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ABSTRACT

(i) Cu(OAG)2H0 (10 mol%),

R_BFS K* DMAP (20 mol%), CHyCla, Ri-O~pg2
(2 equiv) 4A MS, 11, 5 min R' = alkenyl, aryl
(i) RB-0OH, 11, 24 h, O, R2 = alkyl, aryl

A protocol for the copper(ll)-catalyzed etherification of aliphatic alcohols under mild and essentially neutral conditions is described. Air- and
moisture-stable potassium alkenyl- and aryltrifluoroborate salts undergo cross-coupling with a variety of aliphatic primary and secondary
alcohols and phenols, and are tolerant of a range of functional groups. The optimized conditions utilize catalytic copper(ll) acetate with
4-(dimethylamino)pyridine as ligand in the presence of 4 A molecular sieves under an atmosphere of oxygen.

The formation of carbon—heteroatom bonds using metal performed under refluxing conditions in the presence of
catalysis is emerging as one of the most significant classesstrongly basic alkoxides, and in the case of the Pd-based
of cross-coupling reactions. In the area of G ether bond methods, require expensive catalyst/ligand systems. An
formation, there has been a resurgence of interest in Cu-alternative approach to ether synthesis is the cross-coupling
mediated reactions beyond that of the classical Ullmann etherof alcohols or phenols with organometalloid reagents such
synthesis.Buchwald and others have demonstrated that Cu(l) as organo-Bf,-Sn? and -B~8 compounds. Chan and Evans
salts effectively promote the cross-coupling of aryl halides simultaneously reported the Cu-mediated cross-coupling of
with phenoxides, phenols, and aliphatic alcoHokhis is arylboronic acids with phenols abom temperatureto

an alternative to the analogous Pd-catalyzed reactionsproduce diaryl ethersAn obvious limitation of this reaction
developed by Buchwald and HartwAcAlthough these Pd-  is that stoichiometric amounts of Cu(OAcand base are
and Cu-catalyzed etherifications occur under milder condi- required’ with substoichiometric quantities of catalyst result-
tions than the classical protocols, the reactions are still ing in poor yields of diaryl ether® Moreover, aliphatic
alcohols do not participate in cross-coupling even under
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Table 1. Copper(ll)-Catalyzed-Phenylation of Alcohofs

(i} Cu(OAc) 2 H,0 (10 mol%),
@\ DMAP (20 mol%), CH oCls, @\ R
BF3 K* 4A MS, 1t, 5 min o

P gé‘uiv) (iiy R-OH, 1t, 24 h, O » 2
entry R-OH product % yield” entry R-OH product % yield
1 P "0H 2a 89 (65)° 16 2p 93
2 P ™" 0H 2b 95 17 2q 74
3 "0H 2¢ 78 18 2 83
4 P NOH 2d 71 19 2s 87
OH
5 /@A Ze 94 20 2t 90
Br
OH
6 /©/\ 2f 75 21 2u 93
ON
H
7 /@AO 2 80 2 2v 85
MeO
8 @A OH 2h 90 (60 23 2w ~(30¥
9 \/OH 2i 92 24 2 71
10 \\\/\OH 2 —(61y 25 2y 69
1 F,C” ™ OH 2% 82 26 22 75
12 cr™~"0H 21 95 27 2aa 67
13 Br”™>""0OH 2m 93
2bb 48

aReaction times are not optimized for individual substratésolated yields¢ Yields in parentheses are obtained using PhB¢Qidjler the same conditions.
dYield of the homocoupled diaryldiyne produétyield of the diphenylated productlUnreacted starting material was isolated.

stoichiometric condition& and the process has thus far been Suzuki—Miyaura cross-coupling¥ and Rh(l)-catalyzed
limited to the coupling of phenol derivativesac and additions to aldehydé¥ and enoned! These salts offer an
N-hydroxyphthalimide§® These problems have clearly lim- air- and moisture-stable alternative to other organoboron
ited the scope of the reaction. As part of our interest in the compounds. They can be stored under normal atmospheric
chemistry of organoboron compourtige now report the
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Organotrifluoroborate salts have recently been utilized in J. Org. Chem2002,67, 8416—8423. (e) Molander, G. A.; Bernardi, C. R.
; _ ; ; ; - J. Org. Chem2002 67, 8424-8429. (f) Frohn, H. J.; Adonin, N. Y.; Bardin,
various metal-catalyzed reactions, including Pd-catalyzed V. V.. Starichenko, V. F Tetrahedron Lett2002.43, 81118114,
(11) (a) Batey, R. A.; Thadani, A. N.; Smil, D. \Org. Lett.1999,1,
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Li, S. W.; MacKay, D. B.Pure Appl. Chem2002,74, 43-55. 2002,21, 3552—3557.

