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ABSTRACT: 2-Arylbenzazoles are promising molecules for potential applications in medicine and material areas. Efficient
protocols for direct regioselective functionalization of 2-arylbenzoxazoles are in high demand. Herein, we disclose a general
method for selective ortho-olefination of 2-arylbenzo[d]oxazoles with alkenes enabled by versatile Cp*Rh(III) in high yields. This
protocol features broad functional group tolerance and high regioselectivity. Intermolecular competition studies and kinetic
isotope effect experiments imply that the oxidative olefination process occurs via an electrophilic C—H activation pathway. The
molecular structure of the m-fluoro-substituted olefination product confirms regioselective C—H activation/olefination at the
more hindered site in cases where the meta F atom or heteroatom substituent existed. Apparent torsion angles were observed in
the structures of mono- and bis-olefination products, which resulted in distinct different chemical shifts of olefinic protons.
Additionally, two gram-scale reactions and further transformation experiments demonstrate that this method is practical for

synthesis of ortho-alkenylated 2-arylbenzoxazole derivatives.

1. INTRODUCTION

Benzazoles, owing to their diversified biological properties,
including antibacterial, antifungal, and antiparasitic, are
important heterocyclic molecular skeletons for medicinal
chemistry." In recent years, 2-arylbenzoxazoles have been
applied for the study of Alzheimer’s disease” and preparation of
photoredox catalysts.” In addition, the alkenylated 2-arylben-
zoxazoles derivatives possess extended 7z-conjugated systems
and could have potential applications in medical* and material®
areas. Most of the known methods for the synthesis of 2-
arylbenzoxazole derivatives could be catalogued into two paths:
(i) cyclization of 2-aminophenol derivatives with benzoic acid,’
benzaldehyde,” or phenylmethanol® using acid, oxidant, or
hydrogen-borrowing catalyst, respectively, and (ii) coupling of
benzoxazole derivatives with aryl organometallic reagents by a
transition-metal catalyst.” Despite these advances, no general
methods to directly construct diverse arrays of alkenylated 2-
arylbenzoxazoles are available. Therefore, developing an
effective protocol for the synthesis 2-arylbenzoxazole deriva-
tives and to enrich the chemists’ toolbox remains highly
desirable.

Initially reported by Moritani, Fujiwara, et al,,'” the oxidative
olefination of aromatic compounds bearing directing groups
have been achieved in the presence of Pd(II)," Ru(I1),"* or
Rh(IID) " catalysts. Site-selective C—H activation and olefina-
tion reaction of arenes have been developed utilizing an array of
proximal directing groups with weak coordination ability, for
example, esters,'? ketones,"> amide,'® sulfamidate,’” sulfona-
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mide,"® and other weak directing groups.19 With this in mind,
we reasoned that the weakly coordinating benzoxazolyl moiety
of 2-arylbenzoxazoles may serve as a directing group as
well,">*° therefore leading to ortho-selective C—H activation of
the adjacent phenyl ring. Noteworthy, although there are some
reports on direct C—H arylation,*" acylation,”* hydroxylation,”’
and fluorination™* of 2-arylbenzoxazoles with limited scope and
transformation, ortho-selective C—H activation and olefination
of 2-arylbenzoxazoles have not been developed yet. Therefore,
we focused on olefination of 2-arylbenzoxazoles using
benzoxazolyls as weak directing groups and hoped to establish
an efficient method for the synthesis of alkenylated 2-
arylbenzoxazoles derivatives.

In this context, we herein report a general method with the
idea of utilizing benzoxazolyl moieties as weak directing groups
for the synthesis ortho-alkenylated 2-arylbenzoxazoles via
Cp*Rh-catalyzed oxidative olefination. In addition, single-
crystal X-ray diffraction studies were also employed to
investigate the molecular structures of alkenylated 2-arylben-
zoxazoles. Note taht a concise study of the olefination
mechanism has also been conducted. Additionally, wide
substrate scope and gram-scale reactions have been examined
as well.
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2. RESULTS AND DISCUSSION

Inspired by the oxidative Heck reaction,” we first modulated
the S-methyl-2-(o-tolyl)benzo[d]oxazole (loa) olefination
reaction with n-butyl acrylate (2a) in the presence of a catalytic
amount of [(p-cymene)RuCl,],, 1.0 equiv of anhydrous
NaOAc as base, and 1.0 equiv of anhydrous Cu(OAc), as
external oxidant in DCE at 90 °C (Table 1, entry 1). To our

Table 1. Optimization of Reaction Conditions™”

o (o]
v N g catalyst, Cu(OAc),, base, . @
N/: . # ~Co0n-Bu DCE, 90°C, 24 h N
1o0a 2a \

3oaa
n-BuOOC
entry catalyst Cu(OAc), (equiv) base yield (%)

1 [RuCl,(p-cymene), ], 1.0 NaOAc S1°
2 [(cod)RhCl], 1.0 NaOAc NR®
3 [Cp*IrCL,], 1.0 NaOAc 46
4 [Cp*RhCL ], 1.0 NaOAc 78
S [Cp*RhCL,], 2.0 NaOAc 89
6  [Cp*RhCL], 0.5 NaOAc 40
7 [Cp*RhCL], 0 NaOAc trace
8  [Cp*RhCL], 2.0 K,PO, 50
9 [Cp*RhCL ], 2.0 KH,PO, 80
10 [Cp*RhCL], 2.0 K,CO; 34
11 [Cp*RhCL], 20 N2,CO; 55
12 [Cp*RhCL], 20 KOAc 46
13 [Cp*RhCL,], 2.0 NaOAc trace”
14 [Cp*RhCL ], 2.0 NaOAc trace®
15 [Cp*RhCL], 2.0 NaOAc trace’
16 [Cp*RhCL,], 2.0 NaOAc trace®

“Reaction condition: loa (0.2 mmol), 2a (0.6 mmol), catalyst (2.5
mol %), Cu(OAc),, base (1.0 equiv), DCE (1,2-dichloroethane) (2
mL), 90 °C, 24 h, N,. "Isolated yields. “catalyst (5 mol %). “N,N-
dimethylformamide (DMF) instead of DCE. °N-methyl-2-pyrrolidone
(NMP) instead of DCE.'THF instead of DCE. €1,4-Dioxane instead
of DCE.

delight, successful conversion to product was observed albeit in
moderate isolated yield (30aa, S1%), with exclusive E-
stereoselectivity and ortho-regioselectivity. Afterward, screening
of frequently used catalysts, including [Rh(cod)Cl],,
[Cp*IrClL],, and [Cp*RhCL], (entries 2—4), revealed that
[Cp*RhCl,], was the most effective with 78% isolated yield.
Further experiments proved that increasing the amount of
Cu(OAc), to 2.0 equiv was necessary for higher conversion
(entries S—7). Next we screened other bases, including K;PO,,
KH,PO,, K,CO;, Na,CO;, and KOAc (entries 8—12), and no
base gave a better result than NaOAc. Additionally, changing
the solvent did not improve the yield of the desired product
(entries 13—16). Overall, the best result was achieved when 2.5
mol % of [Cp*RhCl,],, 2.0 equiv of Cu(OAc),, and 1.0 equiv
of NaOAc in 1,2-dichloroethane at 90 °C for 24 h were used,
providing 3oaa in 89% yield with excellent regioselectivity. The
product 3oaa with E-conformation was unambiguously assigned
by NMR spectroscopy.

With the optimized reaction conditions in hand, we then
commenced exploration of the scope of substrates. Considering
that 2-arylbenzoxazoles possessed two aryl rings, the aryl rings
of benzoxazolyl and 2-aryl were denoted as ring A and ring B,
respectively. Initially, substrates with a single activated available
C—H bond that is ortho to the benzoxazolyl substitution (Table
2) were employed to investigate two issues: (i) electronic and

Table 2. Scope of 2-Arylbenzoxazoles with Ortho
Substitution on Ring B*" ¢

R, Ry
°>_. Cp*RhCly;, Cu(OAC) °
PPN ' _[Lz]uh, 4 @
N/ @ 7 7C00N-BU Nz0Ac, DCE, 90°C, 24 h N
10 2a \

30

n-BuOOC
Entry Substrates 1o Product 30 Yield (%) ”
R? R?
o 1o}
-0 e
HsC N S
n-BuOOC
1 loa: R*=Me 30aa 89
2 1ob: R*=F 30b 80
3 loc: R*=CI 3o0c 48
4 lod: R*=Br 3od 26
5 loe: R>= OMe 3o0e 95
6 1of : R?= p-MeOCH, 3of 92
R? R?
o O,
0 AL
cl N \
n-BuOOC
7 log:R’=F 30g 56
8 1oh: R*= OMe 30h 91
9 loi: R?=Me 30i 80
R2 R?
o 0,
oD WL
H N \
n-BuOOC
10 10j: R*=F 30j 72
11 lok: R*=0'Bu 30k 93
12 1ol: R?=Me 30l 83
/ /
o [}
o O,
) K
N 3 Q
o n-BuOOC
13 lom 3om 65
F R? F R?
° o
jovdle AT
F N \
5 n-BuOOC
14 lon: R"=OMe 3on 58
15 1oo: R*=F 300 33¢
o X O, X
. [CP"RNClyl;, Cu(OAC),., /‘:
N/>_§\ﬂ 77C00n8y —iebac DGE, 006, 34 @ Kan
10 2a 30 \
n-BuOOC
16 lop: X=0O 3op 51
17 loq: X=S 30q 81

“Reaction condition: 1o (0.2 mmol), 2a (0.6 mmol), [Cp*RhCL,],
(2.5 mol %), Cu(OAc), (2.0 equiv), NaOAc (1.0 equiv), DCE (2
mL), N,, 90 °C, 24 h. "Isolated yields. “48 h.

steric effects of different functional groups on the ortho-position
of ring B and (ii) the electronic effect of different functional
groups of ring A. At first, ring A was substituted by a methyl
group, while ring B was ortho-substituted with different
substituents including electron-donating and -withdrawing
groups. The substrates with electron-donating groups (methyl
and methoxy) and electron-withdrawing groups (fluoro) were
well tolerated and proceeded smoothly to the desired product
in good to excellent yields (entries 1, 2, and S). For substrates
with a sterically hindered functional group (p-MeO-C¢H,)
furnished on ortho-position of ring B, a quantitative conversion
to olefination product was observed with 92% isolated yield
(entry 6). In contrast, bromo and chloro substituted on the
ortho-position of ring B proceeded sluggishly under the reaction
conditions for 3oc and 3od (entries 3 and 4) in which
dehalogenation/olefination products accounted for a large
portion. We subsequently examined the effect of substitutions
on ring A. When ring A was not substituted or substituted by a
weak electron-withdrawing group, moderate to good yields
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were obtained (entries 7—12). However, strong electron-
withdrawing groups, like acetyl and fluoro, substituted on ring
A had a significant negative effect on the catalytic efficiency, and
no side products were observed (entries 13—15). It is well-
known that the acetyl group could serve as an excellent
directing group for the ruthenium-catalyzed C—H bond
activation reactions.”>*

The result of entry 13 indicates that the benzoxazolyl
fragment chelates with Cp*Rh better than acetyl groups.
Finally, the present methodology can be further extended to the
2-heteroaromatic benzoxazoles. Under the optimized condi-
tions, the reactions of lop and loq with 2a afforded 3op and
30q in 51% and 81% yields (entries 16 and 17), respectively.

Next 2-arylbenzoxazoles with meta-substituents on ring B
were used to investigate the C—H activation regioselectivity in
the case where two nonequivalent ortho C—H bonds existed
(Scheme 1). It was found that electron-donating, -withdrawing,

Scheme 1. Scope of 2- Arzlbenzoxazoles with Meta-
Substitution on Ring B
n-| BuOOC
R
o ‘ GRS, (50 st
RPN u(OAC, equiv!
N/ @ 7 7C00N-BU —Na0Ac (1.0 6quiv)
DCE (2 mL), 24 hours,
im 2a 90°C

n-| BuOOC

OMe

o 831 gr o 79 FH o 840 O o 838 Q
S O~ 0~ 00
\ \ \ \

n-BuOOC n-BuOOC n-BuOOC n-BuOOC
3ma, 80% 3mb, 63% 3mc, 91% 3md, 61%

Cl

n-BuOOC

R o

n-BuOOC

n-BuOOC

srgod

n-BuOOC n-BuOOC
3me, 80%° (mono:bis = 22:58)

o}
//
N
(X-ray confirmed ) \

n-BuOOC
3mf, 70%° (mono:bis = 50:20)

“Reaction condition: 1m (0.2 mmol), 2a (0.6 mmol), [Cp*RhCL,],
(2.5 mol %), Cu(OAc)2 (2.0 equiv), NaOAc (1.0 equiv), DCE (2
mL), 90 °C, 24 h, N,. "Isolated yields. “Total isolated yields and the
ones of mono and bis products were in parentheses.s

and sterically bulky substitutions at the meta-position of the
ring B were well tolerated, and smoothly reacted with n-butyl
acrylate to give the corresponding oxidative olefination
products 3ma—md in good to excellent yields (61—91%).
Selective ortho C—H functionalization was observed at the less
hindered site for substrates bearing bromo, methyl, p-
methoxyphenyl, and p-chlorophenyl groups, and the regio-
chemistry was confirmed by the existence of the single peak at
7.98—8.40 ppm in "H NMR spectra (pink color in Scheme 1);
meanwhile no bis-olefinated products were observed. In
contrast, mono- and bis-olefination products were isolated in
total yields of 80% (3me, mono/bis = 22:58) and 70% (3mf,
mono/bis = 50:20) when meta-substitution on ring B was a
methoxy and fluoro group, respectively. More interesting, the
single peak near 8.2 ppm was not observed in the 'H NMR
spectra of mono-olefination products mono-3me and mono-
3mf, which suggested C—H activation olefination occurred at
the sterically hindered ortho position."*”*° To our delight, the
molecular structure of mono-3mf was confirmed by X-ray

12171

single-crystal diffraction (see the SI), and two intermolecular
hydrogen bonds were found in this molecule. The distance N---
H (CH=CH-COOn-Bu) is 2.343 A, and the F--H (CH=
CH-COOn-Bu) is 2.327 A. The regioselective oxidative
olefination at sterically hindered position (mono-3mf and
mono-3me) is likely due to the ligating effect of the meta F
atom or heteroatom with its reduced steric bulk.*®

Lastly, substrates with a para-substituted ring B were tested.
Under the optimized conditions, substrates bearing different
functional groups at the para position of ring B were well
tolerated with high conversions (Scheme 2). Mostly, mono-

Scheme 2. Scope of 2- Arzlbenzoxazoles with Para-
Substitution on Ring B
n-BuOOC

s %

[Cp*RhCl,],, Cu(OAc),,
NaOAc, n-butyl acrylate,

1p n-BuoOC
mono-3p bis-3p

1pa R’=H 3pa, 83% (mono: bis = 21:63)
1pb R*=CH; 3pb, 66% (mono: bis = 16:50)
1pc R*='Bu 3pc, 91% (mono: bis = 25:66)
1pd = OCH; 3pd, 80% (mono: bis =21:57)
1pe = OCF; 3pe, 62% (mono: bis = 62:0)
1pf R’=F 3pf, 80% (mono: bis = 21:57)
1pg R*=Cl 3pg, 75% (mono: bis = 75:0)°
1ph R*=Br 3ph,95% (mono: bis = 15:80)°
1pi = COOEt 3pi, 99% (mono: bis = 40:59)

“Reaction conditions: 1p (0.2 mmol), 2a (0.6 mmol), [Cp*RhClL,],
(2.5 mol %), Cu(OAc)2 (2.0 equiv), NaOAc (1.0 equiv), DCE (2
mL), N,, 90 °C, 24 h. “Reaction conditions: 1p (0.2 mmol), 2a (0.6
mmol), [Cp*RhCL], (2.5 mol %), Cu(OAc), (2.0 equiv), NaOAc
(1.0 equiv), DCE (2 mL), N,, 90 °C, 24 h. “48 h.

and bis-oxidative olefination products (3pa—pd,pf,ph—pi) were
afforded, while substrates with OCF; and Cl groups only forged
the mono-olefination products (mono-3pe and mono-3pg).
Furthermore, we have made several attempts to improve the
selectivity of mono-olefination. Reducing the equivalence of 2a
did improve mono/bis selectivity, but conversion was obviously
decreased. Decreasing the reaction temperature and equiv-
alence of copper(II) acetate does not improve the selectivity of
mono-olefination.

