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ABSTRACT: A general and effective palladium-catalyzed cross-
coupling of organostibines with styrenes to give (E)-olefins was
disclosed. By the use of an organostibine reagent, this method can
produce unsymmetric (E)-1,2-diarylethylenes and (1E,3E)-1,4-
diarylbuta-1,3-dienes in good yields with high E/Z selectivity and
good functional group tolerance. Resveratrol and DMU-212 were
synthesized in high yield. The protocol can be extended to the
synthesis of (1E,3E,SE)-1,6-diphenylhexa-1,3,5-triene in 40% yield.
Products Se, 5f, and 7a showed good photoluminescence quantum
yields ranging from 72 to 99%.

Unsymmetric (E)-stilbenes and related conjugated 7-
electron compounds are widely used in materlals,
medicine and health, cosmetics, and other important fields.'~

As shown in Figure 1, resveratrol (A), an example of an (E)-
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Figure 1. Representative (E)-stilbene-like olefins.

1,2-diarylethylene, can be used as a dietary supplement and has
been observed to have chemoprophylaxis and cytoinhibitory
effects on a variety of human tumor cell lines.” DMU-212 (B),
which is also an (E)-1,2-diarylethylene, has been demonstrated
to possess cytotoxic activity in ovarian, breast, and colorectal
cancer cell lines.” In addition, unsymmetric conjugated
polyolefins, such as (1E,3E)-1,4-diarylbuta-1,3-diene and
(1E,3E,SE)-1,6-diarylhexa-1,3,5-triene, which exhibit good
fluorescence properties, are of great value in the fields of
optical functional materials, liquid crystals, and luminescent
materials.” For example, conjugated dienes C and D with
electron-withdrawing cyanide and nitro groups have good
fluorescent probe properties,” while the conjugated trienes E
and F can be used as fluorescent probes of lipid membranes for
cancer research.’
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Because of their wide application in many fields, the
synthesis of unsymmetric (E)-stilbene-like olefins has attracted
much attention in organic synthesis. A variety of powerful
methods have been disclosed.” Among them, the transition-
metal-catalyzed Heck coupling reaction is one of the most
powerful tools for the formation of (E)-olefins,® especially for
the synthesis of (E)-1,2- dlarylethylenes Excellent examples
based on catalysis by Pd, 749 Ni,'” and Cu' b with aryl halides or
arylboronic acids have been developed, as shown in Scheme
la. Compared with the well-established methodologies for
unsymmetric (E)-1,2-diarylethylenes, the synthesis of unsym-
metric (1E,3E)-1,4-diarylbuta-1,3-dienes (Scheme 1b) is quite
rare. Recently three examples demonstrated the synthesis of
the above molecules. Kamigata et al.'' disclosed the first
example of Ru(PPh;)Cl;-catalyzed Heck coupling of alkene-
sulfonyl chlorides with styrenes, which gave higher yields of
(1E,3E)-1,4-diarylbuta-1,3-dienes at 150 °C. Xu et al.'* also
successfully realized the Heck reaction between olefins and /-
bromostyrene using a y-OMs palladium dlmer complex as the
catalyst with the yield of 82%. Miura et al."® also disclosed a
palladium-catalyzed coupling reaction of cinnamic acid with 1-
bromostyrene. Besides common Heck coupling products, their
protocol realized the synthesis of (1E,3E)-1,4-diarylbuta-1,3-
dienes and (1E,3E,SE)-1,6-diarylhexa-1,3,5-trienes (Scheme
1c).
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Scheme 1. Strategy for Unsymmetric (E)-Stilbene-like
Olefins
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We are interested in organoantimony chemistry'® and
olefins.””> Organoantimony reagents have been used for the
Heck coupling by several groups for years. In 2020, Yasuike et
al. disclosed a Pd-catalyzed oxidative Heck-type arylation of
vinyl ketones, alkenes, and acrylates with Sb-aryltetrahydrodi-
benz[c,f][1,5]azastibocines, which is an important step
forward in organoantimony chemistry.'*" However, this
protocol failed to efficiently produce (E)-1,2-diphenylethylene
(52% yield). Very recently, by simple modification of the N-
substitution group from tert-butyl to phenyl on the
tetrahydrodibenz[c,f][1,5]azastibocines, we established an
efficient protocol toward biaryls via Pd-catalyzed oxidative
cross-coupling of arylated organostibines with arylboronic
acids.'*¢

In the present work, we used 6-phenyl-12-aryl-5,6,7,12-
tetrahydrodibenzo[c,f][1,5]azastibocines as coupling reagents
to react with styrenes, which can yield unsymmetric (E)-
stilbene-like olefins with high efficiency and regioselectivity.
This method can produce not only unsymmetric (E)-1,2-
diarylethylenes in good yields but also unsymmetric (1E,3E)-
1,4-diarylbuta-1,3-dienes (Scheme 1d). Furthermore, this
procedure can also be extended to produce (1E,3E,SE)-1,6-
diphenylhexa-1,3,5-triene in satisfactory yield with good
regioselectivity. This is the first example of an oxidative
Mizoroki—Heck reaction using organostibine reagents to react
with olefins for the synthesis of unsymmetric (1E,3E)-1,4-
diarylbuta-1,3-dienes.

