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1,4-Diazabicyclo[2.2.2]octane-Promoted Addition Reaction of Tricar-
bonyl Monohydrates with Active Alkynes via Consecutive
C—C/C—O0 Cleavage

Zhang, Jinfeng Ye, Ruyi Li, Ziyang Meng, Lingguo*
(School of Chemistry and Materials Science, Huaibei Normal University, Huaibei, Anhui 235000)

Abstract A novel addition reaction of vicinal tricarbonyl monohydrates with active alkynes proceeded via rapid consecutive
C—C/C—0O cleavage processes under metal-free and mild reaction conditions, and the transformation was completed within
only 1 min. Diverse tricarbonyl monohydrates could react with active alkynes to produce carboxylate esters via these trans-

formations in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO).
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1 Introduction

Chemical bond cleavage has emerged as an important
means of bond formation, is fundamental research areas in
organic synthesis, and has proven to be an efficient method
for using molecular rearrangement to construct many or-
ganic compounds.[') Among the various types of chemical
bond cleavages, C—C bond cleavage has received more
attention in recent years as a direct means of constructing
novel molecular skeletons.?! As a result, efficient promo-
tion of C—C bond cleavage has attracted considerable
interest, and several methods for this transformation have
been devised. The mainstream method employed to date to
achieve C—C bond cleavage is the use of transitional met-
als as assistants,’] such as palladium, rhodium® and
copper® etc. However, the difficulty of removing heavy
metals and releasing environmental waste has brought
problems to the pharmaceutical industry and has limited the
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applications of heavy metals in organic synthesis. Recently,
C—=C bond cleavage was achieved in the absence of heavy
metals by using an oxidative system!’! or photoassistance
conditions®!. Despite the significant progress that has been
made in this field, finding a simple method to promote
C—C bond cleavage remains a significant challenge.
Vicinal triketones and their monohydrates are raw mate-
rials that can be easily obtained and employed to achieve
diverse synthetic transformations via the C—C bond
cleavage process. For example, Schofield el al.®¥ reported
the C—C cleavage of vicinal tricarbonyl compounds in the
presence of iron salts (Scheme 1a). A similar chemical bond
cleavage process can also be realized in the presence of
nickel salts, phenyl magnesium bromide,!'% selenium!!!
or aluminium chloride.['?] Alternative methods, such as the
use of I,['*! peroxide!'¥! and irradiation conditions!'*! are
also powerful tactics for inducing the cleavage process.
Note that all the above mentioned reported methods have
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Scheme 1 Chemical bond cleavage reaction of tricarbonyl monohydrate

drawbacks, such as expensive reagents, heavy metal pollu-
tion, harsh conditions, or long reaction times. Therefore, a
facile and more efficient method for the C—C bond
cleavage of triketones or their derivatives is highly desira-
ble.

Tertiary amine or phosphine catalyzed reactions based on
active alkynes have become an active research area.['®!
However, few studies have been performed on chemical
bond cleavage in this field.'"7 In recent years, we have
developed efficient methods for the direct cleavage of
C—N and N—N bonds by using tertiary amines as pro-
moters.['® In continuation of our interest in applying this
synthetic strategy to novel bond cleavage reactions, we
further investigated the potential reaction between vicinal
tricarbonyl monohydrates with alkynyl ketones in the
presence of a tertiary amine. An addition reaction of vicinal
tricarbonyl monohydrates with alkynyl ketones via con-
secutive C—C/C—O cleavage promoted by 1,4-diazabi-
cyclo[2.2.2]octane (DABCO) was found. A series of car-
boxylate esters were obtained under the above mentioned
mild conditions (Scheme 1b). The versatile reactivity of
carboxylate esters has been utilized to synthesize many
compounds.['! Herein, we report an alternative method for
the promotion of C—C bond cleavage of vicinal tricarbonyl
monohydrates in the presence of DABCO and alkynyl ke-
tones.

