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Cobalt(mm)-catalyzed synthesis of isoquinolines
from oximes and alkynes in deep eutectic solvents
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A cobalt-catalyzed redox-neutral [4+ 2] annulation of
oximes and alkynes in deep eutectic solvents comprising
quaternary ammonium compounds and hydrogen bond
donors has been developed, the best system being
Me;N*CH,CO;/HOCH(CF3),. No external oxidizing reagent
was required, and only water was generated as the secondary
product. The catalytic system can be reused in three
consecutive cycles.
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Isoquinolines are prevalent scaffolds existing in many
pharmaceuticals and natural products.l-3 Traditional synthetic
methods such as the Bischler—Napieralski cyclization,* the
Pictet-Gams reaction® and the Pomeranz—Fritsch reaction5’
often require laborious multistep procedures and harsh reaction
conditions. Recently, transition metal-catalyzed C—H activation/
annulation strategy has emerged as an effective tool to construct
isoquinolines. However, in early procedures stoichiometric
amounts of external oxidants were applied.8-0 Subsequently,
some oxidizing directing groups containing N—O,11-17 N-N,18-20
N-S2! and N—CI?2 bonds were employed allowing the reactions
under redox-neutral and mild conditions to proceed. Despite the
significant progress, the reported procedures were limited to
relatively costly Rh or Ru catalysts. In recent years, sustainable
C—H activation reaction using earth-abundant metal catalysts or
green solvents has aroused widespread interest. Among them,
cost-effective cobalt catalysts have shown complementary
activity to the Rh or Ru congeners in the isoquinoline
synthesis.1421.23-26 Also, C—H activation in ‘green’ media such
as water, biomass-derived solvents and deep eutectic solvents
has been disclosed.?’-33

Deep eutectic solvents (DESs) mainly composed of quaternary
ammonium salts with hydrogen bond donors (urea, amides,
acids, or polyols) possess good availability and biodegradability,
low flammability and low toxicity.343% Although DESs have
found wide applications, very few examples on C—H activation
reaction in DESs have been reported.3-3 In this study, we
envision that C—H activation/annulation of oximes and alkynes
leading to isoquinolines under cobalt catalysis in DESs
undoubtedly has some advantages compared with the reported
procedures. Herein we would report on a cobalt-catalyzed redox-
neutral [4 + 2] annulation of oximes and alkynes in DES in
detail.

Initially, acetophenone oxime la and diphenylacetylene 2
were selected as the model substrates to screen the reaction
conditions (Scheme 1, Table 1). A series of DESs comprising
various ammonium and protic compounds were evaluated
(entries 1-7). Among them, MesN*CH,CO; (betaine) with
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(CF3),CHOH (hexaflouorispopropanol) provided the desired
product 3a with excellent conversion (entry 7, 93%). No reaction
was observed in the absence of any catalyst (entry 8). Switching
the [Cp*Co(CO)l,] catalyst to [Cp*Col,], or [Cp*CoCl,], led to
low yields of 3a (entries 9,10). A moderate yield was obtained in
the absence of AcONa (entry 11, 75%). Use of AcOK or Na,CO4
instead of AcONa as additives reduced the yield of product 3a
(entries 12,13). Lowering the temperature to 60 °C gave 3a in
only 63% vyield, whereas increasing the temperature to 100 °C
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Scheme 1 Reagents and optimized conditions: i, oxime 1 or 4 (0.2 mmol),
alkyne 2 (0.24 mmol), [Cp*Co(CO)l,] (10 mol%), AcONa (20 mol%),
betaine/(CF;),CHOH (1:2, mol/mol, 1 ml), 80 °C, 12 h, isolated yields.
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Table 1 Optimization of reaction conditions.2

Entry [Co] Solvent? Additive T/°C ;(;e(lgo;)cf
1 [Cp*Co(CO)l,] TBAB/HO(CH,),0H AcONa 80 0
2 [Cp*Co(CO)l,] ChCl/urea AcONa 80 10
3 [Cp*Co(CO)l,] ChCI/HO(CH,),0OH  AcONa 80 31
4 [Cp*Co(CO)I,] ChCl/glycerol AcONa 80 45
5  [Cp*Co(CO)l,] ChCl/MeC(O)NH, AcONa 80 73
6 [Cp*Co(CO)I,] betaine/lactic acid AcONa 80 17
7 [Cp*Co(CO)I,] betaine/(CF5),CHOH AcONa 80 93 (709
8 none betaine/(CF;),CHOH AcONa 80 O
9 [Cp*Col,], betaine/(CF;),CHOH AcONa 80 36
10 [Cp*CoCl,], betaine/(CF;),CHOH AcONa 80 29
11 [Cp*Co(CO)I,] betaine/(CF3),CHOH  none 80 75
12 [Cp*Co(CO)l,] betaine/(CF3),CHOH AcOK 80 80
13 [Cp*Co(CO)I,] betaine/(CF;),CHOH Na,CO; 80 65
14 [Cp*Co(CO)l,] betaine/(CF;3),CHOH AcONa 60 63
15  [Cp*Co(CO)l,] betaine/(CF;),CHOH AcONa 100 85

