
Organic &
Biomolecular Chemistry

PAPER

Cite this: Org. Biomol. Chem., 2018,
16, 8175

Received 3rd August 2018,
Accepted 8th October 2018

DOI: 10.1039/c8ob01886c

rsc.li/obc

Manganese catalyzed N-alkylation of anilines with
alcohols: ligand enabled selectivity†

Vinod G. Landge, Akash Mondal, Vinit Kumar, Avanashiappn Nandakumar and
Ekambaram Balaraman *

Ligand enabled Earth-abundant manganese catalyzed N-alkylation of amines with alcohols via a hydro-

gen auto-transfer strategy is reported. The choice of the ligand plays a significant role in the alcohol reac-

tivity (aliphatic or aromatic) toward N-alkylation reactions.

Introduction

Amines constitute an important class of compounds and find
manifold applications in the synthesis of pharmaceuticals,
agrochemicals, polymers, dyes, and fine chemicals.1–3 In this
regard, the development of sustainable methods for the for-
mation of the C–N bond is in high demand. Traditionally, the
C–N bond formation has been carried out using the reaction
of amines with alkyl halides. However, this process has serious
limitations such as over-alkylation, and the formation of non-
selective byproducts. An alternative method for the synthesis
of amines is the reduction of amides by utilizing stoichio-
metric amounts of reactive reagents which produce copious
waste. Also, the Buchwald–Hartwig reaction,4 the Ullmann
reaction5 and hydroamination6 impose a serious challenge to
N-alkylation, as these reactions use hazardous, prefunctiona-
lized chemicals which leads to low atom- and step-economy.

Of late, the hydrogen auto-transfer (HA) or borrowing
hydrogen (BH) strategy is one of the chemical reactions in the
chemist’s tool-box for the preparation of amines.7

Mechanistically, HA includes three principal steps: (1) de-
hydrogenation of an alcohol to a reactive carbonyl compound,
(2) condensation of the amine with the carbonyl derivative to
yield an imine, (3) in situ hydrogenation of the imine using the
hydrogen generated in the initial dehydrogenation step selec-
tively leading to the N-alkylated amine. This domino reaction
seldom requires an oxidant in the initial step, and an external
hydrogen source for the final hydrogenation step. Thus, it can
circumvent the generation of metal salt waste to yield the
desired N-alkylated product with the formation of water. In the

last few decades, this concept had taken an elegant leap from
both synthesis and application points of view.8–12

Manganese is the third Earth-abundant metal in the
Earth’s crust, cheap, and biorelevant.13 In recent times, the
use of manganese as a benign alternative to precious metal
catalysts in homogeneous catalysis is interesting and has
received much attention. The research group of Milstein used
a Mn–PNP pincer complex for the coupling of alcohols and
amines to form aldimines.14 Noteworthy progress has been
made using electron-rich phosphine based Mn-complexes by
various groups.15 The pioneering work by Beller and co-
workers demonstrated that a well-defined Mn-complex stabil-
ized with an electron-rich tridentate phosphine ligand is an
efficient catalyst for the N-alkylation of amines using alcohol
as an alkylating reagent (Scheme 1).15b,c

Notably, the known Mn-catalytic systems consist of elec-
tron-rich phosphine ligands. Despite the widespread appli-
cations and tremendous success of phosphine ligands in
homogeneous catalysis,16,17 the identification of an alternative
ligand system to electron-rich phosphines is in high demand
in academia and industry. Here, we report a manganese cata-
lytic system in combination with a simple and efficient nitro-

Scheme 1 Selected phosphine based Mn-complexes for (de)hydrogen-
ation reactions.
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gen based ligand for selective N-alkylation of amines with
alcohols.

Results and discussion

Initially, we began our investigation of the manganese cata-
lyzed N-alkylation reaction using m-toluidine 1a, and benzyl
alcohol 2a as the benchmark substrates. To our delight, the
N-alkylated product 4a was obtained in 65% yield, by employ-
ing commercially available MnBr(CO)5 (5 mol%) as the Mn-
source, dppb (5 mol%) as the ligand, and KOtBu (1.1 equiv.) as
the base, in toluene (Table 1, entry 1). Next, we examined the
effect of a nitrogen based ligand such as 1,10-phenanthroline
under the same reaction conditions. However, the required
product (4a) was obtained in poor yield (Table 1, entry 2).
Indeed, the commercially available tridentate ligand L1 was
found to be beneficial for this transformation and gave 92%
isolated yield of 4a (Table 1, entry 3). By changing tridentate to
NON-ligand L2, a moderate yield of 4a was observed (Table 1,
entry 4). Gratifyingly, sulfur containing tridentate SNS-ligands
L3 and L4 were also effective in this C–N bond forming reac-

tion and gave 4a in 74% and 80% yields, respectively (Table 1,
entries 5 and 6). Notably, the salen based ligand L5 also
reacted well and gave 4a in 91% yield.

