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1. Introduction Diversity-oriented synthesis Target-oriented synthesis
In recently years, many novel and versatile synthetic strategi _— ® ‘ pathway |

have been proposed and utilized to obtain miscellaneous a ®<:®

sophisticated molecular structuré€. In particular, diversity- B ‘M.

oriented synthesis (DOS), which aims to generate a collection @ G ) c pathway Ill ® ®

structurally diverse small molecules from a given syntheti A <:@

scheme, has been widely used in drug precursors screening : @ ) _patway v

drug-discovery programmé&? The process is well-known for i

converting simple starting materials into diverse molecules in <:%

divergent manner (Scheme 1A). As an alternative to th . The unique product

divergent synthetic method, the target-oriented synthesis is al Diverse products

very important in synthetic chemistry and pharmaceuticaScheme 1 Diversity-oriented synthesis and target-oriented
chemistry (Scheme 1Biif It is highly advantageous for chemists synthesis.

to have two or more distinct pathways for accessing the same . . . L
target product during the process of natural products total The 1_,4-ened|one IS an |mportan_t _framework7that IS widely
synthesis or target-oriented synthesis. When considering thqiesen_t n nat_ural prOdUCtS and “.“.ed'c'”a' comppurms.\/lrtue
demands of actual synthesis, the development of miscellaneof their multn‘unc_tlonal composition, 1,4-ened|om_as can also
protocols would be of high value in synthetic chemistry, as i erve as versatile precursors for the synthesis of furans,

would allow for changes in substrates and provide flexibility in hiophenes, pyrroles and pyridazilffeﬂ_n addition, they can
synthetic plans perform many other useful transformations, such as Diels-Alder

cyclization and Michael additioh.Although there have been
many useful advancements in this dfefyrther research into
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diverse methods to construct 1,4-enediones from simple and The scope of the substrates was examined under the optimized

readily available starting materials remains highly desirable. conditions (Table 2); various substitutegiodide aryl methyl
ketones were thus employed in the transformdficho our

Target-oriented synthetic protocol delight, all of thea-iodide aryl methyl ketoned proceeded
j\/x Pathway | smoothly to afford the desired products in moderate to high
Ar yields (Table 2,3a-3v, 58-95%). The electronic and steric

X=1,Br,Cl ~ 0O O . . .
o bathay I I . 0 0 . properties of the _sgbstrates were seen to ha_ve little |nf|uence_0n
Ar)J\/OH —away T, ) R . '%;it the reaction efficiency. Both mono-substituted and multi-
oH R substitutedu-iodide aryl methyl ketone$ were employed in the
Ar/k Pathwayll 7 ° reaction to provide the corresponding products in high yields
to access 1’4_(Table 2, 86-95%3d-3f and 3k). Notably, the substrates with
heterocycle, such as furanyll), thiophenyl {m) and benzofuryl
téln) also reacted to furnish the corresponding prod8k&n in
h good yields (78-88%). Meanwhile, the substrates with 2-
aphthyl (p) and 1-naphthyl1q) also reacted wit2a to obtain
atisfying results3p and3q, 90% and 88% yields). The scope of
ubstrate?2 was subsequently examined. The reaction was seen to

Scheme 2 Target-oriented synthetic protocol
enediones.

We herein report a target-oriented synthetic protocol
synthesize 1,4-enediones from 1,3-dicarbonyl compoundsowit
halo aromatic ketones, 2-hydroxy-aromatic ketones and meth)éq
carbinols (Scheme 2). In the process, different substealtedo
carbinols were. converted - sitt dhrough difierent reaction{QSrate Substiuted dibenzoymetfidieto provide the expected
pathways into the same intermediate arylglyoxal, which was theRrOduct 3r in 89% yield*Varloysp-keto esters were also

I i ) : employed for the reaction. Electron-neutral (H), electron-
utilized by 1,3-dicarbonyl compounds to afford 1,4-enediones. deficient (NG) and heterocycle (furanyl) containifeketo esters

2. Results and discussion provided satisfying result3§ 3u—3v, 62-91% yields). However,
the strong electron-donating groups (3,4,5-QMetached to the
Initially, the reaction conditions were fully optimized with phenyl ofp-keto ester produced 58% yield (Table38), In these
phenacyl iodine(la) and dibenzoylmethane24) as model cases, the reaction afforded a mixtureE6f isomers.a-Bromo
substrates. The reaction @& with 2a performed smoothly to  aryl methyl ketones were also examined for the transformation
afford the desired product with 72% yield in the presence of Cu@rable 2)'" Regardless of their electronic or steric properties, all
in DMSO at 80°C. However, the same reaction in the absence 0bf thea-bromo aryl methyl ketones performed smoothly toff
CuO provided a moderate yield (Entry 2). Thus, a series ofheir corresponding product8a-3v in good yields under the
catalysts, such as Cu(OAc)Cul, CuBr, CuCl, CuG| CuBL,  optimized conditions (62-90%; Table 2). The diversity-deto
CuSQ and Cu(acag)were screened for the reaction (Table 1,esters was also investigated for the reaction. All of the
Entries 3-10). Among them, Cul was found the most efficientorresponding products were obtained in 62-90% vyields (Table 2,
catalyst for the transformation (Table 1, Entry 4). In addition,3s-3v). Interestingly, the reactivity ofi-bromo aryl methyl
CuSQ and Cu(OAg) also provided good results (Entries 3 andketones was found to be very similar to thatoeibdide aryl
9). The other catalysts provided only low to moderate yields. Thgethyl ketones.
influence of temperature was then investigated, the results shown
that the reaction worked fine in the range of 80—10Table 1, Table 2. The scope of-iodidef--bromo aromatic ketones and

Entries 4, 11-12). 1,3-dicarbonyl compound¥’
Table 1 Optimization of the reaction conditiofs o o o P A
P Aw o JI e A,J%\;R
(0] 00 1,X=1 2 d R23
I 6 o conditions Ph Ph 5o e 50 00 Me
+ PhMPh DMSO — Ve me P meo—( P o .
Ph y—Ph Ph Ph —
1a 2a [e) 3a <} d I+ Ph
3a, X=1, 85% 3b, X=1, 80% 3¢, X=1, 82% 3d, X=1, 95%0
] i . b X=Br, 84% X=Br, 68% X=Br, 82% X=Br, 83%
Entry  Catalyst/equiv. TIC Time/h Yield / % 0 0 o 0 0 Q
([: oo { Ph c|—< >—< i Ph Br Ph
1 CuO (0.5) 80 12 72 o O ?P" Pas o; n
2 - 80 24 52 saxcl 95%C LU RS L S L B ot Bl
X=Br, 74% =Br, 80% =Br, 70% =Br, 68%
3 Cu(OAc)(0.5) 80 12 80 on po QC; o C Sen [ Seem
4 Cul (0.5) 80 6 84 S —i o ON g e Pail
i X=1 859 3j,X=1, 80% =1 86% L X=1, 78%
5 CuBr (0.5) 80 12 65 s s e, 80% X e M
- I\ PO
6 CuCl (0.5) 80 12 68 5L Sm CTIL Soom ph@—{’_‘%:ph C}QHL;P“
7 CuCh(0.5) 80 12 60 on on Do Pai
o o
, X=1, 80% , X=1, 88% 30, X=1, 85% 3p, X=1, 90%
8 CuBp(0.5) 80 12 45 eI bt 82% e " e 70%
9 CuSQ(0.5) 80 12 78 I8 S yom mf 3 ove
) e Ph N ) e
10  Cu(acag)0.5) 80 12 <10 = = ATV Wt
<\\¥/> oﬁ Ph 0 JOEt OEt OMe
11 Cul (0.5) 90 4 84 ) ° d
3q, X=1, 88% Y 3s,X=1, 91% (E/Z> 95:5)° 3t, X=1, 58% (E/Z = 72:28)°
12 Cul (0.5) 100 4 84 XBL o MeO 3nX=l 89%  x=pr,90% (E/Z>955)  X=Br,62% (E/Z=62:38)
13 Cul (0.5 25 24 0 md 5-Cy £
ul (0.5) 7%@3 Ph <\_/> NO,
4

OEt
3u, X= 1, 62% (E/Z = 62:38)° 9 g, xe 1, 75% (@72 = 70:30F
X=Br,68% (E/Z = 63:37) X=Br, 84% (E/Z = 82:18)

o

2Reaction conditionsta (0.5 mmol),2a (0.5 mmol) in DMSO
(3-5 mL).PIsolated yield.

#The reaction was carried out with 1.0 equivioér 4, 1.0




equiv of 2, 50 mol% Cul in DMSO at 96C for 2-10 h.b and 3i). Nucleophiles 1,3-bis(4-methoxyphenyl)propane-1,3-
dione 2b and ethyl benzoylacetat®c also reacted with 2-

hydroxy-aromatic ketones to obtain the corresponding products
in 60% and 68% vyields, respectively (Tabl&dand3s).

Isolated yields® E:Z ratio of compound$s-3v determined
by 'H NMR.