As shown in Table 1, we initially conducted the screening
for the Heck coupling with 6,12-diphenyl-5,6,7,12-
tetrahydrodibenzo[c,f][1,5]azastibocine (1a) and styrene
(2a). We found that the ligand did not affect the reaction
(see Table S2) and that the addition of Cu(OAc), as an
oxidant greatly improved the reaction efficiency (entries 1—3).
Adding 100 uL of water increased the yield of 3a to 85% (entry
6), which may be due to coordination of the water molecule to
antimony, lowering the reaction activation energy (see Figure
$4).'"° Then the solvent and the amount of oxidant were
screened (entries 7—12). DMF was found to be the best
solvent, and 1.5 equiv of Cu(OAc), was enough to oxidize the
reaction. Pd(OAc), was the best catalyst under an air
atmosphere, giving 3a in 95% GC yield (entry 11), while the
use of a nitrogen atmosphere lowered the yield of 3a to 68%,
indicating that the oxygen may also work as an oxidant to some
extent (entries 13—15). All entries gave only a trace amount of
3a’ derived from homocoupling of 1a, indicating the advantage
of organoantimony reagents.
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Table 1. Screening of the Reaction Conditions”

__conditions /‘/\, /‘/‘

<
@Nﬂsn@'su + \
O

1a, 0.1mmol 2a, 0.15mmol

entry oxidant H,O (uL)  solvent (2.0 mL) catalyst (10 mol %) yield of 3a (%) yield of 3a' (%)

1 Cu(OAc); (1.1 eq) 20 1,4-dioxane Pd(OAc), 56 trace
2 BQ (1.1 eq) 20 1,4-dioxane Pd(OAc), 16 2

3 K2S,05 (1.1 eq) 20 1,4-dioxane Pd(OAc), 18 6

4 Cu(OAc), (1.1 eq) 60 1,4-dioxane Pd(OAc), 80 trace
5 Cu(OAc), (1.1 eq) 80 1,4-dioxane Pd(OAc), 82 trace
6 Cu(OAc), (1.1 eq) 100 1,4-dioxane Pd(OAc), 85 trace
7 Cu(OAc); (1.1 eq) 100 DMSO Pd(OAc), 80 trace
8 Cu(OAc) (1.1 eq) 100 DMF Pd(OAc), 87 trace
9 Cu(OAc), (1.1 eq) 100 THF Pd(OAc), 58 2

10 Cu(OAc); (2.0 eq) 100 DMF Pd(OAc), 91 trace
11 Cu(OAc); (1.5 eq) 100 DMF Pd(OAc), 95 trace
12 Cu(OAc); (1.0 eq) 100 DMF Pd(OAc), 90 trace
13 Cu(OAc); (1.5 eq) 100 DMF PdCl, 93 trace
14 Cu(OAc); (1.5 eq) 100 DMF Pd(OTf), 78 trace
15 Cu(OAc), (1.5 eq) 100 DMF Pd(OAc), 68%; 23¢ 8¢ trace

“la (0.1 mmol), 2a (0.15 mmol), Pd catalyst (0.01 mmol), and the
base (0.2 mmol) in the solvent (2.0 mL) with the oxidant (1.0—2.0
equiv) and H,0 (60—100 ﬂL) at 100 °C in air for 2 h in a sealed
tube. GC yields are shown. “Under N,. “Without Cu(OAc),. 9Under
N, and without Cu(OAc),.

Table 2 shows the isolated yields of (E)-olefins 3a—u
obtained by the Pd-catalyzed Heck coupling of substituted

Table 2. Substrate Scope of Olefins for Unsymmetric (E)-
1,2-Diarylethylenes”

Pd(OAC), (10 mol%)
Cu(OAc), (1.5 equiv)

NaHCO; (2.0 equiv)
DMF, H,0 100 uL,100 °C, air

OO -
1a, 0.1 mmol

® or
NN /@N Z
Bu By

3a, 90%, (E:Z >99:1)

M QAJO @NU J@N\U

3j, R' = 4-CF3, 92%, (E:Z >99:1
3k, R' = 3-CF3, 87%, (EZ>991)

al Z ] X
L oy
= Ph
B

30, 44%, (E:Z >99:1)

2,0.15 mmol 3

R'=Bu, 3b, 87 %, (E:Z>99:1)
R'= OMe, 3¢,75 %. (E:Z >99:1) ‘
R'=Me, 3d, 86 %, (E:Z>99:1)
R'=Ph, 3e, 81 %, (E:Z>99:1)
R'=CN, 3f, 80 %, (E:Z>99:1)
R'=NO,, 3g, 76 %, (E:Z>99:1)

Bu

3h, 82% (E:Z >99:1)

3i, 41%, (E:Z>99:1) 3m, 54%, (E:Z>99:1)

SN
/@,\\L\)
Bu

3q, 69%, (E:Z>99:1)

Qo |
NS, S
o O
Bu Bu

3t, 72%, (E:Z>99:1)

31, 61%, (E:Z>99:1)

3n, 48%, (E:Z >99:1) 3p, 90%, (E:Z>99:1)

g

[e) 0,

/@/\)k @ /@/\/\s\ o
O o]

By Bu

3r, 61%, (E:Z>99:1) 3s, 55%, (E:Z>99:1) 3u, 60%,(E:Z >99:1)

“1a (0.1 mmol), 2 (0.15 mmol), Pd(OAc), (10 mol %), NaHCO,
(0.2 mmol), and Cu(OAc), (0.2 mmol) in 2.0 mL of DMF at 100 °C
for 8 h. Isolated yields of 3 are shown. E:Z ratios are given in
parentheses and were determined by 'H NMR analysis of the crude
mixtures.

styrenes 2 with la. Good functional group tolerance was
observed, as a variety of groups, such as ‘Bu, Me, NO,, CF;,
CN, F, C], pyridine, sulfone, and ester, are well-tolerated in this
protocol. The expected stilbene derivatives 3a—h, 3j, 3k, and
3p were obtained by reaction with substituted styrenes in good
yields (>75%) with excellent regioselectivity (E:Z > 99:1). The
reaction is also compatible with halogenated olefins (X = F,
Cl) but poor for bromostyrene and iodostyrene, which may
due to side reactions of the active C—Br/C—I bonds of the
halides. Meanwhile, because of the steric hindrance effect, the
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yields of 3i and 30 were lower (41% and 44%, respectively),
but the regioselectivity still remained the same as for 3a—i. For
other olefins apart from styrenes, the corresponding products
3q—u were also obtained in moderate to good yields with E:Z
> 99:1.