Under the optimal conditions, other manganese salts
(MnCl2, Mn(OAc)2, MnBr2, and Mn2(CO)8) failed to give 4a. By
lowering the oil-bath temperature from 140 to 100 °C, 60%
yield of 4a was obtained (Table 1, entry 9). The control experi-
ments revealed that the catalyst, ligand, and base are impor-
tant for this transformation (Table 1, entries 10–12). The
efficiency of the reaction was significantly affected in the
absence of the base, and KOtBu showed significant improve-
ment in the yield of 4a (Table 1, entries 12–14). The reaction
was carried out with a catalytic amount of KOtBu under
optimal conditions; however, the N-alkylated product 4a was
observed in lower yield (30%). The effect of other bases was
examined under our Mn-catalyzed conditions (see the ESI†).
Further screening of the solvent did not influence the
N-alkylation of amine (Table 1, entry 15).

After establishing the optimized reaction conditions
(Table 1), we set out to prove its versatility in the N-alkylation
of various substituted alcohols and amines. The developed
synthetic methodology is general and has a broad substrate
scope (Tables 2 and 3). Regardless of the positions of the elec-
tron-donating and the electron-withdrawing substituents on
anilines, the reaction proceeded smoothly under manganese
catalysis. Aniline derivatives possessing the para substituents,
such as methoxy, and chloro substituents were converted into
the corresponding products in moderate to good yields (3b in

Table 1 Optimization of the reaction conditionsa,b

Entry Reaction conditionsa Yield of 4a b (%)

1 dppb used as ligand 65
2 1,10-Phenanthroline used as ligand 18
3 L1 used as ligand 92 (58)c

4 L2 used as ligand 70
5 L3 used as ligand 74
6 L4 used as ligand 80
7 L5 used as ligand 91
8 MnCl2 used as [Mn] source Trace
9 At 100 °C 60
10 Without [Mn] cat. n.d.
11 Without L1 20
12 Without KOtBu Trace
13 KOH instead of KOtBu 40
14 LiOtBu instead of KOtBu 51
15 1,4-Dioxane used as solvent 75

a Reaction conditions: Aniline 1a (0.5 mmol), alcohol 2a (0.55 mmol),
MnBr(CO)5 (5 mol%), ligand (5 mol%), KOtBu (0.55 mmol), 1 mL
toluene, 140 °C (oil-bath temperature), 18 h. b Isolated yields. L1 = N1-
(3-(Dimethylamino)propyl)-N3,N3-dimethylpropane-1,3-diamine; L2 =
2,2′-Oxybis(N,N-dimethylethanamine); L3 = Bis(2-(methylthio)ethyl)
amine; L4 = Bis(2 (isopropylthio)ethyl)amine. cUnder open air atm.

Table 2 Scope of aminesa,b

a Reaction conditions: Aniline 1 (0.5 mmol), alcohol 2a (0.55 mmol),
MnBr(CO)5 (5 mol%), ligand (5 mol%), KOtBu (0.55 mmol), 1 mL
toluene, 140 °C (oil-bath temperature), 18 h. b Isolated yield. c Ligand
L5 was used.
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67%, and 3c in 65% yields). The substituents on anilines such
as trifluoromethyl, fluoro, chloro and phenyl substituents were
tolerated and provided the corresponding C–N bonded pro-
ducts (3d, and 3d–3g) in moderate yields. The disubstituted tri-
fluoromethyl (1h), and dimethoxy (1i) anilines underwent the
N-alkylation reaction and afforded the expected products 3h
and 3l in 95% and 45% isolated yields, respectively. The
heterocyclic anilines such as 2-aminopyridine, 8-aminoquino-
line, and 6-aminoquinoline were well tolerated under Mn-cata-
lysis in the presence of the L5 ligand to give the expected pro-
ducts 3j in 85%, 3k in 72%, and 3l in 75% yields. However, the
ligand L1 under optimized reaction conditions gave a poor
yield of 3j (35% yield). This is because the amine 1j provides a
stronger coordination site than L1 to the Mn center.
Unfortunately, aliphatic amines such as 1-pentyl amine and
octylamine were ineffective and did not yield the desired
N-alkylated products under optimal conditions.

