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In this study, we developed a general iron-catalyzed a-
methylenation of ketones by using N,N-dimethylacetamide
as the one-carbon source. Various ketones, including aryl
and alkyl ketones, enones, and dicarbonyl compounds were

well tolerated to yield the corresponding o,B-unsaturated
carbonyl compounds in the presence of an iron catalyst, per-
oxides, and N,N-dimethylacetamide under aerobic condi-
tions.

Introduction

o,B-Unsaturated ketones are skeletons extensively found
in various biologically active compounds.l'! They are also
widely utilized in organic synthesis because of their unique
reactivities. As a broadly used Michael acceptor, a,p-unsat-
urated ketones are commonly employed in nucleophilic ad-
ditions, Michael reactions, and Baylis—-Hillman reactions.!!
They also function as substrates in Heck reactions and
Diels—Alder reactions with an o-methylene moiety.l!
Among the synthetic methods reported for the construction
of o,B-unsaturated ketone fragments, the o-methylenation
of simple ketones is the most efficient one to yield a,B-un-
saturated derivatives.[4]

Several approcahes to synthesize a-methylene ketones
have been developed. These approaches include amine salt
catalysed/mediated o-methylenation with formaldehyde or
paraformaldehydel® and Mannich-type reaction with read-
ily prepared Eschenmoser’s salts followed by elimination[®!
(Scheme 1a). Much achievement has been accomplished
with the catalytic system, but novel one-carbon sources
have been less developed. Transition-metal-catalyzed cross-
dehydrogenative-coupling (CDC) reactions have emerged as
powerful and efficient tools for C—C bond construction, be-
cause they obviate the need of pre-functional substrates.!”)
Environment-benign iron catalysts have received consider-
able attention because of their significant reactivity in CDC
reactions.®! We recently developed an iron-catalyzed benz-
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ylic methylenation of 2-alkylazaarenes to produce 2-vinyl-
azaarenes by using N-methyl amides as a novel one-carbon
source.’l An iminium intermediate was generated from N-
methyl amides (DMA or DMF) in the presence of an iron
catalyst and K,S,Og. The in situ iminium cation further
reacted with nucleophilic 2-alkylazaarenes and underwent
subsequent elimination to yield the final a-methylenated
product. Miura et al. recently reported a similar copper-
catalyzed o-methylenation of benzylpyridines with N,N-
dimethylacetamide (DMA) as the one-carbon source
(Scheme 1b).[1%1 Nevertheless, the scope of substrates is still
limited and less explored. Ketones are nucleophiles widely
used in various CDC reactions.'!] However, the coupling
of ketones and N-methyl amides is rare. Considering the
importance of o,B-unsaturated carbonyl compounds, we en-
visioned to develop a direct and efficient approach to con-
vert simple ketones to their a,B-unsaturated derivatives by

a. Aldol/Mannich process:

Q H 1. Formaldehyde or o
R? J\( Eschenmoser's salts =Y (a)
R2 2. Amine salts R2

b. Benzylic methylenation with N-methyl amides:

e p £ 4

RS R4 RS

[TMIQ]

This work: a-Methylenation of carbonyl compounds with N-methyl amides:

o o FeClyBHZO (10 mok-%) o)
RJK'(.H-;...HIQN{ K»S20s (2.0 equiv.) R,Jké) ©
R? 4 110 °C/air R2
Scheme 1. Novel one-carbon source for a-methylenation of

ketones. [TM] = transition metal.
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using N-methyl amides as novel one-carbon sources
(Scheme 1c).[1

Results and Discussion

We commenced our investigation with the use of simple
acetophenone (1a) as the model substrate in the presence
of an iron catalyst, a peroxide, and N,N-dimethylacetamide
(Table 1). The a-methenylated compound 2a was obtained
in 74% isolated yield by slightly modifying our previous
conditions for the benzylic methylenation of 2-alkylaza-
arenes (Entry 1).I°) We then explored various combinations
of iron catalysts and oxidants. The results showed that
FeCl;:6H,0/K,S,0g is the best catalytic system for the o-
methylenation of la (Entries 2-8). Control reactions re-
vealed that no methylenation occurred in the absence of
iron catalysts or peroxides (Entries 9-10). An attempt to
obtain high-purity 99.99% FeCl; was also conducted to
avoid metal impurities in the iron catalyst (Entry 11). a-
Methylenation smoothly took place in N,N-dimethylform-
amide and gave a yield comparable to that with DMA (En-
try 12).

