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Ni-catalyzed a-alkylation of unactivated amides and esters with
alcohols via hydrogen auto-transfer strategy

Siba P. Midya,! Jagannath Rana,* Jayaraman Pitchaimani,?Avanashiappan Nandakumar,Vedichi
Madhu?* and Ekambaram Balaraman?*

Abstract: Transition-metal-catalyzed borrowing hydrogen/hydrogen
auto-transfer (BH/HA) strategy allows to utilize feedstock alcohols as
alkylating partner that avoids the formation of stoichiometric salt
waste and enables a direct and benign approach for the construction
of C-N and C-C bonds. Here,we reporta nickel-catalyzed a-alkylation
of unactivated amides and ester (tert-butyl acetate) using primary
alcohols under mild conditions. This C-C bond forming reaction
catalyzed by a new, molecularly defined NNN-nickel(ll) complex (0.1
- 1 mol%) and proceeds via HA strategy, thereby releasing water as
the sole by-product. In addition, N-alkylation of cyclic amides under
Ni-catalytic conditions is shown.

The development of new sustainable approaches that utilize the
fundamental feedstocks in the key chemical transformation is
extremely important in contemporary science. The co-alkylation
of carbonyl derivatives using alcohols is one of the most
important transformations and found manifold applications in
natural product chemistry, and peptide modifications.'? In
general, the a-alkylation is achieved by electrophilic alkylation of
an alkyl halide with an alkali-metal enolate of carbonyl
derivative, which can generate the desired product along with a
stoichiometric amount of metal salt.® Alternatively, transition-
metal catalyzed hydrogen auto-transfer (HA) strategy has been
explored for a-alkylation of the carbonyl compounds, wherein
alcohol is used as an alkylating reagent. Moreover, HA strategy
provides an excellent atom-economical as well as a step-
economical process with the liberation of water as a sole by-
product and thus, overcome the limitations of classical
approaches.*”

Notably, HA strategy has been widely investigated using the
noble-metal catalysts for the C-alkylation (or a-alkylation) of
carbonyl compounds, and amine derivatives.>’ However, C-
alkylation of unactivated carbonyl compounds such as amides
and esters remains extremely challenging, due to the least
acidic nature of o-CH bond of amides and esters.® The catalytic
a-alkylation of unactivated amides and esters by alcohols has
significant advances in chemical synthesis. In this direction,
noble-metal such as Ir, and Ru-catalyzed a-alkylation of
amidesand esters (in particular tert-butyl acetate) have been
reported in recent years.® The sustainability of such processes is
highly challenging because of the use of less abundant and
expensive noble-metal catalysts. Consequently, a numerous
efforts have been devoted to replace the noble-metals with
earth-abundant 3d transitionmetals for the similar or better
reactivity.'>*1 Very recently, Kempe and co-workers reported
earth-abundant and non-precious PN3zP-cobalt pincer complex
for the C-alkylation of amides and esters, thereby enabling
sustainable development for C-C bond forming reactions.*?
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Nickel is one of the most naturally abundant and low-cost 3d
transition metals and found manifold applications in various
cross-coupling reactions,'®* and photo-redox catalysis!* to
activate the inert C-X (X = O, N, C or H) bonds.In recent times,
intensive  applications of nickel catalysis in chemical
manufacturing and pharmaceutical industry are depicted as a
conclusive sustainable alternative to the noble-metal catalysts.
To date, the application of well-defined nickel catalyst for HA/BH
reactions in homogeneous catalysis is highly demanding and
remains elusive.'® Herein, we reporta sustainable and phosphine
ligand-free Ni-based catalytic system for a-alkylation of
unactivated amides and ester (tert-butyl acetate) via C-C bond
forming HA strategy (Scheme 1).
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Scheme 1.Ni-catalyzed C-C bond forming reactions.

