene sulfonate (29 mg, 0.12 mmol) was added in a single portion. The reaction was stirred at room temperature until completion (determined by TLC). The reaction was then diluted with EtOAc (2 mL) and H 2 O (1 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc (5 mL x 2). The combined organic phases were dried (MgSO 4 ), filtered, and evaporated. Crude mixture was purified using column chromatography (eluent DCM/MeOH 100:0 to 90:10) to give 4m as a solid (22 mg, 99%). 1 H NMR (400 MHz, CDCl 3 ) δ 3.98 (2H, br s), 2.91-2.80 (1H, m), 2.71-2.58 (2H, m), 1.94-1.67 (4H, m), 1.44 (9H, s), 1. 33-1.16 (2H, m). ). Spectroscopic data obtained are consistent with the data reported in the literature. 9b

General procedure for the synthesis of ammonium hydrochlorides 5 (GP3). HCl gas (generated from NaCl/H 2 SO 4 ) was bubbled in a vial containing a solution of the selected imine 3 (0.2 mmol, 1 equiv.) in wet Et 2 O (2 mL) until the appearance of a white solid. The reaction was stirred for 10 min (without HCl bubbling), and then concentrated in vacuo. The residue was dissolved in the minimum amount of DCM, followed by a slow addition of Et 2 O (solvent layering). During the solvent diffusion, a white solid precipitated. The organic layer was then removed with a pasteur pipette, and the white solid was washed several times with Et 2 O to provide the corresponding hydrochloride 5.

Characterization Data of Compounds. Diphenylmethanone O- (2,4-dimethoxybenzoyl) oxime (1c): The compound was obtained following GP1 using 2,4-dimethoxybenzoic acid (1.0 g). The title product was obtained by silica gel column chromatography (70% petroleum ether: 30% ethyl actetate) in 83% yield (1.5 g) as a white solid. 1 H NMR (400 MHz, Chloroform-d) δ 7.67 -7.62 (m, 3H), 7.49 -7.34 (m, 8H), 6.41 (dt, J = 5.1, 2.3 Hz, 2H), 3.81 (s, 3H), 3.66 (s, 3H). 13 C{ 1 H} NMR (101 MHz, Chloroform-d) δ 164.6, 164.6, 163.5, 161.5, 135.2, 134.0, 133.4, 130.8, 129.4, 129.2, 129.1, 128.4, 128.1, 111.0, 104.7, 99.0, 55.7, 55.5.

HRMS (ESI):