In addition too-iodide anda-bromo aryl methyl ketones, more tgple 4 The scope of 2-hydroxy-aromatic ketones and 1,3-

challenginga-chloro aryl methyl ketoneS were also examined dicarbonyl compoundb

(Table 3). To our delight, both electron-donating and electron-
withdrawing groups attached to the phenyl rings5otould

o 0o o
smoothly react with2a and 2b to afford the corresponding M Lom . R*MRZ
products in moderate to good yields (Table 3, 56-93%). It was’

00
IBX, Cul Ar—4 R
DMSO, 90 °C R2
fo) 3

therefore determined that the overall reaction efficiency was naot 6
influenced by the electronic or steric propertieSofret, when vield /
the substrates ethyl benzoylacetate2c and ethyl 4- Entry Ar 2 3 %5
nitrobenzoylacetat@f were used as nucleophiles, only very low
yields were obtained3é and 3v). Subsequently, some additives 1 CsHs (6a) 3a 72
were added. The reaction efficiency showed no improvement 4-Me-GsH, 3b 65
with the addition of Nal, KI and TBAI. However, the yields were (6b) 5 Yo
greatly improved when 1 equivalent of was added to the 3 4-OMe-GH, M 3¢ 73
reaction system (Table 8sand3v). (69 Ph Ph
_ 4-Cl-CgH, 2a
Table 3 The scope ofo-chloro aromatic ketones and 1,3- 4 (69) 39 74
dicarbonyl compound3 4-Br-CH
5 4 3h 75
0 o o LA (6h) o o
Cul Ar R! <
ad® - e Buso sovc Li:RZ 6 CeHa (62) M 3r 60
5 2 2b
S 11 68 (E/Z
Entry Ar 2 3 Y'OZ'SE / ! Cetis (62) F’h)K/U\OEt 3 95:5)°
2c
1 GeHs (59) 3a 85 3The reaction was carried out with 1.0 equiv6pfL.0 equiv of2,
2 4-Me-GH, (5b) 3b 88 0.8 equiv of IBX, 50 mol% Cul in DMSO at €. ° Isolated
3 4-Cl-GeHq4(59) M 3g 78 yields.® E:Z ratio of compound8s determined byH NMR.
4 4-Br-Q§H4(5h? Ph Ph 3'_1 93 Methyl carbinols7 are widely known for their ability to
5 4-NO,-CgHa (51) 2a 3i 90 oxidize into methyl ketone8in the presence of oxidant (Scheme
6 3-NO-CgH, (5) 3j 92 3a)!? In our previous studies, we found that methyl ketones could
7 2-naphthyl $p) 3p 90 easily react with 1,3-diketones to afford the desir'ed 1,4-
o o enediones (Scheme 3B)We therefore wanted to examine the
8 CHs (59) @J\)\(ﬁ 3r 63 possibility of affording 1,4-enediones from methyl carbinols and
5 Meo - ~7ome 1,3-diketones (Scheme 3c). After many optimized processes, it
o o was found that methyl carbinoBscould react with 1,3-diketones
o He (5 M 1;’/;8? 2 to obtain the desired 1,4-enedior8ein the presence of IBX
CeHs (53) Ph OEt 3s " (0.75 equiv), 4(1.0 equiv) and Cul (0.5 equiv) in DMSO at @
2c ' With the optimized conditions in hand, the generality, electronic
o O <10 . .
and steric properties of the substrafesere evaluated. Both the
OEt (56 - . -
10° CeHs (53) 3v /7= electron-donating and electron-withdrawing groups attached to
ON of 65350 the phenyl rings of could obtain the corresponding produgés

#The reaction was carried out with 1.0 equivsofL.0 equiv

3h (Table 5, 58-85% yields). The steric influence was not
obvious in the reaction. The substrates 1,3-bis(4-

of 2. 50 mol% Cul in DMSO at 9¢C. ° Isolated yields® The methoxyphenyl)propane-1,3-diorgh and ethyl benzoylacetate
' 2c were also found suitable for the transformation, obtaining the

corresponding products in 48% and 63% yields, respectively

reaction was carried out with 1.0 equiv®f1.0 equiv of2,

1.0 equiv of }, and 50 mol% Cul in DMSO at FC. “EZ (Table 5,3r and3s).

ratio of compound8s and3v determined byH NMR.

The substrates were subsequently extended to 2-hydroxy-
aromatic ketone$ (Table 4). On the basis of previous reports,
we found that 2-hydroxy-aromatic ketones in the presence of
IBX were easily transformed into 2-aryl-2-oxoacetaldehyde,
which was then captured by dibenzoylmeth2aeo afford the
desired products in good vyields. In addition, the scope of 2-
hydroxy-aromatic ketones and 1,3-diketones was examined in the
presence of IBX (0.8 equiv) and Cul (0.5 equiv). Electron-neutral
(H, Me), electron-donating (OMe) and electron-withdrawing (Br,
NO,) groups attached to the phenyl ringgofiere found tolerable
in the reaction to produce yields of 60-75% (Tabl8a3¢ 3h
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Scheme 3Synthesis of 1,4-enediones from methyl carbinols and

1,3-dicarbonyl compounds in one-pot
Table 5 The scope of methyl carbinols and 1,3-dicarbonyl

compound$
O O
9 U IBX, lp, Cul__ A4 R
Ar * R R?2 DMSO, 90 °C R2
7 2 d 3
Yield /
Entry Ar 2 3 %"
1 CeHs (73) 3a 84
2 AMeGH, 3 85
o(7b)c:5 o o
4-OMe-GH,
3 (79 PhMPh 3c 65
4 2-OMe-GH, 2a aw 60
(7w)
4-Br-CgH,
5 7h 3h 58
o O
6  GH(a T UL, 3 4s
2b
o 0 63 E/Z
7 GeHs (72) ph)KZ/U\OEt 3s  =90:10)
C

@ The reaction was carried out with (1.0 equiv),2 (1.0
equiv), IBX (0.75 equiv),Jl (1.0 equiv) and 50 mol% Cul in
DMSO at 90°C. ® Isolated yields’ E:Z ratio of compounds
3sdetermined byH NMR.

As shown in Scheme 4, various control experiments were

performed. It was found thathalo methyl ketoneslé, 4a, 5a)
could be converted to the same product phenylglyokam(ith
excellent conversion in DMSO at 9% (Scheme 4a). 2-
Hydroxy-1-phenylethanoneba was also oxidized to afford
phenylglyoxal A) by IBX in DMSO (Scheme 4B} IBX was
shown to efficiently oxidize 1-phenylethandla to furnish
acetophenon8a in a quantitative 94% yield (Scheme 4c). With
the addition of IBX and,lto 1-phenylethanoVa, the product
phenylglyoxalA was produced (Scheme 4d)Moreover,  and
DMSO oxidized acetophenot@a to produce phenylglyoxa\ in
quantitative conversion at 10G (Scheme 4€)* The reaction of
hydrated phenylglyoxalB with dibenzoylmethane2a also
performed efficiently with a good yield of 82% (Scheme 4f).

Tetrahedron

o o)
x _ DMSO,90°C +H0
Phk/ - Ph)kCHO Ph o @
1a,4a, 5a >95% conversion A -H0
, 4a, B OH
X=1, Br, Cl
0 Bx 8 omo §
on 5 )\/OH
Ph)]V DMSO, 90 °C Ph" “CHO “_h,0 FP (b)
6a >95% conversion A B OH
OH IBX )Oj\
_BX
PH > DMSO,90°C PN = 94% yield ©
o)
OH IBX, I, 0 +H,0
) 2 OH
o~ DmS0.90% | P cHo — H20 Ph)K( @
7a  >95% conversion A B OH
0 [0}
ok j\ +H0 OH
Ph DMSO0, 100 °C Ph” “CHO ~—ho PN (e)
8a >95% conversion A T2 B OH
o o o 00
OH Cul, DMSO Ph Ph
phJ\( N N = )
B OH 2a 82% yield Ph
o 3a

Scheme 4Control experiments.

Based on the above results, we proposed a possible
mechanism for the present reactions (Scheme 5). Initially,
carbinol 7a was oxidized by IBX to afford acetophenoBe,
which was followed by iodination and Kornblum oxidation to
provide phenylglyoxal A). a-Halo aryl methyl ketoneslé, 4a
and5a) and 2-hydroxy-1-phenylethanon@a] were oxidized by
either IBX or DMSO to afford phenylglyoxalAj. Meanwhile,
dibenzoylmethane 2¢) was activated by Cul to form
intermediate 11a*® Activated intermediatella subsequently
reacted with phenylglyoxalA) to obtain intermediat€. Finally,
intermediate C underwent dehydration to afford the desired
product 1,4-enedionga.

OH |gx )OK I Qi
Ar/K Y Ph S ph*/\

7a IBA 8a i DMSO

o, Ccul o @9
° HI ° O/Cqun ph/\)kph
DMSO
Ph)k/x { Ph)LCHo Pri 1a 2z
1a, 4a, 5a A
XLBnCl o
o wh o
Ph)bOH 00
6a Ph Ph O O
Ph N—ph
HO  )—Ph Hz0 = 3a
Ph
c?® d

Scheme 3The proposed mechanism for the transformation.

With the aforementioned successful results in hand, we
attempted to integrate the miscellaneous reactions (Table 2-5)
into one pot, thus providing a successful novel model of domino
reaction. To our delight, the reaction could efficiently perform in
the conditions of IBX (1.5 equiv); (0.8 equiv), Cul (2.5 equiv)

in DMSO at 90°C. The scope of the substrates was also
examined (Table 6); it was found that both the electron-donating
and electron-withdrawing groups attached to the phenyl rings of
substratedl, 4, 5, 6 and7 could afford the corresponding 1,4-
enediones (Table @a-3b, 3h). Nucleophiles 1,3-diketonezb—

2c were also tolerated in the reaction to obtain the corresponding
products in 53% and 84% yields, respectivedy énd 3s). The
results demonstrate that an efficient integrated domino synthetic
strategy is feasible under suitable conditions.

Table 6 Multiform substrates performed in a one-pot fasHisn.
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o o chromatography on silica gel to yield the desired pro8acs
M A a yellow solid.
1 4 OH .
+ Ar)\ j\/ﬁ IBX, I, Cul __ ar P g 4.2.2 General procedure for preparation of 3 from 2-
o 0 7 "R R? DMSO, 90 °C %;{; ) hydroxy-aromatic ketones 6 (3a as an example):
Ar)JVCI Ar 2 3 0 ®

A sealed tube was charged with 2-hydroxy aromatic ketone

6a (136 mg, 1.0 mmol), dibenzoylmethaa (224 mg, 1.0

5 6
2 %N on we 2 U P A mmol), IBX (224 mg) and Cul (95 mg, 0.5 mmol) at room
= — = temperature, and then solvent DMSO (3 mL) was added. The

Ph Ph Ph . . . .
d d IS resulting mixture was stirred at 96, after disappearance of the

3a71% 3b 67%

3h 69% reactant (monitored by TLC), then added 50mL water to the
P 2 ole 00 mixture, extracted with EtOAc 3 times (3 x 50 mL). The extract
@Jf was washed with 10% NaCl solution, dried over anhydrous

OEt Na&SQ, and concentrated under reduced pressure. The residue

was purified by column chromatography on silica gel to yield the
MeG desired producdain 72% yield.

* The reaction was carried out with (1.0 equiy, 4 (1.0 4.2.3 General procedure for preparation of 3 from Methyl
equiv), 5 (1.0 equiy, 6 (1.0 equiy, 7 (1.0 equiy, 2 (5.0 carbinols 7 (3a as an example):

equiv), Cul (2.5 equiy, 1,(0.8 equiyand IBX (1.5 equiy in
DMSO at 90°C. ° Isolated yields® E:Z ratio of compounds
3sdetermined byH NMR.