The new N3-nickel(ll) pincer complexes 1-2 were synthesized
and characterized using the state of the art analytical methods.
Notably, the nitrogen-based tridentate ligand, 2,6-
bis(morpholinomethyl)-pyridine (Py-N?; L) can be synthesized by
straightforward under open-air atmosphere, which has the
practical advantages for the scaled-up process (gram-scale).!®
The reaction of Py-N® with NiCl,.6H,0, and NiBr,.6H,0 in MeOH
at room temperature resulted the corresponding Ni-complexes
1(85% yield) and 2 (81% yield), respectively (see ESI and Figure
1). Complexes 1-2 were characterized by elemental analysis,
high-resolution mass spectrometry (HRMS), and infrared
spectroscopy. Electron paramagnetic resonance (EPR) analysis
showed the paramagnetic nature of Ni(ll)-complexes. The X-ray
crystal structure analysis of 1 indicated a unimolecular structure,
which is made up of hexacoordinatedNi(ll) ion. The neutral N2
ligand is coordinated to the nickel center in a typical tridentate
mode, with N1-Ni1-N2 and N1-Ni1-N3 bond angle of 77.19(5)°
and 77.18(5)°, respectively. Selected bond distances and angles
are given in the caption of Figure 1. Significantly, complexes 1
and 2 can be handled under ordinary atmosphere,since they are
not sensitive towards oxygen and moisture over a considerable
period (~ 1 month).
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X=Cl(1)
X =Br(2)

Figure 1.Single crystal X-ray structure of 1 (left). Hydrogen atoms
(except H,O) were omitted for clarity. Selected bond length [A] and
angle []: Ni1-N1 1.9945(14), Ni1-O3 2.0260(14), Ni1-N2 2.3520(14),
Ni1-N3 2.3709(15), Nil-Cl2 2.3979(5), Nil-Cl1 2.4266(5) and N1-
Ni1-O3 178.67(6), N1-Ni1-N2 77.19(5), O3-Ni1l-N2 103.81(6), N2-
Ni1l-N3 154.37(5), N1-Nil-Cl2 94.95(4), CI2-Ni1l-Cl1 172.23(17)
[CCDC No: 1814945].

Remarkably, the present Ni-complexes have shown the finest
activity in the a-alkylation of unactivated amides and esters
using alcohols as alkylating agent. This reaction enables the
direct synthesis of C-alkylated amides and esters with the
liberation of water. The reaction of N,N-dimethyl acetamide (3a)
with 4-methyl benzyl alcohol (4c) was taken as the model
substrates (Table 1). Common reaction parameters including
catalysts, solvents, reaction temperature, and base were
investigated systematically using model substrates. Initially, the
reaction of 3a (0.25 mmol), and 4c¢ (0.125 mmol) in the presence
of Ni-pincer complex 1 (2.5 mol%) and KO'Bu (0.13 mmoal) in
THF at 100 °C resulted in 72% vyield of dimethyl-3-p-
tolylpropanamide (5c; Table 1, entry 1). Under similar
conditions, Ni-pincer complex 2 gave 66% yield of 5¢c (Table 1,
entry 2), while the simple NiBr..6H,O afforded only 25% of the
alkylated product (Table 1, entry 3).

Table 1.Optimization of alkylation of N,N-dimethyl acetamide (3a)

with 4-methyl benzyl alcohol (4c).®
Cat a
N )J\ /©/\OH Base (1. 1 equw
Solvent

Temperature

Entry Catalyst Base Solvent Temperature Yield (%) TON/TOF
(°C) (5¢/10) ()

1 1 KO'Bu THF 100 72ind 7213
2 2 KO'Bu THF 100 66/n.d 66/2.8
3 NiBr2.6H.0 KO'Bu THF 100 25/n.d 25/1.1
4 1 KOBu n-Octane 100 8717 87/3.6
5 1 KO'Bu m-Xylene 100 68/5 68/2.8
6 1 KO'Bu Dioxane 100 58/n.d 58/2.4
7 1 KOH n-Octane 110 78/n.d 78/3.3
8 1 K'OPr n-Octane 110 71ind 71/3.0
9 1 Na‘OBu n-Octane 110 47/n.d 47/2.0
10 - KOBu n-Octane 110 0
11 1 n-Octane 110 trace
12 1 KO'Bu n-Octane 110 9003 90/3.8
13 1 KO'Bu n-Octane 110 770 n.d 7713.2
14 1 KOBu n-Octane 110 8263 820/34.2

[a]Reaction conditions: 0.25 mmol of 3a, 0.125 mmol of 4c, catalyst
1 (2.5 mol%), KO'Bu (1.1 equiv.), and 1 mL of solvent heated for 24
h. Yield determined by GC using 1,4-dibromo butane as an internal
standard. [b] Isolated yield using 1 mol% of catalyst 1. [c] 0.125
mmol of 3a and 0.25 mmol of 4c.[d] Formation of corresponding
benzyl benzoate derivative (~3%). [e] Reaction performed using 0.1
mol% of cat.1. n.d = Not detected.

