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Abstract: A general, efficient and economic palladium-catalyzed dehydrogenation to form enones or enals has been|
developed. The approach possesses extremely broad substrate scope including various linear or cyclic saturated ketones anz
aldehydes. The protocol is ligand-free, and molecular oxygen is used as the sole clean oxidant in the reaction. Due to mil';l
reaction conditions, good functional group compatibility, and versatile utilities of enones and enals, the method can be
applied in the late-stage synthesis of natural products, pharmaceuticals and fine chemicals.
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Introduction
a,f-Unsaturated carbonyl structural motif is
embedded in numerous natural products, drug

molecules and bulk chemicals.!l @ 8-Unsaturated
carbonyl compounds are also versatile synthetic
intermediates for diverse organic transformations,
such as Michael addition, Diels-Alder reaction and
Heck reaction.”) Classically, besides aldol-like
condensations,® the general methods to prepare such
compounds include o-substitution (e.g. a-
bromination[, a-selenyiation® and a-
sulfenylation®) of carbonyl compounds and
subsequent elimination or palladium(ll)-mediated
dehydrosilylation of silyl enol ethers (namely,
Saegusa oxidation). Compared to these methods,
the approaches of direct «,f-dehydrogenative
oxidations of the corresponding saturated carbonyl
compounds offer a straightforward and atom-
economical pathway. In this regard, earlier studies
utilized stiochiometric strong oxidants, such as
SeO, (8.8l or 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ)E¢l to fulfill the direct o8-
dehydrogenation of ketones and aldehydes.[®] The
reaction conditions are harsh, and the reactions suffer
from limited functional group compatibility. Later,
Nicolaou et al. developed a general and mild method
with stoichiometric o-iodoxybenzoic acid (IBX) as
the oxidant to accomplish the transformation.
Recently, Stahl,*% Li and Wang,*Y Qu and Kang,*?!
and Huang™ et al. reported elegant palladium-
catalyzed aerobic «,f-dehydrogenations of ketones
and aldehydes to produce enones and enals.}4%! The

catalytic approaches undoubtedly provided an
appealing access to enones and enals. However, there
are some issues constraining the synthetic utility of
the methods: 1) costly ligand (e.g. 4,5-
diazafluorenonel*®l) or co-catalyst (e.g. amines,™*!!
'BUONO™?) required for the dehydrogenations of
linear ketone and aldehyde substrates, which
obviously increased the cost of the reaction and
impeded large-scale production; 2) limited substrate
scope, for example, propyl phenyl ketone (1a), a kind
of special and challenging substrate, affording the
enone in only 20% yield in previous literature.['°
The low yield likely ascribed to the deactivation of
palladium catalyst by formation of an inactive Pd-rn-
allyl species (Scheme 1a). More recently, Newhouse
and co-workers disclosed a palladium-catalyzed
direct dehydrogenation to synthesize cyclic enones
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Scheme 1. Alkenyl aryl ketones.

via a zinc enolate intermediate using allyl acetate as
the  terminal oxidant.'!  Similarly,  the
dehydrogenation conditions were also ineffective for
ketone 1a. The two cases evidenced this kind of alkyl
aryl ketone was difficult substrate for the direct a,8-
dehydrogenative approach. Nevertheless, the alkenyl
aryl ketone is a key structural unit in some natural
products and bioactive molecules (Scheme 1b).ltacd
Therefore, the development of a facile, economic and
efficient catalytic a,f-dehydrogenation of saturated
ketones and aldehydes to produce enones and enals
with a broad substrate scope is still highly desirable
but challenging.

Results and Discussion

To overcome these limitations, we envisioned that
a more active catalytic system should be exploited.
Initially, we chose difficult 1a as the model substrate
to commence our study. Considering the two factors:
one is that trifluoroacetic acid (TFA) and Pd(OAc);
can facilitate the generation of more catalytic active
[PA(I1)O,CCF3]* species; !l the other is that TFA
could coordinate with palladium thereby diminishing
above Pd-n coordination, we introduced TFA into the
Pd(OAc).-catalyzed system. To our delighted, la
underwent smoothly dehydrogenation in the reaction
conditions of Pd(OAc), (10 mol %) and TFA (20
mol %) with DMSO as the solvent under an oxygen
atmosphere (oxygen balloon) at 80 °C for 12 h to
produce enone 2a in good yield (56%, Tablel, entry
1). Then we set about optimizing the reaction
conditions. Changing the solvent (entries 2 - 6) and
other palladium sources (entries 7, 8) did not enhance
the reactivity. By investigating the amount of TFA,
we found that 1.0 equiv of TFA was the optimal
amount to afford the desired product in 75% vyield,
and in the absence of TFA, the reaction would hardly
proceed (entries 9-17). Using anhydrous DMSO, the
yield of 2a was improved slightly (entry 18).
Interestingly, replacing Pd(OAc), with Pd(OTFA),,
and using AcOH (1.0 equiv) as the additive in
anhydrous DMSO, the yield of 2a was only 18%
(entry 19). And with Stahl’s reaction conditions, !
the yield of 2a was 20% (entry 20). Accordingly, the
reaction conditions were optimized as follows:
Pd(OAC). (10 mol %), TFA (1.0 equiv) under oxygen
atmosphere in dry DMSO at 80 °C.

After identifying the optimized conditions, we then
moved on to examine the substrate scope. We were
pleased with the generality of this approach. Firstly,
the different substituted phenylbutan-1-ones were
investigated. The results were summarized in Scheme
2. The substrates possessing either electron-
withdrawing groups or electron-donating groups on
aromatic ring all reacted smoothly providing
corresponding enones in good to excellent yields (72-
91%, 2b-2g). A series of important functional groups,

10.1002/adsc.201801058

including methyl, methoxy, hydroxy group (-OH) and
halides (F, Cl and Br) were compatible with this
procedure, and could be versatile handles for further
Table 1. Optimization of the reaction conditions!®

o Pd catalyst (10 mol %), o

Q)K/\ TFA, O, (1 atm) Q)K?\

solvent, 80 °C

1a 2a
Entry ( l%art]?:ﬁ;)) (;iﬁ/) Solvent zg/':; I[g
1 Pd(OAc): 0.2 DMSO 56
2 Pd(OAc): 0.2 DMF 20
3 Pd(OAC) 0.2 DMA 5
4 Pd(OAc): 0.2 CH:CN 50
5  Pd(OAC): 0.2 o 20
6  Pd(OAC): 0.2 THF 20
7 Pd(OTFA), 02 DMSO 35
8 PdCl, 0.2 DMSO 16
9 Pd(OAC) 0.1 DMSO 30
10 Pd(OAc) 0.4 DMSO 65
11 Pd(OAC), 0.6 DMSO 70
12 Pd(OAc) 0.8 DMSO 72
13 Pd(OAC), 1.0 DMSO 75
14 Pd(OAC) 1.2 DMSO 75
15  Pd(OAC), 15 DMSO 58
16 Pd(OAC) 20 DMSO 51
17 Pd(OACc)2 - DMSO trace
181 Pd(OAC); 1.0 DMSO 78
191 Pd(OTFA), ’?E%)H DMSO 18
201191 Pd(OTFA); D('(\)’ff)o AcOH 20

[ Reaction conditions: Unless otherwise noted, the
reaction was carried out with 1a (0.5 mmol), [Pd] (10
mol %) in solvent (5 mL) under O, (1 atm) atmosphere
at 80 °C, 12 h.

o] |splated yields.