3r 53% 3s 84% (E/Z = 89:11)°

A sealed tube was charged with methyl carbife(122 mg,
1.0 mmol), dibenzoylmetharfa (224 mg, 1.0 mmol), IBX (210
mg, 0.75 mmol) and Cul (95 mg, 0.5 mmol) at room temperature,
and then solvent DMSO (3 mL) was added. The resulting
mixture was stirred at 9tC, after disappearance of the reactant

In conclusion, a target-oriented synthetic protocol has beetmonitored by TLC), then added 50mL water to the mixture,
developed for the construction of 1,4-enediones. In this reactio@xtracted with EtOAc 3 times (3 x 50 mL). The extract was
multiform substrateso-halo aromatic ketones, 2-hydroxy- washed with 10% NacCl solution, dried over anhydrousSKg
aromatic ketones and methyl carbinols could react with 1,3and concentrated under reduced pressure. The residue was
dicarbonyl compounds to afford 1,4-enediones through differerurified by column chromatography on silica gel to yield the
pathways. Cul was identified as a powerful catalyst for thelesired producain 84% yield.
reac’gion. T_he reactio_n was ad_vant_ageous QUe to its simple _agf%. Spectroscopic data
readily available starting materials, inexpensive catalyst and wide
substrate scope; it should therefore prove highly valuable id.3.1 2-Benzoyl-1,4-diphenylbut-2-ene-1,4-dior(8a): yellow
organic chemistry. solid, mp 101-103C (lit** mp 101-102C); IR (KBr): 3443,
3056, 1685, 1641, 1594, 1444, 1360, 1266, 1212, 1008 th
NMR (400 MHz, CDC}): 6 = 8.05 (d,J = 7.6 Hz, 2H), 7.99 (d
4.1. General method = 7.6 Hz, 2H), 7.88 (d] = 7.6 Hz, 2H), 7.64 (1) = 7.2 Hz, 1H),

_ ) 7.58 (t,J = 7.2 Hz, 4H), 7.42-7.54 (m, 5HY)C NMR (100 MHz,

Unless otherwise noted, all reagents were obtained frOI’&DCls): 0 =193.9, 193.8, 188.6, 152.7, 136.2, 135.8, 1336,11

commercial suppliers and used without further purification. TLC133.71 130.9, 130.2, 129.1, 128.9, 128.8, 128.74, 128.68: HRMS

analysis was performed using pre-coated glass plates. Colu . + . . .
chromatography was performed using silica gel (200-300 mesh;g%?gggz [M+Naf caled for GiHNaO;: 363.0992; found:

IR spectra were recorded on a Perkin-Elmer PE-983 infrare . .
spectrometer as KBr pellets with absorption in~triMR fa2 2-Benzoyl-1-phenyl-4-(p-tolyl)but-2-ene-1,4-dior8b):

spectra were recorded on a Varian Mercury 400 or 600 MHYellow solid, mp 109-111C; IR (KBr): 3459, 3059, 1666, 1646,
spectrometer Chemical shifts are reported in ppm (gDCL26 1597, 1_44?' 1377, 1317, 1268, 1232, 1209, 1180, 1125, 1103,
for 'H NMR and 77.0 fol°C NMR, ppm), relative to the internal 1019 cn; *H NMR (400 MHz, CDCJ): 6 = 8.05 (d,J = 7.6 Hz,
standard of tetramethylsilane (TMS), multiplicities are indicated?H). 8.00 (dJ = 8.0 Hz, 2H), 7.79 (d] = 8.4 Hz, 2H), 7.64 (1]

s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet); = 7.2 Hz, 1H), 7.50-7.58 (m, 5H), 7.42-7.48 (m, 2H), 7.24(d,
coupling constantsJ| are given in Hertz (Hz). HRMS were 7.6 Hz, 1H), 2.43 (s, 3H)**C NMR (100 MHz, CDGJ): § =
obtained on a Bruker Apex-Ultra 7.0T FTMS equipped with anl94.0, 192.9, 188.0, 152.3, 145.3, 135.7, 135.5, 134.0, 133.7,
electrospray source (ESI) or Atmospheric-pressure chemicdl33.6, 131.0, 130.2, 129.6, 129.0, 128.9, 128.8, 128.7, 21.7;
ionization (APCI). HRMS (APCI): m/z [M + HJ calcd for G4H,405: 355.1329;
found: 355.1329.

3. Conculsion

4. Experimental

4.2.1 General procedure for preparation of 3 from 1, 4 and 5
(3a as an example): 433  2-Benzoyl-4-(4-methoxyphenyl)-1-phenylbut-2-ene-1,4-
A sealed tube was charged witHiodide aromatic ketonga  dione(3c): yellow solid, mp 125-127C; IR (KBr): 3058, 2938,
(123 mg, 0.5 mmol), dibenzoylmethaa (112 mg, 0.5 mmol), 1662, 1643, 1594, 1569, 1512, 1447, 1426, 1372, 1318, 1275,
and Cul (47.6 mg, 0.25 mmol) at room temperature, and theh228, 1172, 1123, 1009 ¢in'H NMR (400 MHz, CDCJ): 6 =
solvent DMSO (3 mL) was added. The resulting mixture wa$.05 (d,J = 5.2 Hz, 2H), 7.99 (d] = 5.2 Hz, 2H), 7.88 (d] = 6.0
stirred at 90C, after disappearance of the reactant (monitored byiz, 2H), 7.64 (tJ = 4.8 Hz, 1H), 7.51-70.54 (m, 4H), 7.44Jt
TLC), then added 50mL water to the mixture, extracted witts.2 Hz, 2H), 6.91 (dJ = 6.0 Hz, 1H), 3.86 (s, 3H}C NMR
EtOAc 3 times (3 x 50 mL). The extract was washed with 10%100 MHz, CDC}): 6 = 194.1, 193.0, 186.8, 164.3, 151.9, 134.0,
NaCl solution, dried over anhydrous JS&, and concentrated 133.5, 131.3, 130.2, 129.3, 129.0, 128.8, 128.6, 114.1, 55.5;
under reduced pressure. The residue was purified by columWiRMS (APCI): m/z [M + H[ caled for G,H;{0,; 371.1278;
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found: 371.1278. 1318, 1247, 1218, 1178, 1110, 1098, 1073, 1032, 1024, 1007 cm
_ % 'H NMR (400 MHz, CDCJ): ¢ = 8.27 (d,J = 8.4 Hz, 2H),
4.3.4 2-BenzoyI-4-(2,4-d|methoxyphenyl)-1-phenylbut-2-ene-l,4c-§_03_8.05 (br, 4H), 7.97 (d, = 8.4 Hz, 2H), 7.63 () = 7.6 Hz,
dione (3d): yellow solid, mp 121-123C; IR (KBr): 3097, 1683, 1H), 7.50-7.57 (m, 3H), 7.48 (s, 1H), 7.45X& 7.6 Hz, 2H)*C
1667, 1642, 1612, 1596, 1597, 1529, 1520, 1482, 1445, 13582 (100 MHZ, CDCY): 6 = 193.2, 192.1, 187.5, 154.4, 150.5
1315, 1293, 1276, 1225, 1168, 1100, 1019, 1000,CtiNMR 1404 1353 1350. 134.4 134.0. 1302 129.7. 129.6. 129.1
(400 MHz, CDCY): 6 = 8.01 (tJ=8.0 Hz, 4H), 7.63 (A1=15.2 1559 1788 124.0; HRMS (APCI): m/z [M + Hgalcd for
HZ, 1H), 7.60 (s, 2H), 7.48-7.52 (m, 3H), 7.42)(§ 8.0 Hz, 2H), ¢ 1} 5 N-'386.1023: found: 386.1024.
6.45 (dd,J; = 8.8 Hz,J, = 2.0 Hz, 1H), 6.39 (] = 2.4 Hz, 1H),
3.79 (s, 6H);*C NMR (100 MHz, CDG)): § = 194.5, 193.8, 4.3.10 2-Benzoyl-4-(3-nitrophenyl)-1-phenylbut-2-ene-1,4-dione
187.6, 165.6, 161.1, 147.7, 133.4, 133.2, 129.9, 128.9, 128.43j): yellow solid, mp 125-127C; IR (KBr): 3448, 3095, 1682,
119.8, 105.9, 98.0, 55.6, 55.5; HRMS (APCI): m/z [M + H] 1641, 1597, 1525, 1481, 1444, 1352, 1265, 1225, 1100, 1020 cm
calcd for GsH,,0s: 401.1384; found: 401.1383. % 'H NMR (400 MHz, CDCJ): 6 = 8.69 (s, 1H), 8.42 (d} = 8.0
_ Hz, 1H), 8.21 (dJ = 6.8 Hz, 1H), 8.06 (d] = 7.2 Hz, 2H), 7.98
4.3.5 4-(Benzo[d][1,3]d|oxol-5-yl)-2-benzoy|-1-phenylbut-2-ene-(d’ J= 7.2 Hz, 2H), 7.51-7.67 (m, 2H), 7.45-7.49 (m, 6HE
1,4-dione (3e): yellow solid, mp 125-127C; IR (KBr): 3066, NMR (100 MHz, CDCJ): § = 193.2, 192.1, 186.9, 154.6, 148.4,
1683, 1660, 1640, 1592, 1515, 1488, 1330, 1290, 1270, 117937 3" 1354, 135.1, 134.4, 134.1, 134.0, 130.2, 129.5, 129.1,

1119, 1105 ¢ 'H NMR (400 MHz, CDCY): 6 = 8.04 (d.J= 1559 1983 128.4, 128.1, 123.4: HRMS (APCI): m/z [M + H]
8.0 Hz, 2H), 7.98 () = 8.0 Hz, 2H), 7.64 (J = 7.2 Hz, IH). (504 for GH,.O,N: 386.1023; found: 386.1022.
7,53 (d,J = 7.6 Hz, 2H), 7.49 (d] = 7.6 Hz, 2H), 7.44 (§ = 7.2
Hz, 3H), 7.33 (s, 1H), 6.82 (d,= 8.0 Hz, 1H), 6.03 (s, 3H}’C  4.3.11 2-Benzoyl-4-(3,4-dichlorophenyl)-1-phenylbut-2-ene-1,4-
NMR (100 MHz, CDCY): 6 = 194.0, 192.9, 186.4, 152.8, 152.0, dione (3K): yellow solid, mp 123-125C; IR (KBr): 3091, 3062,
148.5, 134.0, 133.6, 131.2, 130.2, 129.0, 128.8, 128.7, 125.8656, 1595, 1579, 1449, 1392, 1338, 1248, 1213, 1177, 1073,
108.1, 108.0; HRMS (APCI): m/z [M + Filcalcd for GHOs: 1045, 1027 ¢y, *H NMR (400 MHz, CDCJ): & = 8.04 (d, J =
385.1071; found: 385.1071. 7.6 Hz, 2H), 7.97 (d) = 7.6 Hz, 2H), 7.93 (d) = 2.0 Hz, 1H),

