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A regioselective intramolecular cyclization/halogenation reaction of N-alkoxy-o-alkynylbenzamides with CuCl,/NCS was developed. The
corresponding 3-(chloromethylene)isobenzofuran-1-ones were exclusively obtained via 5-exo-dig cyclization in moderate to excellent yields
within 0.5—1 h. This approach has been successfully used to synthesize a biaryl compound by the Suzuki—Miyaura reaction.

| sobenzofuran-1-ones and isocoumarins are key components
among several lactone natural products containing important
biological activities' such as antifungal,2 antimicrobial, and
acting as reactive intermediates’ for target molecules.
Consequently, numerous straightforward synthetic methods
have been developed.> *?
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Among these methods, the typical strategy for the synthesis
of isobenzofuran-1-one is atransition metal,*° organic base-
catalyzed,* or halogen-mediated*? cyclization of alkynes
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possessing a nucleophile. However, the synthesis often
suffers from a lack of regioselectivity due to competitive
cyclization through the 5-exo or 6-endo mode. Larock has
succeeded in the synthesis of 4-iodoisocoumarins and 3-io-
domethylisobenzofuranones by the regioselective electro-
philic cyclization;"® however, this selectivity was highly
dependent on the bulkiness of the substituent. Thus, the
development of a practical method for the synthesis of
isobenzofuranones is highly desirable.

Although intramolecular annulation of carboxylic acids,*
esters'® and amides'® to a variety of alkenes and alkynes
for the synthesis of heterocycles have been reported, nothing
is known about the cyclization of the Weinreb amide onto
an akyne. Therefore, we are interested in the potential of
the Weinreb amide for the reaction with an alkyne moiety.
In general, a carbonyl group of Weinreb amides is more
electrophilic than that of regular amides.'” However, there
are few reports on a property of oxygen on carbonyl group
in Weinreb amides. We anticipated that the enhancement of
nucleophilicity of the carbonyl oxygen atom by an electron
donation of the methoxy group (the alpha effect)*® would
lead to the chemosel ective nucleophilic attack of the carbonyl
oxygen over the other heteroatoms. Furthermore, it is thought
that the coordination ability and partial C—N double bond
character would influence the regiosel ectivity of cyclization.
As apart of our program directed toward seeking the novel
synthetic methodology of the substrate bearing N—O bond,*®
we report herein the CuCl,-mediated chlorocyclization of
N-a koxy-o-alkynyl-benzamide for the selective synthesis of
3-(chloromethylene)isobenzofuran-1-ones.

We found that chlorobenzylidene isobenzofuran-1-one 2a
was exclusively obtained in 57% via regioselective cycliza-
tion, when N-methoxy-o-alkynylbenzamide 1la was treated
with 2.5 equivalents of CuCl, in MeCN at reflux for 0.5 h
(Table 1, entry 1). Various additives and solvents have been
screened to optimize the reaction conditions. The cyclization
proceeded successfully in the presence of 2 equivalents of
NCS to produce 2a in 90% yield (entry 2). Interestingly,
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Table 1. Optimized Conditions in the Cyclization of
N-Alkoxy-o-alkynylbenzamide 1a*

O S ey
N‘Me solvent, reflux °
o) o o
1a 2a 3a
Cu salt additive

entry (equiv) (equiv) solvent t(h) yield® (%)
2a 3a
1 CuCly (2.5) none MeCN 0.5 57 -
2 CuCl; (2.5) NCS (2) MeCN 0.5 90 -
3 none NCS (2) MeCN 0.5 7 41
4 CuCl (2.5) NCS (2) MeCN 0.5 24 -
5 CuCl; (2) NCS (1) MeCN 0.5 64 —
6 CuCl; (2) NCS (2) MeCN 0.5 83 —
7 CuCl; (1) NCS(2) MeCN 0.5 61 —
8 CuCl; (0.5) NCS(2) MeCN 0.5 36 -
9 CuCly (2.5) NCS(2) toluene 17 38 -
10 CuCly (2.5) NCS(2) 1,4-dioxane 16 57 8
11 CuCl; (2.5) NCS(2) DCE*° 0.5 30 26
12 CuCl; (2.5) NCS(2) DMA 18 34 12
13 CuCl; (2.5) NCS(2) DMF¢ 3 36 31
14¢ CuCl;(2.5) NCS(2) MeCN 0.5 80 —

2 Conditions: 1a (0.2 mmol), solvent (0.05 M) under Ar atmosphere.
b |solated yield. ¢ Reaction was carried out at 90 °C. ¢ Reaction was carried
out at 130 °C. © The reaction was carried out with 1 g of 1a.

only the E-isomer product 2a was obtained. Using only NCS
predominantly generated the six-membered-ring product 3a
in moderate yield (entry 3). These results indicated that CuCl,
plays a pivotal role in a selective formation of five-
membered-rings and the chlorocyclization was activated by
NCS. It is aso possible to use Cu(l)chloride as a chloride
source; however, the efficiency to this reaction was low
(entry 4). Reducing the amount of reagents led to a decrease
in the chemical yields of 2a (entries 5—8). Efficiency and
selectivity of this reaction were strongly influenced by the
reaction solvent. The use of nonpolar solvents and polar
aprotic solvents except for MeCN afforded 2a and/or 3ain
moderate yields (entries 9—13). Additionally, this reaction
can be applied to a gram scale synthesis; thus, the chloro-
cyclization of 1a (1 g) afforded 2a in 80% yield (entry 14).

