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ABSTRACT

By using an oxidizing directing group, a mild, efficient Rh(III) catalyzed C�H olefination reaction between N-phenoxyacetamides and alkenes was
developed. This reaction provided a straightforward way for the synthesis of ortho-alkenyl phenols, and the directing group is traceless in the
product.

Transition-metal-catalyzed C�H olefination of arenes
using alkenes has emerged as a powerful strategy to
directly functionalize arenes.1,2 This process has an advan-
tage over the traditional Mizoroki�Heck reaction3 by
eliminating the need for preactivation of arenes. For
the sake of acquiring high regioselectivity and reactivity,
a directing group is usually assembled in the substrate.
A variety of directing groups have been developed for this
particular reaction, and important advances have been
made toward synthetically useful transformations.Despite

the tremendous progress, most C�H olefination reactions
required stoichiometric amounts of metal oxidants or
other additives along with high temperatures. Recently,
the use of an oxidizing directing group4 was introduced
in the field of C�H activation, and several external
oxidant-free C�H olefinations of arenes (Scheme 1)5 were
reported. In these reactions, an oxygen attached to the
nitrogen directing group acts as an internal oxidant to
maintain catalytic turnover. It is noteworthy that in all
these reactions, the O-linked part functioned as the leaving
group, and the nitrogen directing group remained in the
product.6 Our group recently discovered a novel oxidiz-
ing directing group for a rhodium(III)-catalyzed C�H
functionalization of N-phenoxyacetamides with alkynes,
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in which the acetamido group could act as the leaving
group.7 This prompted us to explore more transforma-
tions starting from N-phenoxyacetamides, and the C�H
olefination reactions between N-phenoxyacetamides and
alkenes are reported here.

ortho-Alkenyl phenols are important building frame-
works in synthetic chemistry,8 which have attracted broad
interest from synthetic chemists. Directed by a silanol

group,9a carbonyl group,9b,c or carboxylic acid,9d transi-
tion metal catalyzed ortho C�H olefination of phenol
derivatives provided straightforward and efficient ways
to produce diverse ortho-alkenyl phenols (Scheme 2).

In these approaches, an additional step is necessary to
remove the directing group for the synthesis of ortho-
alkenyl phenols. We herein disclose a Rh(III)-catalyzed
C�H olefination ofN-phenoxyacetamides affording ortho-
alkenyl phenols in one step. The nitrogen directing group
was traceless in the product (Scheme 1). This reaction was
not sensitive to moisture and air and proceeded smoothly
under mild conditions without an external oxidant.

We initiated our study with the coupling ofN-phenoxy-
acetamide (1.0 equiv) andbutyl acrylate (1.4 equiv).Among
the screened catalysts, to our delight, [Cp*RhCl2]2 gave the
desired ortho-alkenyl phenol 3aa (Table 1). The diolefinated
phenol 3aa0 was detected as the main side product (Table 1,
entries 1�4), and a 21% NMR yield of 3aa0 was observed
when dichloroethane was used as the solvent (Table 1,
entry 3).Fortunately,EtOHappeared tobe the ideal solvent,
affording the desired product in 89% NMR yield, and the
side product 3aa0 could finally be suppressed to less than 5%
yield (Table 1, entry 6).10Thecatalyst loadingcanbe reduced
to 1.0 mol%without significant change in yield, albeit with
a prolonged reaction time (Table 1, entry 8). Comparedwith
N-phenoxyacetamide, other substrates with different sub-
stituents on the nitrogen atomwere found tobe ineffective or
less effective (Table 1, entries 9�11). The optimized condi-
tionswereultimately identifiedas 2.5mol%of [Cp*RhCl2]2,
and 50 mol % of CsOAc in EtOH at 50 �C.

Scheme 1. OxidizingDirectingGroupDirectedC�HOlefination
of Arenes

Scheme 2. Substrates for the Synthesis of ortho-Alkenyl Phenols
via C�H Activation

Table 1. Reaction Conditions Screeninga

yield (%)b

entry R solvent 3aa 3aa0

1 Ac (1a) CH3CN 64 13

2 Ac (1a) THF 61 7

3 Ac (1a) ClCH2CH2Cl 49 21

4 Ac (1a) DME 53 8

5 Ac (1a) MeOH 90 <5

6 Ac (1a) EtOH 89 <5

7 Ac (1a) EtOH 84c <5

8 Ac (1a) EtOH 85 6d

9 Piv (1j) EtOH N. R.

10 Ts (1k) EtOH 62 <5

11 CONHBu (1l) EtOH <10

aReaction conditions: 1 (0.2 mmol), 2a (0.28 mmol), [RhCp*Cl2]2
(2.5 mol %), CsOAc (0.5 equiv), solvent (0.05 M), 50 �C, 3�8 h.
b 1H NMR yield. c Isolated yield. d 1.0 mol % of [RhCp*Cl2]2 was used
as the catalyst; 48 h.
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With the optimized conditions in hand, various olefins
were successfully employed for the novel transformation
(Scheme 3).All the cases were totally ortho-selective.Good
to excellent yields were observed with acrylic derivatives as
the substrates (3aa�3ac). Acrylonitrile resulted in a mod-
erate conversion despite its high inclination to polymeriza-
tion (3ad).Noteworthily, vinylphosphonatewas also a good
reactant for this transformation (3ae). Styrene and its
derivatives readily participated in this olefination reaction.
Moreover, the ferrocenyl group (3ao) and heterocycle (3ap)
were well tolerated to give good yields of the desired pro-
ducts. Delightfully, β,β-disubstituted alkenes also reacted
smoothly, affording a mixture of ortho-alkenyl phenol and
chromen-2-one (3aq and 3aq0). However, terminal alkyl
alkenes such as 1-octene gave poor results.
The effect of the substituents onN-phenoxyacetamidewas