_ - 7.69 (dd,J, = 8.4 Hz,J, = 2.0 Hz, 1H), 7.63 () = 7.6 Hz, 1H),
4.3.6 2-Benzoyl-4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1- 7.49-7.57 (m, 4H), 7.43 (1 = 7.6 Hz, 2H), 7.41 (s, LH)}°C
phenylbut-2-ene-1,4-dion@f): yellow solid, mp 131-13%C; IR NMR (100 MHz, CDCJ): § = 193.3, 192.3, 186.6, 153.9, 138.7,
(KBr): 3444, 3063, 2991, 1683, 1658, 1641, 1591, 1510, 144635 5" 135 4 1352, 134.3, 133.8, 133.6, 130.9, 130.5, 130.2,
1434, 1330, 1291, 1264, 1238, 1176, 1143, 1103, 1064, 103459 ¢ 129.0, 128.8, 128.7, 127.6; HRMS (APCI): m/z [M ¥ H]
1002 cn; *H NMR (400 MHz, CDC)): 0 = 8.03 (dJ =84 HZ,  cqicq for G,H,Cl,05 409.0393; found: 409.0393.
2H), 7.98 (d,J = 8.4 Hz, 2H), 7.61-7.63 (m, 2H), 7.52 (b= 8.0
Hz, 2H), 7.47 (tJ = 8.4 Hz, 2H), 7.43 (s, 1H), 7.41 (s, 2H), 7.88 4.3.12 2-Benzoyl-4-(furan-2-yl)-1-phenylbut-2-ene-1,4-di(3ip
(t, J = 9.6 Hz, 1H), 4.20-4.30 (m, 4H}’C NMR (100 MHz, yellow solid, mp 106-107C; IR (KBr): 3451, 3153, 3124, 3095,
CDCL): 6 = 194.1, 193.0, 186.6, 151.9, 149.0, 143.6, 135.83062, 2924, 1675, 1650, 1602, 1578, 1557, 1460, 1449, 1398,
135.6, 134.0, 133.5, 131.1, 130.0, 129.0, 128.8, 128.6, 123.1366, 1316, 1292, 1261, 1229, 1173, 1157, 1106, 1080, 1052,
121.7, 118.2, 117.5, 64.7, 63.9; HRMS (APCI): m/z [M + H] 1014 cni; *H NMR (400 MHz, CDCJ): 6 = 8.05 (d,J = 8.4 Hz,
caled for GsHygOs: 371.1278; found: 371.1278. 2H), 8.01 (dJ = 8.4 Hz, 2H), 7.64 (tJ = 7.6 Hz, 1H), 7.59 (s,

_1H), 7.52-7.56 (m, 3H), 7.45 (8, = 7.2 Hz, 2H), 7.38 (s, 1H),

4.3.7 2-Benzoyl-4-(4-chIorophenyI)-1-phenylbut-2-ene-1,4-d|on9_25 (t,J = 4.0 Hz, 1H), 7.54-7.55 (dd, = 1.6 Hz,J, = 3.6 Hz,

(30): yellow solid, mp 96-98C; IR (KBr): 3059, 1665, 1645, 1H); 3¢ NMR (100 MHz, CDGJ): 6 = 193.7, 192.7, 175.7, 152.7,
1586, 1490, 1448, 1406, 1317, 1305, 1264, 1228, 1175, 111%524 1477 134.0. 130.2. 128.9. 128.7. 128.6. 119.3. 113.2:

1.1 . —

1093, 1025, 1013 ch 'H NMR (400 MHz, CDCJ): 9=8.05 (d,  jrms (APCI): m/z [M + HI calcd for GiHysO,: 331.0965;

J= 8.4 Hz, 2H), 7.99 (dJ = 8.0 Hz, 2H), 7.82 (d) = 8.8 HZ, {0 nd. 3310065,

2H), 7.63 (d,J = 7.6 Hz, 1H), 7.52-7.57 (m, 3H), 7.40-7.48 (m,

5H); *C NMR (100 MHz, CDGJ): § = 193.6, 192.5, 187.4, 153.2, 4.3.13 2-Benzoyl-1-phenyl-4-(thiophen-2-yl)but-2-ene-1,4-dione

140.7, 135.6, 135.3, 134.4, 134.2, 133.8, 130.2, 130.1, 129.23m): yellow solid, mp 104-108C; IR (KBr): 3451, 3115, 1652,

129.1, 128.8, 128.7, 128.4; HRMS (APCI): m/z [M +'Hplcd 1594, 1517, 1451, 1413, 1358, 1319, 1273, 1243, 1223, 1176,

for CogHi0:Cl: 375.0782; found: 375.0784. 1090, 1072, 1022 ¢t *H NMR (400 MHz, CDCJ): 6 = 8.05 (d,
_J=17.6 Hz, 2H), 8.01 (d) = 8.4 Hz, 2H), 7.73 (d] = 4.0 Hz,

4.3.8 2-Benzoyl-4-(4-bromopheny|)-1-phenylbut-2-ene-1,4-d|on§H)' 7.69 (d,J = 4.0 Hz, 1H), 7.63 (§ = 7.6 Hz, 1H), 7.49-7.51

(3h): yellow solid, mp 108-11C; IR (KBr): 3058, 1665, 1645, (a0 01177 6 1z 5H),7.36 (s, 1H), 7.11 i 4.0 Hz.

1505, 1518, 1487, 1448, 1403, 1374, 1317, 1263, 1227, 117513 \MR (100 MHz, CDGJ: 3 = 193.5, 192.5, 180.1, 153.7,

1118, 1102, 1072, 1025, 1010 &1 NMR (400 MHz, CDCY): 1437 1362, 135.6, 135.3, 134.1, 133.6, 133.5, 130.2, 129.6,

9=8.05(dJ=8.4Hz,2H), 7.98 (A =8.0Hz, 2H), 7.75 (A= 159 1287, 128.6; HRMS (APCI): m/z [M + HEalcd for
8.0 Hz, 2H), 7.66 (tJ = 7.6 Hz, 1H), 7.58 (d) = 8.4 Hz, 2H), ¢ 1} ‘553470736 found: 347.0737.
7.51-7.56 (m, 3H), 7.43-7.47 (m, 3H}*C NMR (100 MHz,
CDCly): ¢ = 193.7, 192.5, 187.7, 153.3, 135.6, 135.3, 134.84.3.14 4-(Benzofuran-2-yl)-2-benzoyl-1-phenylbut-2-ene-1,4-
134.2, 133.8, 132.2, 130.2, 129.6, 129.0, 128.8, 128.7; HRMS8ione(3n): yellow solid, mp 105-107C; IR (KBr): 3457, 3057,
(APCI): m/z [M + HJ calcd for GsH,404Br: 419.0277; found: 1653, 1595, 1550, 1450, 1375, 1340, 1278, 1255, 1227, 1166,
419.0278. 1138, 1093 c; *H NMR (400 MHz, CDCJ): 6 = 8.08 (d,J =

_ 8.4 Hz, 2H), 8.03 (dJ = 8.0 Hz, 2H), 7.67 (dJ = 7.6 Hz, 1H),
439 2-Benzoyl-4-(4-n|trophenyl)-1-phenylbut-2-ene-1,4-d|one]_63 (d,J = 7.2 Hz, 1H), 7.42-7.55 (m, 9H), 7.29 Jt= 7.2 Hz,

(3i): yellow solid, mp 90-93C; IR (KBr): 3106, 3060, 2926, 1H); *C NMR (100 MHz, CDGJ): 6 = 193.5, 192.5, 177.8, 155.9,
2853, 1812, 1670, 1656, 1596, 1578, 1523, 1449, 1407, 134353 4 1502 1356. 1353 134.1 133.6. 130.3. 1291 129.0
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128.8, 128.7, 128.6, 124.2, 123.5, 115.1, 112.4; HRMS (APCICDCl) (E/2): § = 191.9, 191.1, 190.1, 188.5, 164.1, 163.7,
m/z [M + H]" calcd for GsH,/0,: 381.1121; found: 381.1122. 153.2, 144.2, 140.4, 136.1, 135.7, 134.2, 130.9, 130.7, 128.9,
128.7, 107.1, 107.0, 106.0, 105.8, 62.4, 56.2, 56.1, 56.0, 14.0,

4.3.15 4-([1,1'-Biphenyl]-4-y|)-2-benzoyl-l-phenylbut-2-ene-1,4-13_8; HRMS (APCI): m/z [M + H calcd for G,H,:0;: 399.1438;
dione (30): yellow solid, mp 111-113C; IR (KBr): 3453, 1657, found: 399.1439

1597, 1556, 1448, 1407, 1367, 1314, 1264, 1225, 1185, 1118,
1028, 1004 cr; *H NMR (400 MHz, CDCJ): § = 8.06 (d,J = 4.3.21 Ethyl 2-(furan-2-carbonyl)-4-oxo-4-phenylbut-2-enoate
8.4 Hz, 2H), 8.01 (dJ = 8.4 Hz, 2H), 7.95 (dJ = 8.4 Hz, 2H), (3u): lit'* yellow oil, '"H NMR (600 MHz, CDCJ): 6 = 8.07 (s,
7.63-7.66 (m, 3H), 7.55-7.61 (m, 3H), 7.49-7.53 (m, 3H), 7.384H), 7.95 (d,J = 7.8 Hz, 2H), 7.61 (tJ = 7.2 Hz, 1H), 7.55 (s,
7.46 (m, 5H);®*C NMR (100 MHz, CDG)): 6 = 193.9, 192.8, 1H), 7.49 (q,J = 7.8 Hz, 2H), 7.20 (dJ = 3.0 Hz, 1H), 6.55 (s,
188.0, 152.5, 146.7, 139.3, 135.8, 135.6, 134.9, 134.0, 133.6H), 4.31 (qJ = 7.2 Hz, 2H), 1.27 () = 7.2 Hz, 3H);C NMR
130.9, 130.2, 129.3, 129.0, 128.9, 128.8, 128.6, 128.5, 127.4100 MHz, CDC}) (E/2): § = 188.7, 180.6, 163.3, 152.0, 147.9,
127.2; HRMS (APCI):: m/z [M + H] caled for GeHnOs  142.5,136.1, 134.7, 134.2, 128.8, 118.2, 112.9, 112.5, 62.4, 13.9;
417.1485; found: 417.1485. HRMS (APCI): m/z [M + HJ calcd for G;HysOs: 299.0914;

found: 299.0914.
4.3.16 2-Benzoyl-4-(naphthalen-2-yl)-1-phenylbut-2-ene-1,4-

dione (3p): yellow solid, mp 51-53C; IR (KBr): 3455, 3058, 4.3.22Ethyl 2-(4-nitrobenzoyl)-4-oxo-4-phenylbut-2-enoéde):
1652, 1626, 1595, 1578, 1468, 1448, 1359, 1343, 1317, 1279ellow solid, mp 96-97C (lit* mp 97-98°C); '"H NMR (600
1219, 1178, 1125, 1073, 1001 ¢nH NMR (400 MHz, CDCJ):  MHz, CDCL): ¢ = 8.32 (d,J = 8.4 Hz, 2H), 8.21 (s, 1H), 8.07 (d,