It is noteworthy that Chang and co-workers'* recently
described a rhodium-catalyzed ortho-olefination of ethyl
benzoate with methyl acrylate and demonstrated that the
ester moiety can also serve as an effective chelating/activating
group. The product 3pi (mono/bis = 40:59) was quantitatively
afforded, which could also indicate that that benzoxazolyl
moiety has a stronger chelating ability than the ester group.
Additionally, a distinctive difference in the olefinic C—H
chemical shift was observed between the mono- and bis-
olefination products. The C—H (—CH=CHCOOn-Bu)
chemical shifts of mono-3pc and bis-3pc were 8.86 and 7.77
ppm, respectively, nearly above 1 ppm difference, and other
mono/bis olefination products also have such a difference. To
clarify the correlation between chemical shifts with structures,
the single crystals of a pair of mono/bis olefination products
were obtained by slowly evaporating their ethyl acetate
solution. The molecular structures of mono-3pc and bis-3pc
disclosed the different spatial orientation between ring A and
ring B planes (Figure 1). For mono-3pc, benzoxazolyl was
almost coplanar with the olefinated ring B, and the torsion

4c

DOI: 10.1021/acs.joc.6b01836
J. Org. Chem. 2016, 81, 12169—12180


http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01836/suppl_file/jo6b01836_si_001.pdf
http://dx.doi.org/10.1021/acs.joc.6b01836

The Journal of Organic Chemistry

n-BuOOC

oo

llﬂm , ‘ J

n-BuOOC

e |

95 20 85 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm)

Figure 1. "H NMR spectra of mono-3pc and bis-3pc.

angle [O(1)—C(1)—C(8)—C(13)] was 23°. The two relative
planes of bis-3pc were nearly mutually perpendicular with the
torsion angle [O(1)—C(1)—C(8)—C(9)] 85°. Additionally,
one intramolecular hydrogen bond was observed between
olefinic hydrogen and nitrogen atom from the benzoxazolyl
group (2.315 A) (see the SI).

In addition to 2-arylbenzoxazoles, the substrate scope of
alkenes was also examined (Scheme 3). Ethyl acrylate (2b) and

Scheme 3. Scope with Respect to Alkenes™”

[CP*RNC,], (2.5 mol %)

RZ
o] Cu(OAc), (2.0 equiv)
+ AR NaOAc (1.0 equiv)
R! N DCE (2 mL), 24 hours,
10 90°C

2
t-BuO HsC,
O, O, 0
Jorselioe Jore:
cl N H N HsC N
\ \ »
EtOOC EtOOC RoOOC
3oab, R=Et, 89%
3oib, 94% 3olb, 95% 3oac, R=Me, 71%
HsC, HsC,
o Qo o
N /
HsC 4 HyC N
so
x-ray confirmed
3oad, 63% 30ae, 74% 3oaf, 64% Q

“Reaction conditions: 1o (0.2 mmol), 2 (0.6 mmol), [Cp*RhCL,],
(2.5 mol %), Cu(OAc)2 (2.0 equiv), NaOAc (1.0 equiv), DCE (2
mL), N,, 90 °C, 24 h. “Isolated yields.

methyl acrylate (2c) as olefins gave olefination products (3oib,
30lb, 3o0ac, and 30ab) in good to quantitative yields.
(Vinylsulfonyl)benzene (2d) could proceed with 63% yield
(30ad). Compared to acrylates, olefination could also forge
with styrene (2e) to yield 74% of 3oae. The molecular structure
of 3oae shows that the olefinic protons do not form a hydrogen
bond with the nitrogen atom of the benzoxazolyl moiety (see
the SI). Furthermore, allylbenzene (2f) could also afford
oxidative olefinated product 3oaf in moderate yield.

However, other electron-rich olefins such as acrylonitrile,
cinnamaldehyde, allyl 4-methylbenzoate, 4-vinylpyridine, and
methyl methacrylate did not give the corresponding olefination

products, which indicated that the coupling reactions larz%ely
depended on the electronic or steric effects of the olefins.

To further evaluate the reaction efficacy on a preparative
scale, two gram-scale reactions were then conducted (Scheme
4). In total, 1.5 g of 30e and 1.3 g 30ae were obtained in 83%

Scheme 4. Gram-Scale Reactions and Transformations

/
Q
0,
LiOH (1.1 equiv) "

/ THF/H,0 (2 /1 mL)

¢} 1416 b2 4,99% \
[CP*RICl,], (2.5 mol %) o

g
o>_© Cu(OAc), (2 equiv) Y, Hooc J
Vi

NaOAc (1.0 equiv)
PAIC 10% /@:

DCE (50 mL),
n-butyl acrylate (3 mL)

90°C, 24 h n-BuOOC  THF(2 mL),H, (1atm)
Toe. 129 30e,159 Tt 16 h? I
n-BuOOC
[Cp* RhClz]z 25 mol %) \©:N\ Pd/C 10%
)i:[ NaOAc (1. o equw) o THF(2 mL).H  (tatm
DCE (50 mL), A Tt 16 h
styrene (5 mL) §
103,11 90°C, 24 h PH 6, 100%

3oae, 1.3g O

0.2 mmol scale. ©1.0 mmol scale.

and 81% yield, respectively, with 2.5 mol % of Cp*Rh(III)
catalyst when the reactions were run for 24 h, demonstrating
that the reaction system is practical. Further transformation of
30e and 3o0ae by Pd/C plus H, reduction afforded the
hydrogenated products § and 6 in quantitative yields, and the
treatment of 3oe with LiOH in THF/H,O led to hydrolysis
product 4 with 99% yield.

To gain some insight into the mechanism, the intermolecular
competition experiments between electron-deficient and
electron-rich 2-arylbenzoxazoles were performed to determine
the electronic preference of the reaction (Scheme 5).

Scheme S. Intermolecular Competition Experiments

/
o
(o]
Vi
N
10e, 0.1 mmol /@[ /@[
F
Jorsy:

Vi

N (Kome/Kr = 5.4] n-BuUOOC n-BUOOC

10b, 0.1 mmol 3oe, 86% 30b,16%

/@EO / n-BuoOC n-BuOOC,
) ] p p
N> < > [CP"RACl,]; (2.5 mol %) V4 7

NaOAc (1.0 equiv)

[CP*RhCly]; (2.5 mol %)
NaOAc (1.0 equiv)
Cu(OAc), (2.0 equiv)

DCE (2 mL), 90°C, 6 h
n-butyl acrylate (0.3 mmol)

1pd, 0.1 mmol Cu(OAc), (2.0 equiv) 0, d. 0, .
+ DCE (2 mL), 90 °C, 6 h N W
n-butyl acrylate (0.3 mmol)
O ) )
N Kowme/Ke = 4.3 n-BuoOC n-Bu0OC
1pf, 0.1 mmol 3pd, 86% 3pf, 20%

When an equimolar mixture of ortho-substituted loe and 1ob
was allowed to compete under the optimal conditions in the
coupling with n-butyl acrylate for 6 h, the electron-rich 1loe
exhibited higher reactivity with conversion ratios of 5.4:1. Para-
substituted 1pd and 1pf gave the same preference with the
ratios being 4.3:1.”° The result demonstrates that the electron-
donating substituent of 2-arylbenzoxazoles is beneficial for the
reactivity of the olefination and seems to agree with an
electrophilic olefination pathway.”’

Subsequently, to probe the possible mechanism, isotope-
labeling experiments were then performed (Scheme 6). An H/
D exchange experiment was conducted between loa and acetic
acid-d, (Scheme 6A). In the presence of 10 equiv of
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Scheme 6. Mechanism Studies
[CP*RNCIl, (2.5 mol %)
)@:0/ Cu(OAc), (2.0 equiv) 0/ A
N * CDCOOD " NaDAc (1.0 equiv) N
DCE, 90°C, 3h OH
10a-dy(34 %)
confirmed by 'H NMR

[CP*RhCl,], (2.5 mol %)
__Cu(OAc), (2.0 equiv)
/@[ NaOAc (1.0 equiv) B
\Da DCE, 90°C, 3 h

3oae-dy /~—
Ku/Kp = 1.1 0

3oae-d; \_JH,/D;

10a (0.2 mmol) (10 equiv)

10a (0.2 mmol) (3 equiv) (3 equiv)

o [CP*RhClo]; (2.5 mol %)
Cu(OAc), (2.0 equiv) /@[ c
/ 2N _Cu(OAc), (2.0 equiv)
/©:N * 7 7CO0mBu TNa6ac (1.0equiv) T NaOAc (1.0 equiv)
(D)H DCE, 90°C, 6 h

\
3oaa
10a-d(34 %) 2a (3 equiv) Ky/Kp=3.0 n-Bu0OOC

CD;COOD, it was found that 34% D was incorporated into the
ortho position of the 2-aryl ring. Furthermore, an intermolecular
competition reaction between styrene and styrene-dg with loa
was performed (Scheme 6B), and the intermolecular kinetic
isotope effect (KIE, Ky/Kp = 1.1) shows that the alkene
insertion is not the rate-determing step. Additionally, the KIE
(Ku/Kp = 3.0) was observed by comparison of the product
yields between loa and the monodeuterated loa-d; substrate
(66:34), suggesting that ortho C—H bond cleavage is likely the
rate-determing step (Scheme 6C). 0

Finally, to account for the observed transformation, a
proposed catalytic cycle for this oxidative olefination was
given in Scheme 7 on the basis of the above results and

Scheme 7. Proposed Mechanism

Cr,
R % o
- N Ly
Rh
Cpr—
it 3§
olefin E R
Insertion S-elimination
HX
L,
N, Cp*Rh(l)
R F
Cp* X
D
HX
Cu(ll)

sy
N X=CI/OAc

Cu(l)/Cu(0)

literature." First, C—H activation of 2-arylbenzoxazole formed
a five-membered rhodacycle species (D), followed elimination
of HX through chelation-directed C—H activation. The olefin 2
then inserted into the C—Rh bond to give an intermediate (E)
that is prone to -H elimination, delivering the desired product
3 and Cp*Rh(I) species (F), the later was oxidated via Cu(1I)

which regenerated the Rh(III) species and fulfilled the catalytic

27,32
cle.””

3. CONCLUSIONS

In summary, we have developed a mild, efficient, and
regioselective Rh(III)-catalyzed oxidative olefination protocol
for the synthesis of ortho-alkenylated 2-arylbenzoxazole
derivatives. The scope of this transformation is broad with
regard to substrates, especially those bearing highly valuable
bromo and chloro substitutents. Selective C—H functionaliza-
tion at the more hindered site for the substrate bearing a fluoro
atom was confirmed by single-crystal X-ray diffraction. This
strategy can be applied on a gram scale, and these products
could be straightforwardly converted to other useful synthetic
intermediates. Moreover, mono- and bis-olefination of para-
substituted 2-arylbenzoxazoles have shown an interesting angle
torsion between the planes of two aromatic rings, which
resulted in obviously different chemical shift on olefinic
protons. These results might support the development of
new strategies for constructing useful olefinated 2-arylbenzox-
azole derivatives with biological activity and medicinal value.
Additionally, the intermolecular competition studies and the
kinetic isotope effect experiments imply that this oxidative
olefination process occur via an electrophilic C—H activation
pathway. More efforts on functionalization of 2-arylbenzox-
azoles and the studies of these olefination products are ongoing
in our laboratories.

4. EXPERIMENTAL SECTION

All commercially available compounds were used without purification.
Unless otherwise noted, all olefinations were carried out under an
atmosphere of nitrogen in dried glasswares. All substrates were
synthesized according to relative references (see the SI). Reaction
temperatures are reported as the temperature of the bath surrounding
the vessel unless otherwise stated. 1,2-Dichloroethane, N,N-
dimethylformamide (DMF), N,N-dimethylacetamide (DMA), 14-
dioxane, teterhydrofuran (THF), and dichloromethane (DCM) were
purified by distillation over CaHZ and were transferred and stored
under nitrogen atomsphere.’®> All starting materials for substrate
synthesis were purchased and used as received unless otherwise stated.
'H, F, and C NMR spectra were recorded on 400 MHz
spectrometers and are reported as chemical shifts (§) in parts per
million (ppm), and multiplicities are abbreviated as s = singlet, d =
doublet, t = triplet, m = multiplet. Internal standards or residual
solvent signals were used as reference. HRMS (m/z) was recorded
using ESI (Q-Tof, positive ion) mode. Single-crystal X-ray intensity
data were recorded in recorded in a diffractometer with Mo Ka
radiation. The CIF files were deposited at CCDC (Nos. 1490965—
1490968) and can be obtained at https://summary.ccdc.cam.ac.uk/
structure-summary-form.

Substrates (1oa,*** 10b,>* loc,g4L 1lod** loe > 1og,** 1oh,
10j,>* 1om, lon, loo, lop,ﬂ’4t 1oq,"™ 1ma, 1pa,”™ 1p£>*" 1pg,>* and
1ph**%) were synthesized through 2-aminophenol derivative oxidative
cyclization with corresponding aromatic aldehydes according to the
relative reference.”” Additionally, substrates (1oi, 10, 1mb,>*
1me, " 1mf>* 1pb*® 1pc*Y 1pd,*** 1pe, and 1pi) were prepared
by palladium-catalyzed benzoxazoles C—H-activated and cross-coupled
with aromatic bromides or iodides.”® Substrate 1ok was prepared
according to the standard conditions in the corresponding reference,
and the abnormal product was afforded.” Additionally, 10f>*" 1mc,
and 1md were prepared with the appropriate bromo-substituted 2-
arylbenzoxazoles and appropriate aromatic boronic acid following the
Suzuki cross-coupling method.>® Characterization data of newly
synthesized 2-arylbenzoxazoles are as follows.

Characterization Data of Newly Synthesized Substrates. 5-
Chloro-2-(2-methoxyphenyl)benzo[d]oxazole (1oh): 650 mg, yield
50% (5 mmol scale); brown solid; mp 95—-96 °C; 'H NMR (400
MHz, CDCl;) § 8.10 (d, ] = 7.5 Hz, 1H), 7.78 (d, ] = 1.0 Hz, 1H),
7.52—7.4S (m, 2H), 7.28 (dd, J = 8.6, 1.5 Hz, 1H), 7.11-7.03 (m,
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2H), 3.99 (s, 3H); '*C NMR (101 MHz, CDCl;) § 162.9, 158.5,
148.9, 1432, 133.1, 131.3, 129.7, 125.1, 120.7, 120.0, 115.6, 112.1,
111.1, 56.1; HRMS (ESI) calcd for C;,H;;CINO, (M + H") 260.0478
(100.0), found 260.0474 (100.0).

5-Chloro-2-(o-tolyl)benzo[d]Joxazole (10i): 1250 mg, yield 92%, (S
mmol scale); white solid; mp 89—91 °C; 'H NMR (400 MHz, CDCl,)
5815 (d, J = 7.6 Hz, 1H), 7.76 (s, 1H), 7.48 (d, ] = 8.6 Hz, 1H),
7.44—7.39 (m, 1H), 7.33 (dd, J = 13.8, 7.5 Hz, 3H), 2.79 (s, 3H); 13C
NMR (101 MHz, CDCl,) §164.6, 148.8, 143.2, 139.1, 131.9, 131.2,
129.9, 129.9, 126.1, 125.6, 1252, 120.0, 111.1, 22.2; HRMS (ESI)
caled for Cy,H;;CINO (M + H") 244.0529 (100.0), found 244.0527
(100.0).

2-(2-tert-Butoxyphenyl)benzo[d]oxazole (10k): 668 mg, yield 50%
(5 mmol scale); brown solid; mp 62—64 °C; '"H NMR (400 MHz,
CDCly) 68.12 (dd, J = 7.7, 1.5 Hz, 1H), 7.81 (dd, ] = 6.2, 2.9 Hz, 1H),
7.63—7.59 (m, 1H), 7.48—7.42 (m, 1H), 7.38—7.34 (m, 2H), 7.25—
7.18 (m, 2H), 1.37 (s, 9H); *C NMR (101 MHz, CDCl;) § 162.7,
155.1, 150.7, 141.7, 133.1, 131.3, 130.5, 124.9, 124.6, 124.3, 123.3,
122.9, 120.0, 110.5, 81.0, 28.8; HRMS (ESI) calcd for C,,H;;NO, (M
+ H*) 268.1338 (100.0), found 268.1332 (100.0).

1-(2-(2-Methoxyphenyl)benzo[d]oxazol-5-yl)ethan-1-one (1om):
668 mg, yield 50% (5 mmol scale); gray solid; mp 146—147 °C; 'H
NMR (400 MHz, CDCl,) § 8.40 (s, 1H), 8.13 (d, ] = 7.6 Hz, 1H),
8.03 (d, J = 8.5 Hz, 1H), 7.62 (d, ] = 8.5 Hz, 1H), 7.52 (t, ] = 7.7 Hz,
1H), 7.10 (t, J = 8.0 Hz, 2H), 4.02 (s, 3H), 2.67 (s, 3H). 3C NMR
(101 MHz, CDCl,) 6 197.2, 163.0, 158.6, 153.2, 142.2, 134.1, 133.3,
131.3, 125.6, 121.0, 120.7, 115.4, 112.1, 1104, 56.1, 26.7; HRMS
(ESI) caled for C;gH,NO; (M + H*) 268.0974 (100.0), found
268.0968 (100.0).

