Check for
updates

Angewandte

Eine Zeitschrift der Gesellschaft Deutscher Chemiker em ’ e

www.angewandte.de

Akzeptierter Artikel

Titel: Ligand-Controlled Copper-Catalyzed Regiodivergent
Carbonylative Synthesis of a-Amino Ketones and a-Boryl Amides
from Imines and Alkyl lodides

Autoren: Xiao-Feng Wu and Fu-Peng Wu

Dieser Beitrag wurde nach Begutachtung und Uberarbeitung sofort als
"akzeptierter Artikel" (Accepted Article; AA) publiziert und kann unter
Angabe der unten stehenden Digitalobjekt-ldentifizierungsnummer
(DOI) zitiert werden. Die deutsche Ubersetzung wird gemeinsam mit der
endgultigen englischen Fassung erscheinen. Die endgultige englische
Fassung (Version of Record) wird ehestméglich nach dem Redigieren
und einem Korrekturgang als Early-View-Beitrag erscheinen und kann
sich naturgemal von der AA-Fassung unterscheiden. Leser sollten
daher die endgiiltige Fassung, sobald sie veroffentlicht ist, verwenden.
Fur die AA-Fassung tragt der Autor die alleinige Verantwortung.

Zitierweise: Angew. Chem. Int. Ed. 10.1002/anie.202012251

Link zur VoR: https://doi.org/10.1002/anie.202012251

WILEY-VCH


http://crossmark.crossref.org/dialog/?doi=10.1002%2Fange.202012251&domain=pdf&date_stamp=2020-09-29

Angewandte Chemie

10.1002/ange.202012251

WILEY-VCH

Ligand-Controlled Copper-Catalyzed Regiodivergent
Carbonylative Synthesis of a-Amino Ketones and a-Boryl Amides

from Imines and Alkyl lodides
Fu-Peng Wu and Xiao-Feng Wu*

[*] F.-P. Wu, Prof. Dr. X.-F. Wu, Leibniz-Institut fir Katalyse e.V. an der Université Rostock, Albert-Einstein-Straf3e 29a, 18059 Rostock, Germany; Prof. Dr.
X.-F. Wu, Dalian National Laboratory for Clean Energy, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, 116023, Dalian, Liaoning,

China, E-mail: xiao-feng.wu@catalysis.de

Supporting information for this articleis given via a link at the end of the document.

Abstract: Regioselective transformation is among the long-standing
challenges in organic synthesis. In this communication, a copper-
catalyzed selectivity controlled regiodivergent borocamonylation of
imines with alkyl iodides has been developed. Various a-amino
ketones and a-boryl amides were produced in moderate to good
yields from the same substrates. The choosing of the appropriate
ligand is the key for the regioselectivity control: a-amino ketones
were produced selectively in good yields with (p-CFs;CeH4)sP as the
ligand; while the corresponding a-boryl amides were obtained in high
regioselectivity with “IMes as the ligand.

Over the past few decades, carbonylaton reactions have
experienced significant progresses with CO as an atfractive C1
source for the preparation of various carbonyl-containing
compounds and extending the carbon chain at the same time.™
Among the numerous transformations, transition-metal catalyzed
borocarbonylation represents a novel strategy for converting
CO/boron(ester) into complexed carbonyl-boryl-compounds.
Some borocarbonylaton reactions of alkynes and akene have
been achieved by using Cu® or Cu/Pd® catalyst systems. The
key step in these reactions is the addion of LCu-Bpin to
unsaturated bonds to generate an active alkenyl- or aky-CuL
intermediate, which can subsequently react with CO and
electrophiles to deliver the final products (Scheme 1a). Thus, as
an inexpensive and abundant metal, copper is crucial and
unique in borocarbonylation reactions.®!