[l Dry DMSO was used.

transformations. Di- and tri-substituted aromatic
substrates were also suitable for the reaction to give
the corresponding products (2h-2k) in good yields.
Substitution at the a-, and g-sites of the carbonyl
group did not hinder the reaction (2I-20).
Interestingly, other aromatic substrates, such as 1-
naphthyl propyl ketone, 2-naphthyl propyl ketone and
1-(5-bromothiophen-2-yl)butan-1-one, also reacted
successfully providing 2p-2r in 76%, 78% and 75%
yields, respectively. The structures of products 2g
were confirmed by X-ray crystallography analysis.
Next, we investigated another kind of ketones, 4-
arylbutan-2-ones (Scheme 3, 4a-4n). To our surprised,
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the reaction conditions were extremely efficient for
this kind of substrates, and for various substituted
substrates almost quantitative yields were obtained.
Again the reaction showed good functional group

O 1 Pd(OAc), (10 mol %), o
, TFA (1.0 equiv) /
Y YT R O, (1atm) LY TR
Z dry DMSO, 80 °C Z ,
0 0

/@)K/A /@)V\
R HO 2g,72%, 10 h

2a,R=H, 78%,9h H‘
2b, R = Me, 91%, 10 h o

2¢, R = OMe, 75%, 10 h <okesids
2d,R=F, 78%,9h eV
2e,R=Cl, 72%, 9 h - B Rore
2f R=Br, 77%,9h LA "

Br O Me

Br
2h, 73% 1h 2i,76%, 9 h 2j,70%,9h

dﬁ@*”@**

2k, 82%, 10h 21, 65% 10h 2m, 53% 16 h

Q*ﬁ@*@

2n, 65%, 15h 20,61%,12h

OO 2q,78%, 10 h

2r, 75%, 10h
Scheme 2. Dehydrogenation of substituted arylbutan-1-
ones. Reaction conditions: 1 (0.5 mmol), Pd(OAc). (10
mol %), TFA (1.0 equiv), Under O (1 atm) in DMSO (5
ml) at 80 °C. All yields given are those for the isolated
products.

,76%, 10 h

compatibility. Furthermore, the position of the
substituted group on the phenyl ring did not affect the
reactivity (4b-4d). In addition, 1,3-diphenylpropan-1-
ones were treated with this catalyst system giving
corresponding chalcones in excellent yields (4m, 4n).
The structures of products 4k were confirmed by X-
ray crystallography analysis.

Besides the synthesis of a,f-unsaturated ketones,
the method is also efficient for the synthesis of «,f-
unsaturated aldehydes (Scheme 3, 4o0-4r). All a,f-
unsaturated aldehydes bearing different substituted /-
aryl groups were produced in excellent yields, and the
highly active aldehyde group remained intact
indicating that the oxidative dehydrogenation
conditions were mild. Simple enones and enals
without conjugation with aromatic ring could also be
accessed conveniently from corresponding saturated
ketones and aldehydes by the direct -catalytic
dehydrogenation approach (Scheme 3, 4s-4u).

10.1002/adsc.201801058

Cyclic enones are interesting structural units found
in many natural products and biologically active
compounds. Chromones and flavones, two kind of
natural products, possessing the backbone of
benzopyran-4-one, have important biological activity
and widely utilized as pharmaceutical ingredients.™®!
They were easily prepared by the palladium-

i (e} Pd(OAc), (10 mol %),

: TFA 10equw
. \ Rl
R o, ! 0, (1atm)

dry DMSO, 80 °C

enones:
o

@A\A
R
=

3
4a, R=H, 96%,6h OMe

4b, R = 2-F, 98%, 6 h

4c, R = 3-F, 96%, 6 h j T v ‘M e 5
4d,R=4-F, 97%,6h o ﬁ:-'i '."'__
4e,R=3-Cl, 97%,6h .

4f, R =4-Cl, 95%, 6 h ‘c‘
4g, R =4-NO,, 98%, 5 h

N
o - o

4h, R =4-0OH, 94%, 8 h
4n,91%,9h

95%,9h

4i, R = 4-OMe, 96%, 7 h
4j, R = 3-Me, 96%, 6 h

4m, 92%, 10 h

enals:

L Teaaleran

4p, R = Me, 96%, 6 h 4r, 93%,6 h
4q,R=F, 95%,6 h (90%, 10h)[a]

enones and enals without conjugation with aromatic ring:

4s,75%,11 h 4t,72%, 8 h

40,98%,6 h

4u,75%, 8 h

Scheme 3. Dehydrogenation of ketones and aldehydes.
Reaction conditions: 3 (0.5 mmol), Pd(OAc). (10 mol %),
TFA (1.0 equiv), Under Oz (1 atm) in DMSO (5 ml) at
80 °C. All yields given are those for the isolated products.
&l The yield for gram scale.

catalyzed dehydrogenation of
dihydrobenzopyranones in good to excellent yieldS
(Scheme 4, 6a-6d). Simple tetrahydro-4H-pyran-4-
one was also able to be dehydrogenated to give
dihydro-pyran-4-one (6e) in 75% vyield. The lower
reactivity of cyclopentantone was also suitable
substrate affording cyclopentenone (6f) in 51% yield.
It is worthwhile to note that thiochroman-4-one (5g)
and 2-phenylthiochroman-4-one (5h) each contained
a sulfur atom which could usually poison palladium
catalyst or was prone to oxidation under aerobic
conditions, but they were also smoothly converted
into their corresponding thiochromone (6g) and
thioflavone (6h) in good yields, once again testifying

3

This article is protected by copyright. All rights reserved.


https://en.wikipedia.org/wiki/Benzopyran

Advanced Synthesis & Catalysis

the advantage of this palladium catalytic system. 1-
Tetralone underwent the dehydrogenation to give 1-
naphthol (6i) in 75% yield. Additionally, two steroid
derivatives were desaturated regioselectively under
the standard conditions providing the less substituted
enones in 81% (6j) and 83% yields (6k), respectively.
These cases demonstrated that the palladium-
catalyzed dehydrogenative protocol can be used into

] Pd(OAc), (10 mol%)
~ TFA (1.0 equiv)
. ERLRAR bhalhids kel N

R N 0, (1 atm)
dry DMSO, 80 °C

(@] (@]
(jﬁ Lii
O F O Me

6a, 68%, 12 h 6b, 87%, 11h

(@] (@]
Crrt 0
\ \
(@)
6d, 72%, 10 h

O
6e, 75%, 5h
O
CO)
S

6g, 82%, 8h

Z O z
H  6j,81%, 8h H 6k, 83%, 8h

Scheme 4. Dehydrogenation of cycloketones. Reaction
conditions: 5 (0.5 mmol), Pd(OACc). (10 mol %), TFA (1.0
equiv), Under O, (1 atm) in DMSO (5 ml) at 80°C. All
yields given are those for the isolated products.

the late-stage construction of enone or enal unit of
complex active molecules.

To test the practicality of the method, a gram-scale
experiment has been carried out. With above standard
reaction conditions, 3r (1.9 g) was converted into the
desired enal 4r (1.7 g) in 90% yield. Furthermore,
when the catalyst loading was reduced to 5 mol%,
although more reaction time was required, the yield
was not decreased.

