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Vinyl triflates can be efficiently converted into the corre-
sponding aryl enol ethers by treatment with a phenol,
NaOtBu and a catalyst generated from Pd,dba; and 2-(di-
tBu-phosphino)biphenyl.

Enol ethers are useful functional groups for exploitation in
synthesis and find use in arange of processes, for example they
function as nucleophiles in ene and adol-type additions,* as
acyl anion equivalents?2 Diels-Alder dienophiles® and as
monomers in the production of oxygen containing vinyl
polymers.4 Traditional methodsfor their preparation includethe
O-dkylation of enolates,> Wittig akenylation employing O-
substituted phosphoranes,® titanium mediated alkenylation of
carboxylic esters,” the addition of alcohols to acetylenes® and
dehydrohalogenation of 2-haloethyl ethers.® The synthesis of
aryl enol ethersis particularly challenging and the methods for
their preparation are more limited, with transvinylation proce-
dures being generally the most useful.1© Such methods are
limited by the availability of suitable vinyl ether donors, with
ethyl vinyl ether and acyl vinyl ether being the most commonly
employed. A solution to this difficulty that would alow a
variety of substituted aryl enol ethersto be prepared would beto
employ ketone enolates or their equivalents directly in the aryl
ether forming step. Here we describe our studies towards this
goal, based on the development of a route employing readily
available vinyl triflates as substrates that allows, for the first
time, the palladium catalysed synthesis of vinyl C-O bonds, to
deliver functionalised aryl enol ethers in good to excellent
yields.

The paladium catalysed synthesis of aryl C-N and C-O
bonds has emerged as a powerful synthetic tool with catalysed
C—N bond formations in particular being employed in a wide
variety of processes.! Recently, paladium catalysed akenyl
C—N bond formations have a so been documented!? although to
the best of our knowledge the corresponding alkenyl C-O
syntheses are yet to be reported.13 Such a bond construction
employing alkenyl triflates as substrates in combination with
phenoals as the coupling partners represents an appealing route
toaryl enol ethers (Scheme 1). The ahility to selectively prepare
the required alkenyl triflates from the corresponding ketonesin
a predictable and high yielding manner presents these com-
pounds as particularly attractive substrates to study.

Toinvestigate the proposed synthesis we chose to use 4-tert-
butylcyclohexanone derived triflate 1 as our initial coupling
partner in combination with phenol. Coupling conditions were
based on those reported for aryl C-O systems and on those
developed for alkenyl C—N bond formation. Palladium catalysts
generated from electron rich biphenyl ligands 3 have been
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Scheme 1

T Electronic supplementary information (ESI) available: experimental. See
http://www.rsc.org/suppdata/cc/b3/b307574¢€/
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shown to be particularly effective in C-X bond forming
reactions and presented an ideal starting point for our investiga-
tion.24 Employing a catalyst generated from Pd(OAc), and
ligand 3a in combination with NaOtBu in toluene at 80 °C
delivered 11% of the expected enol ether, while exchanging the
base to K5PO, or Cs,CO5 under the same conditions failed to
produce any coupling (entries 1-3, Table 1). Replacing the
palladium source with Pdy(dba); had a positive effect on the
efficiency of the process; used in combination with ligand 3a
and NaOBu, 64% of the desired enol ether was produced (entry
4). Employing the weaker bases, K3PO,4 and Cs,CO,4, wasagain
less effective (entries 5 and 6). Alternative electron rich
phosphine ligands 3b, 3c, P(tBu); and BINAP were also
evaluated using the Pd,(dba)s and NaOBu system although all
were found to deliver less effective catalysts than that obtained
using ligand 3a (entries 7-10). We had previously found that a
complex generated from Pd(OAc), and BINAP was the most
effective catalyst for related enamine syntheses via C—N bond
formation,2d however when this catalyst was applied to the
present system no product was obtained (entry 11). All of the
entries described so far employed 2 mol% palladium and 3
mol% ligand; in entry 12 the ligand loading was increased to 6
mol% with no effect on the amount of enol ether being
produced. Increasing the loadings to 3 mol% Pd and 9 mol % of
ligand 3a increased the amount of enol ether to 74% (entry 13).
Reducing the temperature to 50 °C had a dramatic effect on the

Table 1 Catalyst/base optimsationa

oTf HO@ /©
o]

Pd cat., ligand
base
PhMe, temp
1 CMe, 2
CMe,
Temp./ Conv.b

Entry Catalyst Ligand Base °C Timeh (%)