2 Results and discussion

Our initial investigation focused on the optimization of
the conditions for the reaction of 1,3-bis(4-chlorophenyl)-

Chin. J. Org. Chem. 2021, 41, 4384~4390

© 2021 Chinese Chemical Society & SIOC, CAS

2,2-dihydroxypropane-1,3-dione (1a, 0.20 mmol) with
1-phenylprop-2-yn-1-one (2a, 0.40 mmol) using 0.20 equiv.
of DABCO in CH)Cl, at room temperature under stirring
for 30 min (Table 1). Surprisingly, a rearrangement reaction
was found between 1a and 2a via consecutive C—C and
C—O0 bond cleavage to afford an unexpected carboxylate
ester product, (E)-3-oxo-3-phenylprop-1-en-1-yl 4-chloro-
benzoate in 25% isolated yield (Table 1, Entry 1). Efforts
were then made to improve the yield of this novel reaction
under different conditions. The yield was improved by
increasing the quantity of DABCO, where 0.50 equiv. of
DABCO based on vicinal tricarbonyl monohydrate was
found to be optimal. The yield of the product was decreased
when 1.0 equiv. of DABCO was used (Table 1, Entries 2~
4). Unsatisfactory results were obtained by changing the
reaction temperature (Table 1, Entries 5 and 6). The results
presented in Table 1 show that the choice of base for the
reaction was clearly important. Among a wide range of
candidates, DABCO was found to be a powerful base for
promoting the reaction. Lower yields were observed upon
replacing DABCO with Et;N, pyridine or DBU. The desired
product was not formed when other bases, such as DMAP,
HMTA, PPh;, K,CO; and KOBu’ were added to the reac-
tion. The effect of the solvent on the reaction was also
examined, and 12% and 17% yields of the desired products
were obtained using CHCl; and THF as solvents, respec-
tively. When the solvent was switched to CCls, CH3CN,
CS,, toluene or EtOAc, only a trace amount of product was
observed by thin layer chromatography analysis. Using
N,N-dimethylformamide (DMF) as a solvent afforded no
product and was therefore not suitable for the reaction.

http://sioc-journal.cn/ 4385
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Table 1 Optimization of reaction conditions®

O (@] O
+ =
%()
Cl Cl
1a

2a
(0] O
Base (0.5 equiv.) e
Solvent, r.t., 30 min @O \)K©
Cl 3a
Entry Solvent Base Yield®
1 CH2Cl2 DABCO 25¢
2 CH2Cl2 DABCO 364
3 CH:CL DABCO 45
4 CH2Cl2 DABCO 18¢
5 CH2Cl2 DABCO <10/
6 CH2Cl2 DABCO Complex$
7 CH:Clz Et;N 13
8 CH2Ch Pyridine Trace
9 CH2Cl2 DBU Trace
10 CH2Cl2 DMAP ND*
11 CH2Cl2 HMTA NR/
12 CH2Cl2 PPh3 ND*
13 CH:Clz K2COs NR/
14 CH2Cl2 KOBu! NR/
15 CHCI3 DABCO 17
16 THF DABCO 12
17 CCl4 DABCO Trace
18 CH3CN DABCO Trace
19 CS2 DABCO Trace
20 Toluene DABCO Trace
21 EtOAc DABCO Trace
22 DMF DABCO ND/

41a (0.20 mmol), 2a (0.40 mmol), base (0.10 mmol), solvent (1.5 mL), r.t., in
air, 30 min; * Isolated yield; * DABCO (0.20 equiv.); “DABCO (0.30 equiv.);
¢DABCO (1.0 equiv.); / At 0 C; £ At reflux;” ND=No desired product de-
tected; ' NR=No reaction observed. DABCO=1,4-diazabicyclo[2.2.2]-octane,
DBU = 1,8-diazabicyclo[5.4.0]Jundec-7-ene, DMAP = 4-dimethylaminopyri-
dine, HMTA =hexamethylene tetramine.