10.1002/cssc.201801443

WILEY-VCH

Next, the effect of solvents on a-alkylation reaction was
examined. The n-octane found to be the optimal solvent and
gave 87% of 5¢ (Table 1, entry 4), whereas other solvents such
as m-xylene or 1,4-dioxane provided unsatisfactory yields under
standard conditions (Tabll 1, entries 5-6). Screening of various
bases such as KOH, KO'Pr, and NaO'Bu under similar catalytic
conditions gave also unsatisfactory results (Table 1, entries 7-9).
In absence of the catalyst or the base, no formation of product
was observed (Table 1, entries 10-11). After careful
investigations, the best result was obtained by employing amide
(2 equiv) and alcohol (1 equiv) in the presence of Ni-pincer
complex 1 (1 mol%) and KO'Bu (1.1 equiv) in n-octane at 110 °C
(93% GC vyield). Indeed, changing the ratio of N,N-dimethyl
acetamide (3a):4-methyl benzyl alcohol (4c) to 1:2, lowered the
yield of the desired C-alkylated amide to 77% (Table 1, entry
13). Gratifyingly, using a low catalytic amount of (0.1 mol% of 1)
the C-alkylation reaction worked efficiently, and the product 5c
was isolated in 82% yield with TON of 820 (Table 1, entry 14). It
is noteworthy to mention that the present N3-nickel(ll) pincer
complex 1 showed the superior reactivity with a low catalytic
loading (0.1 - 1 mol%), when compared to previously reported
PN3P-cobalt pincer complex (2.5 mol%).*?

With this excellent progress on optimization condition, we
studied the substrate scope of the Ni-catalyzed a-alkylation
process by varying alcohols and amides (Table 2). The reaction
of N,N-dimethyl acetamide (3a) with benzyl alcohol proceeded
well to afford the alkylated amide 5a in 85% isolated yield.
Benzyl alcohol derivatives containing electron-donating
substituents at the para position (methoxy, methyl, and
thiomethyl) also led to the desired products 5b-5d in good to
excellent yields (up to 90% vyields; Table 2). Electron-
withdrawing substituents (chloro and fluoro) at the para position
of benzyl alcohol provided the corresponding a-alkylated
products5e and 5f with good yields under optimal conditions
(products 5e in 67%, and 5f in 78% yields). Methyl and methoxy
substituents at the meta and the ortho position of the benzyl
alcohol furnished the expected C-alkylated amides in very good
yields (Table 2, 5g-i). Furthermore, benzyl alcohol containing
dimethyl and dimethoxy substituents provided the corresponding
products 5] (77%), and 5k (74%) in excellent yields and 2-
naphthyl methanol readily converted into a-alkylated amide 5l in
75% vyield. The reaction of furfuryl alcohol with 3a offered the
expected C-alkylated amide 5min 64% isolated yield.lt is
noteworthy that aliphatic alcohols (4n and 40) smoothly reacted
with 3a under our nickel-catalyzed conditions and offered the
cross-dehydrogenative coupling products 5n and 50 in 75% and
55% isolated yields, respectively. Gratifyingly, using a low
catalytic amount of (0.1 mol% of 1) the C-alkylation reaction
worked efficiently, and the product 5n was isolated in 66% yield.
Under similar conditions (0.1 mol% of cat.1), the C-alkylated
products 5c, 5l, and 5q were obtained in 82%, 71%, 76% yields,
respectively with excellent TONs (products 5c in 820, 5l in 710,
and 5qg in 760). Next, we have investigated the scope of amide
substrates under the optimal reaction conditions. Thus, N-
methyl-N-phenylacetamide (3p), 1-(piperidin-1-yl)ethan-1-one
(3g), and 1-morpholinoethan-1-one (3r) smoothly reacted with
4c under nickel-catalyzed conditions and led to the
corresponding C-alkylated amides (Table 2, products 5p-5r) in
moderate to good vyields (55% - 83% yields). Gratifyingly, N-
methylated cyclic amides (3s and 3t) underwent C-alkylation
and gave the corresponding a-branched amides 5s (88% yield)
and 5t (79% vyield) under standard reaction conditions.
Interestingly, 2-oxindole efficiently reacted with various alcohols
(aryl alcohols) under optimized reaction conditions and led to the
corresponding C-alkylated derivatives (products 5u-5v) in good
yields (up to 62% vyield)Thus, the present N3-nickel(ll) pincer
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complex catalyzed C-alkylation amides using alcohols showed
broad substrate scope and operates under mild conditions.