To confirm the priority of the Weinreb amide, other
carbonyl derivatives as shown in Scheme 1 were tested.
Chlorocyclization of primary, secondary and tertiary amides
1b—d produced the mixture of products 2a and 3ain low to
moderate yields. In contrast, exclusive formation of isocou-
marin 3a was observed when methyl ester 1e was subjected
to the cyclization reaction.”® These results indicate a neces-
sary component of the Weinreb amide for the selective 5-exo-
dig cyclization. We anticipate that CuCl,/NCS cyclization
will provide direct access to the compounds isobenzofuran-
1-one and isocoumarin by delivering 1a and 1e as a substrate,
respectively.

With the optimal conditions in hand, we then explored
the scope of substrates (Table 2). The reaction of various
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Scheme 1. Cyclization of Substrates 1 with Substituents on R?

al -
N a

== CuCl, 2.5 equiv / ~ |

O NCS 2.0 equiv 5 . =
R MeCN, reflux o
13h S
e} e}
1 2a 3a

1a (R = N(OMe)Me) 90% -
1b (R' = NMey) 14% trace
1¢ (R = NHPh) 42% trace
1d (R' = NHy) 22% 7%
1e (R' = OMe) - 88%

acetylenic substrates with CuCl,/NCS displayed broad
substrate capability and the reaction was tolerable toward a
range of substituents on the acetylenic unit carrying acyclic
moiety or an acyclic moiety. An excellent chemical yield
was observed in the reaction of TMS-substituted alkyne
1h (entry 3), albeit a relatively lower yield was given by
1i with t-butyl group (entry 4). Substrates bearing aliphatic
substituents also worked well (entries 5—6). Alkyne 1l

Table 2. CuCl,-Mediated Chlorocyclization of
N-M ethoxy-o-alkynylbenzamide: the Effect of Substituents on
Acetylenes®

R2 Cl RZ
Z CuCly 2.5 equiv /
QMe NCS 2.0 equiv °
N“Me MeCN, reflux
05-1h o
[¢]
1f-1 2f-1
entry substrate product yield”
(%)
1 R” = cyclohexyl 1f a. N 2f 79
| N
<A
@ «
o
2 R2 =4-MeCsHy ]g c|‘¥’<(' p ~Me 2g 85
e
Y
o]
3 R*=TMS 1h C')JMS 2h 99
/<O
(o
4 R*=Bu 1i Cl/ ¢Bu 2i 64
Cry
[e]
5 R*=n-Pr 1j C'/ nPr 2j 68
o}
[e]
6 R*=n-Bu 1k O\ nBu 2k 78
J/
/\O
°
7 R*=CH,OTBS 11 ol
B o 21 64
R /\

@ Conditions: 1f-1 (0.2 mmol), CuCl, (2.5 equiv), NCS (2.0 equiv),
MeCN (0.05 M) under Ar atmosphere. ° Isolated yield.
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with a silyloxymethyl group underwent chlorolactonization
and then desilylation to yield the alylic alcohol 2| in 64%
yield (entry 7).

We next investigated the substitution variation of the
benzamide moiety (Scheme 2). Particularly noteworthy is

Scheme 2. CuCl,-Mediated Cyclization of Substituted
N-Alkoxy-o-alkynylbenzamides

2

3 = CuCl, 2.5 equiv 3
R “He NCS20equy T
| i
P N. MeCN, reflux
OMe 051h

g
/)
N
| 0
=
o]
2m-w
cl -
%
o)
F
o]
20
(75%)
CI>/®
D
P Z
7 o}

Ph

2p 2q 2r
(90%) (42%) (73%)
'y e
N )
o O o)
O,N Me’
[¢) o
2s 2t 2u
(85%) (75%) (57%)
™S
MeO cl -TMS —
/ o\ o
o =0
“ |
(o]
2v
2w
(96%) (64%)

the tolerance of halogen groups. The manipulation of the
benzamide bearing a halogen substituent such as a fluoro or
chloro atom para or meta to the carbonyl group produced
2m—p in very good yields (Scheme 2). Conversely, the
substrate bearing an ortho-fluoro group to the carbonyl group
afforded 2q in lower yield. 1r with an additional alkyne gave
2r as a sole product without suppression of the desired
reaction.

Alternatively, systems bearing electron-deficient or eectron-
rich substituents performed well (2s—u). Surprisingly, the
cyclization worked well to give 2v in 96% yield when the
substrate contained a methoxy group ortho to the akyne.
Moreover, the naphthyl substrate was also demonstrated,
affording 2w in 64% yield.

Although the precise mechanism of this reaction could not
be fully elucidated, a possible reaction pathway is shown in
Scheme 3. The activation of an alkyne moiety of 1 by CuCl,
is followed by the nucleophilic addition of the carbonyl
oxygen to form an intermediate B via 5-exo-dig cyclization.
The Cu(ll) species are oxidized by another equivalent of

Org. Lett., Vol. 13, No. 3, 2011



Scheme 3. Plausible Reaction Pathway
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CuCl, to generate Cu(l11) species C.%° After chlorination at
the copper atom by NCS, reductive elimination affords D.
Finally, the work up process transforms the intermediate D
to the product 2.

The utilization of our productsis chalenging and provides
a broad insight into chlorosubstitued iso-benzofuran-1-one.
The Suzuki—Miyaura coupling of 2a with p-methoxyphe-
nylboronic acid yielded the biaryl product 4a in 62%
(Scheme 4).

In conclusion, we have developed a simple and rapid
CuCl,-mediated cyclization reaction of N-alkoxy-o-akyl-
benzamides with a broad range of substitution and function-
alization patterns for the synthesis of 3-(chloromethylene)-
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Scheme 4. Suzuki—Miyaura Coupling of 2a

)

isobenzofuran-1-one derivatives. Thiswork should open new
perspectives in the chemistry of isobenzofuran-1-one and
represents a useful tool for other reaction designs.

10% Pd(PPh3)4

toluene 100 °C

4a (62%)
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