5 =8.39(s, 1H), 8.08 (d} = 8.4 Hz, 2H), 8.03 (d] = 7.2 Hz, 2H), J=8.4 Hz, 2H), 7.97 (d) = 7.2 Hz, 2H), 7.64 () = 7.2 Hz, 1H),
7.85-7.90 (m, 2H), 7.79-7.82 (m, 2H), 7.68 (s, 1H), 7.54-7.61 (m7.51 (t,J = 7.2 Hz, 2H), 4.31 (q] = 7.8 Hz, 2H), 1.24 () = 7.8

2H), 7.50 (br, 4H), 7.40 (1 = 7.2 Hz, 2H)*C NMR (100 MHz,  Hz, 3H);*C NMR (150 MHz, CDGJ) (E/2): § = 192.0, 188.1,
CDCl): 6 = 193.9, 192.8, 188.2, 152.5, 135.7, 135.8, 135.4163.0, 144.1, 140.2, 135.7, 134.6, 133.9, 129.4, 129.2, 128.8,
134.0, 133.6, 132.1, 130.1, 129.6, 129.1, 129.0, 128.7, 128.624.0, 123.9, 62.7, 13.9, 13.8; HRMS (ESI): m/z [M+Nzlcd
127.7, 127.0, 123.6; HRMS (APCI): m/z [M + Hgalcd for  for CgHisNNaQs: 376.0792; found: 376.0801.

C,7H1905: 391.1329; found: 391.1328.
2rHes 4.3.23  2-Benzoyl-4-(2-methoxyphenyl)-1-phenylbut-2-ene-1,4-

43.17  2-Benzoyl-4-(naphthalen-1-yl)-1-phenylbut-2-ene-1,4dione (3w): White solid, mp 95-98C; IR (KBr): 3445, 3055,
dione (3q): yellow solid, mp 97-99C; IR (KBr): 3452, 3045, 2940, 1662, 1645, 1594, 1569, 1515, 1447, 1426, 1375, 1318,
1672, 1641, 1594, 1576, 1506, 1449, 1355, 1277, 1260, 1248275, 1228, 1172, 1123, 1010 ¢niH NMR (400 MHz, CDC):
1223, 1181, 1116, 1099 &m'H NMR (400 MHz, CDCJ): § = 0 =8.05(d,J = 7.2 Hz, 2H), 8.00 (d) = 7.2 Hz, 2H), 7.58-7.63
8.51 (d,J= 7.2 Hz, 1H), 8.08 (d] = 7.2 Hz, 2H), 8.00 (¥ =8.0 (M 2H), 7.52 (tJ = 7.6 Hz, 4H), 7.45 (q] = 7.2 Hz, 3H), 6.94

Hz, 3H), 7.92 (dJ = 7.2 Hz, 1H), 7.82-7.85 (m, 1H), 7.63Jt= (9,J = 7.2 Hz, 3H), 3.86 (s, 3HJ’C NMR (100 MHz, CDG)): ¢

7.2 Hz, 1H), 7.51-7.54 (m, 5H), 7.40-7.50 (m, 4t NMR = 194.3, 193.6, 189.9, 159.1, 148.4, 136.3, 136.1, 136.0, 135.0,
(100 MHz, CDC): 4 = 193.9, 193.0, 191.5, 151.4, 135.9, 135.6,133.7, 133.4, 131.1, 130.1, 129.1, 1286, 121.0, 1116, 55.7;
134.7, 134.2, 134.0, 133.8, 133.7, 133.6, 130.1, 129.9, 129 HRMS (APCI): m/z [M + H caled for GHiO,: 371.1278;
128.8, 128.4: HRMS (APCI): m/z [M + Ficalcd for GiHyOy  round: 371.1278.

391.1329; found: 391.1329. Acknowledgments

4.3.18 2-(4-Methoxybenzoyl)-1-(4-methoxyphenyl)-4-phenylbut- ) ) ] )
2-ene-1,4-diong(3r): yellow oil, IR (KBr): 3443, 3056, 1685, We thank the National Natural Science Foundation of China
1641, 1594, 1529, 1520, 1444, 1360, 1266, 1212, 1006 tn (Grant 21032001 and 21272085). We also thank Dr. Chuanqi
NMR (600 MHz, CDCD J=28.08 (d,J = 8.4 Hz, ZH), 7.99 (U ZhOU, Hebei UniVerSity, for ana'ytical Support.

= 8.4 Hz, 2H),7.90 (d) = 8.4 Hz, 2H), 7.57 (tJ = 7.2 Hz, 1H),

7.44 (t,J = 7.2 Hz, 2H), 7.41 (s, 1H), 6.97 @= 9.0 Hz, 2H), References and notes

6.90 (d.J = 9.0 Hz, 2H), 3.86 (s, 3H), 3.82 (s, 3HJC NMR 1. Selective examples for diversity-oriented synthesis: (a) Burke, M. D_;
(150 MHz, CDCJ): 6 = 192.2, 191.1, 188.6, 164.5, 164.0, 154.3," .y ciper, s. LAngew. Chem. Int. EQ003 43, 46-58. (b) Kumagai,
136.4, 133.8, 133.0, 132.8, 131.7, 131.5, 128.9, 128.7, 128.6, N.; Muncipinto, G.; Schreiber, S. lAngew. Chem. Int. EQ00§ 46,
128.3, 114.1, 114.0, 113.9, 113.9, 55.5, 55.3; HRMS (APCI): m/z ~ 3635-3638; (c) Galloway, W. R. J. D.; Isidro-Llobet, A.; Spring, D. R.

[M + H]+ calcd for GsHxOs: 401.1384; found: 401.1384. Nat. Commun 201Q 1, 80; (d) O' Connor, C. J.; Beckmann, H. S. G.
Spring, D. RChem. Soc. Re2012 41, 4444-4456; (e) Schreiber, S. L.
43.19 Ethyl 2-benzoyl-4-oxo-4-phenylbut-2-enoa(@s):|it“ Science200Q 287, 1964-1969; (f) Burkel, M. D.; Lalic, @hemistry

1 e & Biology, 2002 9, 535-541.
yellow oil, 'H NMR (600 MHz, CDCY): 6 = 8.15 (s, 1H), 7.95 (d, 2. Selective examples for synergistic catalysis: (a) Strater, N.; Lipscomb,

J=7.8 Hz, 2H), 7.90 (d] = 7.2 Hz, 2H), 7.55-7.60 (m, 2H), 7.46 W. N.; Klabunde, T., Krebs, BAngew. Chem. Int. EA996 35, 2024—

(g,J = 11.4 Hz, 4H), 4.27 (q] = 10.8 Hz, 2H), 1.21 (i = 10.8 2055; (b) Sawamura, M.; Sudoh, M.; Ito, ¥.. Am. Chem. Sod996
Hz, 3H); *C NMR (150 MHz, CDG)) (E/2): 5 = 193.3, 188.3, 118 3309-310; (c) lbrahem, I.;d8dova, A.;Angew. Chem. Int. Ed
163.6, 144.8, 136.1, 135.8, 134.2, 133.5, 128.9, 128.8, 128.7, 2006 45, 1952-1956; (d) Sammis, G. M.; Jacobsen, El.Mm. Chem.

. . + Soc 2003 125 4442-4443; (e) Sonogashira, K.; Tohda, Y.; Hagihara,
128.5, 1,28'4’ 62'4’_?1'9’d|._|RMS (APCI): m/z [M + Hjlcd for N. Tetrahedron Lett1975 16, 4467-4470; (f) Kang, F. A.; Lanter, J. C.;
CioH170,: 309.1121; found: 309.1121. Cai, C.; Sui, Z.; Murray, W. Chem. Commur201Q 46, 1347-1349 ;

. (9) Allen, A. E.; MacMillan, D. W. CChem. Sci2012 3, 633-658.
4.3.20 Ethyl 4'OX0'4'pheny|'2'(3v4'5'“"methOXybenzoyl)bUt'ZB. Selective examples for auto-tandem catalysis: (a) Fogg, D. E.; dos

enoate(3t): lit** yellow oil,'H NMR (600 MHz, CDCJ): § = 8.14 Santos, E. NCoord. Chem. Re2004 248 2365-2379; (b) Wasilke, J.
(s, 1H), 7.97 (dJ = 12.0 Hz, 2H), 7.62 (1] = 10.8 Hz, 1H), 7.49 C.; Obrey, S. J.; Baker, R. T.; Bazan, G.@hem. Rev2005 105,
(t J=11.4 Hz 2H) 7.15 (S 2H) 4.31 G:Iz 10.8 Hz 2H) 3.85- 1001—1020, (C) ShlndOh, N.; Takemoto, Y.; TakasuCNem—.Eur. J.

3.91 (m, 9H), 1.26 (tJ = 10.8 Hz, 3H)*C NMR (150 MHz, 200915, 12168-12179.
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The self-sorting domino reactions: (a) Yin, G. D.; Zhou, B. H.; Meng,
X. G.; Wu, A. X.; Pan, Y. JOrg. Lett.2006 8, 2245-2248; (b) Gao, M.;
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1. General

Unless otherwise noted, all 1,3-dicarbonyl compourgisf), 2-hydroxy-aromatic ketone§,
methyl carbinols7, and other reagents were obtained from commercial suppliers and used without
further purification. TLC analysis was performed using pre-coated glass plates. Column
chromatography was performed using silica gel (200-300 mesh).