5, 7-Difluoro-2-(2-methoxyphenyl)benzo[d]Joxazole (1on): 240
mg, yield 46% (2 mmol scale); white solid; mp 114—116 °C; '"H NMR
(400 MHz, CDCl,) 6 8.15 (dd, J = 7.7, 1.6 Hz, 1H), 7.62—7.50 (m,
1H), 7.38—7.30 (m, 1H), 7.12 (t, ] = 8.3 Hz, 2H), 6.91 (td, J = 9.8, 2.3
Hz, 1H), 4.04 (s, 3H); F NMR (376 MHz, CDCl;) § —113.78 to
—115.95 (m), —130.46 to —13228 (m); *C NMR (101 MHz,
CDCly) 6 163.5, 159.3 (dd, J = 242.4, 9.5 Hz), 158.7, 146.0 (dd, | =
254.4, 14.5 Hz), 145.1 (d, J = 13.2 Hz), 133.5, 1314, 120.7, 115.1,
112.1, 102.5 (dd, J = 25.7, 4.7 Hz), 101.0 (dd, J = 29.8, 20.5 Hz), 56.2;
HRMS (ESI) caled for C3H;,F;NO [M + HJ* 260.0680, found
260.0675.

5,7-Difluoro-2-(2-fluorophenyl)benzo[d]oxazole (100): 323 mg,
yield 65% (2 mmol scale); white solid; mp 134—135 °C; 'H NMR
(400 MHz, CDCl,) 6 8.23 (t, J = 7.5 Hz, 1H), 7.58 (dd, J = 13.2, 7.2
Hz, 1H), 7.39—7.27 (m, 3H), 6.99-6.86 (m, 1H); F NMR (376
MHz, CDCly) § —109.13 (s), —114.28 (d, J = 10.1 Hz, 1F), —130.46
(d, ] = 10.9 Hz, 1F); 3C NMR (101 MHz, CDCL;) § 161.4 (d, ] = 5.1
Hz), 159.6 (dd, ] = 243.4, 9.3 Hz), 146.2 (dd, J = 255.3, 14.6 Hz),
144.7 (d, J = 18.0 Hz), 133.9 (d, ] = 8.7 Hz), 130.6 (s), 124.6 (d, ] =
34 Hz), 117.2 (d, ] = 21.3 Hz), 114.5 (d, J = 10.4 Hz), 102.7 (dd, ] =
25.7, 47 Hz), 101.6 (dd, J = 29.8, 20.4 Hz); HRMS (ESI) calcd for
CsH,F;NO [M + H]* 250.0480, found 250.0478.

2-(3-Bromophenyl)-5-methylbenzo[d]oxazole (1ma): 4590 mg,
yield 80% (20 mmol scale); white solid; mp 113—115 °C; '"H NMR
(400 MHz, CDCl,) 6 8.38 (t, J = 1.5 Hz, 1H), 8.15 (d, ] = 7.8 Hz,
1H), 7.63 (d, J = 8.0 Hz, 1H), 7.54 (s, 1H), 7.44 (d, ] = 8.3 Hz, 1H),
7.37 (t, ] = 7.9 Hz, 1H), 7.17 (d, ] = 8.3 Hz, 1H), 2.48 (s, 3H); *C
NMR (101 MHz, CDCl;) § 161.5, 149.0, 142.0, 134.6, 134.2, 1304,
129.2, 126.7, 125.9, 122.9, 120.0, 110.0, 21.5; HRMS (ESI) calcd for
C,H;;BrNO: (M + H") 288.0024 (100.0), 290.0004 (97.3), found
288.0018 (100.0), 289.9999 (97.3).

2-(4'-Methoxy[1,1’-biphenyl]-3-yl)-5-methylbenzo[d]oxazole
(Tmc): 598 mg, yield 95% (2 mmol scale); gray solid; mp 147—150
°C; 'H NMR (400 MHz, CDCl,) 6 8.45 (s, 1H), 8.17 (d, ] = 7.5 Hz,
1H), 7.70 (d, J = 7.5 Hz, 1H), 7.63 (d, ] = 8.2 Hz, 2H), 7.60—7.51 (m,
2H), 7.46 (d, ] = 8.2 Hz, 1H), 7.17 (d, ] = 8.1 Hz, 1H), 7.01 (d, ] = 8.2
Hz, 2H), 3.86 (s, 3H), 2.50 (s, 3H); *C NMR (101 MHz, CDCL;) §
163.1, 159.5, 149.0, 142.3, 141.5, 134.4, 132.6, 129.6, 129.3, 128.2,
127.7, 126.3, 125.7, 119.9, 114.3, 109.9, 55.3, 21.5; HRMS (ESI) calcd
for C,;H;gNO, (M + H") 316.1338 (100.0), found 316.1332 (100.0).

2-(4’-Chloro[1,1’-biphenyl]-3-yl)-5-methylbenzo[d]oxazole
(1md): 197 mg, yield 31% (2 mmol scale); white solid; mp 126—130
°C; '"H NMR (400 MHz, CDCL,) 5 845 (d, ] = 1.4 Hz, 1H), 8.30—
8.16 (m, 1H), 7.75—7.67 (m, 1H), 7.61 (dt, J = 15.8, 3.6 Hz, 4H), 7.47
(t, J = 8.1 Hz, 3H), 7.19 (d, ] = 8.3 Hz, 1H), 2.51 (s, 3H); *C NMR
(101 MHz, CDCl,) & 162.8, 149.0, 142.2, 140.7, 138.5, 134.5, 133.9,
129.7, 1294, 129.0, 128.4, 127.9, 126.5, 1264, 125.9, 119.9, 109.9,
21.5; HRMS (ESI) caled for C,0H;sCINO (M + H') 320.0842
(100.0), found 320.0837 (100.0).

5-Methyl-2-(4-(trifluoromethoxy)phenyl)benzo[d]oxazole (1pe):
234 mg, yield 40% (2 mmol scale); white solid; mp 138—139 °C;
"H NMR (400 MHz, CDCl;) 6 8.27 (d, J = 8.8 Hz, 2H), 7.56 (s, 1H),
7.44 (d,] = 8.3 Hz, 1H), 7.35 (d, ] = 8.3 Hz, 2H), 7.17 (d, ] = 8.2 Hz,
1H), 2.49 (s, 3H); C NMR (101 MHz, CDCl;) § 161.7, 151.3,
149.0, 142.16, 134.6, 129.2, 126.5, 125.9, 120.9, 120.4, 120.0, 116.5,
109.9, 21.4; "F NMR (376 MHz, CDCl;) § —57.63 (s); HRMS (ESI)
caled for C;H;F;NO, (M + HY) 294.0742 (100.0), found 294.0736
(100.0).

Ethyl 4-(5-methylbenzo[d]oxazol-2-yl)benzoate (1pi): 337 mg,
yield 60% (2 mmol scale); white solid; mp146—147 °C; '"H NMR
(400 MHz, CDCl;) § 8.25 (t, J = 13.7 Hz, 2H), 8.21—8.07 (m, 2H),
7.52 (d, ] = 22.0 Hz, 1H), 7.44 (d, ] = 8.3 Hz, 1H), 7.16 (d, ] = 8.2 Hz,
1H), 441 (q, ] = 7.1 Hz, 2H), 2.47 (s, 3H), 1.42 (t, ] = 7.1 Hz, 3H);
BC NMR (101 MHz, CDCl;) § 165.8, 162.0, 149.0, 142.1, 134.7,
132.6, 131.0, 130.0, 127.3, 126.8, 120.1, 110.0, 61.3, 21.5, 14.3; HRMS
(ESD) caled for C;H;(NO; (M + H') 282.3190 (100.0), found
282.3194 (100.0%).

General Protocol for the Olefination of 2-Arybenzoxazoles
with Alkenes. Small (Milligram) Scale. Into a flame-dried 25 mL
Schlenk tube were added 2-arylbenz[d]oxazole (1.0 equiv) (normally
0.2 mmol scale), [Cp*RhCL], (3 mg, 2.5 mol %), NaOAc (16 mg,
lequiv), and Cu(OAc), (64 mg, 2.0 equiv) under nitrogen flow, the
tube was sealed with rubber, evacuated, and refilled with nitrogen three
times, and then DCE (2 mL) and alkenes were added via syringe. The
tube was sealed with a glass stopper, evacuated, and refilled with
nitrogen three times and heated at 90 °C for the duration of the
reaction. After being cooled to room temperature, the reaction mixture
was quenched with 10 mL of saturated ammonium chloride solution
and extracted with ethyl acetate (3 X 10 mL), the organic phase was
combined, washed with brine (2 X 10 mL), dried under anhydrous
magnesium sulfate, and concentrated under reduced pressure, and the
residue mixture was purified by flash column chromatography.

Large (Gram) Scale. Into a dried round-bottom flask were layered
[Cp*RhCL], (77.5 mg, 0.126 mmol, 2.5 mol %), NaOAc (410 mg, S
mmol, 1.0 equiv), Cu(OAc), (1.66 g 10 mmol, 2.0 equiv), and S-
methyl-2-(o-tolyl)benzo[ d]oxazole (1oa) (1.1 g, S mmol) dissolved in
50 mL of 1,2-dichloroethane, styrene (2e) (1.2 mL, 42.9 mmol, 10
equiv) was added in three portions, and the flask was protected with a
nitrogen bag and lowered into a preheated oil bath at 90 °C for 24 h
with efficient stirring. After being cooled to room temperature, the
reaction mixture was filtered through a short pad of silica gel, the filter
cake was washed with ethyl acetate (3 X 10 mL), the collected organic
solvent was concentrated under reduced pressure, and the residue was
purified through flash chromatography, which afforded the olefinated
product 3o0ae (1.3 g) as a white solid.

In a dried round-bottom flask were layered [Cp*RhCl,], (77.5 mg,
0.126 mmol, 2.5 mol %), NaOAc (410 mg, S mmol, 1.0 equiv),
Cu(OAc), (1.66 g, 10 mmol, 2.0 equiv), and 2-(2-methoxyphenyl)-5-
methylbenzo[d]oxazole (loe) (1.2 g, S mmol) dissolved in SO mL of
1,2-dichloroethane, butyl acrylate (2a) (3 mL, 42.9 mmol, 4 equiv)
was added, and the flask was protected with a nitrogen bag and
lowered into a preheated oil bath at 90 °C for 24 h with efficient
stirring. After being cooled to room temperature, the reaction mixture
was filtered through a short of silica pad, the filter cake was washed
with ethyl acetate (3 X 10 mL), the collected organic solvent was
concentrated under reduced pressure, and the residue was purified
through flash chromatography, which afforded the olefinated product
3o0e (1.5 g) as a colorless oil.

Characterization Data of Oxidative Olefination Products.
Butyl (E)-3-(3-Methyl-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
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acrylate (3oaa). Starting from 1oa with n-butyl acrylate, following the
general procedure: colorless oil, yield 89% (62 mg) (eluent = PE/EA
100:1-30:1); R; (PE/EA = 10:1) = 0.5; '"H NMR (400 MHz, CDCl;)
57.68 (d, ] =159 Hz, 1H), 7.63 (s, 1H), 7.58 (d, ] = 7.7 Hz, 1H), 7.46
(d, ] = 8.3 Hz, 1H), 741 (t, ] = 7.7 Hz, 1H), 7.32 (d, ] = 7.5 Hz, 1H),
7.20 (d, ] = 8.2 Hz, 1H), 6.38 (d, ] = 15.8 Hz, 1H), 4.11 (t, ] = 6.5 Hz,
2H), 2.50 (s, 3H), 2.35 (s, 3H), 1.61—1.53 (m, 2H), 1.30 (dt, J = 14.4,
7.4 Hz, 2H), 0.86 (t, ] = 7.4 Hz, 3H); *C NMR (101 MHz, CDCL,) §
166.4, 161.3, 149.0, 142.1, 141.6, 139.4, 135.5, 134.4, 131.8, 130.5,
1283, 126.5, 124.2, 120.8, 120.3, 110.1, 64.3, 30.6, 21.4, 20.4, 19.1,
13.6; HRMS (ESI) caled for Cp,H,,NO; [M + H]* 350.1756, found
350.1751.

Ethyl (E)-3-(3-Methyl-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3oab). Starting from loa with ethyl acrylate, following the
general procedure: yield 89% (57 mg) (eluent = PE/EA 100:1—30:1);
colorless oil; R (PE/EA = 30:1) = 0.4; 'H NMR (400 MHz, CDCl;) &
7.67 (d, ] = 16 Hz, 1H), 7.63 (s, 1H), 7.58 (d, ] = 7.6 Hz, 1H), 7.47 (d,
J=8.4Hz, 1H), 7.42 (t, ] = 8.0 Hz, 1H), 7.34 (d, ] = 7.6 Hz, 1H), 7.21
(dd, J =12 and 8.4 Hz, 1H), 6.38 (d, J = 16 Hz, 1H), 4.17 (g, =72
Hz, 2H), 2.51 (s, 3H), 2.35 (s, 3H), 1.24 (t, ] = 7.2 Hz, 3H); °C
NMR (CDCl;, 400M) & 166.4, 161.3, 149.0, 1422, 141.6, 139.4,
135.5, 134.4, 131.8, 130.5, 128.2, 126.5, 124.3, 120.8, 120.3, 110.1,
60.4, 21.4, 20.4, 14.2; HRMS (ESI) calcd for C,oH,,NO; [M + H]*
322.1443, found 322.1438.

Methyl (E)-3-(3-methyl-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3o0ac): yield 71% (43 mg) (eluent = PE/EA 100:1—30:1);
colorless oil; R, (PE/EA = 30:1) = 0.3; "H NMR (400 MHz, CDCL,) &
7.68 (d, J = 16 Hz, 1H), 7.64 (s, 1H), 7.58 (d, ] = 7.6 Hz, 1H), 7.47 (d,
J=8.4Hz, 1H), 7.42 (t, ] = 8.0 Hz, 1H), 7.34 (d, ] = 7.6 Hz, 1H), 7.21
(dd, J = 0.8 and 8.0 Hz, 1H), 3.70 (s, 3H), 2.51 (s, 3H), 2.34 (s, 3H);
3C NMR (CDCl,, 400M) § 166.9, 161.3, 149.0, 142.4, 141.6, 139.5,
135.4, 134.4, 131.9, 130.6, 128.3, 126.6, 124.3, 120.4, 120.4, 110.2,
51.7, 21.5, 20.4; HRMS (ESI) caled for C;gH;(NO; [M + HJ*
308.1287, found 308.1281.

Butyl (E)-3-(3-fluoro-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (30b): yield 80% (56 mg) (eluent = PE/EA 30:1—10:1);
colorless oil; R; (PE/EA = 10:1) = 0.2; '"H NMR (400 MHz, CDCl;) &
8.05 (d, J = 15.9 Hz, 1H), 7.64 (s, 1H), 7.58—7.48 (m, 3H), 7.29—7.21
(m, 2H), 6.45 (d, ] = 15.9 Hz, 1H), 4.17 (t, ] = 6.5 Hz, 2H), 2.50 (d, J
= 6.7 Hz, 3H), 1.67—1.59 (m, 2H), 1.39 (dd, J = 15.0, 7.5 Hz, 2H),
0.92 (t, ] = 7.4 Hz, 3H); "’F NMR (376 MHz, CDCl,) 6§ —110.69 (dd,
J=9.7,5.0 Hz). 3C NMR (101 MHz, CDCL,) § 166.2, 161.4 (d, ] =
255.2 Hz), 157.2, 149.2, 141.2 (d, ] = 3.1 Hz), 141.2, 137.4, 134.6,
132.2 (d, ] = 9.2 Hz), 1269, 122.8 (d, ] = 3.4 Hz), 122.2, 120.4, 117.2
(d, J = 22.1 Hz), 116.3 (d, J = 13.8 Hz), 110.2, 64.5, 30.6, 21.4, 19.1,
13.7; HRMS (ESI) calcd for C,,H,,FNO, [M + H]* 354.1505, found
354.1500.

Butyl (E)-3-(3-chloro-2-(5-methylbenzo[d]oxazol-2-yl) phenyl)-
acrylate (3oc): yield 48% (35 mg) (eluent = PE/EA 25:1—10:1);
colorless oil; Ry (PE/EA = 15:1) = 0.25; in addition, mono-3pa and
bis-3pa (Rf (PE/EA = 20:1)) were also isolated 10% and 20% in this
reaction; 'H NMR (400 MHz, CDCL,) 6 7.66 (d, ] = 8.4 Hz, 1H), 7.64
(s, 1H), 7.54(d, ] = 16 Hz, 1H), 7.54—7.49 (m, 3H), 7.24 (d, ] = 8.4
Hz, 1H), 4.10 (t, ] = 6.4 Hz, 2H), 2.51 (s, 3H), 1.57 (m, 2H), 1.28 (m,
J=72Hz 2H), 0.85 (t, ] = 7.2 Hz, 3H); ** C NMR (CDCl,, 100M) §
166.0, 158.8, 149.1, 141.3, 140.5, 137.5, 135.7, 134.6, 131.6, 130.8,
128.1, 126.9, 124.9, 122.3, 120.5, 110.2, 64.5, 30.5, 21.4, 19.1, 13.6;
HRMS (ESI) caled for C,H,,CINO; [M + HJ]* 370.1210, found
370.1204.

