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1. General Information

General experimental methods: The reactions were carried out in Schlenk tubes of 10 mL
under N, atmosphere. For reactions that require heating, heating mantle was used as the heat
source. All solvents were purified according to standard operation procedures. All solvents and
reagents were purchased from Tansoole, Meryer, Heowns, Energy Chemical, Alfa Aesar, and
Aladdin. Column chromatography was performed using Silica Gel 60 (300-400 mesh). The
reactions were monitored by GC and GC-MS, GC-MS results were recorded on GC-MS QP2010,
and GC analysis was performed on GC 2014. The 'H, 3C NMR spectra were recorded on a
Brucker ADVANCE 1II spectrometer at 400 MHz, 100 MHz respectively, and chemical shifts
were reported in parts per million (ppm). The electron ionization (EI) method was used as the

ionization method for the HRMS measurement, and the mass analyzer type is TOF for EI.

2. General procedure for the preparation of compound 1, 2, NBEs and 4

2.1 General procedure for the preparation of compound 1 according the literature :

R1 R1
Et;N
OH , 10 —oN OoTf
R2 DCM, r.t R2
1

To a stirred solution of phenols (10 mmol) and Et;N (2.0 eqiv., 2.8 mL) in DCM (50 mL) was
slowly added Trifluoromethanesulfonic anhydride (T£,0) (1.5 equiv., 2.5 mL) at 0 °C. Then the
mixture was warmed up to room temperature and stirred for overnight. The reaction was
monitored by TLC. The reaction mixture was quenched with water and extracted with EtOAc (25
mL x 3). The combined organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated under vacuum. The crude product was purified by silica gel on column
chromatography, eluting with petroleum ether/EtOAc.

2.2 General procedure for the preparation of compound 2 according the literature 2

0]

R. R KoHPO4-3H,0 R. R
N + Mo _pn 2T AR N

H Ph™ 0" DMF, rt OB
© 2

A 100 mL, one-necked, round-bottomed flask equipped with a Teflon-coated magnetic stir bar
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was charged with benzoyl peroxide (1.211 g, 5 mmol), K,;HPO,4-3H,0 (1.71 g, 7.5 mmol), and
DMF (12.5 mL) under N, atmosphere. The suspension was stirred at 0 °C and the amine (5 mmol)
was added via syringe in one portion. After then, the reaction mixture was warmed up to room
temperature and stirred for the indicated reaction time according to TLC. Water (25 mL) was
added and the contents were stirred vigorously for several minutes until all solids dissolved. The
reaction mixture was transferred to a 100 mL separator funnel and extracted with EtOAc (25 mL x
3). The combined organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated under vacuum. The crude product was purified by silica gel on column
chromatography, eluting with petroleum ether/EtOAc, to afford the desired product 2 and stored it
in fridge for further usage.
2.3 General procedure for the preparation of compound NBEs

NI, N2, N3, N4, N5, N® were purchased from Meryer (Shanghai) Chemical Technology Co.,

Ltd.
O O
A7 ('J' o A7
+ . +
7 (i) OH NH3 HZO Cl/S\CI MeOH, r.t. 7 (i) NH2
N7

A 100 mL, one-necked, round-bottomed flask equipped with a Teflon-coated magnetic stir bar
was charged with 5-Norbornene-2-carboxaldehyde (0.69 g/0.61 mL, 5 mmol), Ammonium
hydroxide (0.51 mL, 7.5 mmol), triethylamine (1.01 g/1.39 mL, 10 mmol) and MeOH (50.0 mL).
The suspension was stirred at 0 °C and the thionyl chloride (1.19 g/0.73 mL, 10 mmol) was added
via syringe in one portion. After then, the reaction mixture was warmed up to room temperature
and stirred for the indicated reaction time according to TLC. Water (25 mL) was added and the
contents were stirred vigorously for several minutes until all solids dissolved. The reaction
mixture was transferred to a 100 mL separator funnel and extracted with EtOAc (25 mL x 3). The
combined organic layer was washed with brine, dried over Na,SO,, filtered and concentrated
under vacuum. The crude product was purified by silica gel on column chromatography, eluting