Table 2.Ni-catalyzed a-alkylation of amides: Scope of alcohols
and amides. @]

Cat. 1 (1 mol%) o

(0]
KO'Bu (1.1 equiv)
H—»,r\N)K/\ ~ MR*‘ H,0

n-octane ‘ ‘
4 110 °C b (Trace)

(5a, 85%) (5b, 65%) (5¢, 90%, 82%!!
o TON/TOF 820/34.2)
>N
|
(5d, 80%) (5e 67%) (5f 78%) F
o
\N \l\‘j
|
(59, 83%) (5h, 71%) i, 62%)
o
SN
| O
(55, 77%) 9
(5k 74%) (51, 75%, 71%
o TON/TOF 710/29.6)

\"‘W )K/W

(5m, 64%) (5n, 75%, 66%1° (50 55%)
,,,,,,,,,,,,,,,,,,,,,,,,,,IQN/TQE,,?,G,Q/?,Z@) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
Ph\N N N
\ o
(5p, 79%) (54, 83%, 76%° (5r, 55%)
o TON/TOF 760/31.7)
O @A@ (I;
(5s, 88%) (5t 79% R = p-tolyl ( 5U 62%)

= m-tolyl (5v; 58%)

[a] Reaction conditions: 0.4 mmol of 3, 0.2 mmol of 4, 1 mol% of
catalyst 1, KO'Bu (0.22 mmol), and 1 mL of n-octane heated at 110
°C under argon atmosphere for 24 h. [b] Isolated yields. [c] 0.1 mol%
of [Ni] and yields based on GC.

Interestingly, N-Boc protected cyclic amides (6a and 6b)
underwent N-alkylation of cyclic amides to afford 7a (88%), and
7b (78%) in excellent yields under standard reaction conditions
(Table 3).Indeed, we didn’'t observe the formation of C-alkylated
product. The reaction proceeds through a base-mediated Boc-
deprotection'” followed by Ni-catalyzed N-alkylation of liberated
sec.cyclic amides (see ESI).

Table 3.Tandem N-deprotection-N-alkylation of amides.?!

o Cat. 1 (1 mol%)

-Boc KO®Bu (1.1 equiv) NTR
i:“ +RTOH —————~
n-octane
n 4c 110 °C
6 (R = p-Tolyl) 7ab (n=0,2)
(7a, 88%) (7b 78%)

[a] Reaction conditions: 0.4 mmol of 6, 0.2 mmol of 4c, 1 mol%
of catalyst 1, KO'Bu (0.22 mmol), and 1 mL of n-octane heated
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at 110 °C under argon atmosphere for 24 h. [b] All reported
isolated yields are the average of two independent experiments.

In light of the high activity of the Ni-catalytic system, we began to
explore the use of tert-butyl acetate as coupling partner to
access a-alkylated ester derivatives. In the initial study, the
reaction between tert-butyl acetate (8) and 4-methoxy benzyl
alcohol (4b) in the presence of 1 mol% of catalyst 1 at 110 °C to
form a corresponding C-alkylated ester 9a in 27% yield (see SI
for details). However, the changing of other solvents, such as
toluene, m-xylene, and 1,4-dioxane did not improve the product
yield. The highest yield (80%) of the product 9a was obtained at
the elevated temperature (150 °C; see ESI). With this optimized
condition in hand, various benzyl alcohols have been regio-
selectively introduced and thus, giving rises to the C-alkylated
tert-butyl acetate. All the C-alkylated acetate derivatives (9a—Q)
were isolated in moderate to good yields (54-78%; Table 4).
Thus, the present Py-N3-Ni(ll) complex displayed a general
method for direct synthesis of o-alkylated tert-butyl acetates.
However, under standard conditions other acetate derivatives
(ethyl acetate and benzyl acetate) failed to yield the expected C-
alkylated products. This is due to the competing base-mediated
transesterification reaction.

Table 4. The scope of alcohols for the a-alkylation of ester. [Pl

: EN
)to”tB” * RTOHW IB“\oﬁaKAR + (H0
150 °C a
(0]
'Bu\O)K/\@ ’Bu\ )k/\©\ ’Bu\ )K/\@\
(9a, 78%) oM (9b, 66%) (9¢, 72%)
By 2 By 'Bu\ %
\OW ~O )‘k/\©/
(9d, 74%) (9e, 69%) (9F, 54%)

o o
1
(99, 73%) OMe (9h, 0%) i, 0%)
OMe

[a] Reaction conditions: 0.8 mmol of 8, 0.2 mmol of 4, 2 mol% of
catalyst 1, KO'Bu (0.22 mmol), and 1 mL of n-octane heated at 150
°C under argon atm for 24 h. [b] Isolated yields.