Having identified the optimal reaction conditions, the
proposed approach was applied to the consecutive cleavage
of chemical bonds in different symmetrical vicinal tricar-
bonyl monohydrates (1) by reaction with 1-phenylprop-2-
yn-1-one (2a), and the results are shown in Table 2. A va-
riety of aromatic tricarbonyl monohydrates were found to
react smoothly with 2a to produce the desired carboxylate
esters in moderate to good yields. Aromatic tricarbonyl
monohydrates with an electron-donating group on the ar-
omatic ring afforded clearly higher yields than those with an
electron-withdrawing group on the aromatic ring. For ex-
ample, substrate 1 with an electron-donating group, such as
CH; or CH30 at the para-position of the benzene ring,
reacted with 2a to provide the desired products 3ba and 3ca
in 85% and 65% yields, respectively. By comparison, 1 with
an electron-withdrawing group, such as F, Cl or Br at the
para-position of the benzene ring, afforded the correspon-
ding products in 41%~46% yields. The ortho-substituted
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tricarbonyl monohydrate was tolerated, and the corre-
sponding product 3ga was obtained in 70% yield. Treatment
of 1,3-bis(3-bromophenyl)-2,2-dihydroxypropane-1,3-dio-
ne (1h) with 2a afforded the desired product 3ha in 72%
yield. Notably, a heteroaromatic symmetrical vicinal tri-
carbonyl monohydrate could also be converted to desired
product (3ia) in moderate yield. Note that all the reactions
presented in Table 2 were efficiently completed within 1 to
30 min.

Table 2 DABCO-promoted addition reaction of symmetrical
vicinal tricarbonyl monohydrates 1 with 2a*

o O

o)
M /k DABCO (50 mol%)
Ar Ar +
HO” “OH Z P GcH,Cly rt, 1~ 30 min
1 2a
o) o)
AI’).LO \)kph
3b
o) 0 0 0
/@)ko \)'Lph /@)‘LO \)kph
cl H,C
3aa, 45%° 3ba, 85%
0 o) 0 0
0 \)kph @)‘LO \)'Lph
HaCO 3ca, 65%¢ 3da, 50%°
o) o) o) o)
0 \)kPh ¢ kah
F 3ea, 46%° Br 3fa, 41%°
CH; O 0 o) o)
B
@)&O A r\©)ko A,
3ga, 70%¢ 3ha, 72%
o) o)
Cgko S,
\_s
3ia, 48%¢

4 Reaction conditions: 1 (0.20 mmol), 2a (0.40 mmol), DABCO (0.10 mmol),
CHCl, (1.5 mL), . t., in air, 1~30 min. ® Isolated yield. ¢ The reaction was
stirred for 30 min. ¢ The reaction was stirred for 1 min.

Subsequently, other alkynyl ketones were employed in
the reaction and the results are shown in Table 3. It was
gratifying to find that a variety of substituted alkynyl ke-
tones rapidly reacted with diverse tricarbonyl monohydrates
in satisfactory yields regardless of the different substitutions
on the aromatic rings of 2. Substrates with CH3O group on
the benzene ring produce higher yields than those with F or
Cl group on the benzene ring (3bb vs 3be, 3bd). There was
no discernible product formation using 1-(4-nitrophenyl)-
prop-2-yn-1-one (2e) as the substrate. 1-(Naphthalen-2-yl)-
prop-2-yn-1-one was also converted to the desired product

Chin. J. Org. Chem. 2021, 41, 4384~4390
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(3bf) in excellent yield. Furthermore, substrates 1g and 1d,
also reacted with diverse alkynyl ketones to generate the
corresponding products (3gg ~ gi, 3db) in 45% ~ 71%
yields. However, other electron-deficient olefins or alkynes,
such as ethyl propiolate, propiolamide and chalcone, failed
to react with the tricarbonyl monohydrates to afford the
desired addition product.

Table 2 Scope of alkynyl ketones®

DABCO (50 mol%) X o X X

\
CHyCly, rt, 1~30min /.~
R’ 3b R2

3bb, 90%

0]

O\

HsC 3bc, 66% F

O (0]
Q*O Vﬁ
HaC Cl

3bd, 72%

Nesaash

3be, <5%

Beaaase

3bf, 90%

@*%ﬁ @*VU

399, 71% 3gh, 60%

3gi, 52% 3db, 45%°

a mixture of 3aa (26% yield) and 3ca (20% yield). Note that
the reactions of 1,3-aromatic/aliphatic and 1,3-aromatic/
ester tricarbonyl monohydrates, such as 2,2-dihydroxy-
1-phenylbutane-1,3-dione and ethyl 2,2-dihydroxy-3-oxo-
3-phenylpropanoate, exhibited excellent selectivity, alt-
hough the corresponding product yields were low. Disap-
pointingly, the addition of 2,2-dihydroxy-1H-indene-1,3
(2H)dione (1m) made the reaction complex, with a poor
result. Notably, impure raw material 1d, which contained
6/7 tricarbonyl form 1d', could also be converted to ex-
pected product 3da in 46% yield.