Butyl (E)-3-(3-bromo-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3od): yield 26% (21 mg) (eluent = PE/EA 25:1—10:1);
colorless oil; Ry (PE/EA = 20:1) = 0.2; in addition, mono-3pa and bis-
3pa were also isolated 18% and 32% in this reaction; 'H NMR (400
MHz, CDCl;) § 7.66 (dd, J = 7.8, 1.0 Hz, 1H), 7.65—7.62 (m, 1H),
7.58=7.47 (m, 4H), 7.26—7.22 (m, 1H), 6.39 (d, ] = 15.9 Hz, 1H),
4.10 (t, J = 6.5 Hz, 2H), 2.52 (s, 3H), 1.62—1.55 (m, 2H), 1.30 (m,,
2H), 0.86 (t, ] = 7.4 Hz, 3H); >*C NMR (101 MHz, CDCl,) § 166.0,
158.8, 149.1, 141.3, 140.5, 137.5, 135.7, 134.6, 131.6, 130.8, 128.1,
126.9, 124.9, 122.3, 120.5, 110.3, 64.5, 30.5, 21.4, 19.1, 13.6; HRMS

(ESI) caled for C,H, BrNO; [M + H]* 414.0705 (100.0), 416.0684
(97.3), found 414.0699 (100.0), 416.0680 (97.3).

Butyl (E)-3-(3-methoxy-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3oe): yield 95% (69 mg); (eluent = PE/EA 50:1—10:1); mp
66—69 °C; R; (PE/EA = 10:1) = 0.3; 'H NMR (400 MHz, CDCL,) &
7.63 (d, ] = 15.9 Hz, 1H), 7.61 (s, 1H), 7.49 (dd, ] = 14.6, 8.1 Hz, 2H),
7.35 (d, ] = 7.9 Hz, 1H), 7.20 (d, ] = 8.3 Hz, 1H), 7.04 (d, J = 8.3 Hz,
1H), 6.39 (d, J = 15.9 Hz, 1H), 4.10 (t, ] = 6.5 Hz, 2H), 3.82 (s, 3H),
2.50 (s, 3H), 1.68—1.44 (m, 2H), 1.30 (dt, ] = 14.9, 7.5 Hz, 2H), 0.86
(t, J = 7.3 Hz, 3H); 3C NMR (101 MHz, CDCl,) § 166.3, 159.4,
159.1, 149.3, 141.7, 141.4, 136.8, 134.1, 131.9, 126.3, 121.4, 120.3,
118.7, 118.0, 112.3, 110.1, 64.3, 56.1, 30.6, 21.4, 19.1, 13.6; HRMS
(ESI) caled for C,H,,NO, [M + H]" 366.1705, found 366.1700.

Butyl (E)-3-(4’-methoxy-2-(5-methylbenzo[d]oxazol-2-yl)[1,1’-bi-
phenyl]-3-yl)acrylate (30f): yield 92% (81 mg); mp 93—95 °C; eluent
= PE/EA = 10:1; R; (PE/EA = 6:1) = 0.3; '"H NMR (400 MHg,
CDCly) 6 7.75 (d, J = 15.8 Hz, 1H), 7.73 (d, J = 8.3 Hz, 1H), 7.56 (d,
] =7.8 Hz, 1H), 7.54 (s, 1H), 7.50 (dd, ] = 7.7, 1.0 Hz, 1H), 7.26 (d, ]
=83 Hz, 1H), 7.13 (d, ] = 8.7 Hz, 2H), 7.10 (d, ] = 1.2 Hz, 1H), 6.74
(d, J = 8.7 Hz, 2H), 6.45 (d, ] = 15.8 Hz, 1H), 4.12 (t, ] = 6.5 Hz, 2H),
3.72 (s, 3H), 2.46 (s, 3H), 1.77—-1.50 (m, 2H), 1.32 (dd, J = 15.1, 7.5
Hz, 3H), 0.87 (t, ] = 7.4 Hz, 3H); 3C NMR (101 MHz, CDCl,)
5166.4, 161.1, 158.9, 148.8, 143.6, 141.8, 141.4, 135.9, 134.1, 132.5,
131.6, 130.6, 129.4, 127.3, 126.4, 125.1, 121.3, 120.3, 113.8, 110.0,
64.3, 55.1, 30.6, 21.4, 19.1, 13.6; HRMS (ESI) calcd for C,gH,NO,
[M + H]* 442.2018, found 442.2013.

(E)-5-Methyl-2-(2-Methyl-6-(2-(phenylsulfonyl)vinyl)phenyl)-
benzo[d]oxazole (3oad). Starting substrate 1oa, following the general
procedure, gave white solid 3oad through preparative thick-layer
chromatography in 63% (48 mg) yield: mp 132—133 °C; R; (PE/EA=
6:1) = 0.2; '"H NMR (400 MHz, CDCl,) 6 7.88 (d, ] = 7.4 Hz, 2H),
7.69 (d, ] = 15.3 Hz, 1H), 7.61 (s, 1H), 7.58 (d, ] = 7.4 Hz, 1H), 7.54—
747 (m, 3H), 7.44 (d, J = 10.3 Hz, 2H), 7.39 (t, ] = 7.7 Hz, 1H),
7.28—=7.22 (m, 1H), 6.73 (d, ] = 15.3 Hz, 1H), 2.54 (s, 3H), 2.39 (s,
3H); *C NMR (101 MHz, CDCl,) 6160.9, 149.0, 141.4, 141.3, 140.3,
139.7, 134.6, 133.8, 133.3, 132.7, 130.6, 129.9, 129.2, 128.1, 127.7,
126.8, 125.1, 120.3, 110.1, 21.5, 20.5; HRMS (ESI) calcd for
Cy3H,NO,S [M + H]* 390.1164, found 390.1158.

(E)-5-Methyl-2-(2-methyl-6-styrylphenyl)benzo[d]oxazole (3oae):
yield 74% (48 mg) (eluent = PE/EA (100:1)); mp 89—91 °C; Ry (PE/
EA = 50:1) = 0.2; '"H NMR (400 MHz, CDCl;) 6 7.70 (d, ] = 7.1 Hz,
2H), 7.52 (d, ] = 8.3 Hz, 1H), 7.46 (t, ] = 7.8 Hz, 1H), 7.38 (d, ] = 7.1
Hz, 2H), 7.27 (m, SH), 7.11 (s, 2H), 2.57 (s, 3H), 2.37 (s, 3H); *C
NMR (101 MHz, CDCL,) § 162.5, 149.0, 141.7, 139.0, 138.3, 137.1,
134.3, 131.3, 130.4, 129.4, 128.6, 127.8, 127.0, 126.7, 126.3, 126.2,
123.2, 120.3, 110.1, 21.5, 20.4; HRMS (ESI) calcd for C,;H,,NO [M
+ H]* 326.1545, found 326.1539

(E)-5-Methyl-2-(2-methyl-6-(3-phenylprop-1-en-1-yl)phenyl)
benzo[d]Joxazole (3oaf): yield 64% (43 mg) (eluent = PE/EA =
100:1); colorless oil; R; (PE/EA = 50:1) = 0.2; 'H NMR (400 MHg,
CDCl;) 6 7.60 (s, 1H), 7.42 (d, ] = 8.3 Hz, 1H), 7.38 (t, ] = 7.7 Hz,
1H), 7.27-7.11 (m, 8H), 6.26—6.07 (m, 2H), 3.56 (d, ] = 5.8 Hz,
2H), 2.52 (s, 3H), 2.31 (s, 3H); *C NMR (101 MHz, CDCl;) §
162.7, 148.8, 141.6, 140.8, 138.8, 137.2, 134.1, 131.1, 130.4, 128.3,
128.2, 128.2, 128.0, 127.1, 126.9, 126.2, 126.0, 120.1, 110.0, 37.6, 21.4,
20.2; HRMS (ESI) caled for C,,H,NO [M + HJ* 340.1701, found
340.1696.

Butyl (E)-3-(2-(5-chlorobenzo[d]oxazol-2-yl)-3-methylphenyl)-
acrylate (30i): yield 80% (59 mg); mp 47—49 °C; R; (PE/ethyl
acetate 10:1) = 0.5; '"H NMR (400 MHz, CDCl;) 6 7.81 (s, 1H), 7.64
(d, J = 15.8 Hz, 1H), 7.58 (d, ] = 7.8 Hz, 1H), 7.50 (dd, ] = 8.6, 4.2
Hz, 1H), 7.42 (dd, ] = 14.2, 7.2 Hz, 1H), 7.38—7.29 (m, 2H), 6.37
(dd, J = 15.8, 2.5 Hz, 1H), 4.19-3.99 (m, 2H), 2.33 (d, J = 3.6 Hz,
3H), 1.66—1.50 (m, 2H), 1.29 (dt, J = 10.9, 5.8 Hz, 2H), 0.92—0.77
(m, 3H); *C NMR (101 MHz, CDCL,) § 166.4, 162.7, 149.3, 142.4,
141.8, 139.4, 135.5, 131.9, 130.9, 130.1, 127.5, 125.8, 124.3, 121.1,
1204, 111.5, 64.4, 30.6, 20.4, 19.1, 13.6; HRMS (ESI) calcd for
C, H,,CINO; [M + H]" 370.1210, found 370.1204.

Ethyl (E)-3-(2-(5-chlorobenzo[d]oxazol-2-yl)-3-methylphenyl)
acrylate (30ib). Starting substrate loi with ethyl acrylate, following
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the general procedure, gave colorless oil 30ib in 94% (64 mg) yield: R,
(PE/EA = 20:1) 0.35; mp 82—84 °C; 'H NMR (400 MHz, CDCL,) §
7.85 (d, J = 2.0 Hz, 1H), 7.65 (t, ] = 10.7 Hz, 1H), 7.61 (d, ] = 7.8 Hz,
1H), 7.54 (d, ] = 8.7 Hz, 1H), 7.47 (t, ] = 7.7 Hz, 1H), 7.42—7.34 (m,
2H), 6.40 (d, J = 15.8 Hz, 1H), 4.28—4.15 (m, 2H), 2.37 (s, 3H), 1.26
(t, J = 7.1 Hz, 3H);"*C NMR (101 MHz, CDCL) § 166.3, 162.7,
149.3, 142.4, 141.9, 139.4, 135.5, 131.9, 130.8, 130.1, 127.5, 125.8,
124.4, 121.1, 120.4, 111.5, 60.5, 20.4, 14.1; HRMS (ESI) calcd for
C1oH;,0;CIN [M + H]" 342.0897, found 342.0892.

Butyl (E)-3-(2-(5-chlorobenzo[d]oxazol-2-yl)-3-fluorophenyl)-
acrylate (30g): yield 56% (42 mg); mp 63—65 °C; R (PE/EA =
10:1) = 0.25;'"H NMR (400 MHz, CDCl;) 6 8.04 (d, ] = 15.9 Hz, 1H),
7.84 (d, ] = 1.9 Hz, 1H), 7.61-7.51 (m, 3H), 7.39 (dd, ] = 8.7, 2.1 Hz,
1H), 7.27 (ddd, J = 7.3, 5.4, 2.8 Hz, 1H), 6.4S (d, ] = 15.9 Hz, 1H),
4.18 (t, ] = 6.6 Hz, 2H), 1.64 (dt, J = 14.5, 6.6 Hz, 2H), 1.39 (dd, ] =
15.1, 7.5 Hz, 2H), 0.92 (t, ] = 7.4 Hz, 3H); "’F NMR (376 MHz,
CDCl;) § —110.35, —110.37, —110.38, —110.38, —110.39, —110.41;
BC NMR (101 MHz, CDCL,) § 166.1, 161.4 (d, J = 255.7 Hz), 158.6,
149.4, 142.4, 140.9, 137.4, 132.7 (d, ] = 9.2 Hz), 130.3, 1262, 123.0
(d, ] =2.8 Hz), 122.5, 120.5, 117.3 (d, J = 22.0 Hz), 115.6 (d, ] = 13.6
Hz).111.6, 64.6, 30.6, 19.1, 13.7; HRMS (ESI) calcd for
Cy0H,sCIFNO; [M + H]* 374.0959, found 374.0954.

Butyl (E)-3-(2-(5-chlorobenzo[d]oxazol-2-yl)-3-methoxyphenyl)-
acrylate (3oh): yield 80% (61 mg); R (PE/EA = 5:1) = 0.6; colorless
oil; 'H NMR (400 MHz, CDCl;) 6 7.83 (d, J = 1.7 Hz, 1H), 7.63 (d, ]
= 15.9 Hz, 1H), 7.58—7.46 (m, 2H), 7.42—7.29 (m, 2H), 7.07 (d, ] =
8.3 Hz, 1H), 6.42 (d, ] = 15.9 Hz, 1H), 4.13 (t, ] = 6.5 Hz, 2H), 3.85
(s, 3H), 1.65—1.52 (m, 2H), 1.37—1.25 (m, 2H), 0.89 (t, ] = 7.4 Hz,
3H); *C NMR (101 MHz, CDCl,) & 166.2, 160.9, 159.1, 149.6,
142.6, 141.1, 136.8, 132.2, 129.9, 125.6, 121.7, 120.3, 118.8, 117.2,
112.3, 111.5, 644, 56.2, 30.6, 19.1, 13.6; HRMS (ESI) calcd for
C,H,,CINO, [M + H]" 386.1159, found 386.1154.

Butyl (E)-3-(2-(benzo[d]oxazol-2-yl)-3-fluorophenyl)acrylate
(30j): yield 72% (49 mg); colorless oil; R; (PE/EA = 15:1) = 0.3;
"H NMR (400 MHz, CDCl,) & 8.08(d, J = 16 Hz, 1H), 7.88—7.86 (m,
1H), 7.65—7.62 (m, 1H), 7.58—7.45 (m, 2H), 7.44—7.40 (m, 2H),
7.26 (m, 1H), 6.47 (d, J = 16 Hz, 1H), 4.18 (t, ] = 6.4 Hz, 2H), 1.63
(m, 2H), 1.39 (m, 2H), 0.91 (t, ] = 7.4 Hz, 3H); *C NMR (101 MHz,
CDCly) 6 166.2, 161.4 (d, ] = 255.3 Hz), 157.2, 150.9, 141.4, 141.1,
137.3,132.3 (d, ] = 9.2 Hz), 125.8, 124.7, 122.9 (d, ] = 2.6 Hz), 122.3,
120.6, 117.2 (d, J = 22.1 Hz), 116.1 (d, J = 13.7 Hz), 110.8; '°’F NMR
(376 MHz, CDCl,) 6 —110.57, —110.58, —110.59, —110.61; HRMS
(ESI) caled for C,0H;,FNO; [M + H]" 340.1349, found 340.1340.

Butyl (E)-3-(2-(benzo[d]oxazol-2-yl)-3-tert-butoxyphenylacrylate
(30k): yield 93% (73 mg); colotless oil; R, (PE/EA = 15:1) = 0.25; 'H
NMR (400 MHz, CDCl,) § 7.86—7.79 (m, 1H), 7.73 (t, ] = 11.0 Hz,
1H), 7.64—7.57 (m, 1H), 7.48—7.41 (m, 2H), 7.38 (d, ] = 5.5 Hz,
2H), 7.23 (dd, ] = 6.8, 2.3 Hz, 1H), 6.41 (t, ] = 10.6 Hz, 1H), 4.13 (dt,
J=123.3,6.5 Hz, 2H), 1.63—1.50 (m, 2H), 1.37—1.25 (m, 2H), 1.21 (s,
9H), 0.85 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCL,) § 166.4,
160.1, 156.2, 150.8, 141.7, 141.4, 136.6, 131.2, 125.3, 124.3, 123.9,
123.8,121.2, 121.1, 1204, 110.6, 81.0, 77.4, 77.0, 76.7, 64.3, 30.6, 28.9,
19.1, 13.6; HRMS (ESI) calcd for C,,H,sNO, [M + H]* 394.2018,
found 394.2024.