To understand the mechanistic insights, the benchmark
substrate N,N-dimethyl acetamide3a with 4-methyl benzyl
alcohol 4c was investigated under standard catalytic conditions
(Scheme 2). The formation of hydrogen gas was qualitatively
analyzed using gas chromatography (GC). This result suggests
that the present Ni-catalysis proceeds viadehydrogenative
pathway (Scheme 2a). Importantly, the reaction of N,N-dimethyl
acetamide (3a) with 4-methyl benzyl alcohol (4c) under standard
reaction conditions (at 90 °C) in 4 hr gave the mixture of
intermediate 10 (15%) and 5c (33%).Further, the treatment of
intermediate  (E)-N,N-dimethyl-3-p-tolylacrylamide  (10) in
presence of benzyl alcohol under catalytic conditions smoothly
converted into hydrogenated product 5¢ (Scheme 2b). This
result revealed that the formation of 10 is the critical
intermediate in the catalytic cycle and upon catalytic
hydrogenation (either by hydrogen molecule generated in the
initial dehydrogenation step or transfer of Ni-H to the C=C
unsaturated bond) lead to the C-C bond forming alkylation
process. The deuterium labeling experiment was carried out with
amide 3a and 4-chloro benzyl alcohol 4e-D under standard

This article is protected by copyright. All rights reserved.
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reaction conditions (Scheme 2c). The formation of amide 5e is in
agreement with the microreversibility of initial alcohol
dehydrogenation process. The resulted product ratio of mono
and bis-deuterated amides (5e-D1 and 5e-D2) revealed that one
of the benzylic C-H/D bonds has to be cleaved to initiate the a-
alkylation process.

a. Hydrogen detection
Standard

- k /©/\ ___conditions HZT
(observed on GC)
b.Intermediate isolation

Standard

~ k /©/\ ___conditions

4h, 90 °C

,,,,, (1!!,15‘3/,,,,,,,,4 (5c 33%)
Cat. 1 (1 mol%)
PhCF"ZOH n-octane
KO'Bu 110°C
[e]
N
I
5¢c, 72%
c. Deuterium incorporation ¢ )
(96%) H/D P
o Dy Stag.cti‘ard o i5e:  16% |
conditions ~ | |
oD ——————— N 15e-Dy: 36% |
\N)K+ /©/J< Yield 28% | 5e-0y 48(,/0:
| cl H/D (o] [t 4 e
3a 4e-D 5e

Scheme 2.Mechanistic investigations of Ni-catalyzed a-alkylation of
amide.

The addition of 200 equiv. of mercury to the catalytic reaction
slightly reduced the reaction yield (78%), though it could not
quench the reaction completely. Time-dependent kinetic study
on a-alkylation of amide 3awith alcohol 4cwas carried out under
our Ni-catalyzed conditions (Fig. 2a). With different time interval,
continuous sampling was undertaken, and the vyield of C-
alkylated amide 5c was determined. These experimental
findings showed that the present Ni-catalysis is homogeneous in
nature and stable during the catalysis. The reusability of the
present homogeneous Ni-catalyzed C-alkylation of amide was
demonstrated (Fig. 2b). Thus, the reaction of 3a with 4c under
standard reaction conditions was carried out by externally
adding starting materials into the reaction mixture (without
additional catalyst) after every 24 h and monitored the catalytic
efficiency of the nickel catalyst. Interestingly, the desired product
5c was obtained in moderate yield after 3dcycle.t®

:
S .
i i
14 I

Figure 2a.Kinetic profile for the C-alkylation of 3a.
Recyclability test of Ni-catalyzedC-alkylation of 3a.

Figure 2b.

The direct transformation of amides to other value-added
chemicals is an emerging area, and many practical methods
have been developed.'°The direct transformation of a-alkylated
amide (5a) is shown in Scheme 3. The compound 5a was
reacted with BusSnLi to afford the aldehyde 11 with 50% isolated
yield.2%2 The amide 5a was converted into alcohol 12 in 74%
yield by using samarium(ll) iodide-water-amine reagent.?’®® As
shown in Scheme 3, the resulted a-alkylated amide was
efficiently converted into the corresponding aldehyde and
alcohol derivatives, and thus, these methods can be used for the
extension the alcohol substrate by two carbon atoms.
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i DBusnLi | i :
i) BusSnLi ' '
WH THF, RT :©/\)kN’Me: Sml-EtsN-H,0 WOH
~ ' I e —
i) H,0, RT ! Me :  THFRT

11 (50%) 12 (74%)

Scheme 3.The direct transformation of a-alkylated amide.