IR spectra were recorded on a Perkin-Elmer PE-983 infrared spectrometer as KBr pellets with
absorption in crf. NMR spectra were recorded on a Varian Mercury 400 or 600 MHz
spectrometer Chemical shifts are reported in ppm (@IX1.26 ppm for'H NMR and 77.0 ppm
for C NMR), relative to the internal standard of tetramethylsilane (TMS), multiplicities are
indicated s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet); coupling consthrese(
given in Hertz (Hz). HRMS were obtained on a Bruker Apex-Ultra 7.0T FTMS equipped with an
electro-spray source (ESI) or Atmospheric-pressure chemical ionization (APCI). Melting points

were determined using XT-4 apparatus and not corrected.

2. Synthesis of 3a-3w

2.1 General procedure for preparation of 3 from 1, 4 and 5 (3a as an example):

General procedure: A sealed tube was charged witHodide aromatic ketonéa (123 mg, 0.5

mmol), dibenzoylmethana (112 mg, 0.5 mmol), and Cul (47.6 mg, 0.25 mmol) at room
temperature, and then dried solvent DMSO (3 mL) was added. The resulting mixture was stirred at

90 °C, after disappearance of the reactant (monitored by TLC), then added 50mL water to the

mixture, extracted with EtOAc 3 times (3 x 50 mL). The extract was washed with 10% NacCl
solution, dried over anhydrous §s0, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 8:1) to yield the desired
product3aas a yellow solid (85% yield).

2.2 General procedure for preparation offrom 2-hydroxy-aromatic ketones 6 (3a as an
example):

General procedure: A sealed tube was charged with 2-hydroxy aromatic kefan@d36 mg,

1.0 mmol), dibenzoylmethanza (224 mg, 1.0 mmol), IBX (224 mg) and Cul (95 mg, 0.5
mmol) at room temperature, and then solvent DMSO (3 mL) was added. The resulting mixture

was stirred at 90C, after disappearance of the reactant (monitored by TLC), then added

50mL water to the mixture, extracted with EtOAc 3 times (3 x 50 mL). The extract was
washed with 10% NaCl solution, dried over anhydrousSEga and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel to yield
the desired produ@ain 72% vyield.

2.3 General procedure for preparation of 3 from Methyl carbinols 7 (3a as an example):
General procedure: A sealed tube was charged with methyl carbife(122 mg, 1.0 mmol),
dibenzoylmethan®a (224 mg, 1.0 mmol), IBX (210 mg, 0.75 mmol) and Cul (95 mg, 0.5
mmol) at room temperature, and then solvent DMSO (3 mL) was added. The resulting mixture
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was stirred at 90C, after disappearance of the reactant (monitored by TLC), then added

50mL water to the mixture, extracted with EtOAc 3 times (3 x 50 mL). The extract was
washed with 10% NaCl solution, dried over anhydrousSEga and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel to yield
the desired produ@ain 84% vyield.

2.4 Synthesis of starting material 1(1a as an exampléFinely powdered CuO (0.8 g, 10.0
mmol) and } (2.53 g, 10.0 mmol) were added to a solution of aryl methyl kedar(@.2 g,

10.0 mmol) in anhydrous MeOH (20 mL). The mixture was refluxed for 1-2.5 h. After
disappearance of aryl methyl ketode (monitored by TLC), the mixture was filtered and the
solvent was removed under reduced pressure. The residue was poured into ;59@% Na
solution (50 mL), the mixture was extracted with EtOAc (3 x 50 mL), and the organic layer
was dried (Ng50O,). Removal of the solvent and purification of the residue by column
chromatography gave the desired producin 96% vyield.

2.5 Synthesis of starting material 4 (4a as an exampl&N-BromobutanimidgNBS, 356 mg,

2.0 mmol) and 4-Methylbenzenesulfonic acid (PTSA, 344 mg, 2.0 mmol) were added to a
well-stirred solution of aryl methyl ketorg@a (240 mg, 2.0 mmol) in anhydrous MeCN (15 mL).

The mixture was stirred at room temperature for 1 h, and then refluxed for another 1-2.5 h. After
disappearance of aryl methyl ketoBa (monitored by TLC), the solvent was removed under
reduced pressure, then added 50mL water to the mixture, extracted with EtOAc 3 times (3 x 50
mL). The extract was washed with 10% NaCl solution, dried over anhydrop5ONand
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel to yield the desired produga as a white solid in 90% yield.

2.6 Synthesis of starting material 5 (5a as an exampl&):N-ChlorosuccinimideNCS, 266 mg,

2.0 mmol) and 4-Methylbenzenesulfonic acid (PTSA, 344 mg, 2.0 mmol) were added to a
well-stirred solution of aryl methyl ketor&a (240 mg, 2.0 mmol) in anhydrous MeCN (15 mL).

The mixture was stirred at room temperature for 1 h, and then refluxed for another 1-2.5 h. After
disappearance of aryl methyl ketoBa (monitored by TLC), the solvent was removed under
reduced pressure, then added 50mL water to the mixture, extracted with EtOAc 3 times (3 x 50
mL). The extract was washed with 10% NaCl solution, dried over anhydrogSONand
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel to yield the desired produsa as a white solid in 85% yield.

3. Spectral data of compound 3a-3w.

IN4 Sepn

d ™ 2-benzoyl-1,4-diphenylbut-2-ene-1,4-dione (3ayellow solid, mp 101-108 (iit?

mp 101-102C); IR (KBr): 3443, 3056, 1685, 1641, 1594, 1444, 1360, 1266, 1212, 1066'dm

NMR (400 MHz, CDCY): & = 8.05 (dJ = 7.6 Hz, 2H), 7.99 (d] = 7.6 Hz, 2H), 7.88 (d] = 7.6
Hz, 2H), 7.64 (tJ) = 7.2 Hz, 1H), 7.58 (8] = 7.2 Hz, 4H), 7.42-7.54 (m, 5HYC NMR (100 MHz,
CDCly): § =193.9, 193.8, 188.6, 152.7, 136.2, 135.8, 135.6, 134.1, 133.7, 130.9, 130.2, 129.1,
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128.9, 128.8, 128.74, 128.68; HRMS (ESI): m/z [M+Nadlcd for GsHigNaO;: 363.0992; found:
363.0987.

O O
— )—4 >~Ph

ek 2-benzoyl-1-phenyl-4-(p-tolyl)but-2-ene-1,4-dione  (3b): yellow solid, mp

109-112C; IR (KBr): 3459, 3059, 1666, 1646, 1597, 1448, 1377, 1317, 1268, 1232, 1209, 1180,

1125, 1103, 1019 ¢ *H NMR (400 MHz, CDCYJ): 6 = 8.05 (d,J = 7.6 Hz, 2H), 8.00 (d] = 8.0

Hz, 2H), 7.79 (d,) = 8.4 Hz, 2H), 7.64 () = 7.2 Hz, 1H), 7.50-7.58 (m, 5H), 7.42-7.48 (m, 2H),

7.24 (d,J = 7.6 Hz, 1H), 2.43 (s, 3HJ’C NMR (100 MHz, CDCJ): 6 = 194.0, 192.9, 188.0, 152.3,

145.3, 135.7, 135.5, 134.0, 133.7, 133.6, 131.0, 130.2, 129.6, 129.0, 128.9, 128.8, 128.7, 21.7;

HRMS (APCI): m/z [M + HJ calcd for G4H140s: 355.1329; found: 355.1329.

MeO—@—Q Ph
Ve Ph

c 2-benzoyl-4-(4-methoxyphenyl)-1-phenylbut-2-ene-1,4-dione  (3c):yellow

solid, mp 125-127C; IR (KBr): 3058, 2938, 1662, 1643, 1594, 1569, 1512, 1447, 1426, 1372,

1318, 1275, 1228, 1172, 1123, 1009 criH NMR (400 MHz, CDCJ): § = 8.05 (d,J = 5.2 Hz,

2H), 7.99 (dJ = 5.2 Hz, 2H), 7.88 (d] = 6.0 Hz, 2H), 7.64 (] = 4.8 Hz, 1H), 7.51-70.54 (m, 4H),

7.44 (t,J = 5.2 Hz, 2H), 6.91 (d] = 6.0 Hz, 1H), 3.86 (s, 3H}’C NMR (100 MHz, CDGJ): ¢ =

194.1, 193.0, 186.8, 164.3, 151.9, 134.0, 133.5, 131.3, 130.2, 129.3, 129.0, 128.8, 128.6, 114.1,
55.5; HRMS (APCI): m/z [M + H] calcd for G4H1404: 371.1278; found: 371.1278.

0O O
MeO Ph
OMe Ph

0o 2-benzoyl-4-(2,4-dimethoxyphenyl)-1-phenylbut-2-ene-1,4-dione  (3d):
yellow solid, mp 121-123C; IR (KBr): 3097, 1683, 1667, 1642, 1612, 1596, 1597, 1529, 1520,

1482, 1445, 1352, 1315, 1293, 1276, 1225, 1168, 1100, 1019, 1050'MIMR (400 MHz,
CDCL): 6 = 8.01 (t,J = 8.0 Hz, 4H), 7.63 (d] = 15.2 HZ, 1H), 7.60 (s, 2H), 7.48-7.52 (m, 3H),
7.42 (,J = 8.0 Hz, 2H), 6.45 (dd, = 8.8 Hz,J, = 2.0 Hz, 1H), 6.39 (t) = 2.4 Hz, 1H), 3.79 (s,
6H); °C NMR (100 MHz, CDGJ): 6 = 194.5, 193.8, 187.6, 165.6, 161.1, 147.7, 133.4, 133.2,
129.9, 128.9, 128.4, 119.8, 105.9, 98.0, 55.6, 55.5; HRMS (APCI): m/z [M*+cai¢d for
CasH210s: 401.1384; found: 401.1383.