Table 1. Optimization for the a-methylenation of 1a.[]

o ... o
LH__H:Q O Fel[O Z
©)K/ L [FeJIO]
air
1a (solvent) 2a
Entry [Fe] [O] Yield of 2a [%]®]
1 FCC13'6H20 KzSzOg 77 (74[0])
2 FCC13'6H20 NaszOg 67
3 FCC13'6H20 (NH4)2$208 58
4 FeCly6H,0 TBHP 43
5 FCC13 KzSzOg 73
6 FCCIZ KzSzOg 70
7 FC(NO3)3’9H20 KzSzOg n.d.[d]
8[e] FeCl3'6H20 K2S208 n.d.
9 - KzSQOg n.d.
10 FCC13'6H20 — n.d.
11 FeCl; (99.99%) K,S,04 74
12[‘] FCC13'6H20 KzSzOg 75

[a] Reaction conditions: 1a (0.2 mmol), [Fe] (0.02 mmol), [O]
(0.4 mmol), DMA = N, N-dimethylacetamide (1.0 mL), 110 °C, 4 h,
under air (unless otherwise noted). [b] GC-MS yields. [c] Isolated
yield. [d] n.d. = not detected. [e] Under argon. [f]| DMF = N,N-
dimethylformamide as the one-carbon source.

Under optimized conditions, the scope of the a-methyl-
enation protocol was explored with various ketones. Substi-
tuted aryl ketones were first investigated. Both electron-do-
nating and electron-withdrawing substituents in phenyl
methyl ketones were tolerated to produce the corresponding
o,B-unsaturated derivatives in moderate to good yields
(Table 2). Methylenation of halo-, carboxy-, methylsulfonyl-,
cyano-, and nitro-substituted substrates smoothly took
place under these conditions, which would provide oppor-
tunities for further derivatization of the final products (2a—
2m). In addition, the scope of the substrates could be ex-
tended to a naphthyl ketone with high yield (2n). Interest-
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ingly, oxidable functional groups, e.g. hydroxy and alkynyl
are compatible with the present oxidation system (20, 2p).
Subsequently, sterically hindered a-substituted aryl ketones
were investigated. Propiophenone smoothly underwent -
methylenation in 94% yield (2q). Notably, a-chloro aro-
matic ketones were also well tolerated with the chloro sub-
stituent remaining intact (2r-2t). Benzocyclic ketones, in-
cluding 1-indanone and 4-chromanone, were also suitable
substrates to furnish their o,B-unsaturated derivatives in
good yields (2u-2v).

Table 2. o-Methylenation of aromatic ketones.[?!

~ ©/'\ (solvent) - ©)\/
@N @N @N @’v

FeCl3:6H,0 (10 mol-%)
Kzszos (2.0 equiv.)
110°C

2a (74 %) 2b (73 %) (61%) (43 %)
(82 %) 2f (58 %) 29 (60%) (74 %)

W@”@”O”

(45 %)

MeO,C

(40 %) (36 %)

- ©~/©”

2m (45%)

87%

2n (92%)

m&mw

q (94 %)

20 (70%) 2p (76%)

r (89 %)

©£>©Ekf

(80 %)

[a] Reaction conditions: 1 (0.5 mmol), FeCl;-6H,O (0.05 mmol),
K,S,05 (1.0 mmol), DMA (2.0 mL), 110 °C, 4 h, under air, isolated
yields.

s (85 %) t (90 %)

(85 %)

Intriguingly, substituted ortho-hydroxyacetophenones
1w-1y underwent intramolecular cycloaddition after the
first o-methylenation to afford 4-chromanones II, which
then underwent a second o-methylenation to give the ad-
ducts 2v, 2x, 2y in good yields in the presence of 4.0 equiv.
of oxidant (Figure 1). Thus, a novel and facile way was de-
veloped to construct a-methylenated chromanones from
simple ortho-hydroxyacetophenones.
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o]
|
@k '
R® OH

1w-1y

o
J@f\/ Cﬁj -
1st (6} 2nd

methylenation methylenation

2v, 2x, 2y

Michael addition

@frmm

V (85%)

X (87%) 2y (82%)

Figure 1. Two-fold a-methylenation of ortho-hydroxyacetophenones.
Reaction conditions: 1 (0.5 mmol), FeCl;-6H,O (0.075 mmol),
K,S,05 (2.0 mmol), DMA (2.0 mL), 110 °C, 4 h, under air, isolated
yields.