Table 3 DABCO-promoted the reactions of other vicinal tri-
carbonyl monohydrates 1 with 2a“

M*@

DABCO (50 mol%)
CH,Cls, r.t., 30 min.

0
/@)‘Lo \)K@ R2ko X
R1 3b 3 b
1j: R' = CH;0 3aa: 26%
R? = 4-CICgH, 3ca: 20%
COPh
1k% R =H 3da: 28% =/
R? = CHj,4 3ka: ND® H3CCOO
3ka
1% R = 3da: 12% __FoPn
2 — . e
R? = OFEt 3la: ND EtOCOO0
3la
0
H
1m: © Complicated
OH
o}
O O O O
-H,0
HO OH D E— 0 3da: 46%
1d 1d'

1d:1d'=1:6

@ Reaction conditions: 1 (0.20 mmol), 2 (0.40 mmol), DABCO (0.10 mmol),
CH,Cl, (1.5 mL), r.t., in air, 10 min. ® Isolated yield. ¢ The reaction was stirred
for 30 min. ¢ The reaction was stirred for 1 min.

Last, to address the regioselectivity of the reaction, a se-
ries of intramolecular competition reactions were explored
(Scheme 2). Among the unsymmetrical vicinal tricarbonyl
monohydrates, 1-(4-chlorophenyl)-2,2-dihydroxy-3-(4-me-
thoxyphenyl)-propane-1,3-dione reacted with 2a, affording
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“ Reaction conditions: 1 (0.20 mmol), 2a (0.40 mmol), DABCO (0.10
mmol), CH,Cl, (1.5 mL), r.t., in air, 30 min. ® Isolated yields. ¢ Containing
1/3 tricarbonyl form. ¢ Containing 6/7 tricarbonyl form. ¢ ND=No desired
product was detected.

Based on the above mentioned observations, the mecha-
nism depicted in Scheme 3 was proposed. The reaction was
triggered by the reaction of DABCO with 2a to produce
zwitterion A, which deprotonated 2,2-dihydroxy-1,3-di-
phenylpropane-1,3-dione (1d) to generate B and C (Scheme
3, path 1). The C—C bond cleavage reaction also proceeded
using an equilibrium mixture of 1d and 1d' as substrates,
and intermediate C could also be obtained by another pro-
cess (Scheme 3, path 2), whereby 1d was easily converted
into intermediate triketone 1d' by losing H,O, which was

http://sioc-journal.cn/ 4387
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Scheme 3 Plausible mechanism

deprotonated by A to afford a hydroxide anion. The hy-
droxide anion reacted with 1d' through a nucleophilic ad-
dition to produce the same intermediate C as path 1. It
should be noted that we do not know which path (path 1 or
path 2) was taken to produce C due to the fast intermole-
cular transformation between 1d and 1d'. Subsequently,
intermediate C underwent an intramolecular nucleophilic
attack of the oxygen anion to the vicinal carbonyl to gen-
erate D, followed by a C—C bond cleavage process to give
E. Finally, intermediate E underwent proton transfer and
C—0O cleavage to form a benzoate anion, which reacted
with B to afford the desired product 3da by Michael addi-
tion and elimination of DABCO. Note, however, that the
concomitant generative product 2-oxo-2-phenylacetalde-
hyde G or its monohydrate G' could not be obtained from
the reaction system, which can be explained using the re-
sults of a control experiment shown in Scheme 4.

PhCOCHO
G o)
/k DABCO (50 mol%)
+ —— > Complicated !
H20 N =~ "Ph " CH,Cl, rt. 30 min P
PhCOCH(OH),
o

Scheme 4 Control experiments

3 Conclusions

In summary, a novel and interesting addition reaction was
reported via rapid consecutive C—C and C—O bonds
cleavage processes promoted by DABCO under metal-free
conditions. Note that this direct C—C bond cleavage con-
stitutes a novel protocol for the construction of molecular
skeletons, which could be very valuable and efficient in
organic chemistry.

