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Abstract: A user-friendly, nickel-catalyzed reductive amida- H Catalytic reductive amidation u%ing activated substrates

tion of unactivated primary, secondary, and tertiary alkyl X "

bromides with isocyanates is described. This catalytic strategy ©/ —N}Z:O H B Lack of B-hydrogens

offers an efficient synthesis of a wide range of aliphatic amides or B Restricted to ArX & BnX

under mild conditions and with an excellent chemoselectivity H)QH =1BrCLOPv  H H y (fast oxidative addition)
o

. . .. .. . .. th N.
profile while avoiding the use of stoichiometric and sensitive ~ Ar"%"OPiv pataa

Ar
i o
orgtmometalllc reagents. M Aliphatic amides with B- hydrogens using organometallic species

’e) ~NCO ; :
Although unactivated alkyl halides are inherently disposed BT &M fw W Well-defined R-M species
H path b B Low chemoselectivity

tovxfards destructive B-hydride elimination and homodimeri- - siile

zation pathways, these molecules have successfully been M =Li, MgX

employed in a myriad of metal-catalyzed cross-coupling B This work: catalytic reductive amidation of unactivated alkyl bromides
reactions.!] At present, the vast majority of these processes R! R2 ~Nco R! R2

R
C - . ; . catalyst
are based on stoichiometric, well-defined, and in many ff\)&&Br Vi Q\RQ@ elez;zzgh//e & W
instances, air-sensitive organometallic species. Challenged BH od talytlc bl ol
by these drawbacks, recent years have witnessed the develop-  electrophile umpolung ~ transient mild & chemoselective

nucleophile electrophlle hindered combinations

ment of cross-electrophile coupling processes,”’ becoming 1.2 and 3° amides

powerful and practical synthetic alternatives to classical cross-
coupling reactions, achieving an otherwise similar molecular
complexity under milder reaction conditions while avoiding
the need for organometallic reagents.

Despite the advances realized, the palette of electrophilic ~ pharmaceuticals, agrochemicals, peptides, and polymers.®
partners in cross-electrophile processes remains rather lim- Indeed, a close look into the literature data indicates that
ited when compared with classical nucleophile/electrophile  there is a paucity of highly chemoselective catalytic C—C
regimes. It comes as a surprise that isocyanates, privileged  bond-forming processes'” with improved flexibility, practical-
synthons in industrial settings,®! have been virtually unex- ity, and generality that would give access to primary,
plored in cross-electrophile events with organic (pseudo)ha-  secondary, or even tertiary amides at will, including hindered
lides.! This is likely due to the strong binding properties of  substrate combinations, while avoiding the handling of carbon
isocyanates to low-valent transition-metal complexes, leading  monoxide (CO) at high pressures'” or well-defined and
to unproductive dimerization or trimerization pathways.”l At  stoichiometric organometallic species,'!! among others
present, cross-electrophile coupling reactions with isocya-  (Scheme 1, path b).l
nates as coupling partners remain confined to substrates that As part of our interest in reductive coupling reactions,!"”!
rapidly undergo oxidative addition, such as aryl or benzyl = we questioned whether a unified catalytic umpolung strategy
halides lacking B-hydrogen atoms, thus preventing undesired  through the in situ generation of carbogenic nucleophiles (II)
pathways (Scheme 1, path a).["! Ideally, this field of expertise ~ from unactivated alkyl halides (I) and their coupling with
should include the use of unactivated alkyl halides possessing  isocyanates would constitute a generic platform for preparing
B-hydrogen atoms,"! thus resulting in a new synthetic route  aliphatic amides (III; Scheme 1, bottom). However, at the
for rapidly preparing aliphatic amides, ubiquitous motifs in  outset of our investigations it was unclear whether it would be
possible to balance the high reactivity of isocyanates and the
commonly observed parasitic 3-hydride elimination or homo-
[¥] E. Serrano, Prof. R. Martin dimerization pathways when using unactivated alkyl halides.
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Entry Devation from standard conditions 3a (%)@
1 none 95 (86)(° /N __
2 L1 instead of L2 39 =N }\l / NH{Bu NH{Bu
3 L3instead of L2 55 R - NHR
. o] 0
1R2-
4 L4 instead of L2 33 . RMR ;2H h1 L fo) 3g, 85% 3h, 77%
i =Me; R®=H,
5 L? instead of L2 ' 30 R R Mo L3 3a, R={Bu, 86%,74%l! " X
6  NiCly glyme instead of NiBr, 80 ' ' 3b, R=Cy, 62%! e
7 Ni(COD), instead of NiBr, 45 3c, R=iPr, 50%°! NHtBu NHtBu
8  MeCN instead of DMF 0 gd’ EZS-FC’)}:\/(I:GCHGH;b §/7[‘;/i>[‘” o J
9  DMSO instead of DMF 0 3f'R='2'4 6-Me :éGH2050% @ M€ 30, 76%  3j, x=Cl, 83%
10 Zninstead of Mn 0 R! R! o ' 3k, Xx=OTBDPS, 88%
11 Using 1a-l instead of 1a 0 F<11 = Me; Rz2 =H, L4
12 Using 1a-OTs instead of 1a 40 R =MeR"=Ph L5