with petroleum ether/EtOAc, to afford the desired product N”.
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O

o]
DMAP, EDCI
MOH + Me—NHyHCI ‘M -

DCM, r.t. overnight B

A 100 mL, one-necked, round-bottomed flask equipped with a Teflon-coated magnetic stir bar
was charged with 5-Norbornene-2-carboxaldehyde (0.69 g/0.61 mL, 5 mmol), methylamine
hydrochloride (0.71 g, 10.5 mmol), DMAP (0.31 g, 2.5 mmol), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (1.44 g, 7.5 mmol) and DCM (50.0 mL). After then, the reaction
mixture was warmed up to room temperature and stirred for the indicated reaction time according
to TLC. Water (25 mL) was added and the contents were stirred vigorously for several minutes
until all solids dissolved. The reaction mixture was transferred to a 100 mL separator funnel and
extracted with EtOAc (25 mL x 3). The combined organic layer was washed with brine, dried over
Na,S0O,, filtered and concentrated under vacuum. The crude product was purified by silica gel on

column chromatography, eluting with petroleum ether/EtOAc, to afford the desired product N8 171,

NH,

R
MOH . DCC, Et;N >Mu/©/

DCM, r.t.
R =H, OMe, CF3 N9-N11
A 100 mL, one-necked, round-bottomed flask equipped with a Teflon-coated magnetic stir bar
was charged with 5-Norbornene-2-carboxaldehyde (0.69 g/0.61 mL, 5 mmol), amine (7.5 mmol),
triethylamine (1.01 g/1.39 mL, 10 mmol) , DCC (1.24g, 2.5 mmol) and DCM (50.0 mL). After
then, the reaction mixture was warmed up to room temperature and stirred for the indicated
reaction time according to TLC. Water (25 mL) was added and the contents were stirred
vigorously for several minutes until all solids dissolved. The reaction mixture was transferred to a
100 mL separator funnel and extracted with EtOAc (25 mL x 3). The combined organic layer was
washed with brine, dried over Na,SO,, filtered and concentrated under vacuum. The crude product

was purified by silica gel on column chromatography, eluting with petroleum ether/EtOAc, to

afford the desired product N°-N!!
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? 0 DMAP, Et;N ?
M b s S ——~ M
7 OH 2 ~ 7 N
() ClI” "l DCM, r.t. () H

A 100 mL, one-necked, round-bottomed flask equipped with a Teflon-coated magnetic stir bar
was charged with 5-Norbornene-2-carboxaldehyde (0.69 g/0.61 mL, 5 mmol), amine (7.5 mmol),
triethylamine (1.01 g/1.39 mL, 10 mmol) , DMAP (0.31g, 2.5 mmol) and DCM (50.0 mL). The
suspension was stirred at 0 °C and the thionyl chloride (1.19 g/0.73 mL, 10 mmol) was added via
syringe in one portion. After then, the reaction mixture was warmed up to room temperature and
stirred for the indicated reaction time according to TLC. Water (25 mL) was added and the
contents were stirred vigorously for several minutes until all solids dissolved. The reaction
mixture was transferred to a 100 mL separator funnel and extracted with EtOAc (25 mL x 3). The
combined organic layer was washed with brine, dried over Na,SO,, filtered and concentrated
under vacuum. The crude product was purified by silica gel on column chromatography, eluting
with petroleum ether/EtOAc, to afford the desired product N12,

2.4 General procedure for the preparation of compound 4 and 4al

1 PdCl, (5 mol%) R!
R OBz X-Phos (20 mol%) 3
/ H \ R
- \ \/
S A S NPECN S equv) o geff
R2-- P YJ K5,COs3 (3.0 equiv.) = N
H Dioxane (0.8 mL) P
(o]
1 ) 3 12 h, 100 °C, N, 4
)
PdCl, (5 mol%) N (0]