1382 Org. Lett., Vol. 5, No. 8, 2003



conditions for extended periods; are readily synthesized from at reaction with tertiary alcohols also did not furnish cross-
the corresponding boronic acids by treatment with KMHF coupled ethers.

and several are now commercially available. The initial goal ~ Boronic acids also undergo cross-coupling under the
of our study was the development of conditions suitable for optimized conditions, although yields are appreciably lower.
the formation of aryl alkyl ethers, since these products were For example, cross-coupling of cinnamyl alcohol with
reported to be inaccessible using the original Chan and EvansPhBR~K* and PhB(OH) occurred in 89% and 65% yields,
protocol. PhBE K™ and cinnamyl alcohol were chosen as respectively. Similarly, furfuryl alcohol underwent coupling
model coupling partners. Optimization experiments for the in 90% and 60% vyields, respectively. The poorer reactivity
formation of cinnamyl phenyl ether included the effect of profile exhibited by boronic acids appears to be linked to
the copper catalyst, ligand, solvent, atmosphere, and thetheir greater propensity toward Cu promoted oxidaffo@C
presence of molecular sieves. The optimal copper source isanalysis revealed a greater rate of biaryl ether formation using
Cu(OAc)-H,0, based on reaction yield, cost, and ease of boronic acids rather than trifluoroborate salts, resulting in
handling. Of the nitrogen-based ligands examined, the sec-greater isolated yields of the undesired phenol and homo-
ondary diamine, DMEDA, gave none of the desired product, coupled biphenyl ether byproducts. From an experimental
while the tertiary aliphatic amines (DIPEA, TMEDA, 4&f) standpoint it should be noted that these oxidation side
and 1,10-phenanthroline afforded only moderate yields. The products are not only produced with trifluoroborates, but also
N-heterocyclic ligands (pyridine, imidazole, DMAP) gave occur under Evans’ conditions for diaryl ether formation.
the highest yields under an atmosphere of air. Under an inertLowering the amount of organoboron reagent, below 2 equiv,
atmosphere () the reaction yields were significantly results in a steady decrease in the yield of both product and
lowered, often resulting in only one turnover of catalyst. Side products.

Performing the reaction under an atmosphere ojéerally Finally, the nature of the organotrifluoroborate was
increased the yields by10% over those obtained in air. €xamined, using 2-furfuryl alcohol as a model primary
These observations are consistent with those made byalcohol cross-coupling partner (Table 2). Electron-rich aryl
Evans® Finally, the presencefal A MS wasrequired, as

reaction in their absence gave only trace amounts of the || NG

cross-coupled ether. Table 2. Copper(ll)-CatalyzedD-Arylation/Alkenylation of
Optimized conditions employed reaction of 2 equivalents 2-Furfuryl Alcohol with Various RBE_K* Salts

of potassium organotrifluoroborate salvith 1 equivalent (i) Cu(OAC) 7 HyO (10 mol%),

of an unactivated aliphatic alcohol in the presence of 10 mol DMAP (20 mol%), CH2Cl,

% Cu(OAC)H,0, 20 mol % DMAP, ad 4 A MS in CHCl, R—BF5 K* 4AMS, t, 5 min _ R\o/\ﬁ

at room temperature under an atmosphere ofdD 24 h. 1 (i) HO 24 h. O 3

The scope and limitations of this protocol were explored — (28uiv) /\Q R

using a series of alcohols with PhBK* (Table 1). Phenols,

aliphatic, allylic, internal propargylic alcohols undergo cross- entry trifluoroborate product % yield®
coupling without complication. A variety of functionalities
are tolerated including arylhalides which do not participate MeO.
in cross-coupling (Table 1, entry 5), and alkylhalides which 1 3a quant.
do not undergo nucleophilic displacement under these BF3 K*
reaction conditions (Table 1, entries-113). Alkene isomer- 5 /@\ y
ization did not occur u.nderlthes.e cqnd|t|0ns (Table 1, entries c BF5 K* 3b 7
1, 17-19, 28), nor did epimerization of arstereocenter o
in an enantiomerically pure ester (Table 1, entry 20).
Terminal alkyne and N—H amine functionality are not 3 )‘\©\ - -
compatible with the reaction as catalytic, oxidative homo- BF3 K*
coupling (Eglinton reactioAj and competitiveN-arylation S
occurs respectively (Table 1, entries 10 and 23). Secondary 4 Q\BF_K+ 3 76
aliphatic alcohols also undergo cross-coupling, although in ’
lower yields than primary alcohols (Table 1, entries—24 5 @\A 3d 61
29). The reaction appears to be quite sensitive to steric effects A BF; K*
around the hydroxyl group. Thus, arylation of cyclohexanol,
stigmasterol, and menthol occurred in 67%, 48% and 0% 6 e 3e %
yields (Table 1, entries 2729). Unsurprisingly, all attempts ) o
a|solated yield? 48 h reaction time.

(12) Vedejs, E.; Fields, S. C.; Schrimpf, M. R.Am. Chem. S0d.993,
115, 11612—11613.
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Z;ii‘ﬁ)sﬁﬁfg'soo,' 3%14'5_@’3“25%?’(S';H(g;"bl\?'g; g‘r; -Eﬁgﬁﬁfggg%- 2, entry 1) give the best results, whereas electron-deficient
3320—3321. salts such as 4-acetylphenyltrifluoroborate did not couple
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