Scheme 2. Optimization of the Ni-catalyzed reductive amidation of 1a
with 2a. [a] Reaction conditions: Ta (0.50 mmol), 2a (0.75 mmol),
NiBr, (3 mol %), ligand (4.5 mol %), Mn (0.75 mmol), DMF (1 mL) at
RT, 16 h. [b] GC yield using n-decane as the internal standard. [c] Yield
of isolated product. 1a-1=1-iodo-4-phenylbutane; 1a-OTs =4-phenyl-
butyl-4-methylbenzenesulfonate.

evaluation of the reaction parameters,“sl we found that
a combination of inexpensive NiBr, (3mol%), L2
(4.5 mol %), and Mn as the reducing agent in DMF at RT,
delivered 3a, which was isolated in 86 % yield. Importantly,
only traces of B-hydride elimination and homodimerization
products were detected in the crude mixtures. Notably, ligand
optimization revealed a crucial influence of the substitution
pattern on the aromatic ring, with bipyridine ligands lacking
ortho substituents (entry 2) or structurally similar phenan-
throline ligands L4 and L5 providing inferior results (entries 4
and 5)."1% Strikingly, the utilization of L3 had a deleterious
impact on yield when using 2a as substrate (entry 3),[""]
revealing an interesting effect of the substituents located at
the ortho position. As shown in entries 612, the use of other
solvents, precatalysts, reducing agents, or 1a-I/1a-OTs ana-
logues resulted in diminished yields of 3a,?" thus showing the
subtleties of our procedure. As expected, control experiments
revealed that all of the reaction parameters were critical for
success.["”]

Encouraged by these results, we turned our attention to
study the preparative scope of our Ni-catalyzed reductive
amidation of unactivated alkyl bromides with isocyanates
(Scheme 3). As shown for 3a-3f, the procedure allowed for
the coupling of either aromatic or aliphatic isocyanates with
equal ease. Intriguingly, a procedure employing L3 was
particularly efficient when dealing with aromatic isocya-
nates.?'?l At present, we do not have any rational explan-
ation for this behavior. Particularly illustrative was the
chemoselectivity profile of the procedure, as substrates
containing silyl ethers (3k), acetals (31), esters (3h, 30, 3q),
amides (3p), nitriles (3r), heterocycles (3q), or chlorides (3j,
3n) could all be perfectly accommodated. As shown for 3h
and 3n, aryl pivalates and chlorides, substrates commonly
employed in Ni-catalyzed cross-electrophile couplings, do not
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Scheme 3. Scope of alkyl bromides and isocyanates. Reaction condi-
tions: as for Scheme 2, entry 1; Yields of isolated products, average of
at least two independent runs. [a] Ta (4.69 mmol). [b] NiBr,

(10 mol %), L2 (15 mol %). [c] [[TMEDA)Ni(o-tolyl)Cl] (15 mol%), L2
(30 mol %). [d] NiBr, (10 mol %), L3 (20 mol %), RNCO (0.5 mmol).
[e] NiBr, (5 mol %), L2 (7.5 mol %). TMEDA = tetramethylethylenedi-
amine; cy = cyclohexyl; TBDPS =tert-butyldiphenylsilyl.