Calcd for C 22 H 20 NO 4 [M+H + , 100 %]: 362.1385, found 362.1387. 1-(4-((((diphenylmethylene)amino)oxy)carbonyl)phenyl)ethan-1one (1d): The compound was obtained following GP1 using 4acetylbenzoic acid (0.9 g). The title product was obtained by silica gel column chromatography (80% petroleum ether: 20% ethyl actetate) in 58% yield (1.0 g) as a white solid. 1 H NMR (400 MHz, Chloroform-d) δ 7.95 -7.92 (m, 1H), 7.89 -7.85 (m, 1H), 7.70 -7.66 (m, 1H), 7.55 -7.47 (m, 2H), 7.44 -7.38 (m, 2H), 2.61 (s, 2H). 13 C{ 1 H} NMR (101 MHz,166.3,163.0,140.5,134.5,132.8,132.8,131.4,130.0,130.0,129.3,128.9,128.6,128.5,128.4,[START_REF] Oukhatar | Straightforward and Mild Deprotection Methods of N-Mono-and N,N-Functionalised Bisaminal Cyclens[END_REF]0. HRMS (ESI): Calcd for C 22 H 18 NO 3 [M+H + , 100 %]: 344.1277, found 344.1281. 1,1-diphenyl-N-(2,2,2-trifluoroethyl)methanimine (3a): Following GP2 and purified by pre-basified silica gel column chromatography (98% petroleum ether: 2% AcOEt) to give the corresponding product as a colorless oil (111 mg, 84 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.73 -7.67 (m, 2H), 7.56 -7.42 (m, 4H), 7.37 (t, J = 7.4 Hz, 2H), 7.21 -7.16 (m, 2H), 3.89 (q, J = 9.5 Hz, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 173. 1, 138.8, 135.8, 131.0, 129.3, 129.1, 128.9, 128.3, 127.5, 125.2 (q, J = 276.7 Hz), 55.2 (q, J = 30.9 Hz). 19 F NMR (377 MHz, Chloroform-d) δ -71.9 (t, J = 9.5 Hz). Spectroscopic data obtained are consistent with the data reported in the literature. 32 2-((diphenylmethylene)amino)acetonitrile (3b): Following GP2 and purified by pre-basified silica gel column chromatography (95% petroleum ether: 5% AcOEt) to give the corresponding product as a yellow oil (67 mg, 61 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.65 (ddd, J = 7.2, 3.1, 1.7 Hz, 2H), 7.56 -7.43 (m, 4H), 7.39 -7.34 (m, 2H), 7.20 -7.16 (m, 2H), 4.23 (s, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 174. 4, 138.4, 135.0, 131.4, 129.6, 129.3, 129.0, 128.4, 127.4, 117.7, 41.4. Spectroscopic data obtained are consistent with the data reported in the literature. 33 3-((diphenylmethylene)amino)propanenitrile (3c): Following GP2 and purified by pre-basified silica gel column chromatography (90% petroleum ether: 10% AcOEt) to give the corresponding product as a yellow oil (56 mg, 48 %). 1 H NMR (400 MHz, CDCl 3 ) δ 2H),6H),7.19 (dd,J = 7.7,1.6 Hz,2H), 3.60 (t, J = 6.8 Hz, 2H), 2.74 (t, J = 6.8 Hz, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 170.9, 139.1, 136.2, 130.6, 129.0, 128.9, 128.7, 128.3, 127.7, 119.0, 49.1, 20.0. Spectroscopic data obtained are consistent with the data reported in the literature. 34 1,1-diphenyl-N-(3,3,3-trifluoropropyl)methanimine (3d): Following GP2 except that thioxanthone was replaced by (Ir[dF(CF 3 )ppy] 2 (dtbpy))PF 6 (5.7 mg, 0.005 mmol, 1 mol%) and Kessil PR160L light (390 nm -40 W) was replaced by EvoluChem light (455 nm -18W) and purified by pre-basified silica gel column chromatography (99% petroleum ether: 1% AcOEt) to give the corresponding product as a colorless oil (69 mg, 50 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.64 -7.60 (m, 2H), 7.52 -7.28 (m, 6H), 7.20 -7.15 (m, 2H), 3.63 -3.56 (m, 2H), 2.64 -2.49 (m, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169.9, 139.6, 136.5, 130.4, 128.8, 128.5, 128.3, 127.6, 46.9 (d, J = 2.9 Hz), 35.6 (q, J = 27.5 Hz). 19 F NMR (377 MHz, Chloroform-d) δ -68.3 (t, J = 10.9 Hz). Spectroscopic data obtained are consistent with the data reported in the literature. 35 N-(4-nitrophenethyl)-1,1-diphenylmethanimine (3e): Following GP2 and purified by pre-basified silica gel column chromatography (80% petroleum ether: 20% AcOEt) to give the corresponding product as a brown oil (57 mg, 35 %). 