4 Experimental section

4.1 Instruments and reagents

Chemicals and analytical grade solvents were purchased
from commercial suppliers and used without further puri-
fication unless otherwise stated. Chromatographic purifica-
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tion was performed on silica gel (100~200 mesh) and
analytical thin layer chromatography (TLC) on silica gel
60-F2s4 (Qindao), which was detected by fluorescence. 'H
NMR (400 MHz) and *C NMR (100 MHz) spectra were
measured on a Bruker AC 400 spectrometer with CDCls as
solvent and recorded relative to internal tetramethylsilane
standard. High resolution mass spectra (HRMS) were ob-
tained with a Micromass GCT-TOF mass spectrometer.
Melting points were determined on a digital melting point
apparatus and temperatures were uncorrected.

4.2 General procedure for the synthesis of 3

To a solution of tricarbonyl monohydrates (0.2 mmol)
with active alkynes (0.4 mmol) in CH>CL, (1.5 mL) was
added DABCO (0.1 mmol). The mixture was stirred at room
temperature for approximately 1 min in a reaction flask. The
solvent was removed in vacuo and residue was purified by
column chromatography on silica gel to afford the desired
products.

(E)-3-0x0-3-Phenylprop-1-en-1-yl 4-chlorobenzoate
(3aa): Pale yellow solid. m.p. 90~92 “C; 'H NMR (400
MHz, CDCl3) ¢: 8.64 (d, /=12.4 Hz, 1H), 8.11 (d, J=7.6
Hz, 2H), 7.97 (d, J=7.6 Hz, 2H), 7.62 (t, J=7.6 Hz, 1H),
7.51~7.50 (m, 4H), 7.01 (d, J=12.4 Hz, 1H); 3C NMR
(100 MHz, CDCl3) 4: 190.0, 161.8, 150.2, 140.9, 137.7,
132.9,131.5,129.1, 128.5, 128.2, 126.1, 110.6. HRMS (EI)
calcd for C16H,1C10; [M]: 286.0397; found 286.0401.

(E)-3-0x0-3-Phenylprop-1-en-1-yl 4-methylbenzoate
(3ba): Pale yellow solid. m.p. 85~87 C; 'H NMR (400
MHz, CDCl) ¢: 8.67 (d, J=12.4 Hz, 1H), 8.06 (d, J=7.6
Hz, 2H), 7.97 (d, J=7.6 Hz, 2H), 7.61 (t, J/=7.2 Hz, 1H),
7.52 (t, J=17.2 Hz, 2H), 7.33 (d, J=7.6 Hz, 2H), 6.98 (d,
J=12.4 Hz, 1H), 2.45 (s, 3H); *C NMR (100 MHz, CDCl5)
0: 190.3, 162.6, 150.7, 145.3, 137.8, 132.8, 130.3, 129.4,
128.5, 128.2, 124.9, 110.1, 21.6. HRMS (EI) calcd for
Ci7H 1405 [M]": 266.0943; found 266.0947.

(E)-3-0x0-3-Phenylprop-1-en-1-yl  4-methoxybenzoate
(3ca): Pale yellow solid. m.p. 126~128 °C; 'H NMR (400
MHz, CDCl;) ¢: 8.67 (d, J=12.4 Hz, 1H), 8.13 (d, J=8.8
Hz, 2H), 7.97 (d, J=7.2 Hz, 2H), 7.61 (t, J=7.2 Hz, 1H),
7.52 (t, J=17.6 Hz, 2H), 7.01 (d, J=8.8 Hz, 2H), 6.97 (d,
J=12.4 Hz, 1H), 3.91 (s, 3H); *C NMR (100 MHz, CDCl5)
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0: 1904, 164.4, 162.2, 150.9, 137.9, 132.7, 132.5, 128.5,
128.2, 119.8, 114.0, 109.9, 55.4. HRMS (EI) calcd for
Ci7H 1404 [M]": 282.0892; found 282.0890.

