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A ligand/additive/Pd-free Cu-mediated coupling/cyclization strategy
afforded the first practical, one-pot and general approach towards
synthesis of N-(un)substituted isoquinolin-1(2H)-ones. Both the
catalyst and the solvent used are recyclable. The use of the Cu
reagent in excess led to the unusual formation of regioisomeric
and uncommon isoquinolin-1(4H)-ones.

While the transition metal-catalyzed addition of an N-H bond
across the C-C triple bond affords various N-heterocycles,"
several of these methods suffer from limitations, e.g., the lack
of generality and regioselectivity, the use of expensive or toxic
catalysts, ligands/additives and solvents, complicated operational
procedures, etc. Thus, development of simple, green and sustainable
methodologies is in high demand.

In view of the widespread occurrences of isoquinolin-1(2H)-
one frameworks in natural products>® (Fig. 1) and many bioactive
compounds” a range of synthetic methods® have been reported
including the transition metal-catalyzed reactions.’®” Since the
intramolecular cyclization of 2-alkynylbenzamides (generally
obtained via an additional step, e.g., Sonogashira coupling)
appeared as a potential strategy for the direct synthesis of
isoquinolin-1(2H)-ones, hence considerable efforts have been
devoted in this direction. Various conditions employed for this
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Fig. 1 Natural products containing the isoquinolin-1(2H)-one core.
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cyclization include the use of a base,® an electrophile,” or a
transition-metal catalyst.®® However, the lack of regioselectivity
due to the 5-exo vs. 6-endo cyclization and chemoselectivity due
to the nucleophilicity of both the O- and N-atoms of the amide
moieties (involved in these cyclizations) often afforded a mix-
ture of products in several cases (Scheme 1). While a chemo-
selective synthesis of isoquinolin-1(2H)-ones has been achieved
via Pd-catalyzed cyclization of N-alkoxy-o-alkynylbenzamides,’
the methodology involved the use of 20 mol% of an expensive
Pd-catalyst along with the large excess (500 mol%) of p-benzo-
quinone. Additionally, this 2-step methodology is not suitable
for the preparation of N-unsubstituted isoquinolin-1(2H)-ones.
Herein we report the first Cu-mediated single-step coupling/
cyclization of 2-iodobenzamide derivatives (1) with terminal
alkynes (2) leading to a green and general approach towards
N-(un)substituted isoquinolin-1(2H)-ones (3) (Scheme 2)
with remarkable chemo- and regioselectivities.'"® We also
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Scheme 1 Intramolecular cyclization of 2-alkynyl benzamide.
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Scheme 2 Cu-mediated synthesis of isoquinolin-1(2H)-ones and isoquinolin-
1(4H)-ones.
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Table 1 Effect of reaction conditions on the coupling of 1b with 2a®

Catalyst = Ph
I Base xrPh Z
+ |‘| — >
N NHAr
©;(NHAr Ph Solvent Ar
90°C (o} o}
b O 2a  [Ar=CgH,OMe-p] 3i 5
Entry  Catalyst Base Time (h)  Yield® (%)
1 CuCl Cs,CO;3 72 0
2 CuBr Cs,CO;3 65 0
3 Cul Cs,CO3 70 80°
4 Cu(OAc), Cs,CO; 2 82 (79, 75, 73)*
5 Cu(OAc), Cs,CO;4 4 72°
6 Cu(OAc), Cs,CO; 12 507
7 Cu(OAc),2H,0  Cs,C0; 12 19
8 Cu(OAc),-H,0 Cs,CO; 12 33
9 Cu(OAc), Na,CO; 6 12
10 Cu(OAc), K,COs 8 30

“ All the reactions were carried out by using 2-iodobenzamide 1b
(1.0 mmol), phenyl acetylene 2a (1.0 mmol), a base (2.0 mmol), and a catalyst
(0.2 mmol) in PEG-400 (5.0 mL) at 80-90 °C under nitrogen. ” Isolated yields.
¢ Yield of compound 5. ¢ Yields after recovery and reuse of the catalyst after
the 1st (2.2 h), 2nd (2.4 h) and 3rd (2.5 h) recycle, respectively. ¢ 0.1 mmol of
the catalyst was used.’ 0.05 mmol of the catalyst was used.

report the unusual formation of regioisomeric isoquinolin-
1(4H)-ones (4) in the presence of excess of the same Cu reagent
(Scheme 2).