1 H NMR (400 MHz, CDCl 3 ) δ 8.11 (dd,J = 6.5,4.6 Hz,2H),7.56 (dd,J = 8.3,1.2 Hz,2H),8H),2H), 3.67 (t, J = 6.9 Hz, 2H), 3.11 (t, J = 6.9 Hz, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169.3, 148.7, 146.6, 139.6, 136.6, 130.3, 130.0, 128.6, 128.4, 128.2, 127.7, 123.5, 54.6, 37.6 3f): Following GP2 and purified by pre-basified silica gel column chromatography (30% petroleum ether: 70% AcOEt) to give the corresponding product as a brown oil (86 mg, 50 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.61 -7.57 (m, 2H), 7.48 -7.29 (m, 6H), 7.18 -7.14 (m, 2H), 4.09 -3.99 (m, 4H), 3.67 -3.58 (m, 2H), 2.25 -2.14 (m, 2H), 1.24 (t, J = 7.1 Hz, 6H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169.2 (d,J = 1.7 Hz),139.7,136.6,130.2,128.7,128.7,128.5,128.2,127.8,61.6 (d,J = 6.3 Hz),47.6 (d,J = 1.6 Hz),30.4,28.7,27.3,16.5 (d,J = 6.2 Hz). HRMS (ES+): Calcd for C 19 H 25 NO 3 P [M+H + , 100 %]: 346.1572, found 346.1578. N- (2-((tert-butyldimethylsilyl)oxy)ethyl)-1,1diphenylmethanimine (3g): Following GP2 and purified by prebasified silica gel column chromatography (99% petroleum ether: 1% AcOEt) to give the corresponding product as a colorless oil (69 mg, 41 %). 1 H NMR (400 MHz, CDCl 3 ) 7.63 -7.59 (m, 2H), 7.48 -7.29 (m, 6H), 7.21 -7.17 (m, 2H), 3.95 (t, J = 6.4 Hz, 2H), 3.53 (t, J = 6.4 Hz, 2H), 0.88 (s, 9H), 0.05 (s, 6H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169.3, 140.1, 137.0, 130.0, 128.5, 128.4, 128.1, 63.9, 56.5, 26.1, 18.6, -5.1. HRMS (ESI): Calcd for C 21 H 30 NOSi [M+H + , 100 %]: 340.2091, found 340.2091. 2-(2-((diphenylmethylene)amino)ethyl)isoindoline-1,3-dione (3h): Following GP2 and purified by pre-basified silica gel column chromatography (80% petroleum ether: 20% AcOEt) to give the corresponding product as a yellow oil (83 mg, 47 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.82 (dt, J = 6.8, 3.4 Hz, 2H), 7.73 -7.64 (m, 2H), 7.60 -7.53 (m, 2H), 7.44 -7.25 (m, 6H), 7.13 -7.04 (m, 2H), 4.02 (t, J = 6.4 Hz, 2H), 3.69 (t, J = 6.4 Hz, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 170.0, 168. 4, 139.6, 136.5, 133.9, 132.5, 132.3, 130.2, 130.1, 128.7, 128.6, 128.6, 128.4, 128.1, 127.7, 123.2, 51.6, 39. 1,1-diphenyl-N- (5-(trimethylsilyl)pent-4-yn-1-yl)methanimine (3i): Following GP2 and purified by pre-basified silica gel column chromatography (98% petroleum ether: 2% AcOEt) to give the corresponding product as a colorless oil (65 mg, 41 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.64 -7.59 (m, 2H), 7.50 -7.30 (m, 6H), 7.17 (dd, J = 7.8, 1.5 Hz, 2H), 3.45 (t, J = 6.7 Hz, 2H), 2.35 (t, J = 7.0 Hz, 2H), 1.91 (p, J = 7.0 Hz, 2H), 0.11 (s, 9H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 168.6, 139.9, 137.6, 137.0, 130.0, 128.6, 128.4, 128.1, 127.9, 107.3, 84.6, 52.6, 30.3, 17.9, 0.3. HRMS (ESI): Calcd for C 21 H 26 NSi [M+H + , 100 %]: 320.1829, found 320.1829. 2-((diphenylmethylene)amino)ethyl undec-10-enoate (3j): Following GP2 and purified by pre-basified silica gel column chromatography (95% petroleum ether: 5% AcOEt) to give the corresponding product as a colorless oil (47 mg, 24 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.63 -7.58 (m, 2H), 7.50 -7.29 (m, 6H), 7.17 (dd, J = 7.7, 1.6 Hz, 2H), 5.80 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.03 -4.89 (m, 2H), 4.38 (t, J = 5.8 Hz, 2H), 3.61 (t, J = 5.8 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 2.02 (dd, J = 14.3, 6.9 Hz, 2H), 1.59 (dd, J = 14.5, 7.2 Hz, 2H), 1. 40 -1.19 (m, 10H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 174.0, 170.0, 139. 