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Abstract: Cul-catalyzed coupling reaction of vinyl halides anddltlons' These successes prompted us to test our catalytic

phenols occurs at 60-90 °C witN,N-dimethylglycine hydro- system in t.he .COUplmg reaction of vinyl halides and
chioride as the additive, giving vinyl aryl ethers in good yields. ThBN€Nnols, which is described here.
cross-coupling products formed fromriodophenols and vinyl As demonstrated in Table 1, our experiments were first
iodides are converted into substituted benzofurans via an im'@Onducted by coupling 1-iodocyclohexene with phenol
molecular Heck reaction. . o
o _ _ under the catalysis of 10 mol% Cul and 30 m®bi-
Key words: cross-coupling, vinyl aryl ethers, vinyl halides, benzodimethylglycine hydrochloride. This reaction proceeded
furan well at 60 °C in 1,4-dioxane in the presence ofGT3; as
base to produce 1-phenoxycyclohexene in 88% vyield
) ) o (Table 1, entry 1). The use of £, is crucial as was ob-
Vinyl aryl ethers have found considerable applications @grved in diaryl ether formatidhbecause yields of only
monomers in materials chemistrgnd as key intermedi- 20_30% were obtained when,®0, or KsPO, was
ates in organic synthesisThe conventional methods toemployed, and no desired product was observed when
elaborate these chemicals include addition of alcohols kg,CO, or EtN was utilized.

acetylene under high pressure and temperatuaesition With 1-iodocyclohexene as a model substrate, several

metal-catalyzed vinyl transférand allyl ether isomeriza- . : . .
tions However, these processes are applicable only tosabsntuted phenols were tested in the coupling reaction. It

limited number of substrates or use very harsh reac“.ﬁ@r?-:i(z:%nShtgﬁgIthuerméi?ctﬂoens?arlﬁnggi%l\wl\(lj?tlilovxgh($2b?(laef_
conditions. Consequently developing a more efficie entry 2). While with the electron-deficient phenol, a high-

method is highly required. : .

er reaction temperature was required to ensure good con-
Over the past number of years, great progress has b@gepsion (Table 1, compare entries 3 and 4). A similar
made in both palladium- and copper-catalyzed aryl C-fhenomenon was observed when 2-methoxyphenol, a
bond formatiorf,” which shed new light on methods forsterically hindered phenol was used (Table 1, compare en-
the elaboration of vinyl aryl ethers. Quite recently, tWeies 5 and 6). Noteworthy, is 3-aminophenol, the desired
groups have disclosed their attempts toward this gogbupling product was isolated in 64% vyield (Table 1,

Wan and co-workers reported that the CuCl-catalyzeghtry 7), which implied that the free amino group did not
coupling of vinyl halides and phenols in refluxing toluenghfluence the reaction.

using 2,2,6,6-tetramethylheptane-3,5-dione (THMD)

amino ethyl ethers as ligands provided vinyl aryl etfers. " vinyl iodides, both 1-iodocyclopentene and iodo-
Willis and co-workers found that cross-coupling of Vinyrnethylenecyclohexane were compatible with the standard

triflates with phenols occurred at 100 °C in toluene Witﬁonditions, providing the corresponding coupled products

Pd,dbay/2-(di-tert-butylphosphino)biphenyl as a cata! satisfactory yields (Table 1, entries 8-10). Wh&nrl(-

lyst? In addition, a Cul-catalyzed cross-coupling reactio do-l-heptege ar|1(ZI-3(-j|od(?[-2-helsten0|c acbld ethy(; es-h
of aliphatic alcohols with vinyl halides was also reporte rwere used, only moderate yie fwere ODSErved, when
recentlyl® e reaction was carried out at 60 °C for 24 hours due to

incomplete conversion (Table 1, entries 11 and 12). This
In the course of exploring amino acid-promoted Ullmanrproblem might result from the greater steric hindrance
type coupling reaction8;™*?we have observed thaiN-  present in these two substrates. The stereochemistry of the
dimethylglycine was an useful ligand for Cul-catalyze¢_cC double bond was retained, as determinétiiyMR

diaryl ether formatioft and for coupling vinyl halides spectroscopy. Raising the reaction temperature to 70 °C
with amide$® which proceeds under relatively mild con-gid increase conversion but led to some isomerization of
the C—C double bond (data not shown). Similarly, the re-