10.1002/adsc.201801058

@*ﬂ

X=HorD, Ky/Kp =22

Pd(OAC), (10 mol%) (Hor)
w TFA (1. 0 equiv) /@/\/K
Me

O, (1 atm)
KH/KD— 1.0

Pd(OAc),
TFA 1 0 equiv)

—>

O, (1 atm)
dry DMSO, 80 °C

(10 mol%)

dry DMSO, 80 °C

Scheme 5. Kinetic Isotope Effect

To gain insight into the reaction mechanism,
kinetic isotope effect (KIE) experiments were
performed (Scheme 5). The KIE value of two paralle!
competition reactions of 1a and [D;]-1a was found to
be 2.2, and the intramolecular KIE value for the
reaction of 7 was 1.0. These results implied that the
cleavage of the a-C—H bond was involved in the rate-
determining step while g—hydride elimination from a
presumed Pd-enolate intermediate is fast.

Pd(OAc),
l TFA

N
0, Pd(0,CCF3) TEA
OH
A
TFA
©/LPd 0,CCF3
OZCCF3 0,CCF3
H /<TFA
o}
=
2a
Scheme 6. Proposed mechanism

¢ PdO,CCF,

Our current understanding of the mechanism of the
reaction is show in Scheme 5. Pd(OAc), is treated
with TFA to obtain active Pd(O,CCF3)*.t1 The
ketone undergoes the formation of palladium enolate
followed by pg-hydride elimination to afford a,f-
unsaturated ketones and Pd"-hydride intermediate
that eliminate a TFA and then is reoxidized to
Pd(O.CCF3)" by O; in the presence of TFA to
complete the catalytic cycle.'®d  Further
investigations into a more detailed mechanism are
ongoing.

Conclusion

This article is protected by copyright. All rights reserved.
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In summary, we have developed a general,
efficient and economic  palladium-catalyzed
dehydrogenation to form enones or enals. The
method shows extremely broad substrate scope
including various linear or cyclic saturated ketones
and aldehydes. The protocol is ligand-free, and
molecular oxygen is used as the sole clean oxidant in
the reaction. Due to mild reaction conditions, good
functional group compatibility, and versatile utilities
of enones and enals, the approach can be found many
applications in the synthesis and the late-stage
functionalization of pharmaceuticals and fine
chemicals.

Experimental Section

General information: All reagents were used as received
unless otherwise noted. Flash chromatography was
performed with silica gel ﬁ00—300 mesh). Proton nuclear
magnetic resonance (*H NMR) data were acquired on
Bruker Ascend 400 (400 MHz) spectrometer. Chemical
shifts are re?prted in delta (8) units, in parts per million
(ppm) downfield from tetramethylsilane. Splitting patterns
are designated as s, singlet; d, doublet; t, triplet; m,
multiplet, br, broad. Coupling constants J are quoted in Hz.
Carbon-13 nuclear magnetic resonance (*C NMR) data
were acquired at 100 MHz on Bruker Ascend 400
spectrometer. Chemical shifts are reported in ﬁPm relative
to the center line of a triplet at 77.1 ppm for chloroform-d.
Infrared (IR) data were recorded as films on potassium
bromide plates on a Bruker Tensor 27 FT-IR spectrometer.
Absorbance frequenues are reported in reciprocal
centimeters (cm™). Mass spectra were acquired on a
Bruker Daltonics S2 MicroTof-Q Il mass spectrometer. X-
ray crystal structure analyses were measured on Bruker
Smart APEXIICCD instrument using Mo-Ka radiation.
The structures were solved and refined using the
SHELXTL software package.

General procedure for preparation of 2: A seal tube
containing Ketones 1 (0.5 mmol) and Pd(OAc). (10
mol %), was evacuated and filled with dioxygen gas using
an oxygen containing balloon. Then, Dry DMSO (5 mLI),
trifluoroacetic acid ?TFA)_ (1.0 mmol) were sequentially
added to the system via syringe under an oxygen
atmosphere. The reaction mixture was stirred at 80 °C until
completion of the reaction (TLC). Then the reaction was
cooled to RT and partitioned between water and ethyl
acetate. The layers were separated and the organic layer
was washed with aqueous saturated brine solution, dried
over NaxSOs, filtered and concentrated under reduced
phreszsure. Purification by flash chromatography afforded
the 2.

(E)-1-phenylbut-2-en-1-one (2a) ¥l Prepared according
to general procedure to afford as colorless oil (78% yield).
Rt = 0.56 (EtOAc / hexanes 1:10). *H NMR (400 MHz,
CDCls): 6 = 7.85 (dd, J = 5.6, 3.9 Hz, 2H), 7.55 — 7.45 (m,
1H), 7.39 (dd, J = 8.2, 7.1 Hz, 2H), 7.01 (tdd, J = 13.6, 7.7,
5.9 Hz, 1H), 6.90 — 6.80 (m, 1H), 1.93 gdd, J=6.8, 1.6 Hz,
3H). C NMR (100 MHz, CDCls): § =191.0, 145.3, 138.0,
132.7,128.7 (4C), 127.7, 18.77.

(E)-1-(p-tolyl)but-2-en-1-one (2b) ™ Prepared according
to general procedure to afford as colorless oil (91% vyield).
Rt = 0.56 (EtOAc / hexanes 1:10). 'H NMR 5400 MHz,
CDCl3): 6 =7.76 (d, J = 8.2 Hz, 2H), 7.17 éd, = 8.0 Hz,
2H), 6.97 (dt, J = 20.4, 6.8 Hz, 1H), 6.83 (dd, J = 15.3, 1.5
Hz, 1H), 2.32|$s, 3H[g, 1.90 (dd, J'= 6.8, 1.5 Hz, 3H). 13C
NMR (100 MHz, CDCls): 6 = 190.3, 144.6, 143.5, 135.4,
129.3,128.7, 127.5,21.7, 18.7.

10.1002/adsc.201801058

(E)-1-(4-methoxyphenyl)but-2-en-1-one (2c) I Prepared
according to general procedure to afford as ]yellow oil (75%
K/lleld). R = 0.45 (EtOAc / hexanes 1:10). *H NMR (400

Hz, CDClz): 6 = 7.88 (d, J = 8.8 Hz, 2H), 6.98 (dt, J =
13.4, 6.7 Hz, 1H), 6.92 — 6.80’\Sm, 3H), 3.80 (s, 3H), 1.92
(dd, J = 6.7, 1.2 Hz, 3H). *C NMR (100 MHz, CDCls): &
T81t§)39.0, 163.3, 144.0, 130.81, 130.75, 127.1, 113.7, 55.5,

(E)-l-(4-f|uorophenlyl)but-z-en-l-one (2d) 09 Prepared
accordln% to general procedure to afford as colorless oil
78% vyield). R = 0.45 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCIﬁ?: 6=797(dd, J=8.8,5.5Hz,2H), 7.14
t,J =87 Hz 2 h 7.07 (dd, J = 14.4, 7.6 Hz, 1H), 6.89
dd, J =15.3, 1.4 Hz, 1H), 2.01 (dd, J = 6.8, 1.4 Hz, 3H).
3C NMR (100 MHz, CDCls): & = 189.2, 165.65 (d, J =
254.1 Hz), 145.5, 134.4, 131.2 (d, J = 9.2 Hz), 127.2,
115.8 (d, J=21.8 Hz,), 18.8.