Next, the scope of alcohol substrates in Mn-catalyzed C–N
bond forming reactions was tested, and the results are sum-
marized in Table 3. Benzyl alcohols containing various substi-
tuents such as 4-Me and 4-Cl had undergone N-alkylation
under the optimized conditions to offer the desired products
(4b–c) in moderate to good yields. The ortho-substituted meth-
oxybenzyl alcohol reaction proceeded smoothly and gave the
product 4d in 78% isolated yield. Gratifyingly, the heterocyclic
furfuryl alcohol was well tolerated and afforded the N-alkylated
product 4e in 74% yield. Notably, aliphatic alcohols were also
susceptible to the N-alkylation process under optimized con-
ditions in the presence of ligand L5. Thus, various aliphatic
alcohols such as n-butanol, octanol, and decanol underwent
N-alkylation smoothly to give the corresponding products 4f
(42%), 4g (58%), and 4h (57%) in moderate yields. Notably,
under similar reaction conditions, ligand L1 and the Mn

source gave a poor yield of the products. This experiment
result highlights the ligand enabled selectivity in the alcohol
reactivity towards N-alkylation reactions. Remarkably, (R)-
(+)-β-citronellol underwent N-alkylation selectively to give 4i in
75% yield with the retention of the double bond and the chir-
ality under our Mn-catalysis (Mn/L5).

The choice of the ligand plays a critical role in the alcohol
reactivity (aliphatic vs. aromatic) towards the present C–N
bond formation by the Mn-catalyst. To demonstrate this
phenomenon, 4-amino phenyl ethyl alcohol (5a) was selected
as a model substrate (Table 4). Thus, the reaction of 5a with
benzyl alcohols (2) in the presence of the L1 ligand under stan-
dard reaction conditions led to the N-alkylated products in
moderate to good yields (63%–85% yield). Interestingly, the
alcoholic motif in 5a remains intact. Various para-substituted
benzyl alcohols such as 4-Me, 4-Cl, 4-Br, and 4-Ph substituted
alcohols underwent the N-alkylation reaction under optimized
conditions to give the corresponding products in 63–85%
yields. The ortho- and meta-substituted benzyl alcohols are
also suitable substrates for this N-alkylation process and
offered the expected products in moderate to good yields
(Table 4, products 6g–6i). Notably, 3,4-dimethoxy benzyl
alcohol and furfuryl alcohol underwent the N-alkylation reac-
tion and afforded 6j in 76% and 6k in 63% isolated yields,
respectively.

To highlight the synthetic utility of this procedure and the
switching of N-alkylation under different ligand systems a
sequential N-alkylation of diamine such as m-phenylene-
diamine 7a was carried out using L1 and L5 ligands
under optimal conditions (Scheme 2). The reaction proceeded

Table 3 Scope of alcoholsa,b

a Reaction conditions: Aniline 1a (0.5 mmol), alcohol 2 (0.55 mmol),
MnBr(CO)5 (5 mol%), ligand (5 mol%), KOtBu (0.55 mmol), 1 mL
toluene, 140 °C (oil-bath temperature), 18 h. b Isolated yield. c Ligand
L5 was used.

Table 4 Scope of aminesa,b

a Reaction conditions: 5a (0.5 mmol), alcohol 2 (0.55 mmol), MnBr
(CO)5 (5 mol%), ligand L1 (5 mol%), KOtBu (0.55 mmol), 1 mL
toluene, 140 °C (oil-bath temperature), 24 h. b Yield of the isolated
product.
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efficiently with benzyl alcohol and afforded the selective
mono-N-alkylated product 7b in 65% isolated yield using
ligand L1. Then applying the L5 ligand yielded the unsym-
metrical N-alkylated product 7c in 60% yield using octanol as
the alkylating reagent. Similarly, (R)-(+)-β-citronellol (2i) under-
went selective sequential N-alkylation and gave 7e in good
yield.

