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Abstract: An efficient synthesis of isoquinolines via Rh(III)-cata-
lyzed oxidative annulation of picolinamides with alkynes using
Cu(OAc), as an oxidant has been developed. The scope of the reac-
tion was studied with a selection of various picolinamides and al-
kynes, and the desired isoquinolines were obtained in good to
excellent yields.
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Isoquinolines are valuable and prevalent structural motifs
in natural products, pharmaceuticals, materials and agro-
chemicals.! Consequently, a variety of methods have been
developed for the synthesis of these scaffolds. Although
traditional methods such as Pomeranz—Fritsch, Bischler—
Napieralski, and Pictet—Spengler reactions have been fre-
quently applied in the synthesis of isoquinolines, these
methods often employ intramolecular cyclization of high-
ly functionalized substrates with strong acids and elevated
temperatures.> Therefore, various transition-metal-cata-
lyzed methods have been developed to address these
drawbacks. In this case, the intermolecular cyclization of
o-haloaldimines and alkynes catalyzed by Pd* and Ni* has
proved its success. Shortly afterwards, highly prefunc-
tionalized substrates, such as o-alkynylaryl aldimines,
aldoximes and azides, were employed in the intramolecu-
lar cyclization process.® However, many of these methods
still suffer from limited substrate scope, require multistep
sequences to prepare the starting materials, encouraging
the development of new methodology with high efficien-
cy and economy.

Recently, Rh(III)-catalyzed C—H activation has become a
powerful tool in organic synthesis, partly owing to the
lower catalytic loading and high functional group toler-
ance.®® Especially, Rh(Il)-catalyzed oxidative annula-
tion using alkynes has emerged as a valuable and versatile
tool for the synthesis of N-hetereocycles,’ such as isoquin-
olines.’ Fagnou®® and Miura’® have independently demon-
strated the Rh(IIl)-catalyzed oxidative coupling of
aromatic imines with alkynes towards isoquinolines.
Shortly after that, Chiba,” Li,’® Rovis*® and Hua’ em-
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ployed internal oxidants such as O-acetyl oximes and ox-
imes to synthesize isoquinolines under Rh(IlI)-catalyzed
systems.

Table 1 Optimization of Reaction Conditions®

Et;NOC Ph

[Cp*RhCl2]> (2.5 mol%) Ph
AgSbFg (10 mol%)

H Ph N7
[N + / k
' P PH additive, solvent, 120 °C F

CONEt,

y Ph
1a 2a 3a Ph
(2.2 equiv)
Entry Additive Solvent Yield (%)
1 Cu(OAc), (2 equiv) DCE 92
2b Cu(OAc), (2 equiv) DCE 0
3¢ Cu(OAc), (2 equiv) DCE 31
4 Cu(OAc), (2 equiv) 1,4-dioxane 22
5 Cu(OAc), (2 equiv) DMF 0
6 Cu(OAc), (2 equiv) t-AmOH 16
7 Cu(OAc), (2 equiv) toluene trace
8 AgOAc (2 equiv) DCE 24
9 Ag,CO; (1 equiv) DCE 0

# Conditions: 1a (0.2 mmol), 2a (0.44 mmol), [Cp*RhCL,], (2.5
mol%), AgSbF, (10 mol%), additive in solvent (2 mL), sealed tube
under nitrogen, 120 °C, 24 h, isolated yield.

® The reaction was carried out without [Cp*RhCl,],.

¢ The reaction was carried out without AgSbF,.

The above mentioned synthetic methods employed pre-
functionalized arenes as substrates to construct heterocy-
cles. Inspired by our continuous studies of Rh(III)-
catalyzed C-H functionalization of pyridine derivatives,'”
we envisioned that the use of pyridine derivatives as sub-
strates might be an efficient and straightforward strategy,
considering the widespread availability of these sub-
strates. Takahashi has developed a stoichiometric cou-
pling of zirconacyclopentadienes with dihalopyridines for
the preparation of quinolines and isoquinolines.'!* Sato
demonstrated the Ni-catalyzed [2+2+2] cycloaddition of
diynes and 3,4-pyridynes for the synthesis of isoquino-
line.'"® Miura reported one isolated example of synthesis
of isoquinoline from pyridin-4-ylboronate catalyzed by
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rhodium.'"® Recently, Li realized the Rh(II)-catalyzed
synthesis of quinolines using pyridines and alkynes.''¢
We now report a Rh(IlI)-catalyzed synthesis of isoquino-
lines via oxidative annulation of functionalized pyridines
with alkynes using Cu(OAc), as an oxidant.

