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3-lodo-4-chalcogen-2H-benzopyran derivatives underwent a direct Sonogashira cross-coupling reaction
with several terminal alkynes in the presence of a catalytic amount of Pd(PPhs),Cl, with Cul as a co-cat-
alyst, using EtsN as base and solvent. This cross-coupling reaction proceeded cleanly under mild condi-
tions and was performed with propargylic alcohols, propargylic ethers, as well as alkyl and aryl
alkynes, furnishing the correspondent 3-alkynyl-4-chalcogen-2H-benzopyrans in good yields.

© 2009 Elsevier Ltd. All rights reserved.

Transition-metal-catalyzed cross-coupling reactions between
Csp?-centers have been extensively used for selective construction
of carbon-carbon bonds, in particular, for the formation of struc-
tural units found in natural products, pharmaceuticals, and electri-
cal conductors.! In this context, palladium-catalyzed coupling
systems have been developed as a consequence of the great inter-
est in the increase of coupling substrates that are more economic,
more easily accessible, and reactive even under mild conditions. In
this way, the palladium-catalyzed cross-coupling reactions of aryl
halides or triflates with terminal alkynes, commonly referred to
as Sonogashira reactions, are powerful, versatile, and popular tools
for selective construction of the new carbon-carbon bonds.? To
this reaction that is generally co-catalyzed by copper salts, an
amine as a base and a phosphine as a ligand for palladium are also
typically included. Recent advances of Sonogashira reactions,
including the development of conditions with metals other than
palladium® and a copper-free protocol* have been described. Of
the variety of reactions that fall in this category, the preparation
of conjugated enyne, and enediyne systems as well as heterocycles
represent a great area of investigation.> Among heterocycles, the
six-membered oxygenated heterocycles, or pyrans, are probably
one of the most common structural motifs spread across natural
products, from simple glucose to structurally complex metabolites
present in the structure of several biologically interesting com-
pounds. In particular, 2H-benzopyrans are present in a variety of
compounds that possess important pharmaceutical and biological
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applications, such as daurichromenic acid that exhibits anti-HIV
activity,® and coutareagenin that is known to present antidiabetic
property.” To the best of our knowledge, there is no protocol
describing the introduction of alkyne and chalcogen at 3 and 4-
positions of benzopyran, respectively, using 3-iodo-4-chalcogen-
2H-benzopyrans as a substrate in the Sonogashira cross-coupling.
The applicability of the selectivity of these two functionalities
can constitute as a synthetic approach to the preparation of biolog-
ical active benzopyran compounds. Combining the knowledge that
our group has accumulated in the synthesis of heterocycles con-
taining a chalcogen® with the opportunity for further functionali-
zation in these compounds, herein we suggest an entirely new
approach that focuses on the application of 3-iodo-4-chalcogen-
2H-benzopyrans 1a-c as substrates in the Sonogashira cross-cou-
pling to give 3-alkynyl-4-chalcogen-2H-benzopyrans (Scheme 1).

Initially, to optimize the reaction conditions, we examined the
reaction between 3-iodo-4-(1-buthylselenyl)-2H-benzopyran 1a°
and phenyl acetylene 2a in the presence of a variety of Pd(Il) or
Pd(0) catalysts with various solvents, using bases and Cul
(1.5 mol %).

A comparison of the effectiveness of catalysts showed that
Pd(PPhs),Cl, and Pd(PPhs), were effective (Tablel, entries 1 and
5), whereas Pd(PhCN),Cl,, PdCl,, and Pd(OAc), were less active (Ta-
blel, entries 2-4). It is important to note that when the amount of
catalyst was reduced from 2 to 0.5 mol % there was no change in
the catalytic effect (Table 1, entries 7 and 8). However when the
reaction was carried out in the absence of Cul the coupling product
was not observed (Table 1, entry 9). In addition to using Et3N as
base and solvent, we tried other solvents and bases. The reaction
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Table 1

Influence of reaction conditions on the formation of 3-alkynyl-4-chalcogen-2H-

benzopyran 3a

2a-i

37

Pd(PPh,),Cl, (1mol%)

Cul (1.5 mol%), Et;N, r.t.

Me, butyl; R2 =alkyl, aryl, alcohol, ether

Scheme 1.

in dioxane and DMF formed not only 3a in 45% and 32% yields,
respectively, but also side products, while in that reaction involv-
ing MeOH and CH;CN, 3a was found almost exclusively (Table 1,