In summary, we developed an efficient Ni-catalyzed a-alkylation
of unactivated amides and ester (tert-butyl acetate)via hydrogen
auto-transfer strategy. The present C-C bond forming reaction of
amide and ester is catalyzed by a new, air-stable molecularly
defined N3-nickel (Il) complex under mild conditions with a low-
catalytic loading (0.1 - 1 mol%). The practical late-stage
transformation was successfully demonstrated to extend the
scope of a-alkylated amides.

Acknowledgements

This research is supported by the EMR/2015/000030 (under the
SERB-Green Chemistry programme), and CSIR-INPROTICS
P&A (HCPO011A). SPM and JR thank the CSIR for the research
fellowship. VM thanks the SERB (EMR/2016/006106) for
financial support.

Keywords:Nickel catalysiss Amidess Hydrogen auto-transfers C-
Alkylations Homogeneous catalysis

References

(1). J. Clayden, N. Greeves, S. Warren, P. Wothers, Oxford University Press:
Oxford, 2001.

(2). (a) B. C. Challis, J. Challis, J. Zabicky, John Wiley & Sons: London, 1970;
pp 731-857. (b) S. Patai, Ed. John Wiley and Sons: Chichester, 1979; pp
267-490.

(3). (@) M. J. O’'Donnel, C. Zhou, W. L. Scott, J. Am. Chem. Soc.1996, 118,
6070-6071. (b) H. Kim, H. Lee, D. Lee, S. Kim, D. Kim, J. Am. Chem. Soc.
2007, 129, 2269-2274.

(4). For recent reviews on hydrogen auto-transfer (HA) strategy: (a) M. H. S.
A. Hamid, P. A. Slatford, J. M. J. Williams, Adv. Synth. Catal.2007, 349,
1555. (b) G. E. Dobereiner, R. H. Crabtree, Chem. Rev. 2010, 110, 681.
(c) G. Guillena, D. J. RamOn, M. Yus, Chem. Rev.2010, 110, 1611. (d) A.
J. A. Watson, J. M. J. Williams, Science2010, 329, 635. (e) C.
Gunanathan, D. Milstein, Science2013, 341, 1229712. (f) M. Trincado, D.
Banerjee, H. Grutzmacher, Energy Environ. Sci.2014, 7, 2464. (g) D.
Wang, D. Astruc, Chem. Rev.2015, 115, 6621. (h) A. Nandakumar, S. P.
Midya, V. G. Landge, E. Balaraman, Angew. Chem. Int. Ed.2015, 54,
11022. (i) R. H. Crabtree, Chem. Rev.2017, 117, 9228. (j) A. Corma, J.
Navas, M. J. Sabater, Chem. Rev.2018, 118, 1410.

(5). For reviews on C-alkylation: (a) Y. Obora, ACS Catal.2014, 4, 3972. (b) Y.
Obora, Top. Curr. Chem.2016, 374, 11. (c) F. Huang, Z. Liu, Z. Yu,
Angew. Chem. Int. Ed.2016, 55, 862. (d) S. W. Kim, W. Zhang, M. J.
Krische, Acc. Chem. Res.2017, 50, 2371. (e) G. Chelucci, Coord. Chem.
Rev.2017, 331, 1.(f) K. -i. Shimizu, Catal. Sci. Technol.2015, 5, 1412.

(6). For reviews on N-alkylation: (a) S. Béhn, S. Imm, L. Neubert, M. Zhang,
H. Neumann, M. Beller, ChemCatChem2011, 3, 1853. (b) Q. Yang, Q.
Wang, Z. Yu, Chem. Soc. Rev.2015, 44, 2305. (c) J. Leonard, A. J.
Blacker, S. P. Marsden, M. F. Jones, K. R. Mulholland, R. Newton, Org.
Process Res. Dev.2015, 19, 1400.