Ethyl (E)-3-(2-(benzo[d]oxazol-2-yl)-3-tert-butoxyphenyl)acrylate
(30kb): yield 93% (68 mg); colorless oil; R; (PE/EA = 15:1) = 0.2; 'H
NMR (400 MHz, CDCl,;) 6 7.87—7.81 (m, 1H), 7.76 (d, J = 15.9 Hz,
1H), 7.64—7.58 (m, 1H), 7.47-7.41 (m, 2H), 7.41-7.34 (m, 2H),
7.27—7.19 (m, 1H), 6.42 (t, ] = 9.8 Hz, 1H), 4.20—4.12 (m, 2H), 2.01
(d, J = 144 Hz, 1H), 1.29-1.20 (m, 12H); 3*C NMR (101 MHz,
CDCl,) § 166.28, 160.08, 156.26, 150.82, 141.74, 141.43, 136.63,
131.14, 125.26, 124.30, 123.77, 121.17, 121.04, 120.36, 110.53, 80.94,
60.40, 28.90, 14.14; HRMS (ESI) calcd for C,,H,,NO, [M + H]*
366.1705, found 366.1700.

Butyl (E)-3-(2-(benzo[d]oxazol-2-yl)-3-methylphenyl)acrylate
(30l): yield 83% (55 mg); mp 55—57 °C; Ry (PE/EA = 10:1) =
0.25; '"H NMR (400 MHz, CDCL,) 6 7.84 (dd, ] = 5.8, 3.3 Hz, 1H),
7.68 (d, ] = 15.8 Hz, 1H), 7.63—7.55 (m, 2H), 7.46—7.37 (m, 3H),
7.34 (d, ] = 7.6 Hz, 1H), 6.39 (d, ] = 15.8 Hz, 1H), 4.10 (t, ] = 6.5 Hz,
2H), 2.35 (s, 3H), 1.60—1.48 (m, 2H), 1.30 (dd, J = 14.9, 7.4 Hz, 2H),

0.85 (t, ] = 7.3 Hz, 3H); 3C NMR (101 MHz, CDCL;) § 166.4, 161.2,
150.7, 142.0, 141.4, 139.4, 135.5, 131.8, 130.6, 128.1, 125.4, 124.6,
124.2, 120.9, 120.7, 110.7, 64.3, 30.6, 20.4, 19.1, 13.6; HRMS (ESI)
caled for C,;H,,NO; [M + H]* 336.1600, found 336.1594.

Butyl (E)-3-(2-(5-acetylbenzo[d]oxazol-2-yl)-3-methoxyphenyl)-
acrylate (3om): yield 65% (51 mg); colorless oil; eluent = PE/EA
= 10:2; R; (PE/EA = 10:2) = 0.25; '"H NMR (400 MHz, CDCl;) §
8.43 (d, ] = 1.3 Hz, 1H), 8.10 (dd, ] = 8.6, 1.7 Hz, 1H), 7.64 (d, ] =
15.8 Hz, 1H), 7.66 (d, ] = 8.0 Hz, 1H), 7.53 (t, ] = 8.1 Hz, 1H), 7.37
(d, J = 7.9 Hz, 1H), 7.07 (d, ] = 8.3 Hz, 1H), 641 (d, ] = 15.8 Hz,
1H), 4.11 (t, ] = 6.6 Hz, 2H), 3.84 (s, 3H), 2.70 (s, 3H), 1.58 (dt, J =
14.4, 6.6 Hz, 2H), 1.31 (dd, ] = 15.0, 7.5 Hz, 2H), 0.86 (t, ] = 7.4 Hz,
3H); C NMR (100 MHz, CDCl;) 197.1, 166.3, 161.1, 159.1, 141.6,
141.1, 136.8, 134.2, 1324, 1259, 121.8, 121.5, 118.9, 112.3, 110.9,
64.4, 56.2, 30.6, 26.8, 19.1, 13.6; HRMS (ESI) calcd for C,;H,3,NO;
(M + H) * 394.1654, found 394.1649.

Butyl (E)-3-(2-(5,7-difluorobenzo[d]oxazol-2-yl)-3-methoxy-
phenyl)acrylate (3on): yield 58% (45 mg); mp 64—66 °C; eluent =
PE/EA = 20:1; R, (PE/EA = 20:1) = 0.2; '"H NMR (400 MHz,
CDCly) 6 7.60 (d, ] = 15.9 Hz, 1H), 7.53 (t, ] = 8.1 Hz, 1H), 7.34 (dd,
J = 11.6, 4.7 Hz, 2H), 7.06 (d, ] = 8.3 Hz, 1H), 6.95 (td, ] = 9.7, 2.2
Hz, 1H), 6.41 (d, ] = 15.8 Hz, 1H), 4.12 (t, ] = 6.5 Hz, 2H), 3.84 (s,
3H), 1.64—1.54 (m, 2H), 1.33 (dq, ] = 14.6, 7.3 Hz, 2H), 0.88 (t, ] =
7.4 Hz, 3H); F NMR (376 MHz, CDCl;) § —11391 to —115.96
(m), —130.15 (dd, J = 10.6, 3.0 Hz); '*C NMR (101 MHz, CDCl,) §
166.2, 161.7,159.4 (dd, ] = 243.0, 9.5 Hz), 159.1, 146.2 (dd, ] = 254.9,
14.6 Hz), 144.3 (dd, J = 14.7, 3.0 Hz), 140.9, 136.8, 132.5, 121.9,
118.8, 116.5, 112.3, 102.8 (dd, J = 25.6, 4.8 Hz), 101.5 (dd, J = 29.8,
20.4 Hz), 64.5, 56.2, 30.6, 19.1, 13.6; HRMS (ESI) calcd for
C,H,,F,NO, [M + H]* 388.1360, found 388.1355.

Butyl (E)-3-(2-(5,7-difluorobenzo[d]oxazol-2-yl)-3-fluorophenyl)-
acrylate (300): yield 33% (24 mg); colorless oil; Ry (PE/EA =
40:1) = 0.15; "H NMR (400 MHz, CDCl;) & 8.02 (d, ] = 15.9 Hz,
1H), 7.58 (q, ] = 3.6 Hz, 2H), 7.37 (ddd, ] = 7.9, 2.3, 1.0 Hz, 1H), 7.29
(ddd, J = 9.6, 6.2, 3.5 Hz, 1H), 6.99 (td, ] = 9.7, 2.3 Hz, 1H), 6.46 (d, ]
=159 Hz, 1H), 4.18 (t, ] = 6.6 Hz, 2H), 1.66 (dd, ] = 14.5, 7.2 Hz,
2H), 1.40 (d, ] = 7.6 Hz, 2H), 0.93 (t, ] = 7.4 Hz, 3H); '°F NMR (376
MHz, CDCl;) § —109.95 (dd, J = 9.3, 3.4 Hz), —113.72 to —114.31
(m), —129.79 (dd, J = 9.8, 2.7 Hz); *C NMR (101 MHz, CDCl,)
166.1, 162.7,159.6 (dd, ] = 243.8, 9.3 Hz), 160.2, 159.4, 146.2 (dd, ] =
255.7, 14.4 Hz), 144.2 (dd, J = 14.7, 2.9 Hz), 140.7 (d, J = 3.1 Hz),
137.5,133.0 (d, ] = 9.4 Hz), 123.1 (d, ] = 3.3 Hz), 122.8, 1174 (d,] =
22.0 Hz); 115.0 (d, J = 13.6 Hz); 103.0 (dd, J = 25.7, 5.0 Hz); 102.1
(dd, J = 29.9, 20.3 Hz), 64.7, 30.6, 19.1, 13.7; HRMS (ESI) calcd for
CyoH;F;NO; [M + H]* 376.1161, found 376.1170.

Butyl (E)-3-(2-(5-methylbenzo[d]oxazol-2-yl)furan-3-yl)acrylate
(30p): yield 51% (33 mg); mp 70-72 °C; R, (PE/EA= 30:1) = 0.2;
'H NMR (400 MHz, CDCL,) 6 7.55 (s, 1H), 7.47 (d, J = 16 Hz, 1H),
743 (d, ] = 8.4 Hz, 1H), 7.27 (d, ] = 3.6 Hz, 1H), 7.18 (d ] = 8.4 Hz,
1H), 6.76 (d, ] = 3.6 Hz, 1H), 6.64 (d, ] = 16 Hz, 1H), 4.20 (t, ] = 6.4
Hz, 2H), 2.48 (s, 3H), 1.68 (m, 2H), 1.43(m, 2H), 0.97(t, ] = 7.3 Hz,
3H); *C NMR (100 MHz, CDCl;,) & 166.6, 154.6, 153.4, 148.4,
143.8, 141.8, 134.9, 129.6, 126.9, 120.1, 119.1, 115.8, 115.8, 110.0,
64.5, 30.7, 21.4, 19.1, 13.7; HRMS (ESI) calcd for C;sH,,NO, (M +
H*) 326.1392, found 326.1387.

Butyl (E)-3-(2-(5-methylbenzo[d]oxazol-2-yl)thiophene-3-yl)-
acrylate (30q): yield 81% (59 mg); mp 65—67 °C; R; (PE/EA=
10:1) = 0.4; '"H NMR (400 MHz, CDCl;) 6 7.73 (d, J = 16 Hz, 1H),
7.50 (s, 1H), 7.42 (d, ] = 5.6 Hz, 1H), 7.39 (d, ] = 8.4 Hz, 1H), 7.35
(d, J = 5.6 Hz,1H), 6.40 (d, ] = 16 Hz, 1H), 4.23 (t, ] = 6.4 Hz, 2H),
247 (s, 3H), 1.73—1.69 (m, 2H), 1.50—1.45 (m, 2H), 0.98 (t, J = 7.2
Hz, 3H); *C NMR (100 MHz, CDCl;) 167.0, 158.2, 148.4, 141.9,
138.3, 136.8, 134.7, 129.2, 129.0, 126.6, 126.6, 121.3, 120.0, 109.9,
64.5, 30.7, 21.5, 19.2, 13.8; HRMS (ESI) calced for C;gH,(NO;S (M +
H*) 342.1164, found 342.1158.

Butyl (E)-3-(4-bromo-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3ma): yield 80% (65 mg); mp 83—86 °C; eluent = PE/
EA = 100:1-50:1; R; (PE/EA = 50:1) = 0.3; 'H NMR (400 MHz,
CDCly) 68.79 (d, ] = 15.9 Hz, 1H), 8.37 (d, ] = 1.9 Hz, 1H), 7.64 (dd,
] =8.5, 1.8 Hz, 1H), 7.60 (s, 1H), 7.59 (d, ] = 8.5 Hz, 1H), 7.47 (d,] =
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8.3 Hz, 1H), 7.21 (d, ] = 8.3 Hz, 1H), 6.45 (d, ] = 15.9 Hz, 1H), 424
(t, J = 6.5 Hz, 2H), 2.49 (s, 3H), 1.74—1.64 (m, 2H), 1.56—1.41 (m,
2H), 0.98 (t, ] = 7.4 Hz, 3H); *C NMR (101 MHz, CDCL,) § 166.5,
160.4, 148.7, 142.4, 142.1, 134.7, 134.0, 133.7, 132.8, 129.2, 128.0,
127.0, 123.8, 121.5, 120.5, 110.0, 64.5, 30.7, 21.4, 19.2, 13.7; HRMS
(ESI) caled for C,;H,,BrNO, [M + H]* 414.0705 (100.0), 416.0684
(97.3), 417.0718 (22.1), 415.0738 (16.2), found 414.0704 (100.0),
416.0687 (97.3), 417.0712 (22.1), 415.0732 (16.2).

Butyl (E)-3-(4-methyl-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3mb): yield 63% (44 mg); R; (PE/EA = 10:1) = 0.3; mp
61—62 °C; '"H NMR (400 MHz, CDCL,) 6 8.80 (d, J = 15.9 Hz, 1H),
7.98 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.59 (s, 1H), 7.45 (d, ] = 8.3
Hz, 1H), 7.30 (d, ] = 8.0 Hz, 1H), 7.17 (d, ] = 8.2 Hz, 1H), 6.42 (d, J
=159 Hz, 1H); C NMR (101 MHz, CDCl;) § 167.0, 162.1, 148.7,
143.3, 142.2, 140.1, 1344, 132.0, 131.9, 130.63, 127.7, 126.5, 126.4
120.3, 120.1, 109.9, 64.3, 30.8, 21.5, 21.2, 19.3, 13.8; HRMS (ESI)
caled for C,,H,,NO; [M + H]* 350.1756, found 350.1751.

Butyl (E)-3-(4'-methoxy-3-(5-methylbenzo[d]oxazol-2-yl)[1,1'-bi-
phenyl]-4-yl)acrylate (3mc): yield 91% (80 mg); white solid (mp 91—
93 °C); (eluent = EA/PE = 20%); R;= 0.2 (PE/EA = 10:1); '"H NMR
(400 MHz, CDCl,) 6 8.87 (d, J = 15.9 Hz, 1H), 8.38 (s, 1H), 7.81 (d,
J =82 Hz, 1H), 7.71 (d, ] = 8.2 Hz, 1H), 7.65 (d, ] = 8.7 Hz, 2H),
7.62 (s, 1H), 7.49 (d, ] = 8.3 Hz, 1H), 7.20 (d, J = 8.2 Hz, 1H), 7.02
(d, J = 8.6 Hz, 2H), 6.50 (d, J = 15.9 Hz, 1H), 4.26 (t, ] = 6.5 Hz, 2H),
3.87 (s, 3H), 2.51 (s, 3H), 1.77—1.69 (m, 2H), 1.50 (td, ] = 14.8, 7.4
Hz, 2H), 0.99 (t, ] = 7.3 Hz, 3H). *C NMR (101 MHz, CDCL) §
166.9, 162.0, 159.9, 148.8, 143.0, 142.3, 142.2, 134.5, 132.9, 131.7,
128.9, 128.2, 128.1, 127.0, 126.6, 120.5, 120.4, 114.4, 109.9, 64.4, 55.3,
30.8, 21.5, 19.2, 13.8; HRMS (ESI) calcd for CpgH,NO, [M + H]*
4422018, found 442.2013.

Butyl (E)-3-(4'-chloro-3-(5-methylbenzo[d]oxazol-2-yl)[1,1-bi-
phenyl]-4-yl)acrylate (3md): yield 61% (54 mg); mp 88—90 °C;
(eluent = EA/PE = 10%); R; = 0.4 (PE/EA = 10:1); '"H NMR (400
MHz, CDCL,) 6 8.86 (d, ] = 15.9 Hz, 1H), 8.38 (d, ] = 1.8 Hz, 1H),
7.81 (d, J = 82 Hz, 1H), 7.70 (dd, J = 82, 1.6 Hz, 1H), 7.62 (s,
1H),7.56 (d, ] = 8.4 Hz, 3H), 7.49 (d, ] = 8.3 Hz, 1H), 7.45 (d,] = 8.5
Hz, 2H), 7.21 (d, ] = 8.3 Hz, 1H), 6.50 (d, J = 15.9 Hz, 1H), 4.26 (t, ]
= 6.5 Hz, 2H), 2.50 (s, 3H), 1.79—1.70 (m, 2H), 1.50 (dd, J = 15.0, 7.5
Hz, 2H), 0.99 (t, ] = 7.4 Hz, 3H); *C NMR (101 MHz, CDCL,) §
166.8, 161.7, 148.8, 142.8, 1422, 141.3, 137.7, 134.6, 134.4, 133.9,
1292, 129.2, 128.5, 128.3, 127.1, 126.8, 121.1, 120.4, 110.0, 64.5, 30.8,
21.5, 19.3, 13.8; HRMS (ESI) caled for C,,H,;CINO, [M + H]*
446.1523, found 446.1517.

Dibutyl 3,3’-(4-Methoxy-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-
phenylene)-(2E,2'E)-diacrylate (Bis-3me) and Butyl (E)-3-(4-Me-
thoxy-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)acrylate (Mono-
3me). Starting from 1me (0.2 mmol), following the general procedure,
bis-3me and mono-3me were isolated in 58% (57 mg) and 22% (16
mg) yields through preparative thick-layer chromatography: bis-3me,
colorless oil, R (PE/EA = 10:2) = 0.15; mono-3me colorless solid, Ry
(PE/EA = 10:2) = 0.6. For bis-3me (mp 65—67 °C): "H NMR (400
MHz, CDCly) § 7.73 (d, ] = 8.9 Hz, 1H), 7.62 (s, 1H), 7.49 (d, ] =
16.2 Hz, 1H), 7.47 (d, ] = 15.8 Hz, 1H), 7.45 (d, ] = 8.3 Hz, 1H), 7.21
(d, J = 8.3 Hz, 1H), 7.14 (d, ] = 8.9 Hz, 1H), 6.47 (d, ] = 16.1 Hz,
1H), 6.28 (d, ] = 15.8 Hz, 1H), 4.12—4.05 (m, 2H), 4.03 (t, ] = 6.5 Hz,
2H), 3.96 (s, 3H), 2.50 (s, 3H), 1.60—1.51 (m, 2H), 1.51—-1.44 (m,
2H), 1.26 (dt, ] = 10.6, 5.5 Hz, 2H), 1.25—1.15 (m, 2H), 0.82 (dt, J =
11.8, 7.4 Hz, 6H); >*C NMR (101 MHz, CDCl,) § 166.9, 166.4, 159.8,
159.7, 149.0, 141.3, 140.8, 137.5, 134.6, 130.6, 128.6, 128.1, 126.9,
124.6, 124.4, 120.5, 119.3, 113.4, 110.2, 64.3, 64.2, 56.0, 30.6, 30.5,
21.4, 19.1, 19.0, 13.6, 13.6; HRMS (ESI) calcd for C,;H3,NO4 [M +
H]* 492.2386, found 492.2381. For mono-3me (mp 53—55 °C): 'H
NMR (400 MHz, CDCl;) 6 8.43 (d, ] = 16.1 Hz, 1H), 7.68 (d, ] = 7.8
Hz, 1H), 7.60 (s, 1H), 7.47—7.40 (m, 2H), 7.18 (d, ] = 8.3 Hz, 1H),
7.11 (d, ] = 8.3 Hz, 1H), 6.77 (d, ] = 16.1 Hz, 1H), 420 (t, ] = 6.6 Hz,
2H), 3.95 (s, 3H), 2.49 (s, 3H), 1.70—1.64 (m, 2H), 1.43 (dd, J = 15.1,
7.5 Hz, 2H), 0.93 (t, ] = 7.4 Hz, 3H); *C NMR (101 MHz, CDCL,) §
167.8, 162.3, 159.2, 148.9, 142.1, 138.7, 134.4, 130.0, 129.1, 126.6,
124.3, 123.3, 122.8, 120.4, 113.5, 110.0, 64.2, 55.8, 30.8, 21.5, 19.2,

13.8; HRMS (ESI) caled for Cp,H,,NO, [M + H]* 366.170S, found
366.1700.