compete with the efficacy of this method. Boronic esters (3m)
were tolerated as well, leaving an additional handle for
further functionalization. Although in lower yields, we found
that terminal epoxides could also participate in the targeted
reaction (3s). Importantly, the reaction could be easily scaled
up, obtaining 3a in similar yields. On the basis of these results,
we wondered whether our procedure could accommodate
unactivated secondary or tertiary alkyl halides. Despite the
higher statistical propensity for -hydride elimination path-
ways and increased steric hindrance around the C—Br bond,
a host of cyclic and acyclic secondary alkyl bromides could be
equally accommodated under otherwise identical reaction
conditions (3t-3x). A noteworthy observation concerns the
preferential formation of 3x from exo-1x, reinforcing the idea
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that radical species might come into play.””! The successful
preparation of 3y showcases the generality of our approach as
unactivated tertiary alkyl halides have rarely been employed
in metal-catalyzed cross-electrophile coupling reactions.**!

A close survey of the literature data reveals that a unified
metal-catalyzed strategy for accessing primary, secondary,
and tertiary amides remains elusive. In a final venture to
unlock the full potential of our procedure, we sought to
intercept the in situ generated IV upon subsequent addition
of a proper electrophile, thus accessing tertiary aliphatic
amides in a one-pot fashion (Scheme 4, top left). Although

M Primary & tertiary aliphatic amides by reductive amidation procedures

as Scheme 2 as Scheme 2
ML, (entry 1) (entry 1)
| -
N.g2| R2NCO Br tBuNCO NH{Bu
1a

v O 3a O
¥y R'=X ¥ Sc(0T);
4a, R'=Me, R?=2-OMeCgHy4, 70%
R'  4b, R'=Me, R*=tBu, 62% K
N._, 4c, R'=Bn, R?=2-OMeCgH,, 59% C
i R® 44, R1=allyl, R2=2-OMeCgH,, 51% o

4e, 82% (2 steps)
H Formal utilization of MeNCO in catalytic reductive amidation

(1) as Scheme 2 (2a) MeNCO
(2) Mel (2 equiv) toxic &
(3) Cu(OTf), (20 mol%) ﬂammab/e
Br 60% yield
3 st
1a (4 teps) 4 O

Scheme 4. Sequential C—C bond-forming scenarios.

counterintuitive at first sight, the preparation of 4a-4d
demonstrates the feasibility of this approach, constituting
a formal cross-coupling reaction of three different electro-
philes. On the other hand, primary amides could easily be
obtained by deprotection of the tert-butyl group with Sc-
(OTY); (4€).” Importantly, such a design principle allowed us
to rapidly convert 1a into 4f, thus constituting a powerful
alternative platform for handling flammable and toxic
MeNCO in amidation technologies (Scheme 4, bottom).*”!
Taken together, the results in Scheme 3 and Scheme 4
demonstrate the prospective impact of our catalytic amida-
tion procedure for accessing a wide variety of amides from
simple starting materials in a straightforward manner.
Although a comprehensive mechanistic study should
await further investigations, deuterium labelling experiments
were performed to study the stereochemical course of the
reaction (Scheme 5, top). Interestingly, we found a statistical
mixture of diastereoisomers in 6 when exposing 5 to our
optimized reaction conditions, suggesting the intermediacy of
single-electron-transfer (SET) processes.! In line with this
notion, a complete racemization was detected when using
(R)-(3-bromo-butyl)benzene (97 % ee) as substrate. We then
turned our attention to study the reactivity of the putative
Ni’(L3), (7) and NiBr,(L3) (8) species (Scheme 53,
bottom).”*?! These compounds were easily prepared from
either Ni(COD), or NiBr, and were characterized by X-ray
crystallography.™ As expected, both 7 and 8 were found to be
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Scheme 5. Preliminary mechanistic studies.

catalytically competent as reaction intermediates, delivering
3d in slightly lower yield to that observed in Scheme 3 (57 %
yield).* More importantly, we found that 3d could be
obtained regardless of whether Mn was present or not with
stoichiometric amounts of 7. As expected, 8 delivers 3d with
similar yields to those shown for 7. Although we cannot
rigorously rule out other conceivable pathways,*!! we propose
a mechanistic scenario involving alkyl-Ni' species generated
by comproportionation of in situ generated alkyl-Ni" inter-
mediates and Ni’(L),, followed by insertion of the isocyanate
motif, and a final SET mediated by Mn.3

In summary, we have described the first Ni-catalyzed
reductive amidation of unactivated alkyl halides with iso-
cyanates for accessing primary, secondary, or even tertiary
amides through iterative techniques. The reaction proceeds
under mild conditions, thus minimizing unproductive {-
hydride elimination or dimerization/trimerization events,
while accommodating a wide range of substrates with an
excellent chemoselectivity profile. Further investigations on
the mechanism and the elaboration of an asymmetric version
of the reaction are currently being pursued in our laborato-
ries.