On the other hand, achieving regioselective transformation
of unsaturated chemical bonds is among the long-standing
challenges in organic synthesis.”™ Based on the continues efforts
from organic chemists, great successes have been made during
the past decades. In particular, transition-metal catalysts such
as copper,”® palladium,” and rhodium® have been extensively
studied in this topic. Furthermore, ligands design provides more
opportunities for regioselective transformations, which can affect
the metallic complex’s structural and electronic properties by the
electronic and steric properties of the ligands. Although the
regioselective carbonylative reaction is even more challenge as
CO coordinates to the metal and decrease its electron density, a
variety of ligand-controlled regiodivergent carbonylaton have
been developed recenty. For example, Liu et al. reported a
regioselective alkoxycarbonylation of alenes in 2015,® and
Alper and co-workers develop an elegant palladium-catalyzed
regioselective aminocarbonylation of styrenes.'” Additionally,
several other original regioselective transformations on
carbonylation have been established in recent years as well."
Despite these achievements, regiodivergent carbonylative
conversion of C=N double has rarely been reported.™ This is
due to the polarized imine (C=N) groups place apartof positive
charge at the carbon aom, making the carbon positve
(electrophilic)-attracted by negatively charged nucleophiles

(Scheme 1b).™ Therefore, inverting the inherent polarity of the
imines is the key to reach regiodivergent transformation.*
Additionally, borocarbonylation reaction of C=N double bonds
offers an ideal option for the synthesis of a-amino ketones™ or
a-boryl amides"™! if the regioselectivity of the C=N double bond
could be altered, which represent important building blocks in
organic synthesis as well as with potent biomedical applications.
Herein, we developed a ligand-controlled copper-catayzed
highly regioselective borocarbonylation of imines with Bopin, and
alkyl iodides to give diverse a-amino ketones and a-boryl amides
(Scheme 1c).
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Scheme 1. Strategies for regiodivergentborocarbonylation of imines.

We commenced our studies with N,1-diphenylmethanimine
(1a), l-iodobutane (2a) and Bgpin,. Ancillary ligands were
thought to be the crucial factor for the reacton, thus we
screened ligands under our conditons (For details of the
optimization process, see supporting information). As shown in
Figure 1, both bipyridine (L1) as nitrogen ligand and BuPAd»
(L2) as bulky and electron-rich ligand failed to produce the
desired product a-amino ketones 3a or a-boryl amides 4a. To
our surprise, by using the classic ligand triphenylphosphine (L3),
we been able to obtain 53% yield of 3a with high selectivity
(>20:1), and the major byproduct was N-(1-phenylpentyl)aniline.
Then this type of ligand with different electronic properties were
examined, phosphine ligands with electron-withdrawing group
(L4-L6) improved the reaction efficiency. On the other side,
electron-donating ligands (L7, L8) decreased the reaction
efficiency and steric hindrance (L8) reduced the reaction
selectivity meanwhile. Bisphosphine ligands such as DCyPE
(L9, DCyPP (L10), DCyPB (L11) and Cy-Xantphos (L12)
delivered the wished 3a in lowyields and with poor selectivity. In
the absence of ligand, 3a could be formed in 61% vyield and
without 4a formation. Impressively, only a-boryl amides 4a (10%
yield, 3a:4a <1:20 selectivity) was obtained by switching to NHC
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ligands IMes (L14). The startng material 1a was completely
converted and the man byproduct was N-(phenyl(44,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)aniline due to the
complete consumption of 2a. Finally, the desire product 4a can
be generated preferentialy (62% vyield, <20:1) by careful fine-
tuning the loading of 2a and other reaction parameters. Among
the other analyzed NHC ligands (L15-L18), *IMes ligand (L15)
with enhanced donating-electron property improved the yield of
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4a to 71% with high selectivity (<20:1). These results imply that
the regioselective addition of LCuBpin to C=N double bonds is
mainly dictated by the electonic propertes of the ligands
applied. Specifically, phosphine ligands with electron-
withdrawing group mainly produce a-amino ketones 3a, while
ligands with strong coordination property tend to give a-boryl
amides 4a.
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Figure 1. Cu-catalyzed borocarbonylation of imine: Influence of ligands. [a] Reaction conditions: 1a (0.2 mmol), 2a (2.4 equiv.), CuCl
(10 mol%), ligand (L1 and L9-L13: 10 mol%; L2-L8: 20 mol%), Bzpin, (3.0 equiv.), NaO'Bu (3.0 equiv.), CO (10 bar), THF/toluene
(4:1, 0.2 M), 80 °C, 16 h; in the case of carbene ligand, NHC-CuCl complex was used. [b] 2a (3 equiv.), NHC-CuCl complex (10

mol%), Bopin, (1.5 equiv.), NaO'Bu (1.5 equiv.), toluene (0.2 M).