Then a series of Sb-aryl organostibines with the
tetrahydrodibenz[c,f][1,5]azastibocine framework were syn-
thesized and subjected to reaction with styrene in this reaction
system (4a—p; Table 3). Alkyl and aryl substituents were

Table 3. Substrate Scope of Sb-Aryl Organostibines for
Unsymmetric (E)-1,2-Diarylethylenes”

Pd(OAC), (10 mol%)
Cu(OAc); (1.5 equiv)

[ i A
NaHCOj3 (2.0 equiv ) ‘
DMF, H,0 100 pL,100 °C, air R

=
OO, -
e O

2a, 0.15 mmol 4

o

4a, 94%, (E:Z>99:1) 4c, 90%, (E:Z=72:28)

1, 0.1 mmol

4b, 95%, (E:Z >99:1)

/‘/\/‘ /‘/\/‘ MBO:,/\,
MeO
MeO

4f, 74%, (E:Z>99:1)

4d, 80%, (E:Z >9

MeO. O

OMe
4h, 54%, (E:Z >99:1)

O

4e, 86%, (E:Z>99:1) (E:Z>99:1)

o g 0

CF3
4j, 93%,

49, 57%, (

Q@

NC
41,30%, (E:Z>99:1)

—N

4| 72%, (E:Z>99:1) (E:Z>99:1) 4k, 70%, (E:Z>99:1)

0GB

4m 64%,

X

(E:Z>99:1) 4n,72%, (E :Z >99:1) 40, 68%, (E:Z>99:1)

“1 (0.1 mmol), 2a (0.15 mmol), Pd(OAc), (10 mol %), NaHCO,
(0.2 mmol), and Cu(OAc), (0.2 mmol) in 2.0 mL of DMF at 100 °C
for 8 h. Isolated yields of 4 are shown. E:Z ratios are given in
parentheses and were determined by 'H NMR analysis of the crude
mixtures.

4p, 70%, (E:Z >99:1)

tolerated in the system with good yields and regioselectivity.
Various organostibines can achieve satisfactory yields, such as
4-methyl (4b, 95%), 4-n-butyl (4e, 86%), 4-methoxy (4f,
74%), 3-CF; (4j, 93%), and 4-Ph (4m, 64%). A cyano group
afforded a modest 30% yield of 41 in the catalytic reaction
system, while some strong electron-withdrawing functional
groups cannot be tolerated, such as ester, nitro, bromine, and
other functional groups. We compared the yields of the
methyl-substituted products (4b—d) and found that the yield
decreased in the order 4b > 4c > 4d, indicating steric
hindrance of the reaction, with the meta position giving relative
lower regioselectivity. Heteroatom-containing groups could
also survive in this transformation, generating the correspond-
ing products 40 and 4p in good yields with >99% E/Z
selectivity.

It has been reported that polyphenols and methyl ether
derivatives have possible anticancer activity,'’ among which
resveratrol and DMU 212 are two compounds that have been
studied extensively.””'® By means of the developed method,
DMU-212 and resveratrol were prepared via a single-step or
two-step procedure, respectively, in yields of 65% (4q) and
60% (4s) (egs 1 and 2).

It was found that the reaction of 1b with aromatic olefins
provided conjugated dienes in low yields with poor selectivity,
which inspired us to focus on the synthesis of 1,4-diaryl-1,3-
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Pd(OAC); (10 mol%)

Letter
NaHCO; (2.0 equiv)

. OMe
e “’
MeO. N O
—_— O (eq. 1)
DMF, H,0 100 L, 100 °C, air  MeO

Cu(OAc), (15 equiv)
OMe

DMU-212, 4q, 65%, (E:Z >99:1)

OMe
MeO. N ‘
O (eq.2)

OMe

KQ o
OM:
O Ao+
D ow

1 mmol 1.5 mmol

Q OMe OMe
O "
w@Q

1 mmol

Pd(OAC); (10 mol%)
NaHCOj (2.0 equiv)

Cu(OAc); (1.5 equiv)
DMF, H,0 100 uL,100 °C, air

4r, 70%, (E:Z >99:1)

OH
HO\,/\/‘/
OH
resveratrol, 4s, total yield: 60%, (E:Z >99 :1)

1.5 mmol

(1) BBrg (3.0 equiv)
(2) NaOH (1 M)

butadienes. After investigating the reaction conditions, we
found that ligands were needed to inhibit the generation of
homocoupling products. Screening of a series of ligands
showed that 1,10-phenanthroline (1,10-Phen) was the best
ligand to improve the reaction effect (see Table S8).