Dibutyl 3,3'-(4-Fluoro-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-phe-
nylene)-(2E,2'E)-diacrylate (Bis-3mf) and Butyl (E)-3-(2-Fluoro-6-
(5-methylbenzo[d]oxazol-2-yl)phenyl)acrylate (Mono-3mf). Starting
from Imf (0.2 mmol), following the general procedure, bis-3mf and
mono-3mf were isolated in 20% (19 mg) and 50% (35 mg) yields,
respectively. (eluent = EA/PE = 20%); bis-3mf, R; (PE/EA = 10:1) =
0.2, mono-3mf, R, (PE/EA = 10:1) = 0.5; For bis-3mf (mp 71-73
°C): 'H NMR (400 MHz, CDCl,) § 7.75 (dd, ] = 8.8, 5.0 Hz, 1H),
7.66 (s, 1H), 7.59 (d, J = 15.9 Hz, 1H), 7.50 (d, ] = 8.4 Hz, 1H), 7.45
(d, J = 16.3 Hz, 1H), 7.40—7.33 (m, 1H), 7.26 (dd, ] = 8.5, 1.2 Hz,
1H), 6.54 (dd, ] = 16.3, 0.7 Hz, 1H), 6.37 (d, J = 15.8 Hz, 1H), 4.12
(m, 4H), 2.53 (s, 3H), 1.64—1.52 (m, 4H), 1.39—1.21 (m, 4H), 0.87
(m, 6H); *C NMR (101 MHz, CDCl;) § 166.3, 166.0, 161.7 (d, ] =
258.5 Hz), 158.7, 149.1, 141.3, 140.3, 135.0, 134.9, 132.5 (d, ] = 3.4
Hz), 1304, 128.9 (d, J = 9.8 Hz), 127.2, 126.0 (d, ] = 13.3 Hz), 124.1
(d, J = 13.0 Hz),121.6, 120.6, 118.9 (d, J = 23.8 Hz), 110.2, 64.5, 30.5,
30.5, 21.4, 19.1, 19.0, 13.6; ’F NMR (376 MHz, CDCl;) § —107.38
(dd, J = 10.3, 5.0 Hz); HRMS (ESI) calcd for CogH; FNOg [M + H]*
480.2186, found 480.2181; For mono-3mf (mp 53—56 °C): 'H NMR
(400 MHz, CDCl,) 6 8.50 (d, J = 16.3 Hz, 1H), 8.03—7.90 (m, 1H),
7.61 (s, 1H), 7.44 (ddd, ] = 10.5, 6.9, 4.0 Hz, 2H), 7.27 (dd, ] = 12.1,
7.2 Hz, 1H), 7.20 (d, ] = 8.3 Hz, 1H), 6.67 (dd, ] = 16.3, 1.8 Hz, 1H),
424 (t, ] = 6.5 Hz, 2H), 2.48 (s, 3H), 1.76—1.62 (m, 2H), 1.47 (dq, J
= 14.6, 7.4 Hz, 2H), 0.95 (d, ] = 7.4 Hz, 2H); *C NMR (101 MHz,
CDCl,) 6 167.0, 161.6 (d, ] = 253.5 Hz), 161.00 (d, ] = 4.0 Hz), 160.4,
148.7, 142.1, 136.5 (d, ] = 1.4 Hz), 134.6, 130.2 (d, ] = 9.8 Hz), 128.8
(d, J = 4.0 Hz), 126.9, 126.1 (d, ] = 3.4 Hz), 1254 (d, ] = 14.1 Hz),
122.8 (d, ] = 13.4 Hz), 120.5, 118.6 (d, J = 23.8 Hz), 110.0, 64.5, 30.7,
21.5, 19.2, 13.8; ’F NMR (376 MHz, CDCl;) § —109.67 to —109.79
(m); HRMS (ESI) calcd for C,;H,,FNO, [M + H]* 354.1505, found
354.1493.

Dibutyl 3,3’-(2-(5-Methylbenzo[d]oxazol-2-yl)-1,3-phenylene)-
(2E,2’E)-diacrylate (Bis-3pa) and Butyl (E)-3-(2-(5-Methylbenzo[d]-
oxazol-2-yl)phenyl)acrylate (Mono-3pa). Starting from 1pa (0.2
mmol), following the general procedure, bis-3pa and mono-3pa were
isolated in 63% (58 mg) and 21% (14 mg) yields, respectively (eluent
= EA/PE = 3—10%); bis-3pb R; = 0.2, mono-3pb R;= 0.5 (PE/EA =
40:1). For bis-3pa (mp 60—63 °C): '"H NMR (400 MHz, CDCL;) 6
7.77 (d, ] = 7.9 Hz, 2H), 7.72 (d, ] = 15.8 Hz, 2H), 7.65 (s, 1H), 7.58
(t, J=7.9 Hz, 1H), 7.49 (d, ] = 8.3 Hz, 1H), 7.24 (dd, ] = 8.4, 1.2 Hz,
1H), 6.41 (d, J = 15.8 Hz, 2H), 4.13 (t, ] = 6.5 Hz, 4H), 2.52 (s, 3H),
1.65—1.54 (m, 4H), 1.39—1.27 (m, 4H), 0.88 (t, ] = 7.4 Hz, 6H); '*C
NMR (101 MHz, CDCl,) § 166.2, 159.7, 149.2, 141.5, 141.4, 136.2,
134.7, 130.9, 128.1, 128.0, 127.0, 121.8, 120.5, 110.2, 64.5, 30.6, 21.4,
19.1, 13.6; HRMS (ESI) caled for C,gH;,NOg [M + HJ* 462.2280,
found 462.2275. For mono-3pa (mp 43—45 °C): "H NMR (400 MHz,
CDCl,) 6 8.83 (d, ] = 159 Hz, 1H), 8.20-8.18 (m, 1H), 7.75—
7.63(m, 1H), 7.61 (s, 1H), 7.54—7.51 (m, 2H), 747 (d, ] = 8.3 Hz,
1H), 7.19 (dd, J = 8.3, 0.8 Hz, 1H), 6.46 (d, ] = 15.9 Hz, 1H), 4.25 (4,
J = 6.5 Hz, 2H), 2.49 (s, 3H), 1.73—1.67 (m, 2H), 1.49 (m, ] = 7.5 Hz,
2H), 0.98 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCl,) § 166.8,
161.9, 148.8, 143.5, 142.3, 134.9, 134.4, 131.0, 130.1, 129.7, 127.8,
126.6, 126.6, 121.1, 120.4, 109.9, 64.4, 30.8, 21.5, 19.2, 13.8; HRMS
(ESI) caled for C,H,,NO; [M + H]* 336.1600, found 336.1594.

Dibutyl 3,3’-(5-methyl-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-phe-
nylene)-(2E,2'E)-diacrylate (Bis-3pb) and Butyl (E)-3-(5-Methyl-2-(5-
methylbenzo[d]oxazol-2-yl)phenyl)acrylate (Mono-3pb). Following
the general procedure, starting from 1pb (0.2 mmol), bis-3pb and
mono-3pb were isolated in 50% (47 mg) and 16% (11 mg) yields,
respectively (eluent = EA/PE = 3—10%); bis-3pb R; = 0.2 (PE/EA =
10:1); mono-3pb Ry=02 (PE/EA = 40:1). For bis-3pb (mp 78—80
°C): 'H NMR (400 MHz, CDCL,) 6 7.72 (d, ] = 15.8 Hz, 2H), 7.63
(s, 1H), 7.57 (s, 2H), 7.47 (d, ] = 8.3 Hz, 1H), 7.21 (d, ] = 8.1 Hz,
1H), 6.39 (d, J = 15.8 Hz, 2H), 4.12 (t, ] = 6.4 Hz, 4H), 2.50 (s, 3H),
247 (s, 3H), 1.57 (m, ] = 6.7 Hz, 4H), 1.32 (m, ] = 7.4 Hz, 4H), 0.87
(t, J = 7.3 Hz, 6H); 3C NMR (101 MHz, CDCI3) 6 166.3, 160.0,
149.2, 141.7 141.5, 141.1, 136.1 134.6, 128.8, 126.8, 125.5 121.5,
120.4, 110.1, 64.4, 30.6, 21.5, 21.4, 19.1, 13.6; HRMS (ESI) calcd for
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CyoHy,NO; [M + H]* 476.2437, found 476.2431. For mono-3pb (mp
60—62 °C): 'H NMR (400 MHz, CDCL,) 6 8.83 (d, J = 15.9 Hz, 1H),
8.08 (d, J = 8.0 Hz, 1H), 7.61—7.57 (m, 1H), 7.54 (s, 1H), 7.45 (d, ] =
8.3 Hz, 1H), 7.32 (d, ] = 8.0 Hz, 1H), 7.17 (dd, ] = 8.3, 1.4 Hz, 1H),
646 (d, J = 15.9 Hz, 1H), 425 (t, ] = 6.5 Hz, 2H), 2.49 (s, 3H), 2.44
(s, 3H), 1.75—1.68 (m, 2H), 1.50 (dd, ] = 15.1, 7.5 Hz, 2H), 0.99 (t, ]
= 7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;) § 166.9, 162.1, 148.7,
143.6, 142.3, 141.4, 134.7, 134.3, 130.6, 130.1, 128.4, 126.4, 123.9,
120.8, 120.3, 109.8, 64.4, 30.8, 21.5, 19.2, 13.8; HRMS (ESI) calcd for
Cp,H,,NO; [M + H]" 350.1756, found 350.1751.

Dibutyl 3,3'-(5-tert-Butyl-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-
phenylene)-(2E,2'E)-diacrylate (bis-3pc) and Butyl (E)-3-(5-tert-
Butyl-2-(5-methylbenzo[d]Joxazol-2-yl)phenyl)acrylate (Mono-3pc).
Starting from 1pc (0.2 mmol), following the general procedure, bis-
3pc and mono-3pc were isolated in 66% (68 mg) and 25% (19 mg)
yields, respectively (eluent = EA/PE = 5—10%); bis-3pc Ry = 0.3 (PE/
EA = 10:1); mono-3pc R, = 0.2 (PE/EA = 40:1). For bis-3pc (mp
122—123 °C): '"H NMR (400 MHz, CDCL,) § 7.77 (d, J = 15.8 Hg,
2H), 7.77 (s, 2H), 7.63 (s, 1H), 7.47 (d, ] = 8.3 Hz, 1H), 7.22 (dd, ] =
8.3, 1.1 Hz, 1H), 6.40 (d, ] = 15.9 Hz, 2H), 4.13 (t, ] = 6.5 Hz, 4H),
2.51 (s, 3H), 1.66—1.51 (m, 4H), 1.41 (s, 9H), 1.34 (dd, J = 7.5 Hz,
4H), 0.88 (t, ] = 7.4 Hz, 6H); *C NMR (101 MHz, CDCL;) § 166.3,
160.0, 154.2, 149.2, 142.2, 141.6, 135.9, 134.6, 126.8, 125.4, 121.4,
120.5, 110.1, 64.4, 35.1, 31.0, 30.6, 21.4, 19.1, 13.6; HRMS (ESI) calcd
for C3,H,oNOg [M + H]* 518.2906, found 518.2877. For mono-3pc
(mp 81-83 °C): '"H NMR (400 MHz, CDCl;) & 8.86 (d, ] = 15.9 Hz,
1H), 8.13 (d, ] = 8.3 Hz, 1H), 7.74 (d, ] = 1.8 Hz, 1H), 7.60 (s, 1H),
7.55 (dd, J = 8.3, 1.9 Hz, 1H), 7.46 (d, J = 8.3 Hz, 1H), 7.17 (dd, ] =
8.3, 1.0 Hz, 1H), 6.47 (d, ] = 15.9 Hz, 1H), 4.26 (t, ] = 6.5 Hz, 2H),
249 (s, 3H), 1.77-1.68 (m, 2H), 1.50 (d, J = 7.6 Hz, 2H), 1.39 (s,
9H), 0.99 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCl,) § 166.9,
162.1, 154.5, 148.7, 1442, 142.3, 134.5, 134.3, 130.0, 127.1, 126.4,
124.7, 123.8, 120.7, 120.3, 109.9, 64.4, 35.0, 31.0, 30.8, 21.5, 19.3, 13.8;
HRMS (ESI) caled for C,sH;)NO; [M + H]* 392.2226, found
392.2220.

Dibutyl 3,3’-(5-Methoxy-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-
phenylene)-(2E,2'E)-diacrylate (Bis-3pd) and Butyl (E)-3-(5-Me-
thoxy-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)acrylate (Mono-
3pd). Starting from substrate 1pd, following the general procedure,
bis-3pd and mono-3pd were isolated in $7% (SS mg) and 21% (14
mg) yields by flash chromatography (eluent = PE/EA = 20:1); bis-3pd
colorless oil, Ry (PE/EA = 6:1) = 0.15; mono-3pd, colorless oil, R
(PE/EA = 6:1) = 0.4S. For bis-3pd (mp 73—75 °C): '"H NMR (400
MHz, CDCl;) § 7.75 (d, ] = 16 Hz, 2H), 7.618(s, 1H, Ph), 7.64 (s,
1H), 7.46 (d, ] = 8.4 Hz, 1H), 7.25 (s, 2H), 7.21 (dd, J = 1.2 and 8.0
Hz, 1H), 6.39 (d, ] = 16 Hz, 2H), 4.13 (t, ] = 7.2 Hz, 4H), 3.92 (s,
3H), 2.50 (s, 3H, —CHj;), 1.62—1.58 (m, ] = 7.2 Hz, 4H), 1.37—1.24
(m, J = 7.2 Hz, 4H), 0.87 (t, ] = 7.2 Hz, 6H); *C NMR (100 MHz,
CDCly) 166.2, 161.0, 160.0, 149.2, 141.7, 141.6, 137.8, 134.5, 126.7,
121.8, 120.8, 120.4, 113.5, 110.1, 64.5, 55.6, 30.6, 21.4, 19.1, 13.6;
HRMS (ESI) caled for C,)Hy,NO, (M + HY) 492.2386, found
492.2391. For mono-3pd (mp 56—58 °C): 'H NMR (400 MHz,
CDCl,) & 8.85 (d, J = 16 Hz, 2H), 8.13 (d, ] = 8.8 Hz, 1H), 7.56 (s,
1H), 7.43 (d, ] = 8.4 Hz, 1H), 7.19 (d, ] = 2.4 Hz, 1H), 7.14 (d, ] = 8.0
Hz, 1H), 7.03 (dd, ] = 2.4, 8.8 Hz), 6.44 (d, ] = 16 Hz, 1H), 425 (t, ]
= 6.4 Hz, 2H), 3.89 (s, 3H), 2.47 (s, 3H), 1.73—1.70 (m, 2H), 1.52—
147 (m, 2H, Bu), 0.98 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCl,) 166.7, 162.0, 161.5, 148.6, 143.6, 142.4, 136.6, 134.2, 131.8,
126.1, 121.1, 120.1, 119.3, 115.7, 112.5,109.7, 64.5, 55.5, 30.7, 21.4,
19.2, 13.8; HRMS (ESI) caled for C,,H,,NO, (M + H*) 366.1705,
found 366.1692.