(7). For selected examples on N-heterocycle alkylation: (a) B. Blank, R.
Kempe, J. Am. Chem. Soc.2010, 132, 924. (b) Y. Obora, S. Ogawa, N.
Yamamoto, J. Org. Chem.2012, 77, 9429. (c) C. Chaudhari, S. M. A. H.
Siddiki, K. Shimizu, Tetrahedron Lett.2013, 54, 6490. (d) Z. Tan, H.
Jianga, M. Zhang, Chem. Commun.2016, 52, 9359. (e) T. Feng, H. Li, D.
Young, J. Lang, J. Org. Chem.2017, 82, 4113.

(8). A. Fersner, J. M. Karty, Y. Mo, J. Org. Chem.2009, 74, 7245.

(9). For examples on a-alkylation of esters and amides: (a) M. Morita, Y.
Obora, Y. Ishii, Chem. Commun.2007, 2850. (b) Ledger, A. E. W.;
Slatford, P. A.; Lowe, J. P.; Mahon, M. F.; M. K. Whittlesey, J. M. J.
Williams, Dalton Trans.2009, 716. (c) R. Grigg, S. Whitney, V. Sridharan,
A. Keep, A. Derrick, Tetrahedron2009, 65, 4375. (d) R. Grigg, S. Whitney,

This article is protected by copyright. All rights reserved.



ChemSusChem

V. Sridharan, A. Keep, A. Derrick, Tetrahedron2009, 65, 7468. (e) T.
Jensen, R. Madsen, J. Org. Chem.2009, 74, 3990. (f) Y. luchi, Y. Obora,
Y. Ishii, 3. Am. Chem. Soc.2010, 132, 2536. (g) L. Guo, Y. Liu, W. Yao, X.
Leng, Z. Huang, Org. Lett.2013, 15, 1144. (h) T. Kuwahara, T. Fukuyama,
I. Ryu, RSC Adv.2013, 3, 13702. (i) L. Guo, X. Ma, H. Fang, X. Jia, Z.
Huang, Angew. Chem., Int. Ed.2015, 54, 4023.

(10). For base-metal based reviews on hydrogen auto-transfer (HA) strategy:
(a) S. Werkmeister, J. Neumann, K. Junge, M. Beller, Chem. Eur. J.2015,
21, 12226. (b) M. Garbe, K. Junge, M. Beller, Eur. J. Org. Chem.2017,
4344, (c) E. Balaraman, A. Nandakumar, G. Jaiswal, M. K. Sahoo, Catal.
Sci. Technol.2017, 7, 3177. (d) F. Kallmeier, R. Kempe, Angew. Chem.
Int. Ed. 2018, 57, 46. (e) G. A. Filonenko, R. van Putten, E. J. M.
Hensena, E. A. Pidko, Chem. Soc. Rev.2018, 47, 1459.

(11). Selected examples on base-metal catalyzed C-N bond forming
alkylation: (a) S. Elangovan, J. Neumann, J.-B. Sortais, K. Junge, C.
Darcel, M. Beller, Nat. Commun.2016, 7, 12641. (b) J. Neumann, S.
Elangovan, A. Spannenberg, K. Junge, M. Beller, Chem. Eur. J.2017, 23,
5410. (c) A. Bruneau-Voisine, D. Wang, V. Dorcet, T. Roisnel, C. Darcel,
J.-B. Sortais, J. Catal.2017, 347, 57. (d) S. Rosler, M. Ertl, T. Irrgang, R.
Kempe, Angew. Chem. Int. Ed.2015, 54, 15046. (e) G. Zhang, Z. Yin, S.
Zheng, Org. Lett.2016, 18, 300. (f) Z. Yin, H. Zeng, J. Wu, S. Zheng, G.
Zhang, ACS Catal.2016, 6, 6546. (g) M. Mastalir, G. Tomsu, E.
Pittenauer, G. Allmaier, K. Kirchner, Org. Lett.2016, 18, 3462. (h) S. P.
Midya, A. Mondal, A. Begum, E. Balaraman, Synthesis2017, 49, 3957. (i)
M. Bala, P. K. Verma, U. Sharma, N. Kumar, B. Singh, Green
Chem.2013, 15, 1687. (j) T. Yan, B. L. Feringa, K. Barta, Nat.
Commun.2014, 5, 5602. (k) H.-J. Pan, T. W. Ng, Y. Zhao, Chem.
Commun.2015, 51, 11907. () T. Yan, B. L. Feringa, K. Barta, ACS
Catal.2016, 6, 381. (m) B. Emayavaramban, M. Roy, B. Sundararaju,
Chem. Eur. J.2016, 22, 3952. (n) A. J. Rawlings, L. J. Diorazio, M. Wills,
Org. Lett.2015, 17, 1086. (0) M. Mastalir, B. Stoger, E. Pittenauer, M.
Puchberger, G. Allmaier, K. Kirchner, Adv. Synth. Catal.2016, 358, 3824.