Interestingly, the salen-based Mn-complex is very efficient
in the present N-alkylation of amines with alcohols. Indeed,
the isolation of the salen–Mn complex was unsuccessful.
Notably, performing the N-alkylation reaction in the presence
of Bu4NBr (a salt known to stabilize nano-particles)18 did not
enhance the either the rate of the reaction or the yield of the
product 4a. Indeed, a low yield of 4a (65%) was observed.
Moreover, the addition of 200 equiv. of mercury to the catalytic
reaction mixture slightly reduced the reaction yield (84%),
though it could not quench the reaction completely. All these
experimental findings showed that the present Mn-catalyst is
homogeneous in nature and less likely to transform into
another active catalytic species (manganese nanoparticles).
Performing the reaction in the presence of radical scavenger
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO; 2 equiv.) did not
affect the yield of the product. This result indicates that the
radical reaction pathway could be ruled out. Indeed, in the
absence of an amine coupling partner the formation of an
aldehyde product and H2 gas was observed by GC. This result
showed that the N-alkylation proceeds via a dehydrogenative
coupling strategy. The inductively coupled plasma atomic
emission spectroscopy analysis confirmed the absence of
other metallic impurities. Notably, time-dependent experi-
ments for the N-alkylation of 1a using 2a showed that the
present Mn/L1 or Mn/L5 catalytic system is stable during the
catalysis.19

Conclusions

In summary, we have reported ligand system enabled manga-
nese catalyzed N-alkylation of anilines with alcohols under
phosphine ligand-free conditions. The sequential N-alkylation
of diamines with benzyl and aliphatic alcohol by employing
different ligand systems has been shown. This unified strategy
has a broad substrate scope and functional group tolerance.
We observed that the presence of the –NH group in the triden-

tate ligand is crucial to obtain the N-alkylated product in a
higher yield. Interestingly, the salen ligand also showed a
similar reactivity to the tridentate ligand. At this moment, it is
challenging to mention in which fashion the ligand coordi-
nates to the Mn-center and how the alcohol gets activated (the
alcohol reactivity). Indeed, the isolation of the Mn complex
with the salen ligand and detailed mechanistic investigation
are in progress in our laboratory.

Experimental section
General information

All catalytic experiments were carried out using standard
Schlenk techniques. All solvents were of reagent grade or
better. Deuterated solvents were used as received. Toluene was
refluxed over sodium/benzophenone followed by distillation
under an argon atmosphere and stored over sodium. Metal
complexes and other chemicals used in catalysis reactions
were used without additional purification. Thin layer chrom-
atography (TLC) was performed using silica gel precoated glass
plates, which were visualized with UV light at 254 nm or under
iodine. Column chromatography was performed with SiO2

(Silicycle Siliaflash F60 (230–400 mesh). 1H NMR (400 or
500 MHz) and 13C{1H} NMR (100 MHz) spectra were recorded
using an NMR spectrometer. Deuterated chloroform was used
as the solvent, and the chemical shift values (δ) are reported in
parts per million relative to the residual signals of this solvent
[δ 7.26 for 1H (chloroform-d) and δ 77.2 for 13C{1H} (chloro-
form-d)]. Abbreviations used in the NMR follow-up experi-
ments: br, broad; s, singlet; d, doublet; t, triplet; q, quartet;
and m, multiplet. GC analysis was carried out using a HP-5
column (30 m, 0.25 mm, 0.25μ). Mass spectra were obtained
on a GCMS-QP 5000 instrument with an ionization voltage of
70 eV. High resolution mass spectra (HRMS) were obtained by
fast atom bombardment (FAB) using a double focusing mag-
netic sector mass spectrometer and an electron impact (EI)
ionization technique (magnetic sector–electric sector double
focusing mass analyzer). HPLC analysis was performed on an
Agilent Technologies 1260 Infinity with a UV detector.

General procedure for the manganese-catalyzed N-alkylation of
anilines

Into an oven-dried 10 mL screw-capped vial, MnBr(CO)5
(0.025 mmol, 5 mol%), ligand L1 or L5 (0.025 mmol, 5 mol%),
alcohol 2 (0.55 mmol, 1.1 equivalents), amine 1 (0.5 mmol),
KOtBu (0.55 mmol, 1.1 equivalents), and toluene (1 mL) were
added under a gentle stream of argon. The reaction mixture
was kept under stirring at 140 °C (oil-bath temperature) for
18 h. Then, the reaction mixture was diluted with water (4 mL)
and extracted with dichloromethane (3 × 5 mL). The resultant
organic layer was dried over anhydrous Na2SO4 and the solvent
was evaporated under reduced pressure. The crude mixture
was purified by silica gel column chromatography
(230–400 mesh size) using petroleum-ether/ethyl acetate as an
eluting system.

Scheme 2 Sequential N-alkylation of diamine.
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