Butyl (E)-3-(2-(5-Methylbenzo[d]oxazol-2-yl)-5-(trifluorometh-
oxy)phenyl)acrylate (3pe): yield 62% (51 mg); mp 78-79 °C
(eluent = EA/PE = 10%); R; (PE/EA = 10:1) = 0.4; '"H NMR (400
MHz, CDCl;) 6 8.83 (d, J = 15.9 Hz, 1H), 8.24 (d, ] = 8.7 Hz, 1H),
7.60 (s, 1H), 7.46 (d, ] = 8.3 Hz, 1H), 7.36 (dd, ] = 8.7, 1.2 Hz, 1H),
7.20 (dd, J = 8.3, 1.2 Hz, 1H), 6.46 (d, ] = 15.9 Hz, 1H), 426 (t, ] =
6.5 Hz, 2H), 2.49 (s, 3H), 1.73 (m, ] = 6.6 Hz, 2H), 1.54—1.45 (m,
2H), 0.99 (t, J = 7.4 Hz, 3H); >*C NMR (CDCl,, 100 MHz) § 166.3,
160.7, 150.8, 150.8, 148.7, 142.1, 137.1, 134.7, 131.9, 126.9, 124.9,

122.5, 121.5, 120.3 (q, J = 258.9 Hz), 120.5, 119.6, 110.0, 64.6, 30.7,
21.4,19.2, 13.7; YF NMR (CDCl,;, 376 MHz) 6 —57.58; HRMS (ESI)
caled for C,,H, FsNO, [M + H]* 420.1423, found 420.1417.

Butyl (E)-3-(5-Fluoro-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (Mono-3pf) and Dibutyl 3,3'-(5-Fluoro-2-(5-methylbenzo-
[dloxazol-2-yl)-1,3-phenylene)-(2E,2'E)-diacrylate (Bis-3pf). Starting
from 1pf (0.2 mmol), following the general procedure, bis-3pf and
mono-3pf were isolated in 50% (47 mg) and 20% (13 mg) yield
through thick-layer chromatography, respectively (eluent = EA/PE =
10%); bis-3pf, R=02, yellow solid; mono-3pf Ry =04, light yellow
solid (PE/EA = 10:1). For bis-3pf (mp 45—48 °C): 'H NMR (400
MHz, CDCl,) 6 7.68 (d, J = 15.8 Hz, 2H), 7.63 (s, 1H), 7.48 (d, J =
8.7 Hz, 1H), 7.45 (d, J = 9.0 Hz, 2H), 7.24 (d, ] = 8.5 Hz, 1H), 6.40
(d, J = 15.8 Hz, 2H), 4.13 (t, ] = 6.5 Hz, 4H), 2.51 (s, 3H), 1.58 (d, ] =
7.9 Hz, 4H), 1.32 (d, ] = 7.5 Hz, 4H), 0.88 (t, ] = 7.4 Hz, 6H); *C
NMR (CDCl,;, 100 MHz) § 165.9, 164.8, 162.3, 159.0, 149.2, 141.4,
140.4 (d, ] = 2.2 Hz), 138.9 (d, ] = 8.6 Hz), 127.1, 122.9, 120.5, 114.8
(d, J = 23.1 Hz), 110.2, 64.6, 30.6, 21.4, 19.1, 13.6; ’F NMR (376
MHz, CDCL;) § —107.94 (t, ] = 8.9 Hz); HRMS (ESI) calcd for
C,sH;, FNO; [M + H]* 480.2186, found 480.2181. For mono-3pf (mp
59—61 °C): 'H NMR (400 MHz, CDCl;) & 8.83 (d, J = 15.9 Hz, 1H),
8.20 (dd, J = 8.7, 5.8 Hz, 1H), 7.60 (s, 1H), 7.46 (d, ] = 8.3 Hz, 1H),
742 (dd, ] =9.7, 2.2 Hz, 1H), 7.25—7.21 (m, 1H), 7.19 (d, ] = 8.0 Hz,
1H), 6.45 (d, ] = 15.9 Hz, 1H), 426 (t, ] = 6.5 Hz, 2H), 2.49 (s, 3H),
1.76—1.66 (m, 2H), 1.50 (dq, J = 14.5, 7.4 Hz, 2H), 0.99 (t, ] = 7.4 Hz,
3H); F NMR (376 MHz, CDCl;) § —108.00, —108.01, —108.02,
—108.03, —108.04, —108.06; *C NMR (101 MHz, CDCl;) § 166.4,
163.9 (d, J = 252.9 Hz), 161.1, 148.7, 142.3 (d, ] = 1.8 Hz), 142.2,
137.5 (d, J = 8.3 Hz), 134.5, 132.5, 132.4, 126.6, 122.9, 122.2, 120.4,
117.0 (d, J = 22.0 Hz), 114.5 (d, ] = 22.9 Hz), 109.9, 64.6, 30.7, 21.5,
19.2, 13.7; HRMS (ESI) caled for C,H,;FNO; [M + H]* 354.1508,
found 354.1500.

Butyl (E)-3-(5-Chloro-2-(5-methylbenzo[d]oxazol-2-yl)phenyl)-
acrylate (3pg): yield 75% (55 mg); R; (PE/EA = 50:1) = 0.35); mp
76—78 °C; '"H NMR (400 MHz, CDCL,;) 6 8.82 (d, J = 15.9 Hz, 1H),
8.16 (d, ] = 8.5 Hz, 1H), 7.72 (d, ] = 1.8 Hz, 1H), 7.59 (d, ] = 15.5 Hz,
1H), 7.54—7.42 (m, 2H), 7.21 (d, ] = 8.3 Hz, 1H), 6.47 (d, ] = 15.9
Hz, 1H), 427 (t, ] = 6.5 Hz, 2H), 2.51 (s, 3H), 1.73 (dd, ] = 14.8, 6.8
Hz, 3H), 1.51 (dq, ] = 14.6, 7.4 Hz, 2H), 1.00 (t, ] = 7.4 Hz, 3H); *C
NMR (101 MHz, CDCL,) § 166.4, 161.0, 148.7, 142.2, 137.2, 136.5,
134.6, 131.3, 129.7, 127.8, 126.8, 124.8, 122.2, 120.4, 109.9, 64.6, 30.7,
21.4, 19.2, 13.7; HRMS (ESI) caled for C,H,,CINO; (M + H")
370.1210 (100.0), 372.1180 (32.0), 371.1244 (22.7), found 370.1214
(100.0), 372.1177 (32.0), 371.1238 (22.7).

Dibutyl 3’-(5-Bromo-2-(5-methylbenzo[d]oxazol-2-yl)-1,3-phe-
nylene)-(2E,2'E)-diacrylate (Bis-3ph) and Butyl (E)-3-(5-Bromo-2-
(5-methylbenzo[d]oxazol-2-yl)phenyl)acrylate (Mono-3ph). Starting
from substrate 1ph, following the general procedure, bis-3ph and
mono-3ph were isolated in 80% (86 mg) and 15% (12 mg) yields
through preparative thick-layer chromatography; bis-3ph white solid;
mp 68—70 °C;, R; (PE/EA = 20:1) = 0.15; mono-3ph colorless oil,
(PE/EA = 20:1) = 0.3. For bis-3ph: '"H NMR (100 MHz, CDCl;) 7.88
(s,2H), 7.67 (d, ] = 16 Hz, 1H), 7.63 (s, 1H), 7.48 (dd, ] = 0.8 and 8.4
Hz, 1H), 6.40 (d, ] = 16 Hz, 1H), 4.13 (t, ] = 6.4 Hz, 4H), 2.51 (s,
3H), 1.61—1.57 (m, 4H), 1.35—1.30 (m, 4H), 0.88 (t, ] = 7.3 Hz, 6H);
BC NMR (100 MHz, CDCl;) & 165.8, 158.9, 149.2, 141.4, 138.0,
134.9, 130.8, 127.2, 126.7, 125.5, 122.9, 120.6, 110.3, 110.0, 64.6, 30.6,
21.5, 19.1, 13.6; HRMS (ESI) caled for C,gH;BrNOg (M + HY)
540.1386 (100.0), 542.1365 (97.3), 541.1419 (30.3), 543.1399 (29.5),
found 540.1380 (100.0), 542.1361 (97.3), 541.1414 (30.3), 543.1393
(29.5). For mono-3ph: mp 74—77 °C: "H NMR (400 MHz, CDC;) §
8.81 (d, J = 16 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.88 (d, ] = 2.0 Hz,
1H), 7.65 (dd, J = 2.0 and 8.4 Hz, 1H), 7.61 (s, 1H), 7.47 (d, ] = 8.0
Hz, 1H), 7.21 (dd, J = 1.2 and 8.4 Hz,), 6.47 (d, ] = 16 Hz, 1H), 4.26
(t, ] = 6.4 Hz, 2H), 1.73 (m, ] = 6.4 Hz, 2H), 1.50 (t, ] = 6.4 Hz, 2H),
1.00 (t, J = 6.4 Hz, 3H); *C NMR (100 MHz, CDCl,) § 166.4,
161.1,148.7, 142.1, 136.6, 134.6, 132.6, 131.4, 130.8, 126.9, 125.6,
125.3, 122.2, 120.5, 109.9, 64.6, 30.7, 21.4, 19.2, 13.7; HRMS (ESI)
caled for C,;H,,BrNO; (M + H*) 414.0705 (100), 416.0684 (97),
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417.0718 (22), 415.0738 (16), found 414.0699 (100), 416.0680 (97),
417.0712 (22), 415.0733 (16).

Dibutyl 3,3'-(5-(Ethoxycarbonyl)-2-(5-methylbenzo[d]oxazol-2-
yl)-1,3-phenylene)-(2E,2'E)-diacrylate (Bis-3pi) and Ethyl (E)-3-(3-
Butoxy-3-oxoprop-1-en-1-yl)-4-(5-methylbenzo[d]oxazol-2-yl)-
benzoate (Mono-3pi). Starting from substrate 1pi following the
general procedure, bis-3pi and mono-3pi were isolated in 57% (60.5
mg) and 21% (16.9 mg) yields by flash chromatography (eluent = PE/
EA = 40:1); bis-3pi white solid, R; (PE/EA = 10:1) = 0.15; mono-3pi
white solid, R; (PE/EA = 10:1) = 0.45. For bis-3pi (mp 111113 °C):
'"H NMR (400 MHz, CDCl;) § 8.39 (s,2H, Ph), 7.73 (d, ] = 16 Hg,
2H), 7.64 (s, 1H), 7.48 (d, ] = 8.0 Hz, 1H), 7.24 (d, ] = 8.0 Hz, 1H),
5.51 (d, ] = 16 Hz,), 445 (q, ] = 7.2 Hz, 2H), 4.13 (t, ] = 6.8 Hz, 4H),
2.50 (s, 3H), 1.59 (t, ] = 4.8 Hz, 4H), 1.44 (t, ] = 7.2 Hz, 3H), 0.87 (4,
J = 7.2 Hz, 6H); *C NMR (100 MHz, CDCl,) 166.0, 164.9, 158.9,
141.4, 140.7, 136.7, 135.0, 132.8, 1312, 128.6, 127.3, 122.8, 120.6,
110.3, 64.6, 61.9, 30.6, 214, 19.1, 14.3, 13.6; HRMS (ESI) calcd for
C31HyNO, (M + H)* 534.2492, found 534.2486. For mono-3pi (mp
89—90 °C): '"H NMR (400 MHz, CDCl,) 6 8.86 (d, ] = 16 Hz, 2H),
838 (d, J = 1.2 Hz, 1H), 8.27 (d, J = 8.4 Hz, 1H), 8.14, (dd, ] = 1.6
and 8.4 Hz, 1H), 7.61 (s, 1H), 7.47 (d, ] = 8.0 Hz, 1H), 7.21(dd, ] =
1.2 and 8.4 Hz, 1H), 6.56 (d, ] = 16 Hz, 1H), 4.43 (q, ] = 7.2 Hz, 2H),
426 (t, ] = 6.4 Hz, 2H), 2.49 (s, 3H), 1.72 (m, 2H), 1.49 (m, 2H),
144 (t, ] = 7.2 Hz), 0.99 (t, J = 7.2 Hz, 3H); 3*C NMR (100 MHz,
CDCly) 166.6, 165.4, 161.0, 148.8, 142.7, 142.2, 135.0, 134.7, 132.5,
130.2, 130.1, 129.8, 127.2, 122.1, 120.6, 64.5, 61.6, 30.7, 21.5, 19.2,
143, 13.7; HRMS (ESI) caled for C,,H,NOs (M + H') 408.1811,
found 408.1805.

Transformation of 3oe to Hydrolysis Product 4. Into a 25 mL
round flask was layered 3oe (73 mg, 0.2 mmol), LIOH-H,O (9 mg,
0.22 mmol), and THF/H,O (2/1 mL), and the mixture was stirred at
room temperature for 12 h and monitored by TLC. After competition,
the solvents were diluted with 6 mL of deionized water, the solution
was acidified by dropwise addition of 1 N HCI, adjusted to pH =~ S,
and yellow oil precipitated. The water layer was carefully removed, and
the oil was washed with deionized water (3 X 2 mL) and dried under
vacuum to afford yellow oil 4: "H NMR (400 MHz, CDCl;) § 7.72 (d,
J =159 Hz, 1H), 7.66 (s, 1H), 7.52 (dd, ] = 17.6, 8.3 Hz, 2H), 7.40—
7.34 (m, 1H), 7.22 (t, ] = 7.2 Hz, 1H), 7.09 (t, ] = 10.5 Hz, 1H), 6.48—
6.33 (m, 1H), 3.92—3.74 (m, 3H), 2.52 (d, ] = 6.3 Hz, 3H); *C NMR
(101 MHz, CDCL,) § 171.1, 159.4, 159.1, 149.2, 143.5, 141.5, 136.4,
134.3, 132.0, 126.5, 120.8, 120.3, 119.0, 117.8, 112.6, 1102, 56.1, 21.5;
HRMS (ESI) caled for C,gH,(NO, [M + H]* 310.1079, found
310.1074.

Transformations of 3oe and 3oae to Hydrogenated Products 5
and 6. Into a 25 mL Schlenk tube were layered the corresponding
olefinated product 3, Pd/C (10% w/w), and dissolved in THF, and the
reaction tube was evacuated and refilled with hydrogen gas with a
hydrogen bag. The mixture was stirred under room temperature for 16
h and monitored by TLC. After completion, the reaction solution was
filtered by a Celite pad, and the filtrate was concentrated and dried
under vacuum. The purity was good enough for NMR, which afforded
a colorless oil 5: 'H NMR (400 MHz, CDCl,) 6 7.60 (s, 1H), 7.47 (d,
J = 83 Hz, 1H), 7.41 (t, ] = 8.1 Hz, 1H), 7.19 (dd, J = 8.3, 0.9 Hz,
1H), 6.97 (d, ] = 7.7 Hz, 1H), 6.88 (d, ] = 8.3 Hz, 1H), 3.99 (t, ] = 6.7
Hz, 2H), 3.78 (s, 3H), 2.96—2.84 (m, 2H), 2.62—2.54 (m, 2H), 2.51
(s, 3H), 1.55—1.45 (m, 2H), 1.31-1.25 (m, 2H), 0.87 (t, J = 7.4 Hz,
3H); *C NMR (101 MHz, CDCL,) & 172.7, 160.6, 158.9, 149.1,
142.9, 141.8, 133.9, 131.8, 126.0, 121.5, 120.1, 117.4, 110.1, 109.1,
64.3, 55.9, 35.6, 30.5, 28.897, 21.4, 19.0, 13.6; HRMS (ESI) calcd for
C,H,NO, [M + H]" 368.1862, found 368.1856. Hydrogenated
product 6 was synthesized in the similar procedure on 1 mmol scale,
which afforded white solid: mp 70—72 °C; '"H NMR (400 MHz,
CDCly) 6 7.67 (s, 1H), 7.51 (d, ] = 8.3 Hz, 1H), 7.37 (t, ] = 7.6 Hz,
1H), 7.21 (tq, J = 16.1, 8.1 Hz, 6H), 7.06 (d, ] = 6.9 Hz, 2H), 2.97—
2.80 (m, 4H), 2.56 (s, 3H), 2.33 (s, 3H); *C NMR (101 MHz,
CDClL,) 5 162.9, 148.9, 142.3, 141.7, 141.6, 138.7, 134.2, 130.3, 128.3,
128.2, 128.1, 127.8, 127.1, 126.2, 125.8, 120.1, 110.0; HRMS (ESI)
caled for C,3H,,NO [M + H]* 328.1701, found 328.1696.

Mechanistic Experiments. H—D Exchange Experiment. The
reaction between loa (0.2 mmol) and CD;COOD (10 equiv) was
carried out in the presence of [Cp*RhClL,], (2.5 mol %), NaOAc (1.0
equiv), and Cu(OAc), (2.0 equiv) with 1,2-dichloroethane (2 mL) as
a solvent at 90 °C for 3 h. After standard workup and purification, a
mixture of 1oa and D1-loa was obtained. 'H NMR analysis of the
mixture showed 34% D was incorporated into the ortho positions of
the 2-aryl ring (see the SI for details).