Table 4 shows the results of the catalytic reaction of 1b with
various aromatic olefins. It shows a wide substrate scope

Table 4. Substrate Scope of Stilbenes for Unsymmetric

(1E,3E)-1,4-Diarylbuta-1,3-dienes”
-

5a, 85%

Pd(OAC); (10 mol%)

__ Cu(OAc), (15 equiv)

T1,10Phen (30 mol%)

NaHCO; (2.0 equiv)
DMSO, Hz0 100 L., 100 °C, air

B

1b, 0.1 mmol

5¢, 80%

>99:1) >99/1) (EE:/ (zz¢Ez+zE) 86:14)

5,6%

>99:1)

5', trace 5', trace

\\

5, 4%

O CFs

\\ \\
Yo CF:
“[\{f"}("{,(

59,91% 5h, 69%

R =H, Se, 65%,(EE:(ZZ+EZ+ZE)>99:1), 5', 7%
R = Me, 5f, 30%, (EE:(ZZ+EZ+ZE)>99:1), 5", 20% 5, trace

O\\LF uwaj T

5j, 64%,

©CDC(5e) (

2065213 5, 8%

= F
MQ

51, 53%

&

5k, 57%
81:19) (EEX( 1)

5, 10%
“1b (0.1 mmol), 2 (0.15 mmol), Pd(OAc), (10 mol %), NaHCO,
(0.2 mmol), Cu(OAc), (0.15 mmol), and 30 mol % 1,10-Phen in 2.0
mL of DMSO at 100 °C for 8 h. Isolated yields of the main products §
and GC yields of §" and §” are shown. The ratios of EE isomers are
given in parentheses and were estimated from the areas in GC and
GC—MS of the crude mixtures.

5i, 55%

>99:1) >99:1)

5,10% 5',8% 5',14%

toward to both electron-donating groups and electron-
withdrawing groups in good yields (Sa-1). The reaction
exhibits different dependences on the electronic effect and
spatial effect with respect to electron-donating groups and
electron-withdrawing groups. When an electron-withdrawing
group (CF;) was attached at the para and meta position of the
aromatic olefin, the yield was increased from 69% (Sh) to 91%
(5g). When an electron-donating methyl group was attached at
the same position, almost the same yields were observed (85%
for 5a and 88% for 5b).

Table 5 shows the use of 1-phenyl-1,3-butadiene as the
substrate to synthesize conjugated dienes through the oxidative
Heck coupling method. The reaction is compatible with a
variety of substituted organostibine compounds, and all of the
products were unsymmetric (1E,3E)-1,4-diarylbuta-1,3-dienes
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Table S. Substrate Scope of Sb-Aryl Organostibines for
(1E,3E)-1,4-Diarylbuta-1,3-dienes”

Pd(OAc), (10 mol%)
NaHCOj; (2.0 equiv)
Cu(OAc), (1.5 equiv) |

DMF, H,0 100 pL,100 °C, air R

SN

A
L

B
O o
K@ \/\/‘

1,0.1 mmol 6a, 0.15 mmol

O O \\ \‘/\/\,/‘/\/\,
>

5¢, 58%
(EE:ZE >99:1)

Se, 44%
(EE:ZE >99:1)

59, 83%
(EE:ZE >99:1)

M MeO PN
oD J
SN
O Ssi Meo
"Bu -3 OMe OMe

6a, 67%
(EE:ZE >99:1)

QN

bo Ge, 36% 6f, 49%

(EE:ZE >99:1) (EE:ZE >99:1)

“1 (0.1 mmol), 6a (0.15 mmol), Pd(OAc), (10 mol %), DMF (2.0

mL), NaHCO; (0.2 mmol), 1,10-Phen (30 mol %) and Cu(OAc),

(0.2 mmol) at 100 °C in air for 8 h. Isolated yields of the main

products § and 6 are shown. The ratios of EE isomers are given in

parentheses and were estimated from the areas in GC and GC—MS of
the crude mixtures.

51, 35%
(EE:ZE >99:1)

6b, 71%
(EE:ZE >99:1)

6c, 49%
(EE:ZE >99:1)

6d, 38%
(EE:ZE >99:1)

5)/\/%)/\)
6g, 60%

(EE:ZE >99:1)

(S¢, Se, 51, 5g, 6a—g) and were obtained in good yields with
excellent regioselectivity (EE:ZE > 99:1).

Furthermore, we synthesized hexatriene 7a in 40% yield
under the standard conditions by regulation of the palladium
catalyst and base, as shown in eq 3. Further research on
conjugated polyenes such as conjugated trienes and tetraenes is
underway in our laboratory.

Pd,(dba); (10 mol%)
Cu(OAc), (2.0 equiv)
NaOBu (2.0 equiv)
1,10-phen (30 mol%)

DMSO, H;0 100 uL,100 °C, air

J\O
©A\f\ SN (ea.3)

7a, 40 %, (EEE:isomers = 83 :17)

1b, 0.1 mmol 6a, 0.15 mmol

Conjugated polyolefins have been demonstrated to have the
potential in biochemistry because of their excellent fluo-
rescence ability. We thus investigated the photophysical
properties of selected examples of the obtained 1,3-dienes
and 1,3,5-trienes (Figure 2). The UV—vis absorption and

—e—5¢(QY =38

——5f(QY
—a—6c (QY
——6g (QY =
—v—Ta QY

°
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»
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>
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Figure 2. (A) UV—vis absorption and (B) fluorescence emission
spectra of selected examples of 1,3-dienes and 1,3,5-trienes.

fluorescence emission spectra and the photoluminescence
quantum yields (PLQYs) in toluene were acquired. The UV—
vis absorption and fluorescence emission bands of 1,3,5-triene
7a are bathochromically shifted compared with those of the
dienes (Se, 5f, 6e—g) as a result of the enhanced conjugation.
Besides, these compounds showed good PLQYs ranging from
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72% to 99%, except for 6¢c and 6g. These primary results
indicate that these polyolefins may have potential for use in the
area of biochemistry.