0 (Pd]. Cul (1.5mol% o entries 10-13). Replacement of EtsN with other bases such as pirr-
A tPh—=—"H - Cul (1.5mol%) _ olidyne, Cs,C0Os, NaOH, and K,CO3 went equally well or worse (Ta-
I 2a EtN, rt., 24 h N .
o E I . N - ble 1, entries 14-17).
Good to excellent yields could be obtained from the Sonogash-
S.No.  [Pd] (mol %) Solvent (mL)  Base (equiv) Yield® (%) ira coupling reactions across a wide range of alkynes and 3-iodo-4-
1 PdCly(PPhs), (2) EtsN (2) = 99 chalcogen-2H-benzopyran derivatives using the established reac-
2 PACI,(PhCN); (2)  EtsN (2) - 49 tion conditions'® (Table 2).
g Rdc:12) Et:N (2) - o Studies defining the scope and limitations of this reaction led us
4 Pd(Oac), (2) EtsN (2) = 67 ¢ d understandi fthi First. to determine th :
5 Pd(PPhs), (2) EEN (2) B 87 to a good understanding of this process. First, to determine the rea
6 EtN (2) _ _ influence of the terminal alkynes, we keep the chalcogen-2H-benz-
7 PdClz(PPh3)2 EGN (2) - 98 opyran 1a invariable. The cross-coupling worked well with respect
8 PdCly(PPhs); (0. 5) EtN (2) - S to alkynes having aryl, aryl substituted and alkyl groups (Table 2,
]g gggzggﬁ 8; Eﬁﬁ;ﬁg (15) Et - 25 entries 1-4). Both hindered and nonhindered propargyl alcohols
1 pdcé(pphz)z 1) MeOH (1.5) EtiN 05 gave the desired 3-alkynyl-4-2H-benzopyrans in moderated to
12 PdCl,(PPhs;), (1) CH;CN (1.5) EtsN 86 good yields (Table 2, entries 5-9). In an attempt to broaden the
13 PdCly(PPhs); (1) DMF (1.5) Et;N 32 scope of our methodology, the possibility of performing the reac-
}‘5‘ ESE}ZEEEES;Z 8; M:g: g; Els"é’cl;dg;’ @) gg tion with other 3-iodo-4-chalcogen-2H-benzopyrans was also
2! 3)2 2 3 . . .
16 PACl,(PPhs ), (1) MeOH (2) NaOH (2) 76 1nyest1gated: Then the supstrates 1b and 1c, which have a methyl-
17 PdCl,(PPhs), (1) MeOH (2) K2CO3 (2) 83 thio group in the 4-position of the benzopyran ring, were also
- - - cross-coupled efficiently, under the same reaction conditions (Ta-
¢ Yields are given by GC analysis. ble 2 tries 10-21)
b Reaction was performed in the absence of Cul. € £, entries - .
Table 2
Synthesis of 3-alkynyl-4-chalcogen-2H-benzopyrans 3a-u?®
(6]
| 7N
—, H Pd(PPh;),Cl, (1mol%) R—T P
2a-k Cul (1.5 mol%) AN
Et;N (2 mL) YR! R2
a-c Lt 3a-u
S. No. Substrate Alkyne (equiv) Product yield® (%)/time
; :—< >
SeBu 2a(12) BuSe
3a (99)/12h oy
2 1a = < ) R? = CgHs-Me-p
2b (1.2) 3b (57)/12h
3 1a ="\ R? = n-Bu
2¢(3) 3¢ (55)/12h
4 1a = < R? = t-Bu
24 (12) 3d (60)/10 h

(continued on next page)
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Table 2 (continued)
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S. No. Substrate Alkyne (equiv) Product yield® (%)/time
:—\
5 1a OH R? = CH,0H
2e (3) 3e (52)/14 h
6 1a =—"on R? = (CH,),0H
203 3f(47)/14h
7 1a = < OH R2 = C(CH5),0H
2g (1.2) 3g (73)/13h
8 1a T 0( - R? = C(CH,)OHCH,CH;
3h (33)/13h
2h (3)
9 1a = R2 = OH-c-CH1o
OH 3u (91)/15h
2i (1.2)
o}
10 = 2a(12)
SMe
1b 3 (83)/12h
CeHs
11 1b 2c (3) R?=n-Bu
3Kk (82)/16 h
12 1b 2e (3) R? = CH,0H
31(72)/15h
13 1b 2f (3) R? = (CH,),0H
3m (81)/16 h
—_/\/\
14 1b = OH R? = (CH,),0H
2j(3) 3n (71)/15 h
15 1b 2g (3) R? = C(CH3),0H
30 (82)/16h
=\
16 1b 0 R? = CH,0-tolyl-p
2K 3p (75)/15h
Clo
17 O > 2a(12)
" SMe
¢ 3q (85)/14h
q (85) CoHs
18 1c 2c (3) R? = n-Bu

3r (80)/15 h
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Table 2 (continued)

S. No. Substrate Alkyne (equiv) Product yield® (%)/time
19 1c 2e (3) R? = CH,0H
3s (67)/15 h
20 1c 2f (3) R? = (CH,),0H
3t (84)/16 h
21 1c 2g (3) R? = C(CH5),0H

3u (91)/15h

# Reactions were performed by using 1a-c (0.25 mmol), alkyne a-k, Pd(PPhs),Cl, (1 mol %), and Cul (1.5 mol %) in Et3N (2 mL), under room temperature.

b Yields of 3a-u are given for isolated products.

OH
0]
TeBu
— BuTeTeBu, NaBH,
x EtOH, reflux, 6h
SMe
30 OH 40 (55%)

Scheme 2.

We believe that this approach to 3-alkynyl-4-chalcogen-2H-
benzopyrans should prove quite useful in synthesis, particularly
when one considers that there are many ways to transform the
resulting functionalities into other substituents. In view of this,
the potential of these products as precursors for increasing molec-
ular complexity via hydrotelluration reaction has been briefly
investigated.!' For example, the compound 30 was reacted with
BuTeTeBu and NaBH,4 in ethanol under reflux temperature for
6 h, affording, the corresponding vinylic telluride 4o, in 55% yield
(Scheme 2). Vinyl tellurides are useful intermediates in organic
synthesis,'? including the synthesis of natural products by using
cross-coupling reactions.'3

We have described that 3-iodo-4-chalcogen-2H-benzopyrans
were versatile units for the Sonogashira cross-coupling in the prep-
aration of 3-alkynyl-4-chalcogen-2H-benzopyrans. This cross-cou-
pling reaction proceeded cleanly under mild conditions and was
performed with propargylic alcohols, propargylic ethers, as well
as alkyl and aryl alkynes. The product obtained was effective for
subsequent hydrotelluration reaction at triple bond giving the
vinylic telluride in moderate yield. The studies in the structure-
activity relationship and pharmacological activity of these com-
pounds are in progress and will appear in a specialized journal
soon.
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