M) Checs tor updates View Article Online

View Journal
This is an Accepted Manuscript, which has been through the

Royal Society of Chemistry peer review process and has been
accepted for publication.

ChemComm

Accepted Manuscript

This article can be cited before page numbers have been issued, to do this please use: C. Mou, J. Wu, Z.
Huang, J. Sun, Z. Jin and Y. R. Chi, Chem. Commun., 2017, DOI: 10.1039/C7CC08039E.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
author guidelines.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the ethical guidelines, outlined
in our author and reviewer resource centre, still apply. In no
event shall the Royal Society of Chemistry be held responsible

for any errors or omissions in this Accepted Manuscript or any
consequences arising from the use of any information it contains.

ROYAL SOCIETY
&cnmlsﬂw

ROYAL SOCIETY .
OF CHEMISTRY rsc.li/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c7cc08039e
http://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C7CC08039E&domain=pdf&date_stamp=2017-11-21

Published on 21 November 2017. Downloaded by Fudan University on 21/11/2017 15:59:44.

HlsEEE  ChemComm el

Journal Name

COMMUNICATION

DOI: 10.1039/C7CC0O8039E

#

ROYAL SOCIETY
OF CHEMISTRY

Carbene-Catalyzed LUMO Activation of Alkyne Esters for Access to

Functional Pyridines

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

www.rsc.org/

A carbene-catalyzed LUMO activation of a,B-unsaturated alkyne
esters is reported. This catalytic process allows for effective
reactions of alkyne esters with enamides to synthesize functional
pyridines via simple protocols. A previously unexplored
unsaturated alkyne acyl azolium intermediate is involved in the
key step of the reaction.

Pyridines are common scaffolds in both natural and synthetic
molecules with broad utilities." For example, various pyridine
and bipyridine derivatives have been extensively studied as
ligands for transition metal catalysts (Figure la).2 Numerous
methods, typically complementary to each other, have been
developed for the synthesis of pyridine derivatives.> We’re
interested in exploring metal-free N-heterocyclic carbene
(abbreviated as NHC or carbene) catalysis for new activations
and/or effective organic synthesis. Carbene organic catalysis
has a long history of studies® and many new interests are re-
generated in recent years.” The most widely studied key
intermediates involved in NHC catalysis include Breslow
intermediates® derived from aldehydes, and acyl azolium ester
intermediates’ derived from carboxylic esters (Figure 1b). The
NHC-bound intermediates derived from the related o,B-
unsaturated aldehydes8 and esters’ bearing a carbon-carbon
double bond next to the carbonyl group have also been
studied.

Here we disclose a catalytic generation and reaction of
unsaturated alkyne ester-derived azolium ester intermediate
bearing a carbon-carbon triple bond (Figure 1b). This
previously unexplored intermediate could likely lead to unique
reaction and reaction cascade due to the presence of a carbon-
carbon triple bond. For example, carbene-catalyzed reactions
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Figure 1. Functional pyridines and our carbene-catalyzed
synthetic method.

between alkyne esters and enamides can be realized for quick
access to hydroxyl pyridines (Figure 1c). Specifically, addition
of an NHC catalyst to the ester moiety of unsaturated alkyne
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ester 1 leads to the corresponding acyl azolium intermediate I.
Nucleophilic conjugated addition™ or 1,2-addition/Claisen
rearrangement11 of enamide 2 with intermediate | affords
intermediate Il that undergoes further reactions to eventually
form unsaturated lactam adduct 3’ (see SI for complete
pathway) with a generation of the NHC catalyst. Under a
slightly elevated temperature in the same reaction mixture,
adduct 3’ goes through an isomerization to form hydroxyl
pyridine 3 as the product.12 The hydroxyl pyridine products (3)
from our reactions can be readily transformed to useful
bypyridines13 and other pyridine-derived amine functional
molecules.™

Table 1. Condition optimization.?

Entry NHC Base Solvent Yield [%]b
1 A NaHCO; THF 25
2 B NaHCO, THF 30
3 C NaHCO; THF 20
4 B Na,CO; THF 37
5 B KsPO; THE 40
6 B TEA THF 19
7 B K3PO3 toluene Trace
8 B K3;PO5 CH,Cl, Trace
9 B KsPO; DMF 83
10 B KsPO5 CH5CN 39

9 Reaction conditions: 1a (0.05 mmol), 2a (0.10 mmol), NHC
(0.01 mmol), base (0.05 mmol), solvent (0.5 mL), RT, 24 h. b
Yields were isolated yields after column chromatography.

3-Phenylpropynoic acid ester 1a was chosen as the model
substrate to react with enamide precursor 2a for the synthesis
of multi-substituted hydroxyl pyridine 3a. Various NHC pre-
catalysts could mediate this transformation (Table 1, entries 1
to 3). Triazolium-typed NHC pre-catalyst B bearing one mesityl
group gave the desired product with the best yield (entry 2).
We then decided to use catalyst B for further optimizations.
Switching the base additive from NaHCO; to K3PO; led to an
increase on product yield (entry 5). After screening of different
solvents we found that solvents with higher polarities could
give the desired products in better yields, while solvents with
lower polarities such as toluene and CH,Cl, could hardly afford
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the pyridine product (entries 7 to 10). At last, we could get the
product of 3a in 83% isolated yield when carrying out the
reaction in DMF using NHC B as the catalyst and K;PO,as the
base (entry 9).