SYNLETT 2005, No. 11, pp 1767-1770 action of B-bromostyrene with phenol at 60 °C gave the
Advanced online publication: 14.06.2005 corresponding coupled product in 65% yield with almost
DOI: 10.1055/s-2005-871543; Art ID: YOO405ST full retention of stereochemistry (Table 1, entry 13), while
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Tablel Cul/N,N-Dimethylglycine-Catalyzed Cross-Coupling Reaction of Vinyl Halides with Ph&nols
Entry  Vinyl halide Phenol Product Temp (°C) Time (h) Yield (o)
1 @/' HO\© O/O\O 60 24 88
2 | HO\©\ (e} 60 24 80
O/ OMe O/ \©\0Me
3 | HO o 60 24 55
NG TL o, - .
cl cl
5 | HO OMe 60 24 62
6 @ j@ o 70 14 81
MeO O/
7 O/l HO\© O/O. ; 60 24 64
NH; NH,
8 ®/| HO\©\ @/OO\ 60 24 75
Me Me
9 | HO Me 60 24 64
o X o
ve ar
10 <:>_\ HO\©\ ) 60 24 71
' . Q.
11 n-CsHip | HO o o@ 60 24 48
N—/ \© 5 11_
12 | HO /@ 60 24 50
Gty X CO,Et \© o
N-CahH X COzEL
13 S\ —6 HO S\ 60 24 65 (ZE, 5:1)
14 ph Br ZE=6L @ Ph 0@ 70 24 77 @E, 2:1)
15 CO,Et HO CO,Et 70 20 70 ZE, 1:1)
W e o)
16 Me  Me HO Me Me 90 20 65 ZJE, 3.5:])
=( zE=51 \©\ =
Br OMe O@OME
17 Mez_<Me OH 90 20 67 ZE, 4.4:)
— ZIE=51 Me, ~ Me O
- = ,
W
18 HO 90 24 90
e 1@ o e
Me
19 M Me 90 24 80

)\/Br

T
(e}
<

e

aReaction conditions: vinyl halide (1.0 mmol), phenol (1.5 mmol)CCs (2.1 mmol), Cul (0.1 mmol\,N-dimethylglycine hydrochlorie

(0.3 mmol), 1,4-dioxane (2 mL).
b |solated yield, th&/E ratio was determined 41 NMR.

¢ Vinyl iodide was recovered in about 20% yield.
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at 70 °C this reaction provided a 2:1 mixtureZefindE-  moiety has become the target for many synthetic method-
isomers in a 77% combined yield (Table 1, entry 14hlogies!® In 1997, Henke and co-workers mentioned that
These results clearly showed that the lower reaction temvinyl aryl ether derived frora-bromophenol and ethyl
perature was essential forteation of stereochemistry. propiolate underwent an intramolecular Heck reaction to
For other vinyl bromides examined, good yields were olafford 3-ethoxycarbonyl benzofurans in 40% yi&l&or
tained, although in most cases a higher reaction tempettasis process only propiolate could be used because the
ture (90 °C) was required (Table 1, entries 15-19). other substituted conjugated alkynoates were found to be

With this new method for the preparation of vinyl aryPO°r acceptors fo'r the Michael agjdition of phenpls. Our
ethers in hand, we next addressed its synthetic appii€a€thod may provide an opportunity for assembling more
tions. The benzofuran ring-system is found in many natglverse benzofurans using this strategy. To this end, the

rally occurring and designed molecules that posses<@/Pling reaction ob-iodophenols with vinyl iodides and
wide range of biological activities. Consequently thiSUPSequent cyclization reactions were studied, and the re-
sults are summarized in Table 2. We were pleased to find

Table2 Synthesis of Substituted Benzofurans via QiN-Dimethylglycine-Catalyzed Cross-Coupling Reaction of Vinyl Halides with
o-lodophenols and Subsequent Intramolecular Heck Redction

| R . :
X{ji . /E Cul/N,N-dimethylglycine o X I/[R Pd(OAC),/n-BugyNHSO4 X R
i - - i
ZNon |~ “r Cs2COs, 14-dioxane, 70-80 T - o base, DMF, 100 C T |

R’ o R
Entry Vinyl iodide Phenol Cross-coupling product (yi€ld) Benzofuran (yield)
1 I [ I (429%)°
oy X L) oo @l
OH o o
2 I Cl I Cl [ Cl
OH o (6]
3 [ t-Bu [ t-Bu [ tBu
oy X T e 0 e
OH o o
4 o] I o] 0
X | .
0 (0%)
on @ (76%) L %)
I o o
5 le] cl | o] o]
\CE Cl I Cl
OH \©i (54%) | (60%)
I o o
6 o t-Bu | 0 o]
\(:[ t-Bu | t-Bu
OH C[ (71%) | (529%)
I (o) o
7 I I o] o]
_ % -COEt ©i I o
0" “n-CsHiy 0" "n-CsHyy

8 n-CsH I | I n-CsH -
5 11_ @ ©i J/ 511 f
(0%)
OH (©)

aReaction conditions for cross-coupling: vinyl iodide (1.0 mmol), phenol (1.5 mmgQd5$2.1 mmol), Cul (0.1 mmol)N,N-dimethylgly-
cine hydrochloride (0.3 mmol), 1,4-dioxane (2 mL), 70-80 °C; intramolecular Heck reaction: vinyl aryllativanl), Pd(OAc)(0.05 mma),
base (2.5 mmol, NaHC{entries 1-3), EN (entries 4-7)n-Bu,NHSO, (1 mmol), 4 A molecular sieves (0.4 g, crashed into a powderebefor
use), anhyd DMF (1 mL).

b Isolated yield.

¢ Without addition oh-Bu,NHSO,.

dUsing NaHCQ as base.

€ Vinyl iodide was recovered in about 80% vyield.

fVinyl iodide was recovered in about 90% yield.
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