We began to investigate the yield of 3a and 3a’ in the Heck
reaction over time, and the simulated curve is shown in Figure
S3. The yield of the oxidative Heck coupling product 3a
increased smoothly to 95% within 2 h, and the byproduct 3a’
reached a maximum yield of 2% at only 20 min. On the basis of
the previously reported literature'*”'® and the control
experiments, a possible catalytic cycle for the reaction of
organostibine compounds with olefins is proposed as shown in
Scheme 2. First, organostibine compound 1b reacts with

Scheme 2. Proposed Mechanism

3 Ph

Cycle A

H Ph
/:)_<Pd(II)L

Ph (mn
\‘Ph N\Ph
5

Pd(O)L

cully K

Pd(O)L

X Pd(INL
[0} Cycle B

Cu(l)o,

Pd(IL

Sb/\/Ph
1b

Pd(II) to produce organic palladium intermediate I, which can
react with olefin 2 to give intermediate II as a fast path as cycle
A. Then f-H elimination from intermediate IT occurs, giving
the desired product 5 and a Pd(0) species. Finally, the Pd(0)
species can be oxidized to the active Pd(II) intermediate in the
presence of Cu(I)/O, to finish the catalytic cycle. However,
there could be another route for homocoupling of 1b, shown
as cycle B, in which intermediate I could react with 1b to
generate intermediate III as a slow path. III would then
undergo reductive elimination to give Pd(0) and the side
product 5 (Table 4).

In summary, we have developed a new methodology for the
formation of conjugated dienes via oxidative cross-coupling of
organostibine compounds with olefins. The breaking of the
Sb—C bond provides a good opportunity for the formation of
unsymmetric stilbenes and conjugated dienes. The reaction
system has good tolerance to olefin functional groups,
including methoxy, fluorine, trifluoromethyl, ester, nitro,
naphthalene ring, trimethylsilane, and ether groups. For
organostibine compounds, electron-donating functional groups
have achieved good yields. This reaction system provides
potential value for the utilization of organostibine compounds
and also provides a strategy for the generation of unsymmetric
stilbenes and conjugated dienes.

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532.

Detailed experimental procedures, characterization data,
and copies of the 'H, 'F, and *C NMR spectra of the
obtained products (PDF)

FAIR data, including the primary NMR FID files, for
compounds 3a—u, 4a—s, Sa—l, 6a—g, and 7a (ZIP)

Accession Codes
CCDC 2065213 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge

https://doi.org/10.1021/acs.orglett.1c01532
Org. Lett. 2021, 23, 5317-5322


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01532/suppl_file/ol1c01532_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01532/suppl_file/ol1c01532_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01532/suppl_file/ol1c01532_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01532/suppl_file/ol1c01532_si_002.zip
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2065213&id=doi:10.1021/acs.orglett.1c01532
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=tbl5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=tbl5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=eq3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=eq3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=eq3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=eq3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?fig=sch2&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01532?rel=cite-as&ref=PDF&jav=VoR

Organic Letters

pubs.acs.org/OrgLett

via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, U.K,; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

Renhua Qiu — State Key Laboratory of Chemo/Biosensing
and Chemometrics, Advanced Catalytic Engineering Research
Center of the Ministry of Education, College of Chemistry and
Chemical Engineering, Hunan University, Changsha 410082,
P. R. China; Shenzhen Research Institute, Hunan University,
Shenzhen 518000, P. R. China; ® orcid.org/0000-0002-
8423-9988; Email: renhuaqiul @hnu.edu.cn

Authors

Zhao Zhang — State Key Laboratory of Chemo/Biosensing
and Chemometrics, Advanced Catalytic Engineering Research
Center of the Ministry of Education, College of Chemistry and
Chemical Engineering, Hunan University, Changsha 410082,
P. R. China

Dejiang Zhang — State Key Laboratory of Chemo/Biosensing
and Chemometrics, Advanced Catalytic Engineering Research
Center of the Ministry of Education, College of Chemistry and
Chemical Engineering, Hunan University, Changsha 410082,
P. R. China

Longzhi Zhu — State Key Laboratory of Chemo/Biosensing
and Chemometrics, Advanced Catalytic Engineering Research
Center of the Ministry of Education, College of Chemistry and
Chemical Engineering, Hunan University, Changsha 410082,
P. R. China; Center for Biomedical Optics and Photonics
(CBOP) and College of Physics and Optoelectronic
Engineering, Key Laboratory of Optoelectronic Devices and
Systems, Shenzhen University, Shenzhen 518060, P. R.
China; ® orcid.org/0000-0001-5161-9944

Dishu Zeng — State Key Laboratory of Chemo/Biosensing and
Chemometrics, Advanced Catalytic Engineering Research
Center of the Ministry of Education, College of Chemistry and
Chemical Engineering, Hunan University, Changsha 410082,
P. R China

Nobuaki Kambe — State Key Laboratory of Chemo/
Biosensing and Chemometrics, Advanced Catalytic
Engineering Research Center of the Ministry of Education,
College of Chemistry and Chemical Engineering, Hunan
University, Changsha 410082, P. R. China; The Institute of
Scientific and Industrial Research, Osaka University, Ibaraki,
Osaka 567-0047, Japan

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c01532

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors thank the National Natural Science Foundation of
China (21676076, 21878071, and 21971060), the Hu-Xiang
High Talent Project in Hunan Province (2018RS3042), the
Recruitment Program for Foreign Experts of China
(WQ20164300353), and the Natural Science Foundation of
Changsha (kq2004008) for financial support. R.Q. thanks Prof.
Shuang-Feng Yin (Hunan University) and Prof. Wai-Yeung

5321

Wong (The Hong Kong Polytechnic University) for helpful
discussions.