7, 139.3, 136.7, 130.2, 128.7, 128.6, 128.6, 128.2, 127.9, 114.3, 64.6, 52.6, 34.4, 33.9, 29.4, 29.3, 29.2, 29.2, 29.0, 25. 3k): Following GP2 and purified by pre-basified silica gel column chromatography (40% petroleum ether: 60% AcOEt) to give the corresponding product as a brown solid (66 mg, 55 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.64 (dd, J = 5.3, 3.4 Hz, 2H), 7.51 -7.41 (m, 4H), 7.40 -7.32 (m, 2H), 7.17 -7.11 (m, 2H), 6.22 (bs, 1H), 3.98 (s, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 173. 7, 170.5, 138.9, 136.1, 130.9, 129.2, 129.1, 128.6, 128.4, 127.4, 56.7. Spectroscopic data obtained are consistent with the data reported in the literature. 36 Ethyl 2-((diphenylmethylene)amino)acetate (3l): Following GP2 and by pre-basified silica gel column chromatography (95% petroleum ether: 5% AcOEt) to give the corresponding product as a collorless oil (42 mg, 31 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.68 -7.64 (m, 2H), 7.50 -7.31 (m, 6H), 7.21 -7.17 (m, 2H), 4.21 (p, J = 7.1 Hz, 4H), 1.28 (t, J = 7.1 Hz, 3H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 172.0, 170. 8, 139.4, 136.1, 130.6, 128.9, 128.9, 128.8, 128.2, 127.8, 61.0, 55.9, 14.3. Spectroscopic data obtained are consistent with the data reported in the literature. 37 tert-butyl 4-((diphenylmethylene)amino)piperidine-1-carboxylate (3m): Following GP2 and purified by pre-basified silica gel column chromatography (90% petroleum ether: 10% AcOEt) to give the corresponding product as a colorless oil (80 mg, 44 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.59 (dd, J = 7.5, 6.2 Hz, 2H), 7.45 (t, J = 6.2 Hz, 3H), 3H),7.15 (dd,J = 7.5,1.7 Hz,2H),4.00 (bs,2H),1H), 2.87 (t, J = 11.0 Hz, 2H), 1.74 (ddd, J = 13.4, 11.9, 4.2 Hz, 2H), 1.58 (dd, J = 12.8, 3.1 Hz, 2H), 1.47 (s, 9H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 166. 7, 155.0, 140.0, 137.1, 130.0, 128.7, 128.5, 128.4, 128.1, 127.6, 79.4, 58.7, 41.9 (bs), 32.9, 28.6. Spectroscopic data obtained are consistent with the data reported in the literature. 38 (4-((diphenylmethylene)amino)piperidin-1-yl)(phenyl)methanone (3n): Following GP2 and purified by pre-basified silica gel column chromatography (80% petroleum ether: 20% AcOEt) to give the corresponding product as a yellow oil (100 mg, 54 %). 1 H NMR (400 MHz, CDCl 3 ) δ 2H),11H),2H),4.47 (bs,1H),3.81 (bs,1H),3.56 (tt,J = 8.5,4.1 Hz,1H),3.13 (bs,2H),4H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 170.3, 167.0, 139.8, 136.9, 136.4, 130.1, 129.5, 128.7, 128.5, 128.1, 127.5, 126.8, 58.2, 45.6 (bs), 40.1 (bs), 33.6 (bs), 32.8 (bs). HRMS (ESI): Calcd for C 25 H 25 N 2 O [M+H + , 100 %]: 369.1967, found 369.1961. 4-bromophenyl) (4-((diphenylmethylene)amino)piperidin-1yl)methanone (3o): Following GP2 and purified by pre-basified silica gel column chromatography (70% petroleum ether: 30% AcOEt) to give the corresponding product as a yellow oil (79 mg, 36 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.60 (dd,J = 8.2,1.4 Hz,2H),2H),3H),5H),2H),4.40 (bs,1H),3.75 (bs,1H),3.55 (tt,J = 8.4,4.1 Hz,1H),3.13 (bs,2H),4H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169. 4, 167.2, 139.8, 136.9, 135.3, 131.8, 130.2, 128.7, 128.7, 128.5, 128.2, 127.5, 123.8, 58.0, 45.7 (bs), 40.2 (bs), 33.6 (bs), 32.7 (bs). HRMS (ESI): Calcd for C 25 H 24 BrN 2 O [M+H + , 100 %]: 447.1067, found 447.1066. tert-butyl 3-((diphenylmethylene)amino)azetidine-1-carboxylate (3p): Following GP2 and purified by pre-basified silica gel column chromatography (90% petroleum ether: 10% DCM) to give the corresponding product as a colorless oil (62 mg, 37 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.65 -7.61 (m, 2H), 7.48 -7.31 (m, 6H), 7.08 -7.04 (m, 2H), 4.27 -4.20 (m, 1H), 4.09 -3.99 (m, 4H), 1.43 (s, 9H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 170. 