H 0Bz | X-Phos (20 mol%) & _
oTf (N . /\H/N\ NBE-CN (1.5 equiv.) . T
OJ 0 K>CO3 (3.0 equiv.) N/\
H Dioxane (0.8 mL) K/O

12 h, 100 °C, N
1 2 3 2 4al 33% isolate yield

In an oven dried 10 mL Schlenk tube charged with 1 (0.2 mmol), 2 (0.28 mmol), terminal
alkene 3 (0.28 mmol), PdCI, (1.8 mg, 0.01 mmol), X-Phos (19.1 mg, 0.04 mmol), K,CO; (82.9
mg, 0.6 mmol), NBE-CN (36.0 uL, 0.3 mmol), and dioxane (0.8 mL) under N,. The suspension
was stirred at room temperature for 10 min, and then heated to 100 °C for 12 h. The reaction was
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monitored by GC-MS. After being cooled to room temperature, the reaction mixture was
quenched with water (5 mL) and transferred to a 50 mL of separator funnel and then extracted
with EtOAc (10 mL x 3). The organic layer was collected and combined and then washed with
brine, dried over Na,SOy, filtered and concentrated under vacuum. The crude product was purified
by silica gel on column chromatography, eluting with petroleum ether/EtOAc, to afford the

desired product 4 and 4al.
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3. E/Z structure ratio calculation (4ad)

PdCl, (5 mol %)

0
X-phos (20 mol%)
| NS (1.5 equiv.) \)\N/

OBz
OTf N~ N _
' OQ * A( > K>COs5 (3.0 equiv.) N |
H 0o Dioxane (0.8 mL) @

100 °C, 12 h, N

SM-1 SM-2 SM-3 4d
CgHgF303S C11H13NO3 CsHgNO C17H24N505
MW: 254.02 MW: 207.09 MW: 99.06 MW: 288.18
Material:

Compound MW mmol Amount Eq.
SM-1 254.02 0.20 50.8 mg/40 uL 1.0
SM-2 207.09 0.28 57.9 mg 1.4
SM-3 99.06 (0.96 g/mL) 0.28 27.7 mg/29.00 uL 1.4
k,CO; 138.21 0.60 82.9 mg 3.0

N3 119.16 (0.99 g/mL) 0.30 35.8 mg/36.00 uL 1.5

PdCl, 177.33 0.01 1.8 mg 0.05

X-phos 476.72 0.04 19.1 mg 0.2

Solvent Dioxane 0.8 mL

¢=0.25 mmol/mL

In an oven dried 10 mL Schlenk tube charged with SM-1 (50.08 mg, 0.2 mmol), SM-2 (57.9
mg, 0.28 mmol), terminal alkene SM-3 (29.0 uL, 0.28 mmol), PdCl, (1.8 mg, 0.01 mmol), X-Phos
(19.1 mg, 0.04 mmol), K,COj; (82.9 mg, 0.6 mmol), NBE-CN (36.00 x«L, 0.3 mmol), and dioxane
(0.8 mL) under N,. The suspension was stirred at room temperature for 10 min, and then heated to
100 °C for 12 h. After the reaction was completed and cooled to room temperature, add internal
standard dodecane (30 uL) into the reaction solution, and then determine the Z/F ratio of the
product by GC. The reaction mixture was quenched with water (5 mL) and transferred to a 50 mL
of separator funnel and then extracted with EtOAc (10 mL x 3). The organic layer was collected
and combined and then washed with brine, dried over Na,SQ,, filtered and concentrated under
vacuum. The crude product was purified by silica gel on column chromatography, eluting with
petroleum ether/EtOAc, to afford the desired product 4d.