(E)-1-(4-chlorophenyl)but-2-en-1-one (2e) ™! Prepared
accordln% to general procedure to afford as colorless oil
72% yield). Rf = 0.45 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCly): & = 7.88 — 7.77 (m, 2H), 7.43 — 7.31
m, 2H), 7.02 (dg, J = 20.7, 6.9 Hz, 1H), 6.80 (dd, J = 15.3,
4 Hz, 1H), 1.93(d, J = 6.9 Hz, 3H). 13C NMR (100 MHz,
%Dgh): 6 =189.5,145.8,139.2, 136.3, 130.1, 129.0, 127.2,

(E)-1-(4-bromophenyl)but-2-en-1-one éZf) (201 Prepared
according to general procedure to afford as yellow solid
(77% yield). R¢= 0.50 (EtOACc / hexanes 1:10). m. p. =42 —
43 °C.”'H NMR (400 MHz, CDCls): 6 =7.71 (d, J = 8.5 Hz,
2H), 7.52 (d, J = 8.5 Hz, 2H), 7.00 (dt, J = 13.7, 6.9 Hz,
1H), 6.78 (dd, J = 15.3, 1.4 Hz, 1H), 1.93 (dd, J = 6.9, 1.3
Hz, 3H). *C NMR (100 MHz , CDCls): 6 = 189.7, 145.9,
136.7,131.9, 130.2, 127.8, 127.1, 18.8.

(E)-1-(4-hydroxyphenyl)but-2-en-1-one (2g) Prepared
according to general procedure to afford as white solid (729
y|eld). Rt = 0.36 (EtOAC / hexanes 1:10). m. p. = 152 —

153 °C. *H NMR (400 MHz, CDCls): & = 7.90 — 7.78 (m,
2H), 7.64 —7.39 (br, s, 1H), 7.02 (dgq, J = 15.1, 6.8 Hz, 1H];
6.87 (td, J = 4.0, 1.5 Hz, 3H), 1.92 (dd, J = 6.8, 1.5 Hz,
3H). *C NMR (100 MHz, CDCls3): 6 = 190.3, 161.2, 145.2,
131.5, 130.1, 127.2, 1157, 18.8. HRMS (ESI) foi
C10H110, [M+H*]: Calcd: 163.0754; Found: 163.0753. IR
KBr): 3394, 3189, 2958, 2922, 2854, 1658, 1584, 1450,
263, 1096, 1025, 803 cm'™,

E)-1-(2-bromo-4-methoxyphenyl)but-2-en-1-one  (2h)
repared according to general procedure to afford as
yellow solid (73% yleldi. Ri = 0.43 (EtOAc / hexanes
1:10). m. p. =192 — 193 °C. 'H NMR (400 MHz, CDCl3): 3
=7.30(d, J=8.1 Hz, 1H), 7.12 — 6.98 (gm, 2H), 6.83 - 6.77
(m, 1H), 6.59 (d, J = 15.5 Hz, 1H), 3.79 (s, 3H), 1.86 (d, J
= 6.8 Hz, 3H). *C NMR (100 MHz, CDCls): 8 = 192.3,
158.4,144.8, 132.0, 131.4, 128.1, 126.5, 123.9, 115.2, 56.1,
18.6. HRMS (ESI) for Ci1H12BrO, [M+H*]: Calcd:
255.0015; Found: 255.0026. IR (KBr): 3011, 2936, 2853,
1663, 1617, 1582, 1475, 1395, 1247, 1025, 856, 805 cm.

E)-1-(4-bromo-2-methylphenyl)but-2-en-1-one (2i)
repared according to "general procedure to afford as
yellow solid (76% yleldg. Ri = 0.46 (EtOAc / hexanes
1:10). m. p. = 188 —189 °C. *H NMR (400 MHz, CDCls):
8=".36—7.25 (m, 2H), 7.17 (d, J = 8.1 Hz, 1Hg, 6.70 —
6.61 (m, 1H), 6.44 — 6.35 (m, 1H), 2.28 (s, 3H), 1.88 (dd, J
= 6.8, 1.6 Hz, 3H). C NMR (100 MHz, CDCls): § =
195.9, 147.4, 139.2, 137.8, 134.1, 132.2, 129.6, 128.5,
124.6, 20.0, 18.7. HRMS (ESI) for C11H1,BrO [M+H*]:
Calcd: 239.0066; Found: 239.0060. IR éKBr 1 2963, 2925,
1654, 1623, 1586, 1555, 1440, 1291, 1088, 1029, 807 cm™.,

E)-1-(4-bromo-2-methoxyphenyl)but-2-en-1-one  (2j)
repared according to general procedure to afford as pale
yellow solid (70% yie dg. Ri = 0.46 (EtOAc / hexanes
1:10). m. p. = 178 —'179 °C. 'H NMR (400 MHz, CDCls):
8=7.34(d,J=85Hz 1H), 7.14 (d, J = 2.4 Hz, 1H), 6.88

5
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(dd, J = 8.5, 2.4 Hz, 1H), 6.82 — 6.72 %m, 1H), 6.51 (dd, J
=156, 1.5 Hz, 1H), 3.83 (s, 3H), 1.96 (dd, J ='6.8, 1.5 Hz,
3H). °C NMR (100 MHz, CDClz): 3 = 193.9, 161.4, 147.0,
1332, 131.8, 130.8, 120.9, 118.9, 1131, 55.8, 18.7.
HRMS (ESI) for CiiH1,BrO, [M+H*]: Calcd: 255.0015:
Found: 255.0026. IR jKBr - 2968, 2926, 1655, 1623, 1586,
1565, 1450, 1391, 1048, 1039, 806 cm™.

(E)-1-mesitylbut-2-en-1-one (2k) 11 Prepared according
to general procedure to afford as colorless oil (82% yield).
R¢ = 0.55 (EtOAc / hexanes 1:10). *H NMR 8400 MHz,
CDCls): 8 = 6.76 (s, 2H), 6.49 — 6.35 (m, 1H2, .33-6.15
gm, 1H), 2.21 (s, 3H), 2.06 ‘s, 6H), 1.87 — 1.80 (m, 3H).
3C NMR (100 MHz, CDClz): 8 = 201.7, 148.0, 138.3,
137.3, 134.2, 134.0, 128.3, 21.2, 19.3, 18.6. HRMS SESI)
for Ci3H170 [M+H*]: Calcd: 189.1274; Found: 189.1276.
IR (KBr): 2958, 2922, 2857, 1653, 1440, 1274, 1095, 1064,
1024, 974, 852, 800 cm™.

(E)-1-phenylpent-2-en-1-one (2I) 1 Prepared accordin
to general procedure to afford as colourless oil (65% yield).
Rf = 0.39 (EtOAc / hexanes 1:10). H NMR (400 MHz,
CDCIg%: §=7.90 — 7.80 (m, 2H), 7.52 — 7.45 (m, 1H), 7.39
St, J=7.5Hz 2H), 7.04 (dt, J =15.4, 6.4 Hz, 1H), 6.80 (?t,
=15.4,1.6 Hz, 1H), 2.45 - 2.00 (m, 2H), 1.07 (t, J=7.4
Hz, 3H). 3C NMR (100 MHz, CDCls): 6 = 191.3, 151.5,
138.2,132.7,128.7, 128.6, 125.1, 26.1, 12.5.

3-methyl-1-phenylbut-2-en-1-one §2m (271 Prepared
accordln% to general procedure to afford as colorless oil
53% vyield). R = 0.55 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCls): 6 = 7.89 — 7.82 (m, 2H), 7.48 — 7.43
m, 1H), 7.38 (t, J = 7.4 Hz, ZHJ, 6.72 — 6.64 (m, 1H), 2.14
d, J = 0.9 Hz, 3H), 1.95 (d, J = 0.9 Hz, 3H). BC'NMR
100 MHz, CDCls): 6 = 191.7, 156.8, 139.4, 132.4, 128.6,
28.3,121.3,28.1, 21.3.