1, 156.4, 139.3, 136.8, 130.6, 129.0, 128.7, 128.7, 128.3, 127.7, 79.4, 50.7, 28.5 3q): Following GP2 and purified by pre-basified silica gel column chromatography (30% petroleum ether: 70% DCM) to give the corresponding product as a colorless oil (66 mg, 47 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.65 (ddd, J = 6.8, 3.6, 1.9 Hz, 2H), 6H),2H),3H),1.43 (d,J = 6.8 Hz,3H), 1.26 (t, J = 7.1 Hz, 3H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 173. 0, 169.8, 139.7, 136.4, 130.4, 128.9, 128.7, 128.7, 128.1, 127.8, 60.9, 60.8, 19.3, 14.3. Spectroscopic data obtained are consistent with the data reported in the literature. 39 Ethyl 2-((diphenylmethylene)amino)-2-methylpropanoate (3r): Following GP2 and purified by pre-basified silica gel column chromatography (99% petroleum ether: 1% AcOEt) to give the corresponding product as a colorless oil (60 mg, 40 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.57 -7.53 (m, 2H), 7.40 -7.27 (m, 6H), 7.15 (ddd, J = 3.5, 2.4, 1.5 Hz, 2H), 3.68 (q, J = 7.2 Hz, 2H), 1.53 (s, 6H), 1.11 (t, J = 7.2 Hz, 3H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 175. 5, 166.8, 141.3, 137.3, 130.0, 128.8, 128.6, 128.1, 127.8, 63.6, 60.4, 28.9, 13.9. HRMS (ESI): Calcd for C 19 H 22 NO 2 [M+H + , 100 %]: 296.1643, found 296.1645. 1-(tert-butyl) 2-(2-((diphenylmethylene)amino)ethyl) pyrrolidine-1,2-dicarboxylate (3t): Following GP2 and purified by prebasified silica gel column chromatography (80% petroleum ether: 20% AcOEt) to give the corresponding product as a yellow oil (112 mg, 53 % of a mixture of two rotamers). 1 H NMR (400 MHz, CDCl 3 ) δ 7.59 (d,J = 7.4 Hz,2H),7.40 (dddd,J = 30.4,25.5,14.2,6.8 Hz,6H),2H),1.93H),4.32 (dd,J = 8.6,3.1 Hz, 0.33H), 4.21 (dd, J = 8.6, 4.0 Hz, 0.61H), 3.61 (t, J = 5.9 Hz, 1.71H), 3.57 -3.46 (m, 0.98H), 3.46 -3.30 (m, 0.96H), 2.25 -2.07 (m, 1.01H), 2.04 -1.73 (m, 3.47H), 1.43 (s, 3H), 1.34 (s, 6H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 173.3, 173.0 170.1, 169.9, 154.5, 153.9, 139.7, 139.6, 136.6, 130.3, 130.2, 128.7, 128.7, 128.5, 128.1, 127.8, 127.8, 79.9, 79.8, 65.2, 59.2, 58.9, 52.5, 52.4, 46.6, 46.4, 31.0, 30.0, 28.5, 28.4, 24.3, 23.7 3u): Following GP2 and purified by pre-basified silica gel column chromatography (95% petroleum ether: 5% AcOEt) to give the corresponding product as a colorless oil (90 mg, 43 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.59 -7.55 (m, 2H), 7.42 -7.30 (m, 6H), 7.19 -7.15 (m, 2H), 7.05 -7.01 (m, 2H), 7.01 -6.97 (m, 2H), 4.40 (t, J = 5.7 Hz, 2H), 3.68 (q, J = 7.2 Hz, 1H), 3.56 (dd, J = 6.0, 5.4 Hz, 2H), 2.39 (d, J = 7.2 Hz, 2H), 1.86 -1.73 (m, 1H), 1.46 (d, J = 7.2 Hz, 3H), 0.87 (d, J = 6.6 Hz, 6H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 174. 8, 170.0, 140.5, 139.7, 138.0, 136.7, 130.2, 129.4, 128.6, 128.6, 128.2, 127.9, 127.3, 65.1, 52.5, 45.3, 45.2, 30.2, 22.5, 22.5, 18.9 N-((6-methoxy-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4yl)methyl)-1,1-diphenylmethanimine (3v): Following GP2 and purified by pre-basified silica gel column chromatography (95% petroleum ether: 5% AcOEt) to give the corresponding product as a yellow oil (99 mg, 54 %). 1 H NMR (400 MHz, CDCl 3 ) δ 2H),6H),7.16 (dd,J = 7.8,1.6 Hz,2H),4.96 (s,1H),4.91 (d,J = 5.9 Hz, 1H), 4.60 (d, J = 6.0 Hz, 1H), 4.50 (t, J = 7.4 Hz, 1H), 3.51 (dd, J = 7.4, 4.6 Hz, 2H), 3.19 (s, 3H), 1.52 (s, 3H), 1.35 (s, 3H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 169. 