Acknowledgements

We thank ICIQ, the European Research Council (ERC-
277883), MINECO (CTQ2015-65496-R and Severo Ochoa
Excellence  Accreditation 2014-2018, SEV-2013-0319),
FEDER, and the Cellex Foundation for support. Johnson
Matthey, Umicore, and Nippon Chemical Industrial are
acknowledged for a gift of metal and ligand sources. E.S.
thanks MINECO for a FPI fellowship. We sincerely thank E.
Escudero and E. Martin for all X-ray data.

Keywords: cross-coupling - nickel -
synthetic methods

reductive coupling -

www.angewandte.org

These are not the final page numbers!

Angewandte

intemationalEdition’y Chemie


http://www.angewandte.org

GDCh
~~—~

4
R

[1] For selected reviews on catalytic cross-coupling reactions of

unactivated alkyl halides through nucleophile/electrophile

regimes, see: a) X. Hu, Chem. Sci. 2011, 2, 1867-1886; b) R.

Jana, T. P. Pathak, M. S. Sigman, Chem. Rev. 2011, 111, 1417 -

1492; c) A. C. Frisch, M. Beller, Angew. Chem. Int. Ed. 2005, 44,

674-688; Angew. Chem. 2005, 117, 680—695; d) M. R. Nether-

ton, G. C. Fu, Adv. Synth. Catal. 2004, 346, 1525-1532; ¢) D. J.

Cardenas, Angew. Chem. Int. Ed. 2003, 42, 384—387; Angew.

Chem. 2003, 115, 398 -401.

For reviews on cross-electrophile couplings of organic halides,

see: a)J. Gu, X. Wang, W. Xue, H. Gong, Org. Chem. Front.

2015, 2, 1411-1421; b) D.J. Weix, Acc. Chem. Res. 2015, 48,

1767-1775; ¢) T. Moragas, A. Correa, R. Martin, Chem. Eur. J.

2014, 20, 8242 -8258; d) C. E. I. Knappke, S. Grupe, D. Giirtner,

M. Corpet, C. Gosmini, A. Jacobi von Wangelin, Chem. Eur. J.

2014, 20, 6828 —6842.

[3] a)S. Ozaki, Chem. Rev. 1972, 72, 457-496; b)H. Ulrich,

Chemistry and Technology of Isocyanates, Wiley, New York,

1996.

For seminal stoichiometric studies of Ni’ complexes with

isocyanates, see: a) H. Hoberg, J. Organomet. Chem. 1988, 358,

507-517; b) H. Hoberg, K. Summermann, A. Milchereit, J.

Organomet. Chem. 1985, 288, 237-248; c) H. Hoberg, E.

Hernandez, Angew. Chem. Int. Ed. Engl. 1985, 24, 961 -962;

Angew. Chem. 1985, 97, 987-988; d) J. F. Villa, H. B. Powell,

Inorg. Chim. Acta 1979, 32, 199-204.

For selected Ni-catalyzed reactions of isocyanates with coupling

partners other than organic halides, see: a) T. Miura, M.

Morimoto, M. Murakami, J. Am. Chem. Soc. 2010, 132, 15836 —

15838; b) T. Ozawa, H. Horie, T. Kurahashi, S. Matsubara,

Chem. Commun. 2010, 46, 8055-8057; c) B.R. D'Souza, J.

Louie, Org. Lett. 2009, 11, 4168—-4171; d) K. D. Schleicher, T. F.

Jamison, Org. Lett. 2007, 9, 875—-878; ¢) H. A. Duong, M. Cross,

J. Louie, J. Am. Chem. Soc. 2004, 126, 11438 -11439.

[6] P. Braunstein, D. Nobel, Chem. Rev. 1989, 89, 1927 -1945.