B REFERENCES

(1) (a) Ichimura, K. Photoalignment of Liquid-Crystal Systems.
Chem. Rev. 2000, 100, 1847—1874. (b) Zuo, M,; Li, Z.; Fu, W.; Guo,
R;; Hou, C;; Guo, W,; Sun, Z.; Chu, W. Bis-Quinoline-2-Carboxylic
Acid Copper Salt as an Efficient Catalyst for Synthesis of Aryl Olefins
by Heck Reaction. Catal. Lett. 2019, 149, 3217—-3223.

(2) (a) Frémont, L.; Belguendouz, L.; Delpal, S. Antioxidant Activity
of Resveratrol and Alcohol-Free Wine Polyphenols Related to LDL
Oxidation and Polyunsaturated Fatty Acids. Life Sci. 1999, 64, 2511—
2521. (b) Jia, X; Frye, L. I; Zhu, W.; Gu, S.; Gunnoe, T. B. Synthesis
of Stilbenes by Rhodium-Catalyzed Aerobic Alkenylation of Arenes
via C—H Activation. J. Am. Chem. Soc. 2020, 142, 10534—10543.

(3) Schneider, Y.; Chabert, P.; Stutzmann, J.; Coelho, D.;
Fougerousse, A.; Gossé, F.; Launay, J.-F.; Brouillard, R,; Raul, F.
Resveratrol Analog (Z)-3,5,4'-Trimethoxystilbene is a Potent Anti-
mitotic Drug Inhibiting Tubulin Polymerization. Int. J. Cancer 2003,
107, 189—196.

(4) (a) Denmark, S. E.; Tymonko, S. A. Sequential Cross-Coupling
of 1,4-Bissilylbutadienes: Synthesis of Unsymmetrical 1,4-Disubsti-
tuted 1,3-Butadienes. J. Am. Chem. Soc. 2005, 127, 8004—8005.
(b) Sonoda, Y.; Goto, M.; Tsuzuki, S.; Tamaoki, N. Fluorinated
Diphenylpolyenes: Crystal Structures and Emission Properties. J.
Phys. Chem. A 2007, 111, 13441—13451.

(S) Singh, A. K; Darshi, M.; Kanvah, S. a,0-Diphenylpoly enes
Cabable of Exhibiting Twisted Intramolecular Charge Transfer
Fluorescence: A Fluorescence and Fluorescence Probe Study of
Nitro- and Nitrocyano-Substituted 1,4-Diphenylbutadienes. J. Phys.
Chem. A 2000, 104, 464—471.

(6) (a) Munishkina, L. A.; Fink, A. L. Fluorescence as a Method to
Reveal Structures and Membrane-Interactions of Amyloidogenic
Proteins. Biochim. Biophys. Acta, Biomembr. 2007, 1768, 1862—1885.
(b) Makwana, P. K; Jethva, P. N,; Roy, . Coumarin 6 and 1,6-
Diphenyl-1,3,5-Hexatriene (DPH) as Fluorescent Probes to Monitor
Protein Aggregation. Analyst 2011, 136, 2161—2167.

(7) (a) Heo, Y,; Kang, Y. Y,; Palani, T.; Lee, J.; Lee, S. Synthesis,
Characterization of Palladium Hydroxysalen Complex and Its
Application in the Coupling Reaction of Arylboronic Acids:
Mizoroki—Heck Type Reaction and Decarboxylative Couplings.
Inorg. Chem. Commun. 2012, 23, 1-S. (b) Itami, K; Tanaka, S,
Sunahara, K.; Tatsuta, G.; Mori, A. Addition-Elimination of
Aryldimethylaluminum Reagents to Vinylarenes Promoted by the
Addition of a Ketone. Asian J. Org. Chem. 2018, 4, 477—481. (c) Li,
K,; Khan, R;; Zhang, X.; Gao, Y.; Zhou, Y.; Tan, H.; Chen, J.; Fan, B.
Cobalt Catalyzed Stereodivergent Semi-Hydrogenation of Alkynes
Using H,O as the Hydrogen Source. Chem. Commun. 2019, SS,
5663—5666. (d) Pang, H.; Hu, Y;; Yu, J.; Gallou, F.; Lipshutz, B. H.
Water-Sculpting of a Heterogeneous Nanoparticle Precatalyst for
Mizoroki—Heck Couplings under Aqueous Micellar Catalysis
Conditions. J. Am. Chem. Soc. 2021, 143, 3373—3382.

(8) (a) Nicolaou, K. C.; Bulger, P. G.; Sarlah, D. Palladium-
Catalyzed Cross-Coupling Reactions in Total Synthesis. Angew.
Chem., Int. Ed. 2005, 44, 4442—4489. (b) Wu, X.-F.; Anbarasan, P.;
Neumann, H.; Beller, M. From Noble Metal to Nobel Prize:
Palladium-Catalyzed Coupling Reactions as Key Methods in Organic
Synthesis. Angew. Chem., Int. Ed. 2010, 49, 9047—9050. (c) Wang, X.;
Sun, H; Liy, J.; Zhong, W.; Zhang, M.; Zhou, H,; Dai, D.; Lu, X.
Palladium-Promoted DNA-Compatible Heck Reaction. Org. Lett.
2019, 21, 719-723.