then tested (Table 2). The C�Hbond olefination proceeded
smoothly with different substituted N-phenoxyacetamides.
Notably, the substrate with a strong electron-withdrawing
nitro group also gave the desired product with a moderate
yield (Table 2, entry 8). Whenmeta-substitutedN-phenoxy-
acetamide was employed, olefination took place at the less
hindered C�H bond selectively (Table 2, entries 3 and 6).

Further experiments were carried out to obtain better
insight into the reactionmechanism.No reaction happened
in the absence of cesium acetate and the reaction proceeded
smoothly with Cp*Rh(OAc)2 as the catalyst, which sug-
gested that the acetate anionwas crucial andCp*Rh(OAc)2
may be the active catalyst. When 1a was treated with a
catalytic amount of [RhCp*Cl2]2 and CsOAc in deuterated
ethanol at 50 �C, the N�O bond remained intact, and
deuterium was incorporated exclusively at the ortho posi-
tion of the directing group (eq 1). In contrast, no deuterium
incorporation was found in the absence of CsOAc. A
competition olefination experiment between electronically
different N-phenoxyacetamide derivatives, 1g and 1d, in-
dicated that electron-deficient 1gwasmore reactive. Taken
together, these results implied that concerted metalation�
deprotonation (CMD)11might be responsible for the C�H
activation.

N-Alkyl-substituted phenoxyacetamides (1m and 1n)
did not give any desired product under standard condi-
tions, indicating the N�H bond in the substrate was
indispensable for the C�H bond olefination (eq 2).

When the reaction between 1a and styrene (2f) was
performed in deuterated ethanol, the desired product had
55% deuterium incorporation (eq 3), which illustrated the

Scheme 3. Olefin Scope for C�H Olefination of
N-Phenoxyacetamidea

aReaction conditions: 1a (0.2 mmol), 2 (0.28 mmol), [RhCp*Cl2]2
(2.5 mol%), CsOAc (0.5 equiv), EtOH (0.05M), 50 �C, 3�16 h; isolated
yield was reported.

Table 2. Reaction Scope for SubstitutedN-Phenoxyacetamidesa

entry substrate product yield (%)

1 1a: R = H 3aa 84

2 1b: R = 2-Me 3ba 81

3 1c: R = 3-Me 3ca 77

4 1d: R = 4-Me 3da 85

5 1e: R = 4-Ph 3ea 77

6 1f: R = 3-CF3 3fa 69

7 1g: R = 4-F 3ga 61

8 1h: R = 4-NO2 3ha 45b

9 1i: R = 3,5-difluoro 3ia 70

aReaction conditions: 1 (0.2 mmol), 2a (0.28 mmol), [RhCp*Cl2]2
(2.5 mol %), CsOAc (0.5 equiv), EtOH (0.05 M), 50 �C, 3�8 h; Isolated
yield was reported. b 1H NMR yield.
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C�H activation is reversible in the presence of alkene.
Furthermore, the electron-deficient alkene was found to
insert into the C�Rhbondmore quickly than the electron-
abundant one. Also, a primary KIE value of 2.4 was
observed,12 so the C�H bond cleavage may be the rate-
determining step.

Taking the above experiments and the mechanism stud-
ies of precedent literature13 into consideration, we put
forward the plausible catalytic cycle in Scheme 4. After
the generation of an active catalyst by anion exchange
with cesium acetate, a facile arene rhodation afforded
intermediate A, which was followed by alkene insertion,
giving seven-membered rhodacycle intermediateB. Subse-
quently, β-H elimination and reductive elimination took
place, giving intermediate D.14,15 Since the stoichiometric
experiments have demonstrated that the N�O bond could
be cleaved by Rh(I) complexes,7,16 it is reasonable to pro-
pose that Rh(I) in intermediate D could be oxidized by
the intramolecular N�O bond, forming the desired prod-
uct 3, acetamide,17 and Rh(III) to complete the catalytic
cycle.

In summary, by using an oxidizing directing group, a
mild, efficient Rh(III) catalyzed C�H olefination reaction
betweenN-phenoxyacetamides and alkenes was developed.
This reaction provided a straightforward method for the
synthesis of ortho-alkenyl phenols, and the directing group
was traceless in the product. More detailed mechanism
studies on the O�N bond cleavage and further properties
of the novel directing group are being explored in our
laboratory.
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Scheme 4. Proposed Catalytic Cycle
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