(E)-2-methyl-1-(p-tolyl)but-2-en-1-one éZn) (191 Prepared
accordln% to general procedure to afford as colorless oil
65% vyield). R = 0.57 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCls): 8 =7.47 (d, J = 8.1 Hz, 2H), 7.14 (d, J
=7.9 Hz, 2H), 6.30 (qd, J = 6.9, 1.3 Hz, 1H}é 2.33 (s, 3H),

1.89 (s, 3H), 1.80 (dd, J = 6.9, 0.8 Hz, 3H). *C' NMR (100
MHz, CDCls): & = 198.7, 141.9, 140.4, 137.7, 135.96,
1295, 128.7, 2151, 14.7,12.3.

(E)-2-ethyl-1-(p-tolyl)but-2-en-1-one (20) [ Prepared
accordln% to general procedure to afford as colorless oil
61% vyield). Rf = 0.56 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCl»): 8 = 7.58 (d, J = 8.0 Hz, 2H), 7.23 (d, J
=7.9 Hz, 2H), 6.28 (é] J=7.0Hz, 1H), 2.51 (g, J = 7.5 Hz,
2H), 2.42 (s, 3H), 1.90 (d, J = 7.0 Hz, 3H), 1.07 (t, J= 7.5
Hz, SHB. 13C NMR (100 MHz, CDCl3): & = 198.8, 143.8,
142.1, 139.1, 136.5, 129.6, 128.8, 21.7, 20.0, 14.3, 13.3.

(E)-1-(naphthalen-1-yl)but-2-en-1-one éZp) (491 prepared
accordln% to 3eneral procedure to afford as colorless oil
76% yield). Rf = 0.54 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCl3): = 8.31 — 8.23 (m, 1H), 7.97 (d, J =
.2 Hz, 1H), 7.90 (dd, J = 6.8, 2.5 Hz, 1H), 7.67 (dd, J =
7.0, 0.8 Hz, 1H), 7.61 — 7.47 (m, 3H), 6.88 (dg, J = 15.5,
6.8 Hz, 1H), 6.70 (dd, J = 15.6, 1.4 Hz, 1H%, 1.99 (dd, J =
6.8, 1.4 Hz, 3H). C NMR (100 MHz, CDCl3): § = 196.3,
147.1, 137.0, 133.9, 132.9, 131.4, 130.6, 128.5, 127.4,
127.03, 126.5, 125.7, 124.5, 18.7.

(E)-1-(naphthalen-2-yl)but-2-en-1-one éZq) (29 Prepared
according to general procedure to afford as colorless oil
78% vyield). Rf = 0.53 (EtOAc / hexanes 1:10). 'H NMR
400 MHz, CDCls): 8 = 8.44 (s, 1H), 8.02 (dd, J = 8.6, 1.6
Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.94 — 7.86 (m, 2H),
7.64 —7.51 (m, 2H), 7.20 — 7.04 (m, 2H), 2.05 (d, J =5.8
Hz, 3H). C NMR (100 MHz, CDCls): 5 = 190.7, 145.1,
135.6, 135.4, 132.7, 130.1, 129.6, 128.6, 128.4, 127.9,
127.7,126.8, 124.68, 18.8.
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E)-1-(5-bromothiophen-2-yl)but-2-en-1-one (2r)
repared according to general procedure to afford as
yellow solid (75% yleldg. Ri = 0.40 (EtOAc / hexanes
1:10). m. p. = 260 — 261 °C. *H NMR (400 MHz, CDCI%):
=748 (d, J = 4.0 Hz, 1H?_,| 7.21 — 7.06 (m, 2H2, 6.73
ddd, J =15.1,3.2, 1.6 Hz, 1 g 1.99 (dd, J = 6.9, 1.6 Hz,
H). *C NMR (100 MHz, CDCls): & = 181.2, 146.8, 145.1,
1319, 1314, 126.1, 122.7, 18.7. HRMS (ESI) for
CgHgBrOS [M+H*]: Calcd: 230.9474; Found: 230.9479. IR
SKB%: 3054, 2965, 2917, 2851, 1669, 1620, 1439, 1293,
69, 920, 804, 782 cm'™.

General procedure for preparation of 4: A seal tube
containing Ketones 3 (0.5 mmol) and Pd(OAc), (10
mol %), was evacuated and filled with dioxygen gas using
an _oxygen _conta_unln_? balloon. Then, DMSO (5 mL),
trifluoroacetic acid (TFA) (1.0 mmol) were sequentially
added to the system via syringe under an oxygen
atmosphere. The reaction mixture was stirred at 80 °C until
completion of the reaction (TLC). Then the reaction was
cooled to RT and partitioned between water and ethyl
acetate. The layers were separated and the organic layer
was washed with aqueous saturated brine solution, dried
over Na,SO,, filtered and concentrated under reduced
phres4sure. Purification by flash chromatography afforded
the 4.

(E)-4-phenylbut-3-en-2-one (4a) 221 Prepared according
to general procedure to afford as colorless oil (96% yield).
Ri = 0.54 (EtOAc / hexanes 1:10). *H NMR (400 MHz,
CDCl3): 6 = 7.45 — 7.41 (m, 3H), 7.31 (d, J = 2.8 Hz, 3H),
6.63 (d, J = 16.3 Hz, 1H), 2.29 (s, 3H). 3C NMR (100
li/él?zz %%)(6]3): 6 =198.5, 143.5, 134.5, 130.6, 129.0, 128.3,

(E)-4-(2-fluorophenyl)but-3-en-2-one (4b) 4 Prepared
according to general procedure to afford as 1yellow oil (98,
ield). Rf = 0.59 (EtOAc / hexanes 1:10). 'H NMR (400

Hz, CDCls): 6 = 7.68 (d, J = 16.5 Hz, 1H), 7.58 (td, J =
7.6, 1.7 Hz, 1H), 7.41 — 7.34 (m, 1H), 7.22 — 7.09 (m, 2H),
6.79 (d, J = 16.5 Hz, 1H), 2.40 (s, 3H). 3C NMR (100
MHz, CDCls): 6 = 198.4, 161.4 (d, J = 253.7 Hz), 135.7,
132.0 (d, J =8.8 Hz), 129.2, 128.71 (d, J = 2.3 Hz), 124.6
(d, J=3.6 Hz), 1225 (d, J = 11.5 Hz,), 116.2 (d, J = 21.8
Hz). 27.5.

(E)-4-(3-fluorophenyl)but-3-en-2-one (4c?_ 231 Prepared
aC(:ordlr_1gI to géaneral procedure to afford as |%ht yellow oil
96% vyield). Rf = 0.48 (EtOAc / hexanes 1:10). *H NMR
400 MHz, CDCls): 6 = 7.39 (d, J = 16.3 Hz, 1H), 7.33 -
21 (m, 2H), 7.20 — 7.14 (m, 1H), 7.02 (t, J = 8.2 Hz, 1H),
6.62 (d, J = 16.3 Hz, 1H), 2.31°(d, J = 1.7 Hz, 3H). C
NMR (100 MHz, CDCls): & = 198.2, 163.1 (d, J = 246.9
Hz), 142.0 (d, J = 2.7 Hz), 136.8 (d, J = 7.7 Hz), 130.6 (d,
J=8.3Hz),128.3,124.4(d,J=2.8Hz), 117.5(d, J =215
Hz), 114.5(d, J = 21.9 Hz), 27.9.