(9) (a) Likhar, P. R;; Roy, M.; Roy, S.; Subhas, M. S.; Kantam, M.
L.; Sreedhar, B. Highly Efficient and Reusable Polyaniline-Supported
Palladium Catalysts for Open-Air Oxidative Heck Reactions under
Base- and Ligand-Free Conditions. Adv. Synth. Catal. 2008, 350,
1968—1974. (b) Zhang, W.; Chen, G.; Wang, K; Xia, R. Palladium-
Catalyzed Decarboxylative Coupling of a,f-Unsaturated Carboxylic
Acids with Aryl Tosylates. Appl. Organomet. Chem. 2019, 33,
No. e4914.

https://doi.org/10.1021/acs.orglett.1c01532
Org. Lett. 2021, 23, 5317-5322


http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Renhua+Qiu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-8423-9988
https://orcid.org/0000-0002-8423-9988
mailto:renhuaqiu1@hnu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhao+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dejiang+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Longzhi+Zhu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5161-9944
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dishu+Zeng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nobuaki+Kambe"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01532?ref=pdf
https://doi.org/10.1021/cr980079e?ref=pdf
https://doi.org/10.1007/s10562-019-02885-6
https://doi.org/10.1007/s10562-019-02885-6
https://doi.org/10.1007/s10562-019-02885-6
https://doi.org/10.1016/S0024-3205(99)00209-X
https://doi.org/10.1016/S0024-3205(99)00209-X
https://doi.org/10.1016/S0024-3205(99)00209-X
https://doi.org/10.1021/jacs.0c03935?ref=pdf
https://doi.org/10.1021/jacs.0c03935?ref=pdf
https://doi.org/10.1021/jacs.0c03935?ref=pdf
https://doi.org/10.1002/ijc.11344
https://doi.org/10.1002/ijc.11344
https://doi.org/10.1021/ja0518373?ref=pdf
https://doi.org/10.1021/ja0518373?ref=pdf
https://doi.org/10.1021/ja0518373?ref=pdf
https://doi.org/10.1021/jp0766104?ref=pdf
https://doi.org/10.1021/jp0766104?ref=pdf
https://doi.org/10.1021/jp992275a?ref=pdf
https://doi.org/10.1021/jp992275a?ref=pdf
https://doi.org/10.1021/jp992275a?ref=pdf
https://doi.org/10.1021/jp992275a?ref=pdf
https://doi.org/10.1016/j.bbamem.2007.03.015
https://doi.org/10.1016/j.bbamem.2007.03.015
https://doi.org/10.1016/j.bbamem.2007.03.015
https://doi.org/10.1039/c0an00829j
https://doi.org/10.1039/c0an00829j
https://doi.org/10.1039/c0an00829j
https://doi.org/10.1016/j.inoche.2012.05.013
https://doi.org/10.1016/j.inoche.2012.05.013
https://doi.org/10.1016/j.inoche.2012.05.013
https://doi.org/10.1016/j.inoche.2012.05.013
https://doi.org/10.1002/ajoc.201500048
https://doi.org/10.1002/ajoc.201500048
https://doi.org/10.1002/ajoc.201500048
https://doi.org/10.1039/C9CC01970G
https://doi.org/10.1039/C9CC01970G
https://doi.org/10.1021/jacs.0c11484?ref=pdf
https://doi.org/10.1021/jacs.0c11484?ref=pdf
https://doi.org/10.1021/jacs.0c11484?ref=pdf
https://doi.org/10.1002/anie.200500368
https://doi.org/10.1002/anie.200500368
https://doi.org/10.1002/anie.201006374
https://doi.org/10.1002/anie.201006374
https://doi.org/10.1002/anie.201006374
https://doi.org/10.1021/acs.orglett.8b03926?ref=pdf
https://doi.org/10.1002/adsc.200800329
https://doi.org/10.1002/adsc.200800329
https://doi.org/10.1002/adsc.200800329
https://doi.org/10.1002/aoc.4914
https://doi.org/10.1002/aoc.4914
https://doi.org/10.1002/aoc.4914
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01532?rel=cite-as&ref=PDF&jav=VoR

Organic Letters pubs.acs.org/OrgLett

(10) (a) Liu, D.; Liu, C.; Lei, A. Nickel-Catalyzed Oxidative Cross-
Coupling of Arylboronic Acids with Olefins. Pure Appl. Chem. 2014,
86, 321—328. (b) Liu, X.; Zhao, X.; Zhu, J.; Xu, J. One-Pot Synthesis
of Magnetic Palladium—NiFe,O,—Graphene Oxide Composite: An
Efficient and Recyclable Catalyst for Heck Reaction. Appl. Organomet.
Chem. 2016, 30, 354—359.

(11) Kamigata, N.; Ozaki, J.; Kobayashi, M. Reaction of
Alkenesulfonyl Chlorides with Olefins Catalyzed by a Ruthenium(II)
Complex. A Novel Method for Synthesis of (E,E)-1,4-Diaryl-1,3-
Butadienes. J. Org. Chem. 1985, 50, 5045—5050.

(12) Zhou, X.; Zhou, Y.; Zhu, Q.; Chen, H.; Wu, N.; Wen, X.; Xu, Z.
Synthesis of (1E,3E)-1,4-Diarylbuta-1,3-Dienes Promoted by x-OMs
Palladium—Dimer Complex. BMC Chem. 2019, 13, 39.

(13) Yamashita, M.; Hirano, K; Satoh, T.; Miura, M. Synthesis of
a,w-Diarylbutadienes and -Hexatrienes via Decarboxylative Coupling
of Cinnamic Acids with Vinyl Bromides under Palladium Catalysis.
Org. Lett. 2010, 12, 592—595.