Other ketones with various substituents were then ex-
plored (Table 3). Symmetric ketones such as dibenzyl
ketone and cycloheptanone produced the monomethyl-
enated products in moderate yields (4a, 4b). Noteworthy,
no a,0-dimethylation derivative was detected when starting
from the substrates 4a and 4b, even when 4.0 equiv. of oxi-
dant were used. Enones were also applicable under these
conditions to afford dienones in moderate yields (4c, 4d).
Dicarbonyl compounds are good substrates because of their
acidic a-hydrogen atoms (4e-4g).

Table 3. o-Methylenation of various ketones.[?l

(o]
| NS
R /N4<

FeCl3:6H,0 (10 mol-%) o}

KZSZOB (2.0 equiv.) %?
R

110°C

R
3 (solvent) 4
(62 %) 4b (51 %) 4c (55 %) 4d (50 %)
de (92 %) (62 %) 4g (84 %)

[a] Reaction conditions: 3 (0.5 mmol), FeCl;:6H,O (0.05 mmol),
K5S,04 (1.0 mmol), DMA (2.0 mL), 110 °C, 4 h, under air, isolated
yields.

When cyclohexenone (3h) was used under the standard
conditions, the unexpected 2-methylphenol (5) was ob-
tained. Thus, we propose that the initially a-methylenated
cyclohexenone underwent a hydrogen shift to produce the
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methylcyclohexadienone isomer, followed by dehydro-
genative aromatization under the oxidative conditions to
furnish 2-methylphenol (5) (Scheme 2).

o o FeCly6H,0 (10 mol-%) 9
. \NJ< K,S,0g (2.0 equiv.)
’ 110 °C
3h (solvent) 5 (42%)

Scheme 2. a-Methylenation and cascade aromatization of 3h.

Finally, a radical mechanism is proposed based on the
previous report:!® The in situ generated enol 6 attacks the
iminium species 8 to form the intermediate 9, which then
undergoes C-N bond cleavage to give the product 2a (Fig-
ure 2).

Felll

1a =—

H* 6 Fe

Figure 2. Proposed mechanism.

Conclusions

We developed a facile iron-catalyzed a-methylenation of
ketones with DMA as a novel one-carbon source. The pres-
ent methodology features a broad substrate scope, good
functional-group tolerance, and simple operation, which
provides a novel way to prepare useful o,B-unsaturated
carbonyl compounds.

Experimental Section

Typical Procedure: Compound 1 or 3 (0.5 mmol), FeCl;:6H,O
(13.5mg, 0.05 mmol), K,S,05 (270 mg, 1.0 mmol), and DMA
(2.0 mL) were sequentially added to a 10 mL tube under air. The
tube was sealed and the mixture stirred at 110 °C for 4 h. Upon
completion of the reaction (monitored by TLC), the resulting mix-
ture was diluted with Et,O (15 mL) and washed with brine (3 X
10 mL). The combined organic layers were dried with Na,SOy,, fil-
tered, and concentrated in vacuo. The residue was purified by col-
umn chromatography on silica gel (100-200 mesh) by using petro-
leum ether/EtOAc as the eluent to yield the desired product 2 or 4.

Supporting Information (see footnote on the first page of this arti-
cle): General experimental procedures, characterization details and
copies of spectra.
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A general and facile iron-catalyzed -
methylenation of carbonyl compounds by
using N-methyl amides as the one-carbon
source was developed. Various carbonyl
compounds (aryl- or alkyl-substituted, en-
ones, 1,3-dicarbonyl compounds) were well

Eur. J. Org. Chem. 0000, 0-0

36-94% yields
tolerated to furnish the corresponding a,f3-
unsaturated carbonyl compounds in the
presence of an iron catalyst, peroxides, and
N-methyl amides under aerobic conditions.

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Organic Chemistry

Y.-M. Li,* S.-J. Lou, Q.-H. Zhou,
L.-W. Zhu, L.-F. Zhu, L. Li .............
Iron-Catalyzed o-Methylenation of Ket-
ones with N,N-Dimethylacetamide: An
Approach for o,B-Unsaturated Carbonyl
Compounds

Keywords: Methylenation / CDC reaction /

o, B-unsaturated carbonyls / Iron-catalysis /
One-carbon source

WWW.Eurjoc.org 5