(E)-3-ox0-3-Phenylprop-1-en-1-yl benzoate (3da): Whi-
te solid. m.p. 73~75 °C; 'H NMR (400 MHz, CDCl5) ¢:
8.68 (d, J=12.0 Hz, 1H), 8.18 (d, J/=8.0 Hz, 2H), 7.98 (d,
J=7.6 Hz, 2H), 7.69 (t, J/=7.2 Hz, 1H), 7.62 (t,/=7.2 Hz,
1H), 7.55~7.49 (m, 4H), 7.01 (d, J=12.0 Hz, 1H); 3C
NMR (100 MHz, CDCl;) d: 190.2, 162.6, 150.5, 137.7,
134.3, 132.9, 130.2, 128.6, 128.5, 128.2, 127.6, 110.3.
HRMS (EI) caled for CisH;205 [M]": 252.0786; found
252.0790.

(E)-3-0x0-3-Phenylprop-1-en-1-yl 4-fluorobenzoate
(3ea): Pale yellow oil. "H NMR (400 MHz, CDCl5) ¢: 8.65
(d, J=12.4 Hz, 1H), 8.22 (dd, J=5.6, 8.0 Hz, 2H), 7.97 (d,
J=7.2Hz, 2H), 7.62 (t, J=7.2 Hz, 1H), 7.53 (t, J=7.6 Hz,
2H), 7.23 (t, J=8.4 Hz, 2H), 7.01 (d, J=12.4 Hz, 1H); 3C
NMR (100 MHz, CDCl;3) d: 190.1, 167.7 (d, J=255.3 Hz),
161.6, 150.3, 137.7, 133.0, 132.9, 128.5, 128.2 (d, J=4.1
Hz), 124.0 (d, /=3.0 Hz), 116.1 (d, J=22.1 Hz), 110.5.
HRMS (EI) caled for Ci6H;;FO; [M]": 270.0692; found
270.0691.

(E)-3-0x0-3-Phenylprop-1-en-1-yl 4-bromobenzoate
(3fa): Pale yellow oil. '"H NMR (400 MHz, CDCl;) &: 8.64
(d, J/=12.4 Hz, 1H), 8.03 (d, J/=8.4 Hz, 2H), 7.97 (d, J=
7.2 Hz, 2H), 7.69 (d, J/=8.4 Hz, 2H), 7.62 (t, J=7.6 Hz,
1H), 7.53 (t, J=17.6 Hz, 2H), 7.01 (d, J=12.4 Hz, 1H); *C
NMR (100 MHz, CDCl;) d: 190.0, 162.0, 150.2, 137.6,
132.9, 132.1, 131.6, 129.7, 128.5, 128.2, 126.6, 110.6.
HRMS (EI) caled for Ci6Hy1BrO; [M]": 329.9892; found
329.9897.

(E)-3-0x0-3-Phenylprop-1-en-1-yl 2-methylbenzoate
(3ga): Yellow oil. '"H NMR (400 MHz, CDCI;) J: 8.68 (d,
J=12.0 Hz, 1H), 8.11 (d, J/=7.6 Hz, 1H), 7.97 (d, J=7.2
Hz, 2H), 7.61 (t, J=7.2 Hz, 1H), 7.52~7.49 (m, 3H),
7.35~7.32 (m, 2H), 6.97 (d, J=12.0 Hz, 1H), 2.68 (s, 3H);
3C NMR (100 MHz, CDCl3) 6: 190.3, 162.7, 150.6, 142.0,
137.8, 133.4, 132.8, 132.0, 131.1, 128.5, 128.2, 126.6,
125.9, 110.1, 21.8. HRMS (EI) calcd for Ci7H1405 [M]
266.0943; found 266.0946.

(E)-3-ox0-3-phenylprop-1-en-1-yl 3-bromobenzoate
(3ha): Pale yellow oil. '"H NMR (400 MHz, CDCl) J: 8.64
(d, J/=12.0 Hz, 1H), 8.30 (s, 1H), 8.11 (d, J/=7.6 Hz, 1H),
7.98 (d, J=7.2 Hz, 2H), 7.81 (d, J=8.0 Hz, 1H), 7.62 (t,
J=7.2Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 7.43 (t,J=7.6 Hz,
1H), 7.04 (d, J=12.0 Hz, 1H); 3C NMR (100 MHz,
CDCls) o: 189.9, 161.4, 150.1, 137.6, 137.2, 133.1, 133.0,
130.2, 129.6, 128.8, 128.5, 128.2, 122.7, 110.7. HRMS (EI)
caled for CigH 1 BrOs [M]': 329.9892; found 329.9891.