O,
( O O

o Ph

J" 4-(benzo[d][1,3]dioxol-5-yl)-2-benzoyl-1-phenylbut-2-ene-1,4-dione (3eyellow
solid, mp 125-127C; IR (KBr): 3066, 1683, 1660, 1640, 1592, 1515, 1488, 1330, 1290, 1270,

1176, 1119, 1105 cm *H NMR (400 MHz, CDC}): 6 = 8.04 (d,J = 8.0 Hz, 2H), 7.98 (d] = 8.0

Hz, 2H), 7.64 (tJ) = 7.2 Hz, 1H), 7.53 (d] = 7.6 Hz, 2H), 7.49 (d] = 7.6 Hz, 2H), 7.44 (1 = 7.2

Hz, 3H), 7.33 (s, 1H), 6.82 (d,= 8.0 Hz, 1H), 6.03 (s, 3HJ’C NMR (100 MHz, CDCJ): ¢ =

194.0, 192.9, 186.4, 152.8, 152.0, 148.5, 134.0, 133.6, 131.2, 130.2, 129.0, 128.8, 128.7, 125.8,
108.1, 108.0; HRMS (APCI): m/z [M + HEalcd for G4H1;0s: 385.1071; found: 385.1071.
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O O
O Ph
s

A 2-benzoyl-4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1-phenylbut-2-ene-1,4-dione

(3f): yellow solid, mp 131-133C; IR (KBr): 3444, 3063, 2991, 1683, 1658, 1641, 1591, 1510,

1446, 1434, 1330, 1291, 1264, 1238, 1176, 1143, 1103, 1064, 1031, 1002HcKMR (400

MHz, CDCk): 6 = 8.03 (d,J = 8.4 Hz, 2H), 7.98 (d] = 8.4 Hz, 2H), 7.61-7.63 (m, 2H), 7.52 (4,

= 8.0 Hz, 2H), 7.47 (tJ = 8.4 Hz, 2H), 7.43 (s, 1H), 7.41 (s, 2H), 7.88J(& 9.6 Hz, 1H),
4.20-4.30 (m, 4H);®*C NMR (100 MHz, CDGJ)): 6 = 194.1, 193.0, 186.6, 151.9, 149.0, 143.6,
135.8, 135.6, 134.0, 133.5, 131.1, 130.0, 129.0, 128.8, 128.6, 123.1, 121.7, 118.2, 117.5, 64.7,
63.9; HRMS (APCI): m/z [M + H] calcd for GsH;¢0s: 371.1278; found: 371.1278.

cl Oio>~Ph
Ph

¢ 2-benzoyl-4-(4-chlorophenyl)-1-phenylbut-2-ene-1,4-dione (3gyellow solid, mp

96-98°C; IR (KBr): 3059, 1665, 1645, 1586, 1490, 1448, 1406, 1317, 1305, 1264, 1228, 1175,

1119, 1093, 1025, 1013 &m'H NMR (400 MHz, CDCJ): § = 8.05 (d,J = 8.4 Hz, 2H), 7.99 (dJ

= 8.0 Hz, 2H), 7.82 (d] = 8.8 Hz, 2H), 7.63 (d] = 7.6 Hz, 1H), 7.52-7.57 (m, 3H), 7.40-7.48 (m,

5H); *C NMR (100 MHz, CDG)): 6§ = 193.6, 192.5, 187.4, 153.2, 140.7, 135.6, 135.3, 134.4,

134.2, 133.8, 130.2, 130.1, 129.2, 129.1, 128.8, 128.7, 128.4; HRMS (APCI): m/z [Mcalet]

for Cy3H1605Cl: 375.0782; found: 375.0784.

Br@—QPh
%

g F>h2—benzoyI—4-(4—bromophenyl)-1—phenylbut—2—ene-1,4—dione (3hyellow solid,

mp 108-11€C; IR (KBr): 3058, 1665, 1645, 1595, 1518, 1487, 1448, 1403, 1374, 1317, 1263,

1227, 1175, 1118, 1102, 1072, 1025, 1010 cti NMR (400 MHz, CDC): § = 8.05 (d,J = 8.4

Hz, 2H), 7.98 (dJ = 8.0 Hz, 2H), 7.75 (d] = 8.0 Hz, 2H), 7.66 (1] = 7.6 Hz, 1H), 7.58 (d] = 8.4

Hz, 2H), 7.51-7.56 (m, 3H), 7.43-7.47 (m, 3#}c NMR (100 MHz, CDGJ): § = 193.7, 192.5,

187.7, 153.3, 135.6, 135.3, 134.8, 134.2, 133.8, 132.2, 130.2, 129.6, 129.0, 128.8, 128.7; HRMS
(APCI): m/z [M + HJ calcd for GgH1OsBr: 419.0277; found: 419.0278.

O O
OZN@%_;%

Ph
o 2-benzoyl-4-(4-nitrophenyl)-1-phenylbut-2-ene-1,4-dione (3i)yellow solid,
mp 90-93°C; IR (KBr): 3106, 3060, 2926, 2853, 1812, 1670, 1656, 1596, 1578, 1523, 1449, 1407,

1343, 1318, 1247, 1218, 1178, 1110, 1098, 1073, 1032, 1024, 1087"HMMR (400 MHz,

CDCly): 6 = 8.27 (d,J = 8.4 Hz, 2H), 8.03-8.05 (br, 4H), 7.97 (b= 8.4 Hz, 2H), 7.63 ()= 7.6

Hz, 1H), 7.50-7.57 (m, 3H), 7.48 (s, 1H), 7.45)(& 7.6 Hz, 2H);"*C NMR (100 MHz, CDCJ): &

=193.2, 192.1, 187.5, 154.4, 150.5, 140.4, 135.3, 135.0, 134.4, 134.0, 130.2, 129.7, 129.6, 129.1,
128.9, 128.8, 124.0; HRMS (APCI): m/z [M + HEalcd for GsH1¢0sN: 386.1023; found:
386.1024.
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O O
Ph
ON

o Ph2-benzoyI-4-(3-ni'[rophenyl)-l-phenylbut-z-ene-l,4-dione (3j)yellow solid, mp

125-127°C; IR (KBr): 3448, 3095, 1682, 1641, 1597, 1525, 1481, 1444, 1352, 1265, 1225, 1100,

1020 cn; 'H NMR (400 MHz, CDCJ): § = 8.69 (s, 1H), 8.42 (d, = 8.0 Hz, 1H), 8.21 (d] = 6.8

Hz, 1H), 8.06 (d,J = 7.2 Hz, 2H), 7.98 (d] = 7.2 Hz, 2H), 7.51-7.67 (m, 2H), 7.45-7.49 (m, 6H);
¥C NMR (100 MHz, CDGJ): § = 193.2, 192.1, 186.9, 154.6, 148.4, 137.3, 135.4, 135.1, 134.4,
134.1, 134.0, 130.2, 129.5, 129.1, 128.9, 128.8, 128.4, 128.1, 123.4; HRMS (APCI): m/z [M + H]
calcd for GsH160sN: 386.1023; found: 386.1022.

0 O
Cl Ph

cl J—Ph
o

2-benzoyl-4-(3,4-dichlorophenyl)-1-phenylbut-2-ene-1,4-dione  (3k): yellow

solid, mp 123-125C; IR (KBr): 3091, 3062, 1656, 1595, 1579, 1449, 1392, 1338, 1248, 1213,

1177, 1073, 1045, 1027 &m'H NMR (400 MHz, CDGJ): 6 = 8.04 (d, J = 7.6 Hz, 2H), 7.97 (@,

=7.6 Hz, 2H), 7.93 (d] = 2.0 Hz, 1H), 7.69 (ddl; = 8.4 Hz,J, = 2.0 Hz, 1H), 7.63 (1) = 7.6 Hz,

1H), 7.49-7.57 (m, 4H), 7.43 ({,= 7.6 Hz, 2H), 7.41 (s, 1H}’C NMR (100 MHz, CDGJ): 6 =

193.3, 192.3, 186.6, 153.9, 138.7, 135.6, 135.4, 135.2, 134.3, 133.8, 133.6, 130.9, 130.5, 130.2,
129.6, 129.0, 128.8, 128.7, 127.6; HRMS (APCI): m/z [M + ¢#icd for GaH15Cl,05: 409.0393;

found: 409.0393.

o} O O
\/ Ph

d ph2-benzoy|-4-(furan-Z-yI)-l-phenyIbut-2-ene-1,4-dione (3lyellow solid, mp 106-107

°C; IR (KBr): 3451, 3153, 3124, 3095, 3062, 2924, 1675, 1650, 1602, 1578, 1557, 1460, 1449,

1398, 1366, 1316, 1292, 1261, 1229, 1173, 1157, 1106, 1080, 1052, 1014HcKMR (400
MHz, CDCk): 6 = 8.05 (d,J = 8.4 Hz, 2H), 8.01 (d] = 8.4 Hz, 2H), 7.64 (t) = 7.6 Hz, 1H), 7.59
(s, 1H), 7.52-7.56 (m, 3H), 7.45 &= 7.2 Hz, 2H), 7.38 (s, 1H), 7.25 {t= 4.0 Hz, 1H), 7.54-7.55
(dd, J; = 1.6 Hz,J, = 3.6 Hz, 1H);*C NMR (100 MHz, CDGJ)): 6 = 193.7, 192.7, 175.7, 152.7,
152.4, 147.7, 134.0, 130.2, 128.9, 128.7, 128.6, 119.3, 113.2; HRMS (APCI): m/z [Mcalet]
for Cy1H1504: 331.0965; found: 331.0965.

o F’h2—benzoyI—1—pheny|—4-(thiophen-2—y|)but-2—ene—1,4—dione (3m)yellow solid, mp

104-106°C; IR (KBr): 3451, 3115, 1652, 1594, 1517, 1451, 1413, 1358, 1319, 1273, 1243, 1223,

1176, 1090, 1072, 1022 &m*H NMR (400 MHz, CDCJ): ¢ = 8.05 (dJ = 7.6 Hz, 2H), 8.01 (d]

= 8.4 Hz, 2H), 7.73 (d] = 4.0 Hz, 1H), 7.69 (d] = 4.0 Hz, 1H), 7.63 (1] = 7.6 Hz, 1H), 7.49-7.51

(m, 3H), 7.46 (tJ = 7.6 Hz, 2H),7.36 (s, 1H), 7.11 @ = 4.0 Hz, 1H);*C NMR (100 MHz,
CDCly): 6 = 193.5, 192.5, 180.1, 152.7, 143.7, 136.2, 135.6, 135.3, 134.1, 133.6, 133.5, 130.2,
129.6, 129.0, 128.7, 128.6; HRMS (APCI): m/z [M + Ighlcd for GiH1505S: 347.0736; found:
347.0737.
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O/ oio>\~Ph
g 4-(benzofuran-2-yl)-2-benzoyl-1-phenylbut-2-ene-1,4-dione (3n)yellow solid,

mp 105-107C; IR (KBr): 3457, 3057, 1653, 1595, 1550, 1450, 1375, 1340, 1278, 1255, 1227,

1166, 1138, 1093 ch *H NMR (400 MHz, CDCJ): § = 8.08 (d,J = 8.4 Hz, 2H), 8.03 (d] = 8.0

Hz, 2H), 7.67 (dJ = 7.6 Hz, 1H), 7.63 (d] = 7.2 Hz, 1H), 7.42-7.55 (m, 9H), 7.290t= 7.2 Hz,

1H); *C NMR (100 MHz, CDGJ): 6 = 193.5, 192.5, 177.8, 155.9, 153.4, 152.2, 135.6, 135.3,
134.1, 133.6, 130.3, 129.1, 129.0, 128.8, 128.7, 128.6, 124.2, 123.5, 115.1, 112.4; HRMS (APCI):
m/z [M + HJ" calcd for GsH,70,: 381.1121; found: 381.1122.