(E)-4-(4-fluorophenyl)but-3-en-2-one (4d) 221 Prepared
according to general procedure to afford as P/ellow oll (97%
ield). Rf = 0.55 (EtOAc / hexanes 1:10). 'H NMR (400

Hz, CDCl3): 5 = IH NMR (400 MHz, CDCls) § 7.58 —
7.51 (m, 2H), 7.48 gd, J=16.3Hz, 1H), 7.09 (t, J = 8.6 Hz,
2H), 6.65 (d, J = 16.3 Hz, 1H), 2.38 (s, 3H). 3C NMF.
100 MHz, CDCls): 8 = 198.3, 164.1 ﬁc_lr J = 2517 HZ&
42.2, 130.8, 130.7, 130.3 (d, J = 8.6 Hz), 127.0, 126.9,
116.3 (d, J=22.0 Hz). 27.7.

(E)-4-(3-chlorophenyl)but-3-en-2-one (4e?_ (221 Prepared
according to general procedure to afford as |%ht yellow oil
97% vyield). Rf = 0.51 (EtOAc / hexanes 1: 08' IH NMR
400 MHz, CDCl3): 4 = 7.54 — 7.14 (m, 5H), 6.62 (d, J =
6.3 Hz, 1H), 2.30 (s, 3H). *C NMR (100 MHz, CDCls): &
= 198.05, 141.69, 136.35, 135.03, 130.40, 130.28, 128.22,
128.02, 126.48, 27.84.

(E)-4-(4-chlorophenyl)but-3-en-2-one (4f) 22 Prepared

according to é;eneral procedure to afford as P/ellow oil (95%
yield). Rs = 0.50 (EtOAc / hexanes 1:10). 'H NMR (400

6
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MHz, CDCls): 8= 7.52 — 7.41 (m, 3H), 7.36 (d, J = 8.0 Hz,
2H), 6,68 (dd, J = 16.3, 0.6 Hz, 1H), 2.38 (s, 3H). 33C
NMR (100 MHz, CDCls): & = 1982, 141.9, 136.5, 133.0,
129.5,129.3, 127.5, 27.7.

(E)-4-(4-nitrophenyl)but-3-en-2-one  (4g) 1?2 Prepared
according to general procedure to afford as yellow solid
(98% vyie d = 0.28 (EtOAc / hexanes 1:10). m. p. = 102

—103 OC NMR(4O MHz, CDCI_;) 5= 823 d,J=87
Hz, 2H), 7.69 (d, J=88Hz 2 52 (d, J = 16.3 Hz,
1H), 6.81 (d, J = 16.3 Hz, 1H), 241 (s 3H). C NMR
100 MHz, CDCls): 6 = 197.7, 148.6, 140.8, 140.2, 130.5,
28.9,124.3,28.1.

E)-4-(4-hydroxyphenyl)but-3-en-2-one (4h) (23]
repared according to general rocedure to afford as white
solld (94% vyield). Rf = 0.49 OAc / hexanes 1:10). m.
=114 — 115 °C. lH NMR (400 MHz, CDCls): 6 = 760}_{J
1H) 7.44 (d, J = 16.2 Hz, 1H 7.37 (d, J = 8.6 Hz, 2H),
684gd J=8.6 Hz, 2H), 6.53 (d, J = 16.2 Hz, 1H), 2.32 (5,
3H). 3C NMR (100 MHz, CDCls): § = 200.4, 159.2, 145.1,
130.6, 126.5, 124.4, 116.3, 27.3.

(E)-4-(4- methoxyphenyl)but -3-en-2-one (4i) 1 Prepared
accordin gieneral procedure to afford as pale yeIIow
SO|Id (96/0 %ﬂ d). R = 0.49 (EtOAc / hexanes 1: 10) m.

— 112 °C.'H NMR (400 MHz, CDCI3) =17. 56 -
741(m 3H), 6.91 (d, J = 8.7 Hz, 2H), 6.61 (d

1H), 3.83 (5, 3H), 2.36 (s, 3H). “C NMR (100 MHz,

CDC|3) 5=199. 0,161.7,143.8, 130.1, 127.0, 124.9, 114.5,

55.4,27.3.

(E)-4-(m-tolyl)but-3-en-2-one (4j) 25 Prepared according
to general Erocedure to afford as yellow solid (96% y|eld
= 0.49 (EtOAc / hexanes 1 10) m. p.=141-142°C. !

NMR (400 MHz, CDCls): 6 = 7.47 (dd J=16.3, 2.1 Hz,
1H), 7.38 — 7.28 (m, 2H 727 dd, J=7.9, 5.6 Hz 1Hg
7.19 (d, J-73Hz 1|_? '6.69 (dd, J = 16.3 2.1 Hz, 1H
2.36 (s, 3H), 2.35 (s, 3 f 13C NMR (200 MHz, CDCls): 3
= 198.4, 143.6, 138.6, 134.3, 131.4, 1289 128.8, 126.9,
125 5,27.4,21.3.

flE]) -4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one é4k)
Prepared according to general procedure to affor
yellow SO|Id (95% i |eldg Rf = 0.39 (EtOAc / hexanes
1:10). m. p. = 131 —132 °C. 'H NMR (400 MHz, CDCly):
3 =746 dd, J=16.2, 1.1 Hz, 1H 7.14 — 7.03 (m, 2H),
6.94 (dd, J =8.1, 1.6 Hz, 1H dd, J = 16.2, 1.6 Hz,
1H), 6.22 (s, 1H), 3.92 (s, H) 23 (s, 3H). °C NMR
100 MHz, CDCls): & = 198.8, 148.5, 147.1, 144.0, 126.9,
25.0, 123.6, 115.0, 109.5, 56.0, 27.4.

E)-4-(3,4-dimethoxyphenyl)but-3-en-2-one ~ (4l) 2
repared according to general procedure to afford as
yellow solid (97% |eld()] Rf = 0.48 (EtOAc / hexanes
1:10). m. p. = 78 — 80 °C. *H NMR (400 MHz, CDCl3): 5 =
7.47 (d, J =16.2 Hz, 1H), 7.13 (dd, J = 8.3, 16Hz 1H),
7.08 (s, 1H), 6.88 (d, J = 8.3 Hz, 1H2é661 d, J=16.2 Hz,
1H), 392 (s 6H), 2.37 (s, 3H R (100 MHz,
CDCI3) =198.4,151.4, 1493 1436 1274 1253 1231
111.1,109.7, 56.1, 56.0, 27.4.

(E)-chalcone (491 Prepared accordln? to general
procedure to a ellow solid (92% vyield). Rf = 0.51
(EtOAc / hexanes 1: 10{ =55-58° lH NMR 400
MHz, CDCls): 6 = 8.07 — 797(m 2H), 7.81 (d, J = 15.7
Hz, 1H), 76 —7.61 (m, 2H), 7.60 — 7.46 (m, 4H), 7.45 -
7.36 (M, 3H). 136 NMR (100 MHz, CDCls): & = 190.6,
144.9, 138.3, 135.0, 132.9, 130.7, 129.1, 128.7, 1286,
128.6, 122.2.

FlE]) -1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one é4n)
Prepared according to general procedure to affor

yellow solid (91% yield). R¢= 0. 49’\§EtOAC / hexanes 1:10).

m. p. = 89 — 90 °C.*H NMR (400 MHz, CDCls): & = 12.75

s, 1H), 7.84 — 7.80 (m, 2H), 7.66 — 751 (m, 3H), 7.48 —

26 (M, 4H), 6.93 (d, J'= 8.4 Hz, 1H), 6.85 (t, J = 7.6 Hz,

,J =16.3 Hz,
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1H 13C NMR (100 MHz, CDCls): § = 193.8, 163.7, 145.6,
5, 134.7, 131.1, 129.8, 129.1, 128.8, 120.2, 120.1,
119 0, 118.7.