With the two sets of optimized reaction conditions in hand,
we examined the scope of this regiodivergent copper-catalyzed
carbonylation of imines with alkyl iodides for the synthesis of a-
amino ketones. As shown in the Table 1, akyl iodides with
different chain length (3a-3e) showed good reactivity, delivered
the corresponding products in moderate yields. Substrates
containing ether or thiophene produced the desired products in
moderate yields as well. However, the reaction failed in the case
of secondary iodoalkane (3i). Subsequenty, we evauated a
series ofimines. Imines derived from benzaldehyde and anilines
bearing electron-withdrawing groups such as F, ClI, and Br

showed excellent reactivity, afforded the corresponding a-amino
ketones in moderate to excellent yields (3j, 3n, 3p and 3q).
Amide, morpholine, methoxyl-containing imines were aso
compatible with the reaction conditions to produce the target
products in slightly decreased yields (3k, 3I, 3m and 30). The
results revea that electronic properties of imines are consistent
with electronic effects from the ligand. Moreover, ortho-ether or
thioether substituted imines were also tolerated well (3r and 3s).
Finally, imines derived from anilines and electon-poor or
electron-rich benzaldehyde were tested; the corresponding
products were successfully prepared in moderated yields (3t-
3cc).
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Table 1: Reaction scopes: Testing of alkyl iodides and imines for a-amino ketones synthesis ¥

CuCl (10 mol%), L5 (20 mol%) o
ArAN’Ar' ¢ CO + Rl B,Pin, (3.0 equiv.) '/H
NaO'Bu (3.0 equiv.) Ar R
THF/toluene (4:1, 0.2 M) Ar
1 2 80 °C, 16 h, then MeOH 3
Scope of alky iodides
H H H H
N N Me N N
n-Bu n-Hex Cy Ph
Ph Ph Ph Ph
3a, 64% 3b, 60% 3¢, 65% 3d, 72% 3e, 72%
y O y O y O y o
N N N Me N
WOBH M M %
Ph Br Ph s/ Ph Me Me Ph
3f, 71% 39,61% 3h, 73% 3i, N.D.

Scope of imines

O

3j, 78% 0\)

3k, 60%

WQW oy e Py

31, 67%

3m, 54% 3n, 60%

Me . O CFy , O CFy O OPh , 0O SPh . O
N N N N N
ﬁ)J\/\Cy w)’&/\cy WCY ch ch
Ph Ph al Ph Ph Ph

Me 30, 55% 3p, 79%
O, Cy
PhHN
Me
3t, 62% 3u, 50%
(0] Cy o
PhHN PhHN S
Br Me
3y, 46% 3z, 45%

3d, 72%

(0] Cy (0] n-Bu O n-Bu (0] Cy
PhHN%\ PhHNIQ PhHNiQ PhHN%\
iPr OMe F cl

3v, 52%

3aa, 53%

3r, 64% 3s, 57%

3w, 58% 3x, 49%

0
0 c o c
6y PhHN o 4 y
\ PhHN PhHN OO
/ OO cl OMe

3bb, 62% 3cc, 53%

[a] Reaction conditions: 1 (0.2 mmol), 2 (2.4 equiv.), CuCl (10 mol%), L5 (20 mol%), Bxpin, (3.0 equiv.), NaO'Bu (3.0 equiv.), CO (10
bar), THF/toluene (4:1, 0.2 M), stirred at80°C for 16 h, isolated yield.