[7] a) A. Correa, R. Martin, J. Am. Chem. Soc. 2014, 136, 7253 -
7725;b) J.-C. Hsieh, C.-H. Cheng, Chem. Commun. 2005, 4554 —
4556.

[8] a) The Amide Linkage: Structural Significance in Chemistry,

Biochemistry and Materials Science (Eds.: A. Greenberg, C. M.

Breneman, J. F. Liebman), Wiley-Interscience, New York, 2000;

b)J. S. Carey, D. Laffan, C. Thomson, M. T. Williams, Org.

Biomol. Chem. 2006, 4, 2337 -2347.

For selected elegant reviews on amide bond formation, see:

a) V. R. Pattabiraman, J. W. Bode, Nature 2011, 480, 471-479;

b) C. L. Allen, J. M. Williams, Chem. Soc. Rev. 2011, 40, 3405 -

3415; c¢) R. M. Lanigan, T. D. Sheppard, Eur. J. Org. Chem. 2013,

2013, 7453-7465; d) E. Valeur, M. Bradley, Chem. Soc. Rev.

2009, 38, 606—-631.

[10] For selected examples, see: a) G. Zhang, B. Gao, H. Huang,
Angew. Chem. Int. Ed. 2015, 54,7657 -7661; Angew. Chem. 2015,
127,7767-7771;b) K. Dong, X. Fang, R. Jackstell, G. Laurenczy,
Y. Li, M. Beller, J. Am. Chem. Soc. 2015, 137, 6053 -6058; c) C.
Jiménez-Rodriguez, A. A. Nifiez-Magro, T. Seidensticker, G. R.
Eastham, M.R.L. Furst, D.J. Cole-Hamilton, Catal. Sci.
Technol. 2014, 4, 2332-2339; d) H. Liu, N. Yan, P.J. Dyson,
Chem. Commun. 2014, 50, 7848 -7851; e) X. Fang, R. Jackstell,
M. Beller, Angew. Chem. Int. Ed. 2013, 52, 14089-14093;
Angew. Chem. 2013, 125, 14339-14343; f) T. Fukuyama, T.
Inouye, I. Ryu, J. Organomet. Chem. 2007, 692, 685-690; g) L.
Ryu, K. Nagahara, N. Kambe, N. Sonoda, S. Kreimerman, M.
Komatsu, Chem. Commun. 1998, 1953 -1954, and references
therein.

[11] Selected examples on using organometallic reagents with f3-
hydrogen atoms. For RMgX, see: a) G. Schifer, C. Matthey, J. W.
Bode, Angew. Chem. Int. Ed. 2012, 51, 9173-9175; Angew.

[2

—_—

[4

[}

[5

—_

[9

—

www.angewandte.org

&These are not the final page numbers!

Communications

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

intemationaldition’y) Chemie

Chem. 2012, 124, 9307-9310. For RLi, see: b) V. Pace, L.
Castoldi, W. Holzer, Chem. Commun. 2013, 49, 8383 — 8385, and
c) I. Coldham, S. Dufour, T. F. N. Haxell, J. J. Patel, G. Sanchez-
Jimenez, J Am. Chem. Soc. 2006, 128, 10943-10951, and
references therein.

[12] Recently, intermolecular catalytic hydrocarbamoylation reac-

tions of noncyclic alkenes with formamides have been reported

for forging aliphatic amide bonds possessing -hydrogens. In all
cases a-branched amides could not be achieved, obtaining
exclusive linear selectivity. For examples, see: a) T. Seiden-

sticker, M. R. L. Furst, R. Frauenlob, J. Vondran, E. Paetzold, U.

Kragl, A.J. Vorhold, ChemCatChem 2015, 7, 4085-4090; b) Y.

Miyazaki, Y. Yamada, Y. Nakao, T. Hiyama, Chem. Lett. 2012,

41, 298-300; c) S. Ko, H. Han, S. Chang, Org. Lett. 2003, 5,

2687 -2690.

For selected recent examples, see: a) Y. Liu, J. Cornella, R.

Martin, J. Am. Chem. Soc. 2014, 136, 11212-11215; b) T.