Table 2 Cu-mediated synthesis of isoquinolin-1(2H)-ones (3)?
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To establish the optimized reaction conditions the coupling
of 2-iodo-N-(4-methoxyphenyl)benzamide (1b) with phenyl acetylene
(2a) was performed in the presence of a range of Cu catalysts and
Cs,CO; in PEG-400. Due to its polar nature, nontoxic properties and
high boiling point the PEG has several advantages over the other
conventional organic solvents.

Moreover, it is less expensive and recyclable. Initially, the use of
CuCl and CuBr was found to be ineffective (entries 1 and 2, Table 1)
whereas Cul afforded the uncyclized intermediate 5 (entry 3, Table 1).
The use of anhydrous Cu(OAc), however afforded the expected
isoquinolin-1(2H)}-one 3i (entry 4, Table 1) within 2 h. All these
reactions were carried out using 20 mol% of the catalyst. While the
reaction proceeded in the presence of 10 or 5 mol% of catalysts
(entries 5 and 6, Table 1), the product yield was decreased significantly
in these cases. The product yield was also decreased when Cu(OAc),:
2H,0 or Cu(OAc),-H,O was used (entries 7 and 8, Table 1). The use of
other bases such as Na,CO; or K,CO; (entries 9 and 10, Table 1) was
examined but found to be less effective. The use of other solvents, e.g.,
acetonitrile, 1,4-dioxane, DMF, DMSO and 1:1 PEG-H,O was also
found to be less effective. The recyclability of both Cu(OAc), and PEG-
400 was examined. The catalyst was recovered by filtration (after
diluting the reaction mixture with EtOAc) followed by drying and
then recycled three times (entry 4, Table 1) without affecting the
product yield significantly. Similarly, the PEG-400 recovered (by dilut-
ing the filtrate with cold water, collecting the aqueous layer and

1
R Cu(OAc), R .
I I Cs,CO; xR
+ —_—
N.-2
CON HR2 R3 PEG-4OOO R
1 2 80-90 °C 3 0
Entry Iodoamide (1); R' & R* = Alkyne (2); R® = Time (h) Product (3) Yield® (%)
1 H & -CgH3z;Me,-m,m; 1a -CeHs; 2a 3 3a 81
2 la ~CeH,(C5H,,-n)-p; 2b 3 3b 76
3 1a -Ce¢Hq3-1; 2¢ 3 3c 68
4 la ~(CH,),CH,CI; 2d 4 3d 71
5 1a -CecH,yBr-p; 2e 4 3e 83
6 1a -CeH,(OC5H, -n)-p; 2f 4 3f 79
7 la -C¢H,CH;p; 2g 4 3g 75
8 1a <:><1LL' 4 3h 68
OH:2h
9 H & -C4H,OMe-p; 1b -CeHs; 2a 3 3i 82
10 1b —-CeH4(CsHi1)-p; 2b 3 3j 77
11 1b ~CgH, 5113 2¢ 3 3k 75
12 1b -C4H,Br-p; 2e 3 31 82
13 1b —-CeH4(OCsH;4-1)-p; 2f 4 3m 79
14 1b -C¢H Me-p; 2g 4 3n 73
15 H & -Cg¢Hs; 1c —-CeH4(C5H,5-n)-p; 2b 3 30 56
16 Cl & -C¢H,OMe-p; 1d —-CeH4(CsH,1-1)-p; 2b 3 3p 63
17 OMe & -C¢H,OMe-p; 1e —-CeH4(CsHy1-n)-p; 2b 3 3q 73
. % Y
18 H & H; 1f N 2h 3 3r 93
19 1f -C¢H Me-p; 2g 3 3s 84
20 1f ~CeH,(CsH,,-n)-p; 2b 3 3t 87
21 1f 2e 3 3u 83

“ All the reactions were carried out by using 1 (1.0 mmol), terminal 2 (1.0 mmol), Cs,COj3 (2.0 mmol), and anhyd Cu(OAc), (0.2 mmol) in PEG-400

(5.0 mL) at 80-90 °C under nitrogen. ” Isolated yields.
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Fig. 2 Appearance of olefinic protons of 3¢, 3d and 3k in *H NMR.

distilling off the contaminated water under vacuum) was recycled
three times affording product 3i in 80, 78 and 76% yields, respectively.
Overall, the combination of 20 mol% of anhydrous Cu(OAc), and
2 equiv. of Cs,CO; in PEG-400 was found to be optimum and used to
expand the generality and scope of this methodology further.