1 Pd(OAc), 3a NaOBu 80 20 11

2 Pd(OAC),  3a K3PO, 80 24 0

3 Pd(OAC), 3a Cs,CO3 80 24 0

4 Pd(dba);  3a NaOBu 100 24 64

5 sz(dba)3 3a K3PO4 100 24 45

6 Pd,(dba); 3a Cs,CO3 100 20 2

7 Pd,(dba); 3b NaOBu 100 24 0

8 Pdy(dba);  3c NaOBu 100 24 0

9 Pd,(dba); P(tBu); NaO‘Bu 100 20 51
10 Pd,(dba); BINAP NaOBu 100 20 0
11 Pd(OAc), BINAP Cs,COs3 80 20 0
12c  Pdydba); 3a NaOBu 100 20 64
13¢ Pd,(dba); 3a NaOBu 100 20 74
149 Pdydba);  3a NaO'Bu 50 22 11
15de  Pdy(dba)s 3a NaOtBu 100 20 95
16e —_ —_ NaOBu 100 24 0

a Conditions: triflate (1.0 equiv.), phenol (1.2 equiv.), base (1.4 equiv.), Pd
cat. (2 mol%), ligand (3 mol%). P Measured by *H NMR. ¢ 2 mol% cat, 6
mol% ligand. @ 3.0 mol% cat., 9.0 mol% ligand. € Phenol (1.5 equiv.), base
(1.75 equiv.).
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reaction with the conversion being lowered to only 11% (entry
14). Finaly, increasing the equival ents of phenol from 1.2t0 1.5
and of the basefrom 1.5 to 1.75 increased the conversion to enol
ether to 95% (entry 15). A blank reaction conducted under these
optimised conditions but excluding any catalyst produced no
reaction (entry 16).

X PR,

3a,X=H,R="Bu
3b, X = Me, R ="'Bu
3c, X =Me, R=Cy

With optimised conditions in hand we next evaluated the
reaction with respect to phenol substitution (Table 2).1516 The
95% conversion obtained using phenol as the coupling partner
trandated to a 85% isolated yield of the pure enol ether (entry
1). p-Methyl and -'Bu substituents are tolerated well (entries 2
and 4) as is a mBu group (entry 5). The presence of an o-
methyl group drastically reduced the efficiency of the process
with only 34% of the corresponding enol ether being isolated
(60% conversion, entry 3). Electron rich phenols participate
well with both p- and m-methoxy substituted phenols providing
conversions of 98% and 100% respectively (entries6 and 7); the
low isolated yields obtained for these two substrates reflects the
instability of the products to purification. The o-substituted
isomer of this substrate was again less efficient (entry 8). An
acyl group was selected as a typical electron withdrawing
substituent; both p- and m-substituted phenols delivered the
predicted enol ethers with good conversions while the o-
substrate again showed poor reactivity (entries 9-11). The
reaction was also shown to tolerate secondary amine, nitro and
chloro substituents with the expected products obtained with
good conversions and good to moderate yields in al cases
(entries 12-14). Finally, an o-fluoro substituent could also be
included with the corresponding enol ether being obtained in
85% yield (entry 15).

Variation in the structure of the akenyl triflate was also
tolerated well, with triflates derived from acetophenone and
tetralone both delivering the desired enol ether adducts in good
yields (Table 3). To demonstrate the preparative utility of the
developed methodology the coupling of triflate 1 with phenol
was conducted on a 1 g (3.5 mmol) scale using 3 mol%

Table 2 Phenol scope2

X X = |
oTf HO—\ / Uk

o)

Pd,(dba),, 3a

NaO'Bu
PhMe, 100 °C
1 CMe;

CMe;

Entry Phenol Time/h Conv.b (%) Yielde (%)
1 phenoal 20 95 85
2 4-Me 23 100 83
3 2-Me 23 60 34
4 4-Bu 22 100 98
5 3-Bu 22 100 86
6 4-OMe 22 98 46
7 3-OMe 23 100 37
8 2-OMe 22 30 0
9 4-Ac 22 90 46

10 3-Ac 22 90 60

11 2-Ac 22 0 0

12 3-NMe;, 23 90 45

13 4-NO, 22 95 60

14 4-Cl 23 75 50

15 2-F 23 95 85

aConditions: triflate (1.0 equiv.), phenol (1.5 equiv.), NaOBu (1.75
equiv.), Pdy(dba)s (3 mol%), 3a (9 mol%). » Measured by 1H NMR.
¢ |solated yields of pure material.

Table 3 Triflate scope2

e

oTf Pd,(dba),, 3a

SO

N NaO'Bu
K PhMe, 100 °C RN
Entry Substrate Time/h Yield (%)

OoTf

1 @ 22 100

OTf

2 48 78

aConditions: substrate (1.0 equiv.), phenol (1.5 equiv.), NaOBu (1.75
equiv.), Pdx(dba)s (3 mol%), 3a (9 mol%).

palladium catalyst. Theisolated pure enol ether was obtained in
85% yield (100% conversion).

In summary, a convenient and high yielding route for the
preparation of aryl enol ethers has been described. The use of
readily available akenyl triflates in combination with electron
rich, electron poor and neutral phenols, alows a variety of
substituted enol ethers to be produced. Finally, given the broad
utility of enol ethers and the general nature of the described
methodology, we anticipate that it should find application in
synthesis.
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