Moragas, J. Cornella, R. Martin, J. Am. Chem. Soc. 2014, 136,

17702-17705; ¢) X. Wang, Y. Liu, R. Martin, J. Am. Chem. Soc.

2015, 137, 6476-6479; d) X. Wang, M. Nakajima, R. Martin, J.

Am. Chem. Soc. 2015, 137, 8924 —8927.

[14] P. D. Bailey, T.J. Mills, R. Pettecrew, R. A. Price, in Compre-
hensive Organic Functional Groups Transformation II, Vol. 5
(Eds.: A. R. Katritzky, R. J. K. Taylor), Elsevier, Oxford, 2005,
pp- 201-294.

[15] See the Supporting information for details.

[16] L2 can be prepared in two steps and on a multigram scale

following a slightly modified literature procedure: T. Kauff-

mann, J. Konig, A. Woltermann, Chem. Ber. 1976, 109, 3864 —

3868.

For the early use of bipyridine and phenanthroline ligands in

cross-coupling reactions of unactivated alkyl halides, see: a) J.

Zhou, G.C. Fu, J Am. Chem. Soc. 2004, 126, 1340-1341;

b) D. A. Powell, T. Maki, G. C. Fu, J. Am. Chem. Soc. 2005, 127,

510-511.

[18] Whereas L1 and L5 predominantly lead to homodimerization,
significant amounts of B-hydride elimination and reduction
products were observed when using L4.

[19] Note, however, that L3 turned out to be particularly efficient for
aryl isocianates (see Scheme 3).

[20] Full conversion to 3-hydride elimination products was observed
for 1a-1. The observed reactivity of 1a-OTs is in line with the
ability of these substrates to couple with other heterocumulenes
(see Ref. [13a]).

[21] Unlike the utilization of aliphatic isocyanates, equimolar
amounts of aromatic isocyanates were critical to prevent the
formation of considerable amounts of N-acylureas.

[22] [(TMEDA)Ni(o-tolyl)Cl] turned out to be particularly suited for
the coupling of iPrNCO, avoiding dimerization or trimerization
pathways.

[23] This hypothesis is reinforced by the significant inhibition
observed when reacting 1a with 2a in the presence of radical
scavengers such as TEMPO or BHT. The intermediacy of
radical-type intermediates gains credence from the observation
that the Ni-catalyzed reductive amidation of 6-bromohex-1-ene
results in a linear relationship between acyclic and 5-exo-trig
cyclization products at different Ni/L2 loadings.

[24] For remarkable exceptions, see: a) X. Wang, S. Wang, W. Xue, H.
Gong,J. Am. Chem. Soc. 2015, 137,11562—-11565;b) C. Zhao, X.
Jia, X. Wang, H. Gong, J. Am. Chem. Soc. 2014, 136, 17645—
17651.

[25] Noncaged tertiary alkyl bromides provided traces of products.

[26] A.K.Mahalingam, X. Wu, M. Alterman, Tetrahedron Lett. 2006,
47,3051 -3053.

[27] E. Broughton, Environ. Health 2005, 4, 6.

