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T . : The application of KF/AIO, to organic synthesis has pro-
Abstract: A simple and efficient method for the coupling of aryl_ . . . .
iodides with aliphatic alcohols and phenols that does not require tY.'&'ed new ”f'ethOds for a wide array Of. organlc_ reaCthns’
use of alkoxide bases is described. This C-O bond forming prodBany of which are staples of synthetic organic chemis-
dure shows that the combination of air stable Cul and 1,10-phenz§1ﬂl-10 Its benefits have been achieved by taking advantage
throline in the presence of KF/&, comprises an extremely of the strongly basic nature of KF/&); which has al-
efficient and general catalyst system for the etherification of aryhwed it to replace organic bases in a number of reac-
iodides. Different functionalized aryl iodides were coupled withjong1t|n many cases, the use of this base provides milder

alcohols and phenols using this method. conditions and simpler procedures than previously report-
Key words: etherification, aryl iodides, copper iodide, potassiungd methods.

fluoride on alumina, coupling reaction .
Ping We have explored the Cul-catalyzed O-arylation of aryl

iodides with excess of alcohol and phenol using 1,10-

Thenanthroline (20 mol%) as a simple ligand and KF/

The development of mild methods for the synthesis §I203 as a suitable base in the presence of Cul (10 mol%;
C-O bonds has recently gained increased atteht'c’%'cheme 1)

Formation of carbon-oxygen bonds by transition meta _ . _
catalyzed cross-coupling methodology has been the sdiie choice of 1,10-phenanthroline as ligand and KF/
ject of significant interest during recent years. Al,0; as base in the presence of Cul (10 mol%) was made

Fecause we have recently used this system for C—N bond

The copper-mediated Ullmann reaction has previous S L : . .
) . rmation in N-amidatiod? To find the optimum condi-
been the method of choice for the synthesis of C-O bongF ns, we chose the cross-coupling reaction of iodo-

However, these reactions often require high temperatur, Snzene andn-butanol in the presence of 1,10-
(ca. 200 °C), the use of copper salts in greater than stoic fenanthroline KF/AD, and Cul in toluene dioxa,me

ometric amounts, highly polar aprotic solvents, and fhd excess-butanol as solvents at 100-110 °C. Under

large _EXcess of the alkoxié®. The Buphwa!d and these conditions after 15 hoursputyloxybenzene was
Hartwig research groups have been prominent in develg

ing palladium-based methods for C-O bond synttiesis Bbtained in 95% yield, while in toluene or dioxandyu

I i [ 0, i -
However, although successful, these protocols have ?agzg/isglr;zene was obtained in 30% and 25% yield, re

herent limitations, Pd-based methods can often be rela-
tively sensitive to moisture and require expensive metdsing the above protocol, we subjected a series of aryl
catalyst$ Buchwald et al. and others have reported thedides to these reaction conditions (Table 1). As can be
copper-based protocol for the formation of aryl alky angeen in Table 1, primary, benzylic and secondary alcohols
diaryl etherg?<°Most of these reported methods requirévere successfully transformed to their corresponding

Cs,CO; as a base in a sealed tube, buOCs has a high ethers. The reaction between these alcohols with iodoben-
sensitivity towards moisture and this problem reduces #&ne gives excellent yields after 5-14 hours (entries 1-3).

capability as a base in moisture-sensitive reactions. ~ Substrates possessing electron-withdrawing groups such
as CF in themeta-position (entry 8) and bromine in the

R /— 10 mol% Cul, KF/AbOs, 110 °C R_,—
IN |+ ROH ot Cul KFAGs N OR
N\ // N\ /

excess 20 mol% 1,10-phenanthroline
R’ = alkyl, aryl

Scheme 1
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para-position (entries 17-19) and electron-releasingeen reported that KF supported on alumina is more basic
groups such as OMe (entry 7), and Me (entries 10, 13, 16an unsupported KF.

in theortho- andpara-positions of the aromatic ring also\ye haye also used this method for forming diaryl ethers
give excellent yields of the corresponding ethers. On the,q the products have been achieved with excellent yields
other hand, substitution in tretho-position of the aro- anties 4-6, 9). Reaction oftho-substituted aryl iodides
matic ring for the coypllng of secondary'alc.ohols (entr¥ith phenol gives very low yield of the product after 15
14) afforded lower yields of product, which is probably,q s (entry 16). Howeveortho-substituted diaryl ethers

due to the steric effect of the substituents. It should alsoggn be prepared by the reaction of iodobenzene with
noted that the yield of reaction with alcohols, which diss tno-cresol (entry 6).