5, 139.7, 136.7, 130.2, 128.6, 128.1, 127.8, 112.3, 109.7, 87.5, 85.5, 82.9, 56.9, 54.7, 26.6, 25.2. HRMS (ESI): Calcd for C 22 H 26 NO 4 [M+H + , 100 %]: 368.1856, found 368.1862. Methyl (2-((diphenylmethylene)amino)acetyl)-L-phenylalaninate (3w): Following GP2 and purified by pre-basified silica gel column chromatography (70% petroleum ether: 30% AcOEt) to give the corresponding product as a yellow oil (89 mg, 45 %). 1 H NMR (400 MHz, CDCl 3 ) δ 7.93 (d,J = 8.2 Hz,1H),2H),4H),5H),2H),2H),5.00 (dt,J = 8.2,5.8 Hz,1H), 3.97 (d, J = 1.9 Hz, 2H), 3.75 (s, 3H), 3. 27 -3.15 (m, 2H). 13 C{ 1 H} NMR (101 MHz, CDCl 3 ) δ 172. 0, 170.6, 170.3, 138.7, 136.0, 130.8, 129.4, 129.1, 129.0, 128.8, 128.6, 128.3, 127.3, 127.2, 56.5, 52.7, 52.4, 38.1. HRMS (ESI): Calcd for C 25 H 25 N 2 O 3 [M+H + , 100 %]: 401.1860, found 401.1864. 2,2,2-trifluoroethan-1-amine hydrochloride (5a): Following GP3 to give the corresponding product as a white solid (23 mg, 85 %). 1 H NMR (400 MHz, DMSO) δ 9.23 (bs, 3H), 3.87 (q, J = 9.7 Hz, 2H). 13 C{ 1 H} NMR (101 MHz, DMSO) δ 123.8 (q, J = 277.6 Hz), 39.4 (q, J = 34.2 Hz). 19 F NMR (377 MHz, DMSO) δ -69.4 (d, J = 9.2 Hz). HRMS (ESI): Calcd for C 2 H 5 F 3 N [M+H + , 100 %]: 100.0369, found 100.0369. 2-aminoacetonitrile hydrochloride (5b): Following GP3 to give the corresponding product as a white solid (16 mg, 86 %). 1 H NMR (400 MHz, DMSO) δ 8.97 (s, 3H), 4.10 (s, 2H). 13 C{ 1 H} NMR (126 MHz, DMSO) δ 115. 4, 26.6. Spectroscopic data obtained are consistent with the data reported in the literature. 40 3,3,3-trifluoropropan-1-amine hydrochloride (5d): Following GP3 to give the corresponding product as a white solid (24 mg, 81 %). 1 H NMR (400 MHz, DMSO) δ 8.13 (s, 3H), 3.07 -3.00 (m, 2H), 2.73 -2.59 (m, 2H). 13 C{ 1 H} NMR (126 MHz, DMSO) δ 126.0 (q, J = 276.5 Hz), 32.5 (q, J = 3.7 Hz), 31.0 (q, J = 28.8 Hz). 19 F NMR (377 MHz, DMSO {H 1 }) δ -64.1 (s). Spectroscopic data obtained are consistent with the data reported in the literature. 41 Ethyl glycinate hydrochloride (5l): Following GP3 to give the corresponding product as a white solid (27 mg, 95 %). 1 H NMR (400 MHz, DMSO) δ 8.31 (bs, 3H), 4.21 (q, J = 7.1 Hz, 2H), 3.80 (s, 2H), 1.24 (t, J = 7.1 Hz, 3H). 13 C{ 1 H} NMR (101 MHz,DMSO) δ 167.6, 61.6, 14.0. Spectroscopic data obtained are consistent with the data reported in the literature. 42 (4-aminopiperidin-1-yl)(4-bromophenyl)methanone hydrochloride (5o): Following GP3 to give the corresponding product as a white solid (62 mg, 97 %). The NMR spectra of this compound are difficult to interpret because of their poor resolution. Consequently, only characteristic NMR signals are provided. 1 H NMR (400 MHz, DMSO) δ 7.60 (bs, 5H), 7.35 (d,J = 7.6 Hz,2H),4.41 (bs,1H),3.85 (bs,1H),2.97 (bs,2H), 2.00 (bs, 4H). 13 C{ 1 H} NMR (101 MHz, DMSO) δ 168. 0, 137.0, 135.2, 132.7, 131.5, 129.6, 129.0, 128.8, 128.6, 122.8, 57.9 6-methoxy-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4yl)methanamine hydrochloride (5v): Following GP3 to give the corresponding product as a white solid (42 mg, 87 %). 1 H NMR (400 MHz, DMSO) δ 8. 13 (bs,3H),4.98 (m,1H),1H),4.61 (d,J = 5.9 Hz,1H),4.27 (bs,1H),3.32 (s,3H),3.02 (bs,1H),2.77 (bs,1H),1.39 (s,3H),1.26 (s,3H). 13 C{ 1 H} NMR (101 MHz,DMSO) δ 111.6,109.2,84.3,83.0,81.2,54.9,42.1,26.2,24.6 
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 1 Figure 1. A/ Ionic methods for preparation of primary amines. B/ Radical approaches. C/ Uses of XAT promoters. D/ Our design plan for synthesis of primary amines via imines.
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  NMR using α,α,α-trifluorotoluene as an internal standard c Isolated yield. TX = Thioxanthone. N.R. = No reaction.