Cinnamaldehyde §4o) 26 Prepared according to general
procedure to afford as yellow oil 598% yleld? R¢ = 0.59
gEtOAc / hexanes 1: 10&| 'H NMR (400 MHz, CDCls): § =

1(d,J =77 Hz, 17) 757§dd J = 6.6, 2.8 Hz, 2H),
7.47 = 7.40 (m, 4H), 6.72 ='15.9, 7.7 Hz, 1H). C
NMR (100 MHz, CDCls): 6 = 193.8, 152.9, 134.1, 131.4,
129.2,128.7, 128.6.

(E)-3-(p-tolyl)acrylaldehyde (4p) [?! Prepared according
fo eneral rocedure to afford as yellow oil (96% |eld) Ry

% tOAc / hexanes 11% 'H NMR 4 0 MHz,
CDCI3 9.69 (d,J=7.7Hz, 1H), 7.48 - 7. m, 3H),
7.29 — 721(m 2H) 6.69 (dd, J—159 7.7 Hz, 1 ), 240
s, 3H). 8C NMR (100 MHz, CDCl3): & = 194.0, 153.2,
42.1, 131.4,123.0, 128.7, 127. 8, 21.7.

(E)-3-(4- fIuorophenyl)acrylaldehyde é4q) 261 Prepared
according to general procedure to afford as lyellow oil (959~
K/Ield) Rf = 048 (EtOAC / hexanes 1:10). *H NMR (400
Hz, CDCl3): 6=9.70 (d, J =7.7 Hz, 1H), 7.63 — 7.52 (m,
, 7.45 (d, J—160Hz 1H), 7.12 (dd, J = 14.2, 5.7 Hz,
666 dd J =16.0, 7.7 Hz, 1H). 3C NMR (100 MHz,
CDCI; =193.6, 164.5 (d, J = 253.2 Hz), 151.5, 130.6 (d,
Hz), 130.4 (d, J = 3.3 Hz), 1284(d J=22 Hz),
116.5 (d, J - 22.1 H2).

é )-3-(benzo[d][1,3]dioxol-5-yl)-2-methylacrylaldehyde
4r) Prepared according to %eneral procedure to afford as
white solid (yield: 93%, 90% for gram scale). Rs = 0.49
(EtOAC / hexanes 1:10). m. p. = 60 — 61 °C.*H NMR (400
MHz, CDCl3): 6 = 9.52 (s, 1H), 7.14 (s, 1H), 7.06 (d, J =
10.0 Hz, 2H). 6.89 (d, J = 7.9 Hz, 1H) 6.03 (s, 2H), 2.06 (s,
3H). 2C NMR (100 MHz, CDCl3): 8= 195.5, 149°9, 149.0,
148.2, 136.6, 129.5, 125.9, 10 7 108.7, 101.7, 11.0.
HRMS (ESI) for CisH1s0s [M+H © Calcd: 219.1016:
Found: 219.1016. IR (KBr) 3442, 2913, 1664, 1500, 1265,
1014, 921, 617 cm*

(E)-1-phenylpent-3-en-2-one (4s) 21! Prepared accordin
to general procedure to afford as colourless oil (75% vyiel
R¢ = 0.47 (EtOAc / hexanes 1:10). 'H NMR 5400 Hz,
CDCl3): 6 = 7.32 (t, J = 7.3 Hz, 2H), 7.25 (dd, 8,3.9
Hz, 1 ) 7.21 (t, J=6.2 Hz, 2H 7.05-6.83 (m, 1H),617
gdd J =157, 1.6 Hz, 1H), 381’\55 ZH% 1.87 dd J=69,

6 Hz, 3H). 5C NMR (100 MHz, CDCls): 197.4,
143.8, 134. , 131.0, 129. 5 128.8, 1270 47. 7 184

(E)-pent-3-en-2-one (4t) B% Prepared according to general
procedure to afford as colorless oil (72% yield). Rf = 0.65
EtOAc / hexanes 1:30). 'H NMR (400 MHz, DCIg) S =
.92 —6.70 (m, 1H), 6.09 (ddd, J = 15.9, 3.7, 1.7 Hz, 1H),
2.23 fs 3H), 1.91 (d, J = 1.7 Hz, 3H). °C NMR (100 MHz,

CDCls): 6=198.6, 143.7, 133.1, 26.9, 18 .4.

(E)-2-methylpent-2-enal (4u) BY Prepared according to
general procedure to afford as colorless oil (75% gleld) Ry
= 0.45 (EtOAc / hexanes 1:30). *H NMR (400 MHz,
CDCl3): 6 = 9.71 (s, 1H), 6.80 (td, J = 7.3, 12 Hz, 1H)
269 ﬂ? J =75 Hz, 2H), 2.06 (s, 3H), 1.43 (t, J = 7.6 Hz,

C NMR (100 MHz, CDCls): 8 = 195.6, 156.4, 138.9,
22 4 12.9,9.1.

General procedure for preparation of 6: A seal tube
containing Ketones 5 (0.5 mmol) and Pd(OAc). (10

mol %), was evacuated and filled with dioxygen gas using
an_oxygen contalnln_lg balloon. Then, DMSO (5 mL),
trifluoroacetic acid (TFA) (1.0 mmol) were sequentlally
added to the system via syringe under an oxygen
atmosphere. The reaction mixture was stirred at 80 °C until
completion of the reaction (TLC). Then the reaction was
cooled to RT and partitioned between water and ethyl
acetate. The layers were separated and the organic layer
was washed with aqueous saturated brine solution, dried
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over NaxSOs, filtered and concentrated under reduced
prfes6sure. Purification by flash chromatography afforded
the 6.

4H-chromen-4-one (6a) [% Prepared accordin to
general rocedure to afford as white SO|Id 68% iel

= 0.38 (EtOAc / hexanes 1 10) m. 6 °C. H
NMR (400 MHz, CDCI% =8.26 — 8 16 m 1H 7.91 —
7.83 (m, 1H), 7.73 — 7,62 (m, 1H% 7507736ém 2H),
6.40 — 6.31 (m 1H). 3C NMR (100 MHz, CD

ﬂgg 156.5, 155.5, 133.9, 125.8, 125.3, 124.9, 1183

7-fluoro-2-methyl-4H-chromen-4-one  (6b)  Prepared
according to general procedure to afford as yellow solid
(87% yie d? =0.46 (EtOAc/ hexanes 1:10). m. p. = 188
—189°C. H NMR (400 MHz, CDCl; 6—773 S, 1H
7.49 — 7.23 (m, 2H) 6.21 (s, 1H), 23 (s, 3H).
100 MHz, CDCl3): 6 = 167. 6, 159 6(J =246, 9 Hz), 153 0,
22.3,122.0, 120.1, 120.0, 110.7 (d J = 23.6 Hz), 110.0,
20.71. HRMS ESg) for CiwHsFO, [M+H*]:" Calcd:
179.0503; Found: 179.0509. IR (KBr): 2963, 2925, 1654,
1623, 1586, 1555, 1440, 1291, 1088, 1029, 807 cm™.