The proportion of Z and E components in the target product 4d mixture was analyzed
by gas chromatography with internal standard method:

This experiment uses dodecane as the internal standard, the target product 4d was the tested
sample. Assume the mass of 4d in the test sample was m; and peak area is A;, the total amount of
substance in the test sample is N(0.2 mmol), the mass of dodecane added was m, and peak area
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was A;. The calculation formula of the correction factor f;:

- nids
nsAi
. . Ains
Calculate the GC yield formula of product 4d: GC yield = Y - fi
Compound MW Amount Area (GC)
4d 288.18 m;=15.2 mg A=21.231
dodecane 170.34 m=22.60 mg/30.00 uL A=78.769

The correction factor can be obtained according to the above table:

nids _ 0.0527(mmol)-78.769 _

S~ 0.1326(mmol) 21,231
Compound MW Area (GC)
4d(E) 288.18 Ap=26.094
4d(2) 288.18 A7=0.480
dodecane 170.34 Ag=73.426
GC yield of 4d(F) = 7. fix100% . 20:094-0-133(mmoD) ;7 5004 — 34749
AsN 73.426-0.2(mmol)
GC yield of 4d(2) = 27 fix100% . 2:480-0-133(mmoD) ;7 5004 = 0.63%
AsN 73.426-0.2(mmol)
55.14 1
4d(E)4d(2) = | 22— |e100% ~98.2:1.8
(H4d@) [56.14 56.14} ’
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Product 4d GC diagram
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Reaction GC diagram
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4. Characterization data for the compounde 1, 2, 4 and NBEs

_0_0O
oTf

methyl 2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1al!

Yield 85%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 8.07 (dd, J = 7.6, 1.6 Hz, 1H), 7.64-7.59
(m, 1H), 7.47-7.43 (m, 1H), 7.30 (d, J= 8.0 Hz, 1H), 3.94 (s, 3H). 3C NMR (100 MHz, CDCl5) §

164.02, 148.23, 134.30, 132.58, 128.42, 124.26, 122.65, 118.70 (q, J = 318.4 Hz), 52.37.

oTf

o-tolyl trifluoromethanesulfonate 1bB3!

Yield 84%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCl3) & 7.23-7.14 (m, 4H), 2.32 (s, 3H). 3C
NMR (100 MHz, CDCl;) & 148.64, 132.17, 130.90, 128.25, 127.61, 121.20, 118.84 (q, J = 317.7

Hz), 15.95.

oTf

2,3-dimethylphenyl trifluoromethanesulfonate 1¢l

Yield 84%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCl;) 8 7.16-7.05 (m, 3H), 2.29 (s, 3H), 2.25 (s,
3H). BC NMR (100 MHz, CDCl;) & 148.62, 139.99, 129.60, 129.53, 126.71, 118.78, 118.76 (q, J

=318.0 Hz), 19.98, 12.76.

oTf
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2,4-dimethylphenyl trifluoromethanesulfonate 1d!5!

Yield 86%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCl;) 8 7.12-6.99 (m, 3H), 2.32 (s, 3H), 2.31 (s,
3H). BC NMR (100 MHz, CDCl;) & 146.53, 138.30, 132.72, 130.44, 128.13, 120.92, 118.72 (q, J

=318.1 Hz), 20.72, 16.20.

~_0._0O
OTf

ethyl 2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1el6!

Yield 87%; colorless oil; purified by column silica gel on column chromatography with petroleum
ether/EtOAc = 10:1(v/v). 'H NMR (400 MHz, CDCl;) & 8.08 (dd, J = 7.6, 1.6 Hz, 1H), 7.64-7.59
(m, 1H), 7.49-7.45 (m, 1H), 7.30 (d, J = 8.0 Hz, 1H), 4.44 (q,J= 7.2 Hz, 2H), 1.41 (t, J= 7.2 Hz,
3H). 3BC NMR (100 MHz, CDCIl;) 8 163.76, 148.27, 134.12, 132.69, 128.41, 124.84, 122.65,

118.74 (q,J=318.6 Hz), 62.13, 13.97.

isopropyl 2-(((trifluoromethyl)sulfonyl)oxy)benzoate 113!