Table 1 ,

 1 entries 11-12).

Table 1 .

 1 Optimization of the amination reaction a

	Entry	Deviations	Yields of 3a (%) b
	1	EtOAc	67
	2	EtOAc, (Ir[dF(CF 3 )ppy] 2 (dtbpy))PF 6 (1%), 455 nm	62
	3	EtOAc, 4-CzIPN (5%), 455 nm	39
	4	EtOAc, 1a (1.5 equiv.)	60
	5	DCM	58
	6	Acetone	65
	7	none	98 (84)
	8	1b instead of 1a	51
	9	1c instead of 1a	trace
	10	1d instead of 1a	18
	11	w/o TX	20
	12	w/o light	N.R.

  Calcd for C 21 H 19 N 2 O 2 [M+H + , 100 %]: 331.1441, found 331.1444. Diethyl (2-((diphenylmethylene)amino)ethyl)phosphonate (

. HRMS (ESI):

  Calcd for C 23 H 19 N 2 O 2 [M+H + , 100 %]: 355.1447, found 355.1437.

1. HRMS (ES+):

  1. HRMS (ESI): Calcd for C 26 H 34 NO 2 [M+H + , 100 %]: 392.2584, found 392.2584. 2-((diphenylmethylene)amino)acetamide (

  . HRMS (ES+): Calcd for C 21 H 25 N 2 O 2 [M+H + , 100 %]: 337.1916, found 337.1927. Ethyl 2-((diphenylmethylene)amino)propanoate (

  . HRMS (ESI): Calcd for C 28 H 32 NO 2 [M+H + , 100 %]: 414.2428, found 414.2422.

  . HRMS (ESI): Calcd for C 12 H 16 BrN 2 O [M+H + , 100 %]: 283.0442, found 283.0441.

  . HRMS (ESI): Calcd for C 9 H 18 NO 4 [M+H + , 100 %]: 204.1230, found 204.1235.
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