solve KF, is very low. This is probably due to separation
of KF from the alumina surface (entries11, 12); it having

Tablel The Copper-Catalyzed Etherification of Aryl lodides in the Presence of KB/Al

Entry Aryl iodide Alcohols and phenols Time (h) Product Yield (%)°

n-BuOH 12 95
QOn—Bu
14 20
O

.
O - OO

1

PYYY @Y

5 14 92
S - OO
6 OH 14 CHg 95
{
7 OMe n-BuOH 15 OMe 70
- atn
8 e n-BUOH 75 Fa 98
@—I On-Bu
9 Fs n FsG 98
O
' )
10 n-BuOH 9 95
Me—©7l Me—@—On-Bu
11 MeOH 12 30
O- O
12 i-PrOH 12 25
O Oon

Synlett 2005, No. 7, 1101-1104 © Thieme Stuttgart - New York

Downloaded by: UC Santa Barbara. Copyrighted material.



LETTER Copper-Catalyzed Etherification of Aryl lodides Using KE@J 1103

Tablel The Copper-Catalyzed Etherification of Aryl lodides in the Presence of KB/A(continued)

Entry Aryl iodide Alcohols and phenols Time (h) Product Yield (%)°

13 Me n-BuOH 13 Me 90

@On—Bu

e

14 Me OH 14 Me 70
15 Me 9 Me 98
@—(:HZOH
. O
16 Me 15 Me 30
W
' O
17 n-BuOH

12 93
18 oH 13 88
) Sase

19 98
CH,OH Br@—OCHz@

aPerformed using 20 mol% of 1,10-phenanthroline as ligand, 1.0 equiv of aryl iodide, 30 equiv of alcohol or phenol,iaraf Klegl,O;
as base at 100-110 °C.
b Isolated yields; products were characterizedbyNMR and mp.

S0

In summary, we have developed an experimentally simpRefer ences
and inexpensive catalyst system for the etherification of
aryliodides. We believe that potassium fluoride supported™ A" ojah, G. A.J. Org. Chem. 2001, 66, 633. (b) Mann, G.

on alumina (KF/AJO;) provides an excellent complement Hartwig, J. F Tetrahedron Lett. 1997, 38, 8005. (c) Evans,
to other bases such as,C8; in copper-catalyzed meth- D. A.; Katz, J. L.; West, T. Rletrahedron Lett. 1998, 39,

odology that has already utilized in a number of applica- 2937. (d) Pulley, S. H. R.; Ratasen, S.; Vorogushin, A.;
tions. Swanson, EOrg. Lett. 1999, 1, 1721. (e) Nicolaou, K. C.;

Boddy, C. N. C.; Natarajan, S.; Yue, T.Y.; Li, H.; Brase, S.;

Ramanjulu, J. MJ. Am. Chem. Soc. 1997, 119, 3421.

(f) Palucki, M.; Wolfe, J. P.; Buchwald, S. L.Am. Chem.
Typical Procedure Soc. 1997, 119, 3395.
To a solution of alcohol or phenol (30 mmol) and aryl iodides (1 (2) (a) Ley, S. V.; Thomas, A. WAingew. Chem. Int. Ed. 2003,
mmol) under argon atmosphere were added Cul (19 mg, 10 mol%) 42, 5400. (b) Ma, D.; Cai, Q@rg. Lett. 2003, 5, 3799.
and 1,10-phenanthroline (40 mg, 20 mol%) followed by KFDg¥* (c) Wolter, M.; Nordmann, G.; Job, G. E.; Buchwald, S. L.
(5 equiv, 780 mg) and the mixture was stirred at 110 °C for the times Org. Lett. 2002, 4, 973. (d) Aranyos, A.; Old, D. W.;
specified (Table 1). The progress of the reaction was monitored by  Kiyomori, A.; Wolfe, J. P.; Sadighi, J. P.; Buchwald, SJL.
TLC. The reaction mixture was filtered and the filtrate was con- Am. Chem. Soc. 1999, 121, 4369. (e) Mann, G.; Hartwig, J.
centrated under reduced pressure. The crude product was separated F. Tetrahedron Lett. 1997, 46, 8005.
by column chromatography on silica gel using hexane as eluent tq3) Lindley, J.Tetrahedron 1984, 40, 1433.

afford the pure coupled product. (4) Fanta, P. ESynthesis 1974, 9.
(5) Gujadhur, R.; Venkataraman, 8/nth. Commun. 2001, 31,
2865.
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