Yield 84%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'TH NMR (400 MHz, CDCl;) 8 8.07 (dd, J = 8.0, 1.2 Hz, 1H), 7.63-7.59
(m, 1H), 7.46 (t, J= 7.6 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 5.37-5.28 (m, 1H), 1.40 (d, /= 6.4 Hz,
6H). 3C NMR (100 MHz, CDCIl;) 8 163.29, 148.24, 133.93, 132.65, 128.36, 125.30, 122.58,

118.75 (q,J=318.8 Hz), 70.18, 21.58.

_0._0
oTf

methyl 5-methyl-2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1g!!
Yield 79%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'TH NMR (400 MHz, CDCl3) 4 7.87 (d, J = 2.0 Hz, 1H), 7.40 (dd, J =
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8.4,2.0 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 3.94 (s, 3H), 2.40 (s, 3H). *C NMR (100 MHz, CDCl;)

5 164.21, 146.19, 138.82, 134.72, 132.90, 123.78, 122.36, 118.71 (q, J = 318.4 Hz), 52.34, 20.45.

_0._0O
oTf

~o

methyl 5-methoxy-2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1h!8!

Yield 85%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, CDCl3) § 7.53 (d, J= 3.2 Hz, 1H), 7.20 (d,J=9.2
Hz, 1H), 7.09 (dd, J = 9.2, 3.2 Hz, 1H), 3.95 (s, 3H), 3.85 (s, 3H). 13C NMR (100 MHz, CDCls) §

164.04, 158.72, 141.63, 125.08, 123.76, 119.61, 118.71 (q, J = 318.6 Hz), 116.66, 55.82, 52.57.

_0._0O
oTf

o)
methyl 5-acetyl-2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1il]

Yield 85%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCls) 6 8.63 (d, /= 2.0 Hz, 1H), 8.22 (d, /=84
Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 4.01-4.00 (m, 3H), 2.67 (d, J = 1.6 Hz, 3H). 3*C NMR (100
MHz, CDCl;) 6 195.34, 163.46, 150.90, 136.71, 133.80, 132.89, 124.71, 123.39, 118.65 (d, J =

318.6 Hz), 52.94, 26.64.

0.0
OTf
_0
)
dimethyl 4-(((trifluoromethyl)sulfonyl)oxy)isophthalate 1j1%

Yield 85%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl3) 3 8.73 (d, J= 2.4 Hz, 1H), 8.29 (dd, /= 8.8,
2.4 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H), 4.00 (s, 3H), 3.98 (s, 3H). *C NMR (100 MHz, CDCl;) §
164.58, 163.29, 150.93, 135.22, 134.03, 130.45, 124.58, 123.12, 118.64 (q, J = 318.6 Hz), 52.83,
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52.69.

_0._0
OTf

F
methyl 5-fluoro-2-(((trifluoromethyl)sulfonyl)oxy)benzoate 1k!8I

Yield 87%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, DMSO) é 7.85 (dd, J = 8.4, 3.2 Hz, 1H), 7.75-7.70
(m, 1H), 7.66 (dd, J = 8.8, 4.4 Hz, 1H), 3.94 (s, 3H). 3C NMR (100 MHz, DMSO) 8 162.97 (d, J
= 1.7 Hz), 162.24, 159.77, 143.92 (d, J = 3.0 Hz), 125.89 (dd, J = 20.0, 8.5 Hz), 122.31 (d, J =

23.9 Hz), 119.26 (d, J=26.0 Hz), 118.63 (q, J = 318.6 Hz), 53.22.

_0._0
OTf

Cl

methyl 5-chloro-2-(((trifluoromethyl)sulfonyl)oxy)benzoate 11111

Yield 87%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'TH NMR (400 MHz, CDCls) 8 8.04 (d, J = 2.8 Hz, 1H), 7.58 (dd, J =
8.8, 2.8 Hz, 1H), 7.26 (d, J = 8.8 Hz, 1H), 3.97 (s, 3H). *C NMR (100 MHz, CDCl;) 8 162.94,

146.59, 134.32, 134.08, 132.46, 125.67, 124.19, 118.66 (q, J =318.6 Hz), 52.83.