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.joc.6b01836.

'H, F, and *C NMR spectra for all new compounds;
intermolecular competition and mechanism study experi-
ments (PDF)

Single-crystal X-ray diffraction data for compounds
mono-3mf, mono-3pc, bis-3pf, and 30ae (CIF)

H AUTHOR INFORMATION

Corresponding Author
*E-mail: xthou@fudan.edu.cn.

ORCID
Xiu—Feng Hou: 0000-0001-7513-4650

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

Financial support by the National Science Foundation of China
(Grant Nos. 20971026 and 21271047) and ShanXi Science and
Technology Department, China (Project No. MH2014-07) is
gratefully acknowledged.

B REFERENCES

(1) (2) Rida, S. M.; Ashour, F. A;; El-Hawash, S. A. M.; ElSemary, M.
M,; Badr, M. H.; Shalaby, M. A. Eur. J. Med. Chem. 2005, 40, 949.
(b) Youssef, C.; Ammar, H. B.; Belhouchet, M.; Beydoun, K; Salem,
R. B,; Doucet, H.; Dixneuf, P. H. J. Heterocyclic Chem. 2011, 48, 1126.
(c) Hoffman, J. M.; Smith, A. M.; Rooney, C. S.; Fisher, T. E.; Wai, J.
S.; Thomas, C. M.; Bamberger, D. L.; Barnes, J. L.; Williams, T. M,;
Jones, J. H,; Olson, B. D.; O’Brien, J. A.; Goldman, M. E.; Nunberg, J.
H.; Quintero, J. C.; Schleif, W. A.; Emini, E. A; Anderson, P. S. J. Med.
Chem. 1993, 36, 953. (d) Gorla, S. K.; Kavitha, M.; Zhang, M.; Chin, J.
E. W,; Liu, X; Striepen, B.; Makowska- Grzyska, M, Kim, Y,;
Joachimiak, A.; Hedstrom, L.; Cuny, G. D. J. Med. Chem. 2013, 56,
4028.

(2) (a) Cui, M;; Ono, M,; Kimura, H,; Ueda, M.; Nakamoto, Y.;
Togashi, K; Okamoto, Y.; Thara, M.; Takahashi, R;; Liu, B. — L.; Saji,
H. J. Med. Chem. 2012, 55, 9136. (b) Noél, S.; Cadet, S.; Gras, E.;
Hureau, C. Chem. Soc. Rev. 2013, 42, 7747.

(3) (a) Chen, L.-A;; Xu, W.-C.; Huang, B.; Ma, J.-J.; Wang, L.; Xi, J.-
W.; Harms, K; Gong, L.; Meggers, E. J. Am. Chem. Soc. 2013, 135,
10598. (b) Huo, H.-H,; Wang, C.-Y.; Harms, K.; Meggers, E. . Am.
Chem. Soc. 2015, 137, 9551. (c) Huo, H-H,; Fu, C; Wang, C.-Y,;
Harms, K,; Meggers, E. Chem. Commun. 2014, 50, 10409.

(4) Delaine, T.; Hagvall, L.; Rudbick, J.; Luthman, K; Karlberg, A.-T.
Chem. Res. Toxicol. 2013, 26, 674.

(5) Huang, Y.; Song, F.; Wang, Z.; Xi, P.; Wu, N.; Wang, Z.; Lan, ] ;
You, J. Chem. Commun. 2012, 48, 2864.

(6) Cho, C. S; Kim, D. K; Zhang, J. Q; Ho, S.-L.H; Kim, T.-J;
Shim, S. C. J. Heterocycl. Chem. 2002, 39, 421.

(7) (a) Yang, D.; Liu, P.; Zhang, N.; Wei, W.; Yue, M.; You, J.; Wang,
H. ChemCatChem 2014, 6, 3434. (b) Chen, Y.-X;; Qian, L.-F.; Zhang,
W.; Han, B. Angew. Chem., Int. Ed. 2008, 47, 9330. (c) Kawashita, Y.;

DOI: 10.1021/acs.joc.6b01836
J. Org. Chem. 2016, 81, 12169—12180


http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01836/suppl_file/jo6b01836_si_001.pdf
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.6b01836
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01836/suppl_file/jo6b01836_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b01836/suppl_file/jo6b01836_si_002.cif
mailto:xfhou@fudan.edu.cn
http://orcid.org/0000-0001-7513-4650
http://dx.doi.org/10.1021/acs.joc.6b01836

The Journal of Organic Chemistry

Nakamichi, N.; Kawabata, H.; Hayashi, M. Org. Lett. 2003, S, 3713.
(d) Chen, F.; Shen, C.; Yang, D. Tetrahedron Lett. 2011, 52, 2128.

(8) (a) Khalafi-Nezhad, A.; Panahi, F. ACS Catal. 2014, 4, 1686.
(b) Blacker, A. J.; Farah, M. M.; Hall, M. L; Marsden, P. S.; Saidi, O.;
Williams, J. M. J. Org. Lett. 2009, 11, 2039.

(9) (a) Shibahara, F.; Yamaguchi, E.; Murai, T. Chem. Commun.
2010, 46, 2471. (b) Huang, Z.-Z.; Yan, X.-M.; Mao, X.-R. Heterocycles
2011, 83, 1371. (c) Shen, X.-B.; Zhang, Y.; Chen, W.-X; Xiao, Z.-K;
Hu, T.-T.; Shao, L.-X. Org. Lett. 2014, 16, 1984. (d) Muto, K;
Yamaguchi, J.; Itami, K. J. Am. Chem. Soc. 2012, 134, 169. (e) Zhu, F.;
Tao, J.-L; Wang, Z.-X. Org. Lett. 2015, 17, 4926. (f) Do, H-Q;
Daugulis, O. J. Am. Chem. Soc. 2007, 129, 12404.

(10) (a) Fujiwara, Y.; Moritani, I; Matsuda, M.; Teranishi, S.
Tetrahedron Lett. 1968, 9, 3863. (b) Moritani, I; Fujiwara, Y.
Tetrahedron Lett. 1967, 8, 1119. (c) Fujiwara, Y.; Moritani, I; Danno,
S.; Asano, R.; Teranishi, S. . Am. Chem. Soc. 1969, 91, 7166.

(11) (a) Li, G.; Wan, L.; Zhang, G.; Leow, D.; Spangler, J.; Yu, J.-Q. J.
Am. Chem. Soc. 2015, 137, 4391. (b) Wang, D.-H.; Engle, K. M.; Shi,
B.-F.; Yu, J.-Q. Science 2010, 327, 315.

(12) For selected examples of Ru-catalyzed C—H activation, see:
(a) Arockiam, P. B.; Bruneau, C.; Dixneuf, P. H. Chem. Rev. 2012, 112,
5879. (b) Kozhushkov, S. L; Ackermann, L. Chem. Sci. 2013, 4, 886.
(c) Ackermann, L. Acc. Chem. Res. 2014, 47, 281.

(13) For selected examples on Rh-catalyzed C—H olefination, see:
(a) Colby, D. A;; Bergman, R. G; Ellman, J. A. Chem. Rev. 2010, 110,
624. (b) Wang, F.; Song, G.; Li, X. Org. Lett. 2010, 12, 5430. (c) Song,
G.; Wang, F.; Li, X. Chem. Soc. Rev. 2012, 41, 3651. (d) Patureau, F.
W.; Wencel-Delord, J.; Glorius, F. Aldrichimica Acta 2012, 45, 31.

(14) (a) Graczyk, K; Ma, W.; Ackermann, L. Org. Lett. 2012, 14,
4110. (b) Hu, J; Guan, M.; Han, J; Huang, Z.-B,; Zhao, Y. J. Org.
Chem. 2018, 80, 7896. (c) Park, S. H.; Kim, J. Y.,; Chang, S. Org. Lett.
2011, 13, 2372.

(15) Patureau, F. W.; Besset, T.; Glorius, F. Angew. Chem., Int. Ed.
2011, 50, 1064.

(16) Lu, Y.; Wang, H.-W.; Spangler, J. E.; Chen, K; Cui, P.-P.; Zhao,
Y,; Sun, W.-Y,; Yu, J.-Q. Chem. Sci. 20185, 6, 1923.

(17) Son, S.-M,; Seo, J. Y.; Lee, H-K. Chem. Commun. 2016, 52,
4286.

(18) (a) Xie, W,; Yang, J.; Wang, B,; Li, B. J. Org. Chem. 2014, 79,
8278. (b) Ding, Q.; Liu, T.; Zheng, Q.; Zhang, Y.; Long, L.; Peng, Y.
RSC Adv. 2014, 4, 51309. (c) Li, X;; Dong, Y.; Qu, F; Liy, G. J. Org.
Chem. 2015, 80, 790.

(19) (a) Wang, X;; Ly, Y.; Dai, H-X; Yu, J-Q. J. Am. Chem. Soc.
2010, 132, 12203. (b) Patureau, F. W.; Glorius, F. J. Am. Chem. Soc.
2010, 132, 9982. (c) Ackermann, L.; Pospech, J. Org. Lett. 2011, 13,
4153. (d) Ma, S,; Villa, G.; Homs, A; Yu, J.-Q. Angew. Chem.,, Int. Ed.
2014, 53, 734. (e) Takahama, Y.; Shibata, Y.; Tanaka, K. Chem. - Eur. J.
2018, 21, 9053. (f) Feng, C.; Loh, T.-P. Chem. Commun. 2011, 47,
10458. (g) Wang, L.; Wu, W.; Chen, Q.; He, M. Org. Biomol. Chem.
2014, 12, 7923. (h) Hashimoto, Y.; Ortloff, T.; Hirano, K.; Satoh, T.;
Bolm, C.; Miura, M. Chem. Lett. 2012, 41, 151.

(20) (a) Kim, J.; Park, S.-W.; Baik, M.-H.; Chang, S. J. J. Am. Chem.
Soc. 2015, 137, 13448. (b) Li, B.; Devaraj, K; Darcel, C.; Dixneuf, P.
H. Green Chem. 2012, 14, 2706. (c) Shome, S.; Singh, S. P. Eur. J. Org.
Chem. 2016, 47, 30.

(21) (a) Yang, F; Wu, Y; Li, Y,; Wang, B,; Zhang, ]. Tetrahedron
2009, 65, 914. (b) Yang, F; Wu, Y; Zhu, Z; Zhang J; Li, Y.
Tetrahedron 2008, 64, 6782.

(22) (a) Banerjee, A; Santra, S. K; Guin, S.; Rout, S. K,; Patel, B. K.
Eur. ]. Org. Chem. 2013, 2013, 1367. (b) Zheng, Y.; Song, W.-B,;
Zhang, S.-W.; Xuan, L.-]. Tetrahedron 2015, 71, 1574.

(23) Seth, K; Nautiyal, M.; Purohit, P.; Parikh, N.; Chakraborti, A. K.
Chem. Commun. 2018, 51, 191.

(24) Loy, S.-J.; Xu, D.-Q.; Xia, A.-B.; Wang, Y.-F,; Liu, Y.-K; Du, X.-
H,; Xu, Z.-Y. Chem. Commun. 2013, 49, 6218.

(25) For the dehydrogenative Heck reaction, see: (a) Padala, K;
Jeganmohan, M. Org. Lett. 2011, 13, 6144. (b) Ueyama, T.; Mochida,
S.; Fukutani, T.; Hirano, K; Satoh, T.; Miura, M. Org. Lett. 2011, 13,
706. (c) Ackermann, L.; Wang, L.; Wolfram, R.; Lygin, A. V. Org. Lett.

12180

2012, 14, 728. (d) Li, B,; Ma, J.-F.; Wang, N.-C.; Feng, H.-L,; Xu, S.-S.;
Wang, B.-Q. Org. Lett. 2012, 14, 736. (e) Padala, K.; Jeganmohan, M.
Org. Lett. 2012, 14, 1134.

(26) For C—H activation at steric hindered site, see: (a) Yu, S.; Liu,
S; Lan, Y; Wan, B; Li, X. J. Am. Chem. Soc. 2015, 137, 1623.
(b) Wang, H; Yu, S.; Qi, Z.; Li, X. Org. Lett. 2015, 17, 2812. (c) Li, X,;
Yu, S;; Wang, F,; Wan, B,; Yu, X. Angew. Chem., Int. Ed. 2013, S2,
2577. (d) Feng, C.; Loh, T.-P. Angew. Chem., Int. Ed. 2014, 53, 2722.

(27) (a) Wang, N.-J.; Mei, S.-T.; Shuai, L.; Yuan, Y.; Wei, Y. Org. Lett.
2014, 16, 3040. (b) Zhang, C.; Wang, M.; Fan, Z.; Sun, L.-P.; Zhang,
A. J. Org. Chem. 2014, 79, 7626.

(28) (a) Ackermann, L. Chem. Rev. 2011, 111, 1315. (b) Ackermann,
L.; Fenner, S. Org. Lett. 2011, 13, 6548.

(29) Yu, S.; Wan, B,; Li, X. Org. Lett. 2015, 17, 58.

(30) (a) Tang, B.-X; Song, R-J,; Wu, C.-Y,; Liu, Y.; Zhou, M.-B;
Wei, W.-T.; Deng, G.-B.; Yin, D.-L; Li, J.-H. J. Am. Chem. Soc. 2010,
132, 8900. (b) Alvarez-Bercedo, P.; Flores-Gaspar, A,; Correa, A;
Martin, R. J. Am. Chem. Soc. 2010, 132, 466. (c) Simmons, E. M,;
Hartwig, J. F. Angew. Chem,, Int. Ed. 2012, 51, 3066. (d) Zhao, H,;
Shang, Y.; Su, W. Org. Lett. 2013, 15, 5106.

(31) (a) Ng, K-H,; Zhou, Z,; Yu, W.-Y. Org. Lett. 2012, 14, 272.
(b) Grohmann, C.; Wang, H; Glorius, F. Org. Lett. 2012, 14, 656.
(c) Ng, K-H; Zhou, Z.; Yu, W.-Y. Chem. Commun. 2013, 49, 7031.
(d) Hwang, H,; Kim, J; Jeong, J.; Chang, S. J. Am. Chem. Soc. 2014,
136, 10770. (e) Jeong, J.; Patel, P.; Hwang, H,; Chang, S. Org. Lett.
2014, 16, 4598. (f) Zhang, X; Qi, Z.; Li, X. Angew. Chem., Int. Ed.
2014, 53, 10794.

(32) (a) Yu, S.;; Wan, B; Li, X. Org. Lett. 2015, 17, S8. (b) Li, H; Lj,
Y.; Zhang, X.-S.; Chen, K;; Wang, X,; Shi, Z.-J. . Am. Chem. Soc. 2011,
133, 15244.

(33) Armarego, W. L. F; Chai, C. L. Purification of Laboratory
Chemicals, 6th ed.; Butterworth-Heinemann, 2009.

(34) (a) Shen, X.-B.; Zhang, Y.; Chen, W.-X; Xiao, Z.-K; Hu, T.-T ;
Shao, L.-X. Org. Lett. 2014, 16, 1984. (b) Wu, G.; Zhou, J.; Zhang, M,;
Hu, P,; Su, W. Chem. Commun. 2012, 48, 8964. (c) Praveen, C.;
Nandakumar, A.; Dheenkumar, P.; Muralidharan, D.; Perumal, P. T. J.
Chem. Sci. 2012, 124, 609. (d) Seth, K.; Purohit, P.; Chakraborti, A. K.
Org. Lett. 2014, 16, 2334. (e) Fan, X;; He, Y.; Wang, Y.; Zhang, X;
Wang, J. Chin. ]. Chem. 2011, 29, 773. (f) Pedini, M.; Alunni, B. G.; De
Meo, G.; Ricci, A.; Bastianini, L.; Sposini, T.; Jacquignon, P. Farmaco
Sci. 1988, 43, 935. (g) Yang, D.; Zhu, X.; Wei, W.; Sun, N.; Yuan, L.;
Jiang, M.; You, J.; Wang, H. RSC Adv. 2014, 4, 17832. (h) Yang, F,;
Koeller, J; Ackermann, L. Angew. Chem., Int. Ed. 2016, S5, 4759.
(i) Ackermann, L.; Barfiisser, S.; Pospech, J. Org. Lett. 2010, 12, 724.
(j) Reyes, H; Beltran, H. L; Rivera-Becerril, E. Tetrahedron Lett. 2011,
52, 308. (k) Ferguson, D. M.; Rudolph, S. R.; Kalyani, D. ACS Catal.
2014, 4, 239S.

(35) Seth, K; Purohit, P.; Chakraborti, A. K. Org. Lett. 2014, 16,
2334.

DOI: 10.1021/acs.joc.6b01836
J. Org. Chem. 2016, 81, 12169—12180


http://dx.doi.org/10.1021/acs.joc.6b01836