Subsequently, a scope on a-boryl amides production was
performed (Table 2). Similarly, alkyl iodides bearing difference
chain length, ether or trifluoromethyl can be utilized without any
problem (4a-4h). Aldimines spanning a range of electronic
properties were aso tested for this transformation. Polar
functional group such as morpholine (4i), amide (4j) and ether
(4k, 4n and 40) could also be employed. Halides (4r-4t) and
Heterocyclic imine (4u) were also suitable reactants here. The
absolute configuration of compound 4r, isolated as a colorless
crystalline solid, was clearly confirmed by X-ray crystallography.
The coordination between the boron atom and oxygen of amide
is observed and consistent with B NMR.' Notably, the

obtained products 4 are ready for further synthetic
transformations.™*”

Conceming the reacton pathway, based on the
experimental results and related literatures,***2%'® a possible

reaction pathway is proposed (Figure 2). Initialy, LCu-Bpin I,
generated from CuCl, Bpin, and NaO'Bu, inserts into the C=N

bond of imine to give a-boryl amido-copper complex Il. In the
case of presenting electron-deficient ligand, the N-Cu bond is
weaker and the copper specie Il rend to occur intramolecular
1,2-rearrangement to afford a-amino alkylcopper complex Il
(Figure 2, left catalytic patway)*® Afterwards, alkylcopper Il
reacts with alkyl iodide to generate copper complex IVa. Then,
CO coordinates with complex Iva to produce alkylacyl-copper Va
after an insertion step. After reductive elimination and work up
with MeOH, the desired product a-amino ketone 3 was formed
and meanwhile regenerate LCuX for the next catalytic cycle. In
the catalytic cycle on the right, under the assistance of "¢ IMes
ligand, the cross-coupling reaction between electron-ich
intermediate copper complex Il and alkyl iodide quickly gives IVb.
After inserion and reductive elimination steps, the
corresponding o-boryl amide was produced. Here it is worth to
mention that radical intermediates were involved in the reactions
between copper complexes (Il and 1ll) and akyl iodide. We aso
can not exclude the possibility that intermediate Il was formed
directly from LCuBpin land imine.
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Table 2: Reaction scopes: Testing ofalkyliodides and imines for a-boryl amides production.?

Me|MesCuCl (10 mol%) %o
. B,Pin, (1.5 equiv. L.
ASAA + co o+ Rl 2t2( q,) 080
NaO'Bu (1.5 equiv.) )\ )\

toluene (0.2 M) |
2 80°C, 16 h 4

Ar

n -Hex
4a, 60% 4b, 64% 4c, 60% 4d, 67% de, 53% 4, 61%
o cy 0 cy o cy
o /Y o/ o o/
BN By N BN
N/\ NHAG OMe
FL_o

49, 50% ) an, oo% — % 4 56% 4k74%

41,61% 4m, 67% 4n, 45% 40, 66% 4p, 76% 4q, 54%
S o o 0
9-B----0 5-B----0 5-B----0 Me O-B----O
\ \ \ \
N)\/\Cy N)\/\Cy N)\/\Cy = N)\/\Cy
\_s
F ol Br
4r, 68% 4rb, CCDC 2027180 4s, 42% 4t,57% 4u, 52%

[a] Reaction conditions: 1 (0.2 mmol), 2 (3.0 equiv.), “*IMese CuCl (10 mol%), Bpin, (1.5 equiv.), NaO'Bu (1.5 equiv.), CO (10 bar),
toluene (0.2 M), stirred at 80 °C for 16 h, isolated yield. [b] Only one of the two molecules of the asymmetric unit is shown. Hydrogen
atoms are omitted for clarity. Displacement ellipsoids correspondto 30% probability.
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Figure 2. Proposed mechanism.

This article is protected by copyright. All rights reserved.



Angewandte Chemie

In summary, a novel ligand-controlled copper-catalyzed
borocarbonylation for the selective synthesis of a-amino ketones
and o-boryl amides from imines and alkyl iodides has been
developed. In this catalyst system, the choosing of the
appropriate ligand is the key for the regioselectvity contol: a-
amino ketones were produced selectively in good yields with (p-
CF3CsHa)sP as the ligand; while the corresponding a-boryl
amides were obtained in high regioselectvity with “*IMes as te
ligand.
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A novel ligand-controlled copper-catalyzed borocarbonylation for the selective synthesis of a-amino
ketones and a-boryl amides from iminesand alkyl iodides hasbeen developed. In this catalyst system,
the choosing of the appropriate ligand is the key for the regioselectivity control: a-amino ketones were
produced selectively in good yields with (p-CFsCsH,)3P as the ligand; while the corresponding a-boryl
amides were obtained in high regioselectivity with MeIMes as the ligand.
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