16 [Cp*Co(CO)l}] (CF3),CHOH AcONa 80 62

@ Reaction conditions: oxime la (0.2 mmol), alkyne 2 (0.24 mmol),
Co catalyst (10 mol%), additive (20 mol%), DES (1 ml), heating, 12 h.
b TBAB stands for tetrabutylammonium bromide, ChCI stands for choline
chloride, the betaine stands for Me;N*CH,CO3; except for entry 16, ratios
of ammonium/hydrogen donor components are 1:2. ¢Isolated yield. ¢ With
5 mol% of [Co].

had no more benefit to the reaction (entries 14,15). Furthermore,
with lower catalyst loading the yields dropped to 70% (entry 7).
The model reaction was also performed in pure (CF;),CHOH
when a lower conversion of the starting material was observed
(entry 16). It was worth noting that no expensive silver salt (for
example AgSbFg) that is usually employed in other C-H
activation reactions?* was required in the present protocol.

With the optimized reaction conditions in hand, the scope of
oxime was then explored (see Scheme 1).T The annulation of
various acetophenone oximes la—e and diphenylacetylene 2
proceeded efficiently to provide the desired isoquinolines 3a—e
in good to excellent yields. Both electron-withdrawing and
electron-donating groups were well tolerated. Substituent on the
ortho position allowed the C—H activation to occur on the less
hindered position (product 3f). Other ketoximes such as (E)-1-
phenyl-propan-1-one oxime 1g, benzophenone oxime 1h and
(E)-1-(naphthalen-1-yl)ethan-1-one oxime 4a also showed good
reactivities to afford the desired products 3g,h and 5a. In
addition, heterocyclic ketoxime 4b also reacted smoothly to give
product 5b in 75% yield. Subsequently, two diaryl diynes 6a,b
were explored, and regioisomeric mixtures of the products were
obtained. Compounds 7a and 7b were found as the major
products and were isolated in moderate yields (68 and 64%,
respectively). When aliphatic alkynes or unsymmetrical alkynes
were tested, complex mixtures were formed.

One of the main advantages of the DESs use as solvents lies
in that DESs enable recycling of transition metal catalysts.36:3

Ar Me
// + la —»i N
/ 64-68% G
/ %
Ar Ar Ar
6a,b 7a,b

a Ar=Ph (major regioisomer)

b Ar = 4-MeOCgH4

Scheme 2 Reagents and optimized conditions: i, oxime la (0.2 mmol),
diyne 6a,b (0.24 mmol), [Cp*Co(CO)I,] (10 mol%), AcONa (20 mol%),
betaine/(CF3),CHOH (1:2, mol/mol, 1 ml), 80 °C, 12 h, isolated yields.
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Scheme 3

Once the reaction was finished, the organic compounds were
extracted, and the DES [betaine/(CF3),CHOH] was dried under
vacuum. A new batch of fresh starting materials and NaOAc
were then added to the recovered DES without the addition of
more Co catalyst. The process could be repeated up to three
consecutive cycles with slight loss in the yield (93, 90 and 85%,
respectively). However, the yield dropped down to 62% after the
fourth cycle. It was assumed that the presence of noticeable
amounts of different salts may influence the intrinsic structure of
DES, or essentially volatile (CF3),CHOH could be partially
evaporated despite its hydrogen bonding to the betaine.

Since this kind of annulation was well established,?3-%> we
propose the following mechanism (Scheme 3). Initially,
[Cp*Co(CO)I,] readily undergoes decarbonylation in the
presence of NaOAc to afford species [Cp*Co(OAc),].
Coordination of oxime 1 followed by cyclometallation—
deprotonation  provides intermediate = A.  Subsequently,
coordination of alkyne (species B) followed by migratory
insertion of an alkyne gives C. Finally, reductive elimination
followed by protodemetallation affords product 3 and meanwhile
regenerates the catalytically active species.

In summary, a cobalt-catalyzed redox-neutral [4 + 2]
annulation of oximes and alkynes in deep eutectic solvent has
been developed. The reactions proceed smoothly to give
isoquinolines in moderate to excellent yields. No external
oxidizing reagent is required, and water is released as the only
secondary product. The DES consisting of betaine and
hexafluoroisopropanol is readily available and cost effective.
Moreover, the catalyst and the solvent can be used for three
consecutive cycles.
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Supplementary data associated with this article can be found
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