Table 2. Substrate scope.’
B (20 mol%)
9 R2 K4PO, (100 mol%) CL
Ar _ DMRm2h
= (o8 +
Rw% A NTs " teneoc.8h -Ts

2
Ar=4-NO,CeH,

SN SN SN
,Ts O,Ts ,Ts

3b,65%  FaC 3c,84%  Cl 3d, 80%
Ph
SN SN
\ \ SN
= O,Ts = O'TS | T
He™ > o7t
Br
CHy 3e,81% 3f, 48% o, 3g, 67%
HsC Br.
; \Ni E \N]. ) B
P 07T b N g TS NP TS o™
3h, 64% 3i, 60% 3j, 87% 3K, 85%
[ONPZ S~
SN SN B B
‘ ‘ = PAE] % AR
Ts Ph 0" Ph 0
ph N 02T pp ~F e
31, 81% 3m, 78% 3n, 59% 30,73%
Ph
H3C\)\ /TS
2q
’TS H;C SN /TS
3p, 75% P NF ’TS 3q, 42% 3r, 65%

% Reaction conditions as stated in Table 1, entry 9. Yields are
isolated yields after purification by column chromatography.

With the optimized reaction conditions at hand, we then
examined the reaction scope using different substituted
substrates 1 and 2 (Table 2). Both electron-donating and
electron-withdrawing groups were well tolerated on the
benzene rings of substrate 1 (3b to 3f). Substituents on the 4-
and 3-positions of the benzene rings generally gave the
products in good yields (eg. 3b to 3e). Lower product yields
were observed with substrates 1 bearing 2-substituted
benzene groups (eg. 3f). The aromatic phenyl group on
substrate 1 could be switch to an aliphatic methyl group with
the substituted pyridine product afforded in 67% vyield (3g).
Various substituents with different electronic properties could
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be installed on the benzene rings of the imide substrate 2 with
corresponding products afforded in moderate to good yields
(3h to 3m). The substituted benzene rings on substrate 2 could
also be replaced with both hetero aromatic groups (3n to 30)
and even simple aliphatic groups (3p), and the tri-substituted
pyridine products could be afforded in moderate to good
yields. To our delight, 2-substituted imide substrate (2q) and
the cyclic imide substrate (2r) could also react smoothly with
3-phenylpropynoic acid ester 1a through this process. Both of
the tetra-substituted pyridine product (3q) and the
dihydrobenzoquinoline product (3r) could be afforded in
moderate vyield under our current catalytic conditions.
Switching the Ts protecting group on imine substrate 2 to a Ms
(Methanesulfonyl) group did not afford the desired product.
Our attempt to prepare imine substrates with a Tf (Triflate)
unit as the protecting group was unsuccessful.

The O-tosyl group on product 3a could be switched to a
good leaving group to afford 5 in excellent yield over 2 steps.15
Product 5 could be coupled with another 2-substituted
pyridine compound 6 to produce the bi-pyridine molecule 7
(Figure 2).16 Molecules containing the bi-pyridine structures
have been frequently used as ligands in various transition
metal catalytic reactions (Figure 1a, A).13

Ph Ph
N LiIHMDS | AN Tf,0, pyridine
\ THFE CH,Cl,
Ph” N7 V07T Ph™ "N” 70
3a 4, 96%
Ph I'I-BU3SI"I ‘ AN Ph
‘ N 6 N~ | X
. .
—
Ph” "N S PdCIy(PPhs), ph N o T
N~ PPh;
xylenes
7 9 0
41% 1309C 5 93%

Figure 2. Construction of bipyridine ligand from product 3a.

The dihydrobenzoquinoline product (3r) that obtained from
the cyclic imide substrate (2r) through our developed
methodology could be converted to benzoquinolin-2(1H)-one
derivative 8 through a one-pot oxidation/deprotection
reaction relay in 40% isolated yield (Figure 3).Y Benzoquinolin-
2(1H)-one 8 could be transformed to the quinoline-amine bi-
dentate functional molecule 9 through reported procedures.13
Compound 9 has proven to be efficient ligand in transition
metal catalysis (Figure 1a, B).14

MO, I ref. 11 ‘
——— e
ZN xylenes NH = ‘N
| reflux
N NH
P N TS P NN Ph 2
3r 8, 40% 9

Figure 3. Construction of bipyridine ligand from product 3r.
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In summary, we have developed an NHC-catalyzed
activation of o,B-unsaturated alkyne esters. This catalytic
activation generates a previously unexplored unsaturated
azolium ester intermediate bearing a reactive carbon-carbon
triple bond. Under mild conditions, the catalytic reactions of
alkyne esters and enamides effectively afford pyridine
derivatives with important utilities. For example, our products
can be transformed to bi-pyridines and related functional
molecules that can be used as ligands in transition metal
catalysis. The alkyne ester-derived azolium ester intermediate
contains carbon-carbon triple bond and shall exhibit rich
chemical reactivities. We therefore expect that further study
of this intermediate shall lead a valuable set of reactions such
reactions for quick access to sophisticated
functional molecules.
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