(14) (a) Cho, C. S.; Motofusa, S.-i.; Ohe, K; Uemura, S.
Palladium(II)-Catalyzed Conjugate Addition of Aromatics to a,f-
Unsaturated Ketones and Aldehydes with Arylantimony Compounds.
Bull. Chem. Soc. Jpn. 1996, 69, 2341—2348. (b) Murata, Y.; Kakusawa,
N.; Arakawa, Y.; Hayashi, Y.; Morinaga, S.; Ueda, M.; Hyodo, T;
Matsumura, M.; Yamaguchi, K.; Kurita, J.; Yasuike, S. Pd-catalyzed
Oxidative Heck-type Arylation of Vinyl ketones, Alkenes, and
Acrylates with Sb-Aryl-Tetrahydrodibenz[c,f][1,5]Azastibocines. J.
Organomet. Chem. 2020, 928, 12154S. (c) Zhang, D.; Le, L,; Qiy,
R.; Wong, W.-Y.; Kambe, N. Nickel- and Palladium-Catalyzed Cross-
Coupling Reactions of Organostibines with Organoboronic Acids.
Angew. Chem., Int. Ed. 2021, 60, 3104—3114.

(15) (a) Iwasaki, T.; Min, X,; Fukuoka, A.; Zhu, L.; Qiu, R; Yang,
T.; Ehara, M.; Sudalai, A.; Kambe, N. Ni-Catalyzed Dimerization and
Hydroperfluoroarylation of 1,3-Dienes. J. Org. Chem. 2018, 83, 9267—
9277. (b) Iwasaki, T.; Min, X.; Fukuoka, A.; Kuniyasu, H.; Kambe, N.
Nickel-Catalyzed Dimerization and Alkylarylation of 1,3-Dienes with
Alkyl Fluorides and Aryl Grignard Reagents. Angew. Chem., Int. Ed.
2016, SS, 5550—5554.

(16) Hirai, M.; Gabbai, F. P. Lewis Acidic Stiborafluorenes for the
Fluorescence Turn-on Sensing of Fluoride in Drinking Water at ppm
Concentrations. Chem. Sci. 2014, 5, 1886—1893.

(17) (a) Andrus, M. B.; Liu, J.; Meredith, E. L.; Nartey, E. Synthesis
of Resveratrol Using a Direct Decarbonylative Heck Approach from
Resorcylic Acid. Tetrahedron Lett. 2003, 44, 4819—4822. (b) Delmas,
D.; Langon, A.; Colin, D.; Jannin, B.; Latruffe, N. Resveratrol as a
Chemopreventive Agent: A Promising Molecule for Fighting Cancer.
Curr. Drug Targets 2006, 7, 423—442.

(18) Martinez, A. V.; Garcia, J. 1; Mayoral, J. A. An Expedient
Synthesis of Resveratrol through a Highly Recoverable Palladium
Catalyst. Tetrahedron 2017, 73, 5581—5584.

(19) (a) Yoo, K. S; Yoon, C. H; Jung, K. W. Oxidative
Palladium(II) Catalysis: A Highly Efficient and Chemoselective
Cross-Coupling Method for Carbon—Carbon Bond Formation under
Base-Free and Nitrogenous-Ligand Conditions. J. Am. Chem. Soc.
2006, 128, 16384—16393. (b) Andappan, M. M. S.; Nilsson, P.;
Larhed, M. The First Ligand-Modulated Oxidative Heck Vinylation.
Efficient Catalysis with Molecular Oxygen as Palladium(0) Oxidant.
Chem. Commun. 2004, 218—219.

5322 https://doi.org/10.1021/acs.orglett.1c01532
Org. Lett. 2021, 23, 5317-5322


https://doi.org/10.1515/pac-2014-5034
https://doi.org/10.1515/pac-2014-5034
https://doi.org/10.1002/aoc.3439
https://doi.org/10.1002/aoc.3439
https://doi.org/10.1002/aoc.3439
https://doi.org/10.1021/jo00225a009?ref=pdf
https://doi.org/10.1021/jo00225a009?ref=pdf
https://doi.org/10.1021/jo00225a009?ref=pdf
https://doi.org/10.1021/jo00225a009?ref=pdf
https://doi.org/10.1186/s13065-019-0561-3
https://doi.org/10.1186/s13065-019-0561-3
https://doi.org/10.1021/ol9027896?ref=pdf
https://doi.org/10.1021/ol9027896?ref=pdf
https://doi.org/10.1021/ol9027896?ref=pdf
https://doi.org/10.1246/bcsj.69.2341
https://doi.org/10.1246/bcsj.69.2341
https://doi.org/10.1016/j.jorganchem.2020.121545
https://doi.org/10.1016/j.jorganchem.2020.121545
https://doi.org/10.1016/j.jorganchem.2020.121545
https://doi.org/10.1002/anie.202011491
https://doi.org/10.1002/anie.202011491
https://doi.org/10.1021/acs.joc.8b01266?ref=pdf
https://doi.org/10.1021/acs.joc.8b01266?ref=pdf
https://doi.org/10.1002/anie.201601126
https://doi.org/10.1002/anie.201601126
https://doi.org/10.1039/C4SC00343H
https://doi.org/10.1039/C4SC00343H
https://doi.org/10.1039/C4SC00343H
https://doi.org/10.1016/S0040-4039(03)01131-6
https://doi.org/10.1016/S0040-4039(03)01131-6
https://doi.org/10.1016/S0040-4039(03)01131-6
https://doi.org/10.2174/138945006776359331
https://doi.org/10.2174/138945006776359331
https://doi.org/10.1016/j.tet.2016.08.074
https://doi.org/10.1016/j.tet.2016.08.074
https://doi.org/10.1016/j.tet.2016.08.074
https://doi.org/10.1021/ja063710z?ref=pdf
https://doi.org/10.1021/ja063710z?ref=pdf
https://doi.org/10.1021/ja063710z?ref=pdf
https://doi.org/10.1021/ja063710z?ref=pdf
https://doi.org/10.1039/b311492a
https://doi.org/10.1039/b311492a
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01532?rel=cite-as&ref=PDF&jav=VoR