2-phenyl-4H-chromen-4-one (6c¢) %1 Prepared according
to general Erocedure to afford as Whlte solid (80% yield).
=0.48 6 tOAc / hexanes 1:10). m. p. = 102 — 103 °C.}
NMR (400 MHz, CDCl3): 6 = 8.18 — 810 m, 1H), 7.83
dd, J=8.2, 12Hz 2H), 7.67 — 7.59 (m, 1H), 753 7.39
m, 4H), 7.34 (t, J = 7.5 Hz, 1H), 6.85 (s, 1H). °C NMR
100 HZ CDCl»): & = 1792 164.2, 156.4, 134.3, 132.0,
31.5, 1292 126.5, 125.8, 1256 1236 1182 107.1.

3 methyl-4H-chromen-4-one (6d) 2 Prepared accordin
?eneral procedure to afford as pale yel ow solid (72%
}/le 0.55 (EtOACc / hexanes 1:4). m. p. = 68 — 69 °C.
MR (400 MHz, CDCl3): 6 = 8.23 ddd J=17.9, 34,
15Hzl ), 7.83 — 7.75 (m, 1H), 7.68 — &m 1H), 7.45
~'7.33'(m, 2H), 2.20 — 1.85 (m, 3H). *C NMR (100 MHz,
CDCl3): 6=178.4,156.7, 151.8, 133 3,125.9, 124 9, 123. 7
120.8,118.1, 11. 3,

2,3-dihydro-4H-pyran-4-one (6e) *°! Prepared according
to general procedure to afford as colorless oil (75% yield).
Rf = 0.57 (EtOAc / hexanes 1: 10 H NMR (400 MHz,
CDCl3): 6 = 7.35 — 7.31 (m, 1H), 5.40 (d, J = 6.0 Hz, 1H),
4.49 — 4.41 (m, 2H), 257 (t, J-69 z, 2H). C NM
(100 MHz, C CI3) 6=192. 8 164.3, 107. 4 68 2 36.4.

cyclopent-2-en-1-one (6(2 B3 Prepared accordin
general procedure to afford as colorless oil (51% vyiel

0.39 (EtOAc / hexanes 1:30). 'H NMR (400 MHz
CDCIs) =7.75 (dt, J = 5.4, 2.6 Hz, lH)636 6.09 (m,
1H), 2.78 — 2.62 (m, 2H), 2.49 — 2.28 (m, 2H). 3C NMR
(100 MHz, CDCl3): 6 =210.9, 165.1, 134.7, 34.1,29.1.

4H-thiochromen-4-one (6g) 1! Prepared accordin
general procedure to afford as yellow solid (82% wld?

= 0.47 (EtOAc / hexanes 1:10). m. p. = 78 — 79 °C. 1H
NMR (400 MHz, CDCls): § = 8.48 (d, J = 8.1 Hz, 1H),
7.76 (d, J—105Hz 1H), 755 d, J =3.7 Hz, 2H), 751"~
7.42 (m, 1H), 6.95 (d, Hz, 1H). ¢ NMR (100
MHz, CDC|3) S = 179 9, 138 0 137. 7 132.5, 131.6, 128.8,
128. 0 126.8, 126.1.

2-phenyl-4H-thiochromen-4-one  (6h) % Prepared
according to general procedure to afford as yellow solid
(70% yie d} =0.45 (EtOAc / hexanes 1:10). m. p. = 128

— 129 °C. *H NMR (400 MHz, CDCls): 6—787 d J =
12.5 Hz, 2H), 7.63 (d, J = 69H22H 49 (d, J=7.0 Hz,
1H), 7.46 — 7.37 (m, 3H), 7.39 — 730 m, 1H), 7.23 - 7.13
m, 1H). 3C NM (10 'MHz, CDCl3): & = 188.9, 146.2,
35.4, 134.4, 133.7, 131.1, 130.5, 13 .33, 130.30, 129.2,
127.2, 125.8, 124.0.

naphthalen-1-ol (6i) ®* Prepared accordin g to general
procedure to afford as white solid (75% yield). Rs = 0.49

10.1002/adsc.201801058

(EtOAC / hexanes 1:20). mé) =96 — 97 °C. 'H NMR (400
MHz, CDCI7) 5 =28.23 —-8.10 (m, 1H), 7.85 — 7.73 (m,
1H), 759 — 7.37 m, 3H), 727 ,J=7.8Hz, 1H)676ﬁd
J= 74Hz 1H), 39 (s, 1H NMR(lOO MHz, CDCly):
d=151.4, 1349 127.8, 1265 1259 125.39, 1245, 121.6,
120.8, 108.8.

358 ,85,9S,10R,13S,14S,17S)-17-acetyl-10,13-dimeth I-
5,6,7,8,9,10,11,12,13,14,15,16,17- tetradecahydro
cyclopenta[a]phenanthren -3-one (6j) B Prepared
accordlng to 8eneral procedure to afford as white solid g81%

|eId) 45 (EtOAc / hexanes 1: 10) m. —
146 °C 1H NMR 400 MHz, CDCl3): § = 7. 07§1 J=10.2
Hz, 1H) 5.79 (d, J = 10.2 Hz, 1H), 48 (d, 3 =9.0 Hz, 1H),

2.31 dd J=17.7,14.1 Hz, 1H), 2.16 (dd, J = 17.7, 4.1 HZ,
1H), gs 3H%182 1.56 (m, 7H), 1.48 — 1.30 (m, 6H).
1.22 1.0 1.00 — 0.87 (m, 4H), 0.59 (s, 3H). 13
NMR (100 MHz DCls): § = 209.4, 200.1, 158.2, 127.5,
63.6, 56 53, 49.9, 44.3, 44 2, 40.9, 39.0, 38.8, 35.7, 315,
31.2, 275, 24.3, 22.9, 21.2, 13.6, 13.0.

(5S,8S,9S,10R, 13R 14S,17R)-10,13-dimethyl-17-((R)-7-
methyloctan -2- -yl -4 5, 6 7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro H- cyclopenta[a]phenanthren “3-one
(6k) 10T Prepared according to general g)rocedure to afford
as as white solid (83% gleld ). Rs = EtOAc / hexanes
10). m. p. =101 - 102 °C i NMR (400 MHz, CDCl3
6=7.14§Z{ J =10.2 Hz, 1Ha|585 d J =10.2 Hz, 1H
2.37 (dd 17.6, 141Hzl)221 de 17.7, 3.8
1H), 05(dt 12.7, 3.3 Hz, 1H)197—178(m 2H
1.72 (ddd, J = 6. 8 3.3 Hz 2H), 1.65 — 0.94 (m, 25H),
0.92 (d, J =65 )0 (dd, 'J=6.6, 1.7 Hz, 6H),
0.70 (s, 3H). ® R (100 MHz, CDCI3) & = 200.3,
158.7, 127.4, 56. 3,50.1, 44.4, 42.8, 41.1, 39.9, 39.6,
39.1, 36.2, 35.9, 31.4, 283, 28.1, 27.8, 24.2, 239,
22.9,22.7,21.4,18.8,13.1, 12.3.

J:
12.9,
H '
C NM

5, 56.
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Enones and Enals via

Synthesis  of
of Saturated Ketones and

Dehydrogenation
Aldehydes
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O 1
RS AR
j)j\/:\ Pd(OAc), (10 mol %) o
H™ Y R? TFA (1.0 equiv) HJ\/\Rz
O, (1 atm) i

1 2=
R, R™=anyl alkyl .\ bmso, 80 °C

]\j\l 51-98% yields o
[ -

o R-7-

L\;" Xj n b s Xil 'n
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