[13

—_

[17

—

Angew. Chem. Int. Ed. 2016, 55, 1—6


http://dx.doi.org/10.1039/c1sc00368b
http://dx.doi.org/10.1021/cr100327p
http://dx.doi.org/10.1021/cr100327p
http://dx.doi.org/10.1002/anie.200461432
http://dx.doi.org/10.1002/anie.200461432
http://dx.doi.org/10.1002/ange.200461432
http://dx.doi.org/10.1002/adsc.200404223
http://dx.doi.org/10.1002/anie.200390123
http://dx.doi.org/10.1002/ange.200390091
http://dx.doi.org/10.1002/ange.200390091
http://dx.doi.org/10.1039/C5QO00224A
http://dx.doi.org/10.1039/C5QO00224A
http://dx.doi.org/10.1021/acs.accounts.5b00057
http://dx.doi.org/10.1021/acs.accounts.5b00057
http://dx.doi.org/10.1002/chem.201402509
http://dx.doi.org/10.1002/chem.201402509
http://dx.doi.org/10.1002/chem.201402302
http://dx.doi.org/10.1002/chem.201402302
http://dx.doi.org/10.1021/cr60279a002
http://dx.doi.org/10.1016/0022-328X(88)87099-2
http://dx.doi.org/10.1016/0022-328X(88)87099-2
http://dx.doi.org/10.1016/0022-328X(85)87282-X
http://dx.doi.org/10.1016/0022-328X(85)87282-X
http://dx.doi.org/10.1002/anie.198509611
http://dx.doi.org/10.1002/ange.19850971127
http://dx.doi.org/10.1016/S0020-1693(00)91661-X
http://dx.doi.org/10.1021/ja105541r
http://dx.doi.org/10.1021/ja105541r
http://dx.doi.org/10.1039/c0cc02613a
http://dx.doi.org/10.1021/ol063111x
http://dx.doi.org/10.1021/ja046477i
http://dx.doi.org/10.1021/cr00098a013
http://dx.doi.org/10.1021/ja5029793
http://dx.doi.org/10.1021/ja5029793
http://dx.doi.org/10.1039/b506903c
http://dx.doi.org/10.1039/b506903c
http://dx.doi.org/10.1039/b602413k
http://dx.doi.org/10.1039/b602413k
http://dx.doi.org/10.1038/nature10702
http://dx.doi.org/10.1039/c0cs00196a
http://dx.doi.org/10.1039/c0cs00196a
http://dx.doi.org/10.1039/B701677H
http://dx.doi.org/10.1039/B701677H
http://dx.doi.org/10.1002/anie.201502405
http://dx.doi.org/10.1002/ange.201502405
http://dx.doi.org/10.1002/ange.201502405
http://dx.doi.org/10.1021/jacs.5b02218
http://dx.doi.org/10.1039/c4cy00158c
http://dx.doi.org/10.1039/c4cy00158c
http://dx.doi.org/10.1039/c4cc02167c
http://dx.doi.org/10.1002/anie.201308455
http://dx.doi.org/10.1002/ange.201308455
http://dx.doi.org/10.1016/j.jorganchem.2006.08.072
http://dx.doi.org/10.1039/a805815f
http://dx.doi.org/10.1002/anie.201204481
http://dx.doi.org/10.1002/ange.201204481
http://dx.doi.org/10.1002/ange.201204481
http://dx.doi.org/10.1039/c3cc44255a
http://dx.doi.org/10.1021/ja061963m
http://dx.doi.org/10.1002/cctc.201500824
http://dx.doi.org/10.1246/cl.2012.298
http://dx.doi.org/10.1246/cl.2012.298
http://dx.doi.org/10.1021/ol034862r
http://dx.doi.org/10.1021/ol034862r
http://dx.doi.org/10.1021/ja5064586
http://dx.doi.org/10.1021/ja509077a
http://dx.doi.org/10.1021/ja509077a
http://dx.doi.org/10.1021/jacs.5b03340
http://dx.doi.org/10.1021/jacs.5b03340
http://dx.doi.org/10.1021/jacs.5b05513
http://dx.doi.org/10.1021/jacs.5b05513
http://dx.doi.org/10.1002/cber.19761091214
http://dx.doi.org/10.1002/cber.19761091214
http://dx.doi.org/10.1021/ja039889k
http://dx.doi.org/10.1021/ja0436300
http://dx.doi.org/10.1021/ja0436300
http://dx.doi.org/10.1021/jacs.5b06255
http://dx.doi.org/10.1021/ja510653n
http://dx.doi.org/10.1021/ja510653n
http://dx.doi.org/10.1016/j.tetlet.2006.03.010
http://dx.doi.org/10.1016/j.tetlet.2006.03.010
http://dx.doi.org/10.1186/1476-069X-4-6
http://www.angewandte.org

GDCh
~~—

(28]

[29]

(30]

(31]

(32]

Angew. Chem. Int. Ed. 2016, 55, 1—6

The isolation of Ni’(L2), proved to be particularly difficult.
Stoichiometric studies were performed with Ni’(L3) and NiBr,-
(L3), as L3 proved superior for aromatic isocyanates.
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Mild and selective: A versatile Ni-cata-
lyzed reductive amidation of unactivated
primary, secondary, and tertiary alkyl
bromides with isocyanates gives access
to a wide range of aliphatic amides. The
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reaction proceeds under mild conditions,
has excellent chemoselectivity, and
avoids the use of stoichiometric and
sensitive organometallic reagents.
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