(12). N. Deibl, R. Kempe, J. Am. Chem. Soc.2016, 138, 10786.

(13). (a) B. M. Rosen, K. W. Quasdorf, D. A. Wilson, N. Zhang, A. -M.
Resmerita, N. G. Garg, V. Percec, Chem. Rev.2011, 111, 1346. (b) T.
Mesganaw, N. K. Garg, Org. Process Res. Dev.2013, 17, 29.

(14). (a) J. A. Terrett, J. D. Cuthbertson, V. W. Shurtleff, D. W. C.
MacMillan,Nature2015, 524, 330. (b) S. J. Hwang, D. C. Powers, A. G.
Maher, B. L. Anderson, R. G. Hadt, S.-L. Zheng, Y.-S. Chen, D. G.
Nocera, J. Am. Chem. Soc.2015, 137, 6472. (c) B. J. Shields, A. G.
Doyle, J. Am. Chem. Soc.2016, 138, 12719. (d) M. Jouffroy, D. N. Primer,
G. A. Molander, J. Am. Chem. Soc.2016, 138, 475. (e) E. R. Welin, C. C.
Le, D. M. Arias-Rotondo, J. K. McCusker, D. W. C. MacMillan,
Science2017, 355, 380-385. (f) Z. -H. Qi, J. Ma, ACS Catal.2018, 8, 1456.

(15). (a) K. Shimizu, K. Kon, W. Onodera, H. Yamazaki, J. N. Kondo, ACS
Catal.2013, 3, 112. (b) K. Shimizu, N. Imaiida, K. Kon, S. M. A. H. Siddiki,
A. Satsuma, ACS Catal.2013, 3, 998. (c) M. Vellakkaran, K. Singh, D.
Banerjee, ACS Catal.2017, 7, 8152. (d) S. Das, D. Maiti, S. D. Sarkar, J.
Org. Chem.2018, 83, 2309.

(16). V. G. Landge, J. Pitchaimani, S. P. Midya, M. Subramanian, V. Madhu,
E. Balaraman, Catal. Sci. Technol., 2018, 8, 428.

(17). (a) J. A. Stafford, M. F. Brackeen, D. S. Karanewsky, N. L. Valvano,
Tenahcdron Lett.1993, 34, 7873. (b) J. N. Hernandez, M. A. Ramirez, V.
S. Martin, J. Org. Chem. 2003, 68, 743.

(18). See Supporting Information.

(19). (a) K. Shirokane, Y. Kurosaki, T. Sato, N. Chida, Angew. Chem. Int.
Ed.2010, 49, 6369. (b) K.-J. Xiao, J.-M. Luo, K.-Y. Ye, Y. Wang, P.-Q.
Huang, Angew. Chem. Int. Ed.2010, 49, 3037. (c) M. Nakajima, T. Sato,
N. Chida, Org. Lett.2015, 17, 1696. (d) P.-Q. Huang, W. Ou, F. Han,
Chem. Commun.2016, 52, 11967. (e) L.-G. Xie, D. J. Dixon, Chem.
Sci.2017, 8, 7492.

(20). (a) M. R. Paleo, M. I. Calaza, P. Grafia, F. J. Sardina, Org. Lett. 2004,
6, 1061. (b) Szostak, M.; Spain, M.; Eberhart, A. J.; Procter, D. J. J. Org.
Chem. 2014, 79, 11988.

This article is protected by copyright. All rights reserved.

10.1002/cssc.201801443

WILEY-VCH



ChemSusChem 10.1002/cssc.201801443

WILEY-VCH

Table of Contents:

Herein,most efficient 3d transition metal, nickel-catalyzed o-alkylation of unactivated amides and esters using primary alcohols is
presented. This C-C bond forming reaction catalyzed by a new, molecularly defined NNN-nickel(ll) complex(0.1 - 1 mol%) and
proceeds via borrowing hydrogen/hydrogen auto-transfer (BH/HA) strategy, thereby releasing water as the sole by-product. The
scope of this methodology was applied for the synthesis of corresponding alcohol and aldehyde, which showed the extension of
carbon backbone of alkylating alcohol by two units. In addition, N-alkylation of cyclic amides (transamidation reaction) under Ni-

catalytic conditions is shown.
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