A variety of isoquinolin-1(2H)-ones (3) were synthesized by using
this Pd-free Cu-mediated method (Table 2). Both N-substituted
(3a—q) and unsubstituted derivatives (3r-u) were obtained in a single
step without involving any N-deprotection step™° for compounds
3r-u. All the synthesized isoquinolin-1(2H)-ones (3) were character-
ized by using NMR, IR, and HRMS spectra."* For example, com-
pounds 3¢, 3d and 3k contain a -CH,- group next to the double
bond of the heterocyclyl ring (Fig. 2). In the case of the endocyclic
double bond (6-membered ring), the olefinic proton does not couple
with the protons of the -CH,- group and therefore appears as a
singlet near ¢ 6.0. However, in the case of the exocyclic double bond
(5-membered ring), the vinylic hydrogen being next to the -CH,-
group is known to couple with these protons to give a triplet near &
5.2, as observed by Kundu et al.® This was not observed in the case of
3¢, 3d and 3k. Additionally, the gHMBC (gradient heteronuclear
multiple bond coherence) NMR study'" of 3i (Fig. 3) shows that
its olefinic proton has a cross peak with an aromatic C-H
(appearing near 130 ppm) in addition to two other cross peaks
with aromatic quaternary carbons. This is not possible in the
case of the corresponding regioisomeric isoindolin-1-one derivative
as its olefinic proton would show three cross peaks with three
aromatic quaternary carbons. Nevertheless, compound 3u was
further functionalized via a Suzuki coupling with naphthalen-2-
ylboronic acid to give 3-(4-(naphthalen-2-yl)phenyl)isoquinolin-
1(2H)-one (6) in 80% yield (see ESIt).

During our studies on the coupling of 2-iodobenzamide (1f)
with a terminal alkyne we observed formation of a different
product exclusively when the reaction was performed in the
presence of excess of Cu(OAc),. This new product characterized
as a regioisomeric isoquinolin-1(4H)-one derivative prompted
us to examine this reaction further. Thus, six derivatives'** (4)

H
b
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O
N
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Fig. 3 Cross peaks shown by the olefinic proton of 3i in the gHMBC NMR
study (see ESIT).
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Scheme 3 Synthesis of isoquinolin-1(4H)-ones (4).

were prepared by reacting 1f with 2 in the presence of 2.0 equiv.
of Cu(OAc), (Scheme 3). Notably, as a class these compounds
are not common in the literature.'??

The proposed reaction mechanism (Scheme 4) leading to 3
involved the generation of an active catalyst A [via the interaction of
Cu(OAc), with PEG] that facilitated the formation of C via B with the
regeneration of A (the coupling step)."* The intramolecular cyclization
of C'* was then facilitated by A to afford 3 with the regeneration of A
(the cyclization step). The 5-exo-dig cyclization'® was not favored
perhaps due to the possible steric crowding between the bulky Cu
species and R? in the corresponding 5-membered ring intermediate.
Though not clearly understood, the formation of 4 could be due to the
intramolecular addition of an amide anion to the alkyne during the
coupling reaction (Scheme 5). In a separate study, the 2-iodo-N,N-
dimethylbenzamide (1g) was coupled with alkyne 2¢ (Scheme 6) under
the conditions given in Scheme 3 when the product was trapped as a
normal Sonogashira product 6 indicating that the reaction might be

Cu(OAc),
PEG

Csl G o oe 3

0" "oac ~HT— R

CsOAc A + CSzC03
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Scheme 4 Proposed reaction mechanism leading to compound 3.

Scheme 5 Proposed reaction mechanism leading to compound 4.
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Scheme 6 Coupling of amide 1g with alkyne 2c.
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Scheme 7 Coupling of amide 1c with alkyne 2b under the conditions
given in Scheme 3.

following the pathway shown in Scheme 5.'> Moreover, coupling of 1c
with 2b under the same conditions afforded 3o (Scheme 7) confirm-
ing the need for the -CONH, (with no substituent on NH,) group to
afford a product that belongs to the isoquinolin-1(4H)-one class 4."
The observation that compound 3s did not provide the corresponding
isoquinolin-1(4H)-one derivative when treated with 2 equiv. of
Cu(OAc), (under the conditions given in Scheme 3) ruled out the
possibility of formation of 4 via isomerization of 3.

In conclusion, Cu-mediated coupling/cyclization of 2-iodobenz-
amides with terminal alkynes in PEG afforded N-(un)substituted
isoquinolin-1(2H)-ones instead of isoindolin-1-ones. The methodology
is Pd-free and does not require the use of any expensive reactants,
reagents or catalysts. Both the Cu-catalyst and the solvent are recycl-
able. We also report the unprecedented formation of regioisomeric
isoquinolin-1(4H)-ones in the presence of excess of the Cu reagent.
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