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ABSTRACT
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Nu-H = R'OH, PhNMe,, etc.
E* =NBS, Iy, IC, p-O;NCgH4SCI, PhSeBr

Highly substituted oxygen heterocycles can be prepared in good yields at room temperature by reacting o-(1-alkynyl)-substituted arene carbonyl
compounds with NBS, 1,, ICI, p-O,NCgH,SCI, or PhSeBr and various alcohols or carbon-based nucleophiles. Naphthyl ketones and iodides are
readily prepared by the reaction of 2-(1-alkynyl)arene-carboxaldehydes with I, and simple olefins or alkynes.

The electrophilic cyclization of functionally substituted Recently, Yamamoto reported an interesting cyclization
alkenes has provided an extremely useful route for the of acetylenic aldehydes to 1-alkoxydlisochromenes cata-
synthesis of a wide variety of heterocyclic and carbocyclic lyzed by palladiunt. The Pd(ll) salt employed was claimed
compounds, which have often proven to be useful as to exhibit a dual role as both a Lewis acid and a transition-
intermediates in the synthesis of natural products and metal catalyst. In a more recent study, the analogous
pharmaceuticals.The analogous chemistry of alkynes has preparation of H-isochromenes has been achieved upon
been far less studied, although it would appear to be a veryreaction of bis(pyridine) iodonium tetrafluoroborate (Py
promising route to an extraordinary range of useful, func- BF,) and HBR with the same acetylenic carbonyl precursors
tionally substituted heterocycles and carbocygl®sir recent in the presence of various nucleophitéhe use of expensive
work has indicated that benzothiophefégquinolines,and
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Based on the above optimization efforts, the combination

Scheme 1 of 1.2 equiv of nucleophile, 1 equiv of KOs, 1.2 equiv of
OMe I2, and the use of C}l, as the solvent at room temperature
CHO | ° gave the best results. This procedure has been used as our
©/\ + MeOH 2 P standard reaction conditions for subsequent electrophilic
= base Ph cyclizations. To test the generality of this chemistry, acety-
, Ph ; lenic aldehydes bearing different substituents on the carbon
carbon triple bond were synthesized in high yields by the
solvent ~ MeOH (equiv) I (equiv)  base (equiv)  yield (%) palladium/copper-catalyzed coupling oforomobenzalde-
CH,Cl, 1.2 1.2 K,CO3 (1.0) 88 hyde and the corresponding terminal alky®eBhe resulting
CH3CN 1.2 1.2 K5COj3 (1.0) 40 acetylenic aldehydes were then allowed to react under our
DME 12 12 K,CO3 (1.0) trace standard electrophilic cyclization conditions to afford the
CHaCly 12 12 KHCOs (1.0) 70 cprrespondlng H-isochromene pfodugts in good to excellent
yields. The results are summarized in Table 1.
CH,Cly 2.0 2.5 KoCO3 (1.0) 80 . L
Alkynes bearing an aromatic ring, as well as alkyl and
CH,Cl 2.0 25 KoCO3 (2.0) 78

vinylic substituents, all react well with methanakbutanol,
MeOH - 25 KzC03 (2.0) 68 and 2-iodobenzyl alcohol to provide the desired iodocycliza-
tion products in very good yields (entries-3, 8, and 11).
Interestingly, not only alcohols but also an electron-rich

complicated stepwise procedure employed make this ap_aromatic compound lik&N,N-dimethylaniline can be used

proach a bit unwieldy synthetically. Furthermore, the scope &S @ nucleophile, affording iodocyclization products in
of this cyclization has yet to be reported. generally good to excellent yields (entries 4, 9, and 12).

We simultaneously found that this three-component reac- Pyridine derivativel6 readily reacted under our standard

tion® proceeds smoothly by using various electrophiles such €onditions usingd or ICl and provided the desired iodo-

as b, ICl, NBS, p-O,NCeH,SCl, and PhSeBr to generate the cyclization product in a 64% vyield (entries 13 and 14). In
corresponding iodine-, bromine-, sulfur-, and selenium- all cases, reactions with readily available, inexpensive iodine

substituted heterocycles in high yields under very mild 9ave higher yields of isochromene product than the Barlu-
reaction conditions. Herein, we wish to report a more €Nga process, which used the expensive iodonium salt and
convenient and efficient approach to these types of hetero-HBF4 (compare Barluenga’s results in parentheses with ours).
cycles involving electrophilic cyclization using a range of 10 further explore the scope of this cyclization, NBS was