Our work started with the oxidative annulation of N, N-di-
ethylpicolinamide (1a) with diphenylacetylene (2a) under
[Cp*RhCl,],/AgSbF catalytic system (Table 1). We were
delighted to find that isoquinoline 3a was isolated in 92%
yield when DCE was used as solvent and Cu(OAc), was
used as oxidant (entry 1). We further confirmed that both
[Cp*RhCL,], and AgSbF, are crucial for the present reac-
tion (entries 2 and 3). DCE was found to be the ideal sol-
vent, while other solvents resulted in low yields (entries

Table 2 Reaction of N,N-Diethylpicolinamide 1a with Alkynes 2*

4-T7). Cu(OAc), is essential to the success of this transfor-
mation, while other additives such as AgOAc and Ag,CO,
led to reduced yields (entries 8 and 9).

With the optimized conditions in hand, we then examined
the scope of various alkynes and the reaction shows broad
substrate tolerance among internal alkynes (Table 2). The
reactions of 1a with different diarylacetylenes 2b—d pro-
ceeded efficiently to produce quinolines 3b—d in excellent
yields (Table 2, entries 2—4). Symmetrical dialkyl alkyne,
4-octyne (2e) also reacted with 1a to give 3e in moderate
yield (entry 5). When unsymmetrical alkyne, 1-phenyl-
1-butyne (2f) was employed, isoquinoline 3f was obtained
predominantly with phenyl group distal to the amide

group (entry 6).

Et;,NOC R!
CONEt, R?
N - [Cp*RShCIg](g (2.5 mol)%) N
AgSbFg (10 mol%
AN
N| + / ) = R2
R2 Cu(OACc)2 (2 equiv)
H 120 °C, DCE, 24 h R!
1a 2 3
(2.2 equiv)
Entry Alkyne 2 Product 3 Yield (%)
R
Y | R Et,NOC ‘ O R
X X
= 1
1TC
R S
R
1 2a,R=H 3a,R=H 92
2 2b, R =Me 3b,R=Me 88
3 2¢, R=Cl 3¢, R=Cl 95
4 2d,R=F 3d,R=F 87
Et,NOC  Pr
Pr
Pr
NT X
=z P
5 Pr Pr 41
2e Pr
3e
Et,NOC Et
Et Ph
NN
=
7 |
6 Ph/ Z Ph 56
2f Et
3f

# Conditions: 1a (0.2 mmol), 2 (0.44 mmol), [Cp*RhCl,], (2.5 mol%), AgSbF, (10 mol%), Cu(OAc), (0.4 mmol), DCE (2 mL), sealed tube

under nitrogen, 120 °C, 24 h, isolated yield.
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Scheme 1 Plausible mechanism for the reaction of 1a with alkyne

The scope of picolinamides was also investigated, as giv-
en in Table 3. Picolinamides bearing substitutions at
the 6-position were generally more reactive and afforded
higher yields than those carrying substitutions at the 5-po-
sition, because of the steric congestion (Table 3, entries 1—
6). Halogenated picolinamides, such as chloride and fluo-
ride, were also tolerated, giving moderate to high yields
(entries 2 and 3). Electron-withdrawing group, such as
carboxylic ester, survived under the standard conditions,
affording isoquinoline 1g in excellent yield (entry 6). Oth-
er N,N-dialkyl-substituted picolinamides reacted with di-
phenylacetylene (2a) under current conditions to afford
the desired products in good yields (entries 7 and 8).