(E)-3-0xo0-3-phenylprop-1-en-1-yl thiophene-2-carboxy-
late (3ia): Pale yellow oil. '"H NMR (400 MHz, CDCl;) J:
8.61 (d, J=12.0 Hz, 1H), 8.01 (d, J/=3.2 Hz, 1H), 7.97 (d,
J=72Hz,2H),7.74 (d,/=4.8 Hz, 1H), 7. 62 (t, J=7.2 Hz,
1H), 7. 53 (t, J=7.2 Hz, 2H), 7.22~7.20 (m, 1H), 6.99 (d,
J=12.0 Hz, 1H); '*C NMR (100 MHz, CDCl) §: 190.0,
158.0, 150.2, 137.7, 135.6, 134.7, 132.9, 130.8, 128.5,
128.2, 128.2, 110.2. HRMS (EI) calcd for Ci4H;903S [M] '
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258.0351; found 258.0354.

(E)-3-oxo0-3-phenylprop-1-en-1-yl 2-methylbenzoate
(3bb): Pale yellow solid. m.p. 90~91 C; 'H NMR (400
MHz, CDCl3) o: 8.65 (d, J/=12.0 Hz, 1H), 8.05 (d, J=8.0
Hz, 2H), 7.98 (d, /=8.4 Hz, 2H), 7.32 (d, /=8.4 Hz, 2H),
6.99-6.96 (m, 3H), 3.89 (s, 3H), 2.46 (s, 3H); '3*C NMR
(100 MHz, CDCls) o: 188.5, 163.4, 162.7, 150.0, 145.2,
130.7, 130.5, 130.2, 129.3, 125.0, 113.7, 109.8, 55.3, 21.7.
HRMS (EI) caled for CisHis04 [M]": 296.1049; found
296.1051.

(E)-3-(4-Fluorophenyl)-3-oxoprop-1-en-1-yl ~ 4-methyl-
benzoate (3bc): White solid. m.p. 92~94 ‘C; 'H NMR
(400 MHz, CDCls) o: 8.67 (d, J=12.4 Hz, 1H), 8.05~7.98
(m, 4H), 7.33 (d, /=8.0 Hz, 2H), 7.19 (t, J=8.4 Hz, 2H),
6.96 (d,J=12.4 Hz, 1H), 2.45 (s, 3H); '3C NMR (100 MHz,
CDCls) o: 188.5, 166.8 (d, J=254.0 Hz), 162.5, 150.8,
145.5, 134.1 (d, J/=3.0 Hz), 130.8 (d, /=9.3 Hz), 130.3,
129.4, 124.8, 115.7 (d, J=21.7 Hz), 109.6, 21.7. HRMS
(EI) caled for Ci7H3FO5 [M]': 284.0849; found 284.0850.

(E)-3-(4-Chlorophenyl)-3-oxoprop-1-en-1-yl 4-methyl-
benzoate (3bd): Pale yellow solid. m.p. 115~117 C; 'H
NMR (400 MHz, CDCl;) ¢: 8.68 (d, J/=12.4 Hz, 1H), 8.06
(d,J=8.4 Hz, 2H), 7.92 (d, J=8.4 Hz, 2H), 7.49 (d, /=8 .4
Hz, 2H), 7.33 (d, J/=8.4 Hz, 2H), 6.95 (d, /=12.4 Hz, 1H),
2.46 (s, 3H); '*C NMR (100 MHz, CDCls) &: 188.9, 162.5,
151.0, 145.5, 139.3, 136.1, 130.3, 129.6, 129.4, 128.8,
124.7, 109.6, 21.7. HRMS (EI) calcd for C17H;3ClO5 [M] '
300.0553; found 300.0554.

(E)-3-(Naphthalen-2-yl)-3-oxoprop-1-en-1-yl 4-methyl-
benzoate (3bf): Pale yellow oil. 'H NMR (400 MHz,
CDCl) o: 8.49 (d, J=12.4 Hz, 1H), 8.36 (d, /=8.0 Hz,
1H), 8.04~7.99 (m, 3H), 7.92 (d, J/=7.6 Hz, 1H), 7.76 (d,
J=7.2 Hz, 1H), 7.59~7.51 (m, 3H), 7.32 (d, J=8.0 Hz,
2H), 6.78 (d, J/=12..4 Hz, 1H), 2.45 (s, 3H); *C NMR (100
MHz, CDCl3) d: 195.0, 162.5, 151.9, 145.5, 136.4, 133.7,
131.7, 130.3, 130.2, 129.4, 128.3, 127.4, 127.1, 1264,
125.4, 124.7, 124.3, 115.3, 21.7. HRMS (EI) calcd for
C21H 1605 [M]": 316.1099; found 316.1101.