00
Ph N—Ph

—Ph

d 4-([1,1'-biphenyl]-4-yl)-2-benzoyl-1-phenylbut-2-ene-1,4-dione  (30): yellow

solid, mp 111-113C; IR (KBr): 3453, 1657, 1597, 1556, 1448, 1407, 1367, 1314, 1264, 1225,

1185, 1118, 1028, 1004 ¢m'H NMR (400 MHz, CDC}): 6 = 8.06 (d,J = 8.4 Hz, 2H), 8.01 (dJ

= 8.4 Hz, 2H), 7.95 (d] = 8.4 Hz, 2H), 7.63-7.66 (m, 3H), 7.55-7.61 (m, 3H), 7.49-7.53 (m, 3H),
7.38-7.46 (m, 5H);°C NMR (100 MHz, CDCJ): § = 193.9, 192.8, 188.0, 152.5, 146.7, 139.3,
135.8, 135.6, 134.9, 134.0, 133.6, 130.9, 130.2, 129.3, 129.0, 128.9, 128.8, 128.6, 128.5, 127.4,
127.2; HRMS (APCI): m/z [M + H]calcd for GgH,,05: 417.1485; found: 417.1485.

O O
a0 aS ey

o> " 2-benzoyl-4-(naphthalen-2-yl)-1-phenylbut-2-ene-1,4-dione (3p)yellow solid,

mp 51-53; IR (KBr): 3455, 3058, 1652, 1626, 1595, 1578, 1468, 1448, 1359, 1343, 1317, 1279,
1219, 1178, 1125, 1073, 1001 ¢niH NMR (400 MHz, CDCJ): 6 = 8.39(s, 1H), 8.08 (dl = 8.4

Hz, 2H), 8.03 (dJ = 7.2 Hz, 2H), 7.85-7.90 (m, 2H), 7.79-7.82 (m, 2H), 7.68 (s, 1H), 7.54-7.61 (m,
2H), 7.50 (br, 4H), 7.40 (] = 7.2 Hz, 2H);*C NMR (100 MHz, CDGJ)): 6 = 193.9, 192.8, 188.2,

152.5, 135.7, 135.8, 135.4, 134.0, 133.6, 132.1, 130.1, 129.6, 129.1, 129.0, 128.7, 128.6, 127.7,
127.0, 123.6; HRMS (APCI): m/z [M + HEalcd for G/H;605: 391.1329; found: 391.1328.

/\Ooph

S Ph2-benzoyI-4-(naphthaIen-1-y|)-1-pheny|but-2-ene-l,4-dione (3gyellow solid, mp

97-99°C; IR (KBr): 3452, 3045, 1672, 1641, 1594, 1576, 1506, 1449, 1355, 1277, 1260, 1240,

1223, 1181, 1116, 1099 &m'™H NMR (400 MHz, CDC}): 5 = 8.51 (d,J = 7.2 Hz, 1H), 8.08 (d]
= 7.2 Hz, 2H), 8.00 () = 8.0 Hz, 3H), 7.92 (d] = 7.2 Hz, 1H), 7.82-7.85 (m, 1H), 7.63Jt 7.2
Hz, 1H), 7.51-7.54 (m, 5H), 7.40-7.50 (m, 4K NMR (100 MHz, CDGJ): § = 193.9, 193.0,
1915, 151.4, 135.9, 135.6, 134.7, 134.2, 134.0, 133.8, 133.7, 133.6, 130.1, 129.9, 129.0, 128.8,
128.4; HRMS (APCI): m/z [M + H]calcd for G/H1905: 391.1329; found: 391.1329.
@ 070 @ OMe
o]

MeO 2-(4-methoxybenzoyl)-1-(4-methoxyphenyl)-4-phenylbut-2-ene-1,4-dione
(3r): yellow oil, IR (KBr): 3443, 3056, 1685, 1641, 1594, 1529, 1520, 1444, 1360, 1266, 1212,
1006 cni; 'H NMR (600 MHz, CDCY): 6 = 8.08 (d,J = 8.4 Hz, 2H), 7.99 (1] = 8.4 Hz, 2H),7.90
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(d,J = 8.4 Hz, 2H), 7.57 (] = 7.2 Hz, 1H), 7.44 () = 7.2 Hz, 2H), 7.41 (s, 1H), 6.97 @= 9.0
Hz, 2H), 6.90 (dJ = 9.0 Hz, 2H), 3.86 (s, 3H), 3.82 (s, 3HJC NMR (150 MHz, CDCJ): § =
192.2, 191.1, 188.6, 164.5, 164.0, 154.3, 136.4, 133.8, 133.0, 132.8, 131.7, 131.5, 128.9, 128.7,
128.6, 128.3, 114.1, 114.0, 113.9, 113.9, 55.5, 55.3; HRMS (APCI): m/z [M+-|C&+l}d for
CysH,105: 401.1384; found: 401.1384.
@_/O 0O
g ethyl 2-benzoyl-4-oxo-4-phenylbut-2-enoate (34i1* yellow oil,'H NMR (600
MHz, CDCL): 6 = 8.15 (s, 1H), 7.95 (] = 7.8 Hz, 2H), 7.90 (dJ = 7.2 Hz, 2H), 7.55-7.60 (m,
2H), 7.46 (qJ = 11.4 Hz, 4H), 4.27 (G} = 10.8 Hz, 2H), 1.21 (] = 10.8 Hz, 3H)™*C NMR (150
MHz, CDCk) (E/2): 6 = 193.3, 188.3, 163.6, 144.8, 136.1, 135.8, 134.2, 133.5, 128.9, 128.8, 128.7,

128.5, 128.4, 62.4, 31.9; HRMS (APCI): m/z [M +"Hjalcd for GgH;/04 309.1121; found:
309.1121.
OMe

g o ethyl 4-oxo-4-phenyl-2-(3,4,5-trimethoxybenzoyl)but-2-enoate  (3t):lit*
yellow oil, *"H NMR (600 MHz, CDCJ)): 5 = 8.14 (s, 1H), 7.97 (dl = 12.0 Hz, 2H), 7.62 (1) =
10.8 Hz, 1H), 7.49 (1) = 11.4 Hz, 2H), 7.15 (s, 2H), 4.31 (4= 10.8 Hz, 2H), 3.85-3.91 (m, 9H),
1.26 (t,J = 10.8 Hz, 3H)*C NMR (150 MHz, CDCJ) (E/2): 6 = 191.9, 191.1, 190.1, 188.5, 164.1,
163.7, 153.2, 144.2, 140.4, 136.1, 135.7, 134.2, 130.9, 130.7, 128.9, 128.7, 107.1, 107.0, 106.0,
105.8, 62.4, 56.2, 56.1, 56.0, 14.0, 13.8; HRMS (APCI): m/z [M % ddllcd for G,H,30;:

399.1438; found: 399.1439.

O_O \Oﬂ
¢ ethyl 2-(furan-2-carbonyl)-4-oxo-4-phenylbut-2-enoate (3u)iit* yellow oil, *H
NMR (600 MHz, CDC}): 6 = 8.07 (s, 1H), 7.95 (d} = 7.8 Hz, 2H), 7.61 () = 7.2 Hz, 1H), 7.55
(s, 1H), 7.49 (g) = 7.8 Hz, 2H), 7.20 (d) = 3.0 Hz, 1H), 6.55 (s, 1H), 4.31 @= 7.2 Hz, 2H),
1.27 (t,J = 7.2 Hz, 3H);*C NMR (100 MHz, CDG)) (E/2): 6 = 188.7, 180.6, 163.3, 152.0, 147.9,
142.5, 136.1, 134.7, 134.2, 128.8, 118.2, 112.9, 112.5, 62.4, 13.9; HRMS (APCI): m/z [M + H]
calcd for G/H1505: 299.0914; found: 299.0914.

ethyl 2-(4-nitrobenzoyl)-4-oxo-4-phenylbut-2-enoate (3v)yellow solid, mp

96-97°C (lit* mp 97-98°C); *H NMR (600 MHz, CDC}): 6 = 8.32 (d,J = 8.4 Hz, 2H), 8.21 (s,

1H), 8.07 (dJ = 8.4 Hz, 2H), 7.97 (d] = 7.2 Hz, 2H), 7.64 (0 = 7.2 Hz, 1H), 7.51 () = 7.2 Hz,

2H), 4.31 (g,J = 7.8 Hz, 2H), 1.24 (t) = 7.8 Hz, 3H);"*C NMR (150 MHz, CDCJ) (E/2): 6 =

192.0, 188.1, 163.0, 144.1, 140.2, 135.7, 134.6, 133.9, 129.4, 129.2, 128.8, 124.0, 123.9, 62.7, 13.9,
13.8; HRMS (ESI): m/z [M+Nd]calcd for GgH;sNNaQs: 376.0792; found: 376.0801.

O O,
Ph

OMe

o F’h2—benzoyI—4—(2-methoxyphenyl)-1—phenylbut-2—ene—1,4-dione (3wyVhite solid, mp

95-98(1; IR (KBr): 3445, 3055, 2940, 1662, 1645, 1594, 1569, 1515, 1447, 1426, 1375, 1318,
1275, 1228, 1172, 1123, 1010 &mH NMR (400 MHz, CDCJ): 6 =8.05 (d,J = 7.2 Hz, 2H), 8.00
(d,J = 7.2 Hz, 2H), 7.58-7.63 (m, 2H), 7.52Jt= 7.6 Hz, 4H), 7.45 (q] = 7.2 Hz, 3H), 6.94 (q]
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= 7.2 Hz, 3H), 3.86 (s, 3HJ*C NMR (100 MHz, CDCJ): 6 = 194.3, 193.6, 189.9, 159.1, 148.4,
136.3, 136.1, 136.0, 135.0, 133.7, 133.4, 131.1, 130.1, 129.1, 128.6, 121.0, 111.6, 55.7; HRMS
(APCI): m/z [M + HJ calcd for G4H1904: 371.1278; found: 371.1278.
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