A plausible mechanism for the reaction of 1a with diphe-
nylacetylene (2a) is illustrated in Scheme 1, according to
previous studies.”*® The active catalyst Cp*Rh(OAc), is
coordinated by 1a via the Lewis basic amide oxygen and
subsequent ortho C—H activation leads to the five-mem-
bered rhodacyclic intermediate A. Alkyne then coordi-
nates A, followed by regioselective insertion of the alkyne
to yield the seven-membered intermediate B. Dissociation
of rhodium from the oxygen, followed by a second ortho
C—H activation, gives rhodacyclic intermediate D. A sec-
ond coordination of alkyne and regioselective insertion
affords intermediate E. Subsequently, isoquinoline 3a and
Rh(I) species are generated by reductive elimination. This
Rh(I) species is then reoxidized to Rh(II) by Cu(OAc), to
accomplish the catalytic cycle.
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In summary, we have demonstrated that isoquinolines can
be synthesized efficiently by the oxidative annulations of
picolinamides with internal alkynes in the presence of a
rhodium catalyst and Cu(OAc),."> Further investigations
to study the mechanism of this reaction are under way.
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R',NOC  Ph
CONR', Ph [Cp*RhClal, (2.5 mol%) Ph
p 2 (2.5 mol%)
NS . / AgSbFg (10 mol%) u/ P
I Cu(OAG); (2 equiv) 3 Ph
A R
R2 H 120 °C, DCE, 24 h Ph
1 2a
2.2 equiv
Entry Picolinamide 1 Product 3 Yield (%)
CONEt, Eto,NOC Ph
N N Ph (®)
I l
Z Z Ph
R R Ph
1 1b, R =Me 3g,R=Me 48
2 1c, R=F 3h,R=F 88
3 1d,R=Cl 3i,R=Cl 67
4 le, R=0Ac 3j, R=0Ac 40
ELNOC  Ph
CONEt, Ph
N7 X
NT |
> = RN ph %0
R
Ph (9)
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R,NOC  Ph
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General Procedure for the Synthesis of Isoquinolines 3
via Oxidative Annulation of Picolinamides 1 with 2:
N,N-Diethylpicolinamide (1; 0.2 mmol, 1.0 equiv),
[Cp*RhCl,], (0.005 mmol, 2.5 mol%), AgSbF (0.02 mmol,
10 mol%), Cu(OAc), (0.4 mmol, 2.0 equiv), alkyne 2 (0.44
mmol, 2.2 equiv) and DCE (2 mL) were added to a 20-mL
Schlenk tube. After being purged with nitrogen, the mixture
was stirred at 120 °C for 24 h. Then concd aq NH; (2 mL)
was added and stirred for 5 min. The resulting mixture was
extracted with EtOAc. The organic layer was dried over
Na,SO,, concentrated under reduced pressure and purified
by chromatography on silica gel to afford isoquinoline 3.
5,6,7,8-Tetraphenylisoquinoline-1-carboxylic Acid
Diethylamide (3a): Compound 3a was prepared in 92%
yield according to the general procedure as a white solid. 'H
NMR (400 MHz, CDCl5): =091 (t,J="7.2 Hz, 3 H), 1.21
(t,J=6.8 Hz, 3 H), 2.60-2.69 (m, 1 H),2.72-2.81 (m, 1 H),
2.95-3.04 (m, 1 H), 3.36-3.44 (m, 1 H), 6.59 (d, /= 6.8 Hz,
1H), 6.75-6.86 (m, 9 H), 7.04-7.13 (m, 5 H), 7.20-7.27 (m,
5H),7.43 (d,J=5.6 Hz, 1 H), 8.40 (d, J=5.6 Hz, 1 H). 1*C
NMR (100 MHz, CDCl;): 8 = 168.9, 156.5, 143.3, 142.5,
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141.4, 139.7, 139.6, 138.3, 138.2, 138.1, 136.5, 133.5,
131.4,131.3, 130.9, 130.8, 130.7, 130.6 (2 x C), 127.9,
127.2 (2 x C), 127.0, 126.9, 126.7, 126.5, 125.9, 125.7,

Synlett 2014, 25, 1036—-1040

125.6, 124.0, 120.1, 77.5,77.2, 76.8, 45.3, 40.1, 13.8, 13.7.
HRMS (EI-TOF): m/z [M*] calcd for C;gH4,N,0: 532.2515;
found: 532.2511.
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