(E)-3-(2-Chlorophenyl)-3-oxoprop-1-en-1-yl 2-methyl-
benzoate (3gg): Yellow oil. 'H NMR (400 MHz, CDCl3) 6:
8.34 (d, J/=12.4 Hz, 1H), 8.09 (d, /=8.0 Hz, 1H), 7.51~
7.31 (m, 7H), 6.58 (d, J=12..4 Hz, 1H), 2.64 (s, 3H); 13C
NMR (100 MHz, CDCl;) d: 193.2, 162.4, 152.4, 142.2,
138.5, 133.6, 132.1, 131.4, 131.2, 131.0, 130.2, 128.9,
126.7, 126.1, 126.0, 114.7, 21.8. HRMS (EI) calcd for
Ci7H5C10; [M]": 300.0553; found 300.0556.

(E)-3-(4-Bromophenyl)-3-oxoprop-1-en-1-yl  2-methyl-
benzoate (3gh): Pale yellow oil. 'H NMR (400 MHz,
CDCl) o: 8.68 (d, J=12.4 Hz, 1H), 8.10 (d, /=8.0 Hz,
1H), 7.83 (d, J/=8.4 Hz, 2H), 7.65 (d, J/=8.4 Hz, 2H), 7.53
(t, J=7.6 Hz, 1H), 7.35~7.32 (m, 2H), 6.92 (d, J=12.4
Hz, 1H), 2.67 (s, 3H); '*C NMR (100 MHz, CDCls) ¢:
189.1, 162.5, 151.0, 142.1, 136.5, 133.5, 132.1, 131.8,
131.1, 129.7, 127.9, 126.4, 125.9, 109.5, 21.8. HRMS (EI)
caled for Ci7H;3BrOs [M]': 344.0048; found 344.0051.

(E)-3-(3-Bromophenyl)-3-oxoprop-1-en-1-yl 2-methyl-
benzoate (3gi): Pale yellow oil. 'H NMR (400 MHz, CDCl;)
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o0: 8.69 (d, J=12.4 Hz, 1H), 8.11 (d, /=8.0 Hz, 1H), 8.09
(s, 1H), 7.88 (d, J=7.6 Hz, 1H), 7.72 (d, J=7.6 Hz, 1H),
7.54 (t, J=17.6 Hz, 1H), 7.40~7.32 (m, 3H), 6.92 (d, J=
12..4 Hz, 1H), 2.68 (s, 3H); '*C NMR (100 MHz, CDCl5) 6:
188.8, 162.5, 151.2, 142.1, 139.5, 135.6, 133.5, 132.1,
131.2,131.1,130.1, 126.6, 126.3, 125.9, 122.9, 109.4, 21.8.
HRMS (EI) caled for C7H;3BrO; [M]": 344.0048; found
344.0044.

(E)-3-(4-Methoxyphenyl)-3-oxoprop-1-en-1-yl benzoate
(3db): Pale yellow oil. '"H NMR (400 MHz, CDCl5) d: 8.66
(d, J=12.4 Hz, 1H), 8.18 (d, J=7.6 Hz, 2H), 7.99 (d, J=
8.0 Hz, 2H), 7.69 (t, J=7.6 Hz, 1H), 7.54 (t, J/=7.6 Hz,
2H), 7.02~6.97 (m, 3H), 3.89 (s, 3H); *C NMR (100 MHz,
CDCls) o: 188.4, 163.5, 162.7, 149.8, 134.2, 130.7, 130.5,
130.2, 130.0, 128.6, 113.7, 110.1, 55.3. HRMS (EI) calcd
for C17H1404 [M]": 282.0892; found 282.0889.

Supporting Information 'H NMR and '3C NMR spectra
for compound 3. The Supporting Information is available
free of charge via the Internet at http://sioc-journal.cn/.
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