IPy,BF,, together with B(OMe)or HBF,4, and the relatively

electrophiles and nucleophiles. also used and provided a decent yield of the desired
Our initial studies were aimed at finding optimal reaction Cyclization product (entry 5). Commercially available sulfur
conditions for the electrophilic cyclization of the-(1- and selenium electrophiles have also been employed in this

alkynyl)benzaldehydes. Our investigation began with the Process and have been found to provide very good yields of
reaction ofo-(phenylethynyl)benzaldehyd)( methanol, and the desired cyclization products using methanol as the
I, (Scheme 1). The reaction was first attempted using 0.25 hucleophile (entries 6, 7, and 10). The reactions wH@,-
mmol of o-(phenylethynyl)-benzaldehyda)( 1.2 equiv of NCgsH4SCI were complete in a shorter period of time and
methanol, 1 equiv of KCOs, and 1.2 equiv ofdin CH,Cl, gave higher yields of products than those with PhSeBr.
at room temperature. a-Acetylenic aryl ketones are also viable substrates for
lodocyclization proceeded smoothly and provided an 88% cyclization (see entry 15). It should be noted, however, that
yield of the desired isochromene prodi2ctOther solvents ~ ketonel8 reacted smoothly with;lto provide a 90% yield
such as CKCN and DMF were also investigated and proved of the 5-exo-digcyclization productl9, rather than the six-
to be far less effective. KHC and NE§ were also membered ring ether formed by the electrophilic cyclization
investigated as bases. While KHg@rovided a slightly ~ of benzaldehyde derivatives. The use 0bCK; again
lower yield of the desired product than®0s;, NEt; proved provides very mild basic conditions and avoids the acid-
to be ineffective and none of the desired product was initiated, partial decomposition of this cyclization product
detected. Although CHCl; is not a good solvent for $CO;, described in Barluenga’s publicatién.
the presence of ¥CO; was crucial for a clean, high-yielding Interestingly, when we followed the stepwise procedure
reaction. KCO;s is presumed to neutralize the byproduct HI  described in Barluenga’s paper, we were unable to get high
of the electrophilic cyclization, which can also react with yields of the desired iodocyclization products. Instead, an
the acetylenic aldehyde and generate the correspondingunreactive solid, presumed to be the pyrilium salt, was
pyrilium salt® The use of methanol as the reaction solvent generated. On the basis of this observation, a possible
resulted in a lower yield. Use of 1.2 equiv efas proven mechanism is proposed in Scheme 2. We believe that these
to be sufficient to achieve a high yield. Further increasing cyclizations proceed by anti attack of the electrophile and
the amount of 4 did not give better yields.
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Table 1. Electrophilic Cyclization of Acetylenic Aldehydes, Imines, and Keténes

entry carbonyl nucleophile electrophile product % isolated yield”
compound
0
OMe
H o
1 1 MeOH I 2 93° (63-88
X ° ? # > pn ( )
Ph ]
OBu-n
o}
2 1 n-BuOH I 3 81
’ 7 “ph
i
I
o 0
3 1 ©:\ L o 4 87
I
Z Ph
]
NMe, CoHyNMerp
o}
4 1 I 5 88 (45
5 o 2
I
OMe
5 1 MeOH NBS @i;‘i 6 51
Ph
Br
OMe
6 1 MeOH PhSeBr 2 7 65
Ph
SePh
OMe
7 1 MeOH PNO,CHLSCI @?‘i 8 74
Ph
SCeHNOp
o OMe
H o}
8 9 MeOH L ©;>\ 10 84 (58-82)
% n-Bu
'n-Bu I
NMe, CeHsNMeo-p
9 9 L ©<}\ 11 70
n-Bu
I
OMe
10 9 MeOH P-NO,C6H,SCI @i 12 73
n-Bu
SCgHNO»-p
Q OMe
H
0
11 C S 13 MeOH I I 14 81 (62-81)
@ e
CgHyNMey-p
NMe;
o}
12 13 L CC 15 83
e
o] OMe
X =
13 D 16 MeOH I L /O 17 64
Ny 2 N Ph
Ph !
14 16 MeOH Icl 17 64
[o] Me  OMe
M
15 @& 18 MeOH L o 19 90 (21-48)
\\ Ph Ph

a All reactions were run under the following conditions, unless otherwise specified. To a solution of 2.5 mLGf,€hintaining 0.25 mmol of the
alkyne, 0.30 mmol of the nucleophile, and 0.25 mmol o€K; was added 0.30 mmol of electrophile under stirring, and the resulting mixture was further
stirred at room temperature for the desired tifBarluenga’s yields are reported in parenthe8&eaction was run on a 1.0 mmol scale; the 0.25 mmol
scale reaction provides an 88% yield of compond
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Scheme 2
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the carbonyl to produce a pyrilium intermediate. Before it
forms an insoluble precipitatd,the pyrilium intermediate

is immediately trapped by the nucleophile present in the

reaction mixture.

Our study has also shown that substituted naphthalenes
can be synthesized in high yields by using alkenes or alkynes

as the trapping reagéfi{Scheme 3) and that the use of the

Scheme 3
121,
©/\ 1 KyCO4/CH,Cly

20 (77%)

1.21,

o CH,Cly

n-Bu

21 (73%

more sophisticated iodonium reagent 4B, employed by

again, the use of readily available, easily handlegréatly
simplifies the procedure developed by Barluenga.

We believe that this approach to carbo- and heterocycles
should prove to be quite useful in synthesis, particularly when
one considers that there are many ways to transform the
resulting halogen, sulfur, and selenium functional groups into
other substituents. For instance, the resulting heterocyclic
iodides should be particularly useful intermediates in many
palladium-catalyzed processes such as Sonogddhia;
zuki®® and Stillé4 cross-couplings and Heck reactiofis.
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