O OTf

[1,1'-biphenyl]-2-yl trifluoromethanesulfonate 1m!'2!

Yield 83%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCls) § 7.46-7.34 (m, 9H). '3C NMR (100 MHz,
CDCl;) 6 146.90, 135.66, 132.05, 129.45, 129.06, 128.61, 128.57, 128.38, 122.15, 118.45 (q, J =

318.4 Hz).
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OTf

naphthalen-1-yl trifluoromethanesulfonate 1nl*l

Yield 88%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl3) 6 8.04 (d, /= 8.4 Hz, 1H), 7.76 (d, /= 8.4
Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.54-7.44 (m, 2H), 7.38 (d, /= 7.2 Hz, 1H), 7.32 (t, /= 7.6 Hz,
1H). 3C NMR (100 MHz, CDCls) & 145.75, 134.99, 128.57, 128.11, 127.88, 127.40, 126.43,

125.09, 120.73, 119.014 (q, J=318.0 Hz), 117.83.

_0._0

o8

methyl 2-(((trifluoromethyl)sulfonyl)oxy)-1-naphthoate 10/°!

Yield 86%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl3) 6 8.09 (d, J= 8.4 Hz, 1H), 7.93 (d, J=9.2
Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.61-7.52 (m, 2H), 7.36 (d, J = 9.2 Hz, 1H), 4.07 (s, 3H). 3C
NMR (100 MHz, CDCl;) & 165.03, 144.63, 133.07, 132.28, 130.63, 128.73, 128.34, 127.56,

125.61,123.57,119.12, 118.63 (q, J = 318.2 Hz), 52.92.

oy

O O

morpholino benzoate 2al3l

Yield 86%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 8.02-8.00 (m, 2H), 7.59-7.55 (m, 1H),
7.46-7.42 (m, 2H), 3.98-3.83 (m, 4H), 3.44-3.41 (m, 2H), 3.04-3.00 (m, 2H). *C NMR (100 MHz,

CDCly) 6 164.53,133.19, 129.42, 129.12, 128.44, 65.81, 56.97.

-0
N
O
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piperidin-1-yl benzoate 2b(!3]

Yield 88%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 8.04-7.98 (m, 2H), 7.58-7.53 (m, 1H),
7.47-7.39 (m, 2H), 3.51 (s, 2H), 2.80-2.78 (m, 2H), 1.84-1.83 (m, 4H), 1.67 (s, 1H), 1.29 (s, 1H).

3C NMR (100 MHz, CDCl;) & 164.56, 132.83, 129.53, 129.26, 128.26, 57.39, 24.90, 23.22.

-0
N
0]

4-methylpiperidin-1-yl benzoate 2¢!13!

Yield 80%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCI3) & 8.01 (d, J = 7.2 Hz, 2H), 7.55 (t, J= 7.2
Hz, 1H), 7.43 (t,J = 7.6 Hz, 2H), 3.53 (d, J = 9.2 Hz, 2H), 2.74 (t, J = 10.8 Hz, 2H), 1.93-1.76 (m,
2H), 1.65-1.55 (m, 2H), 1.50-1.42 (m, 1H), 0.95 (d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3)

5 164.81, 132.91, 129.62, 129.39, 128.35, 57.19, 33.52, 30.08, 21.20.

-0
N
0

3-methylpiperidin-1-yl benzoate 2d!13!

Yield 83%; colorless oil; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 8.03-7.98 (m, 2H), 7.55-7.51 (m, 1H),
7.41 (t, J = 8.0 Hz, 2H), 3.51 (d, J = 10.4 Hz, 2H), 2.61 (t, J = 9.2 Hz, 1H), 2.36-2.29 (m, 1H),
2.00-1.67 (m, 4H), 0.94 (s, 2H), 0.92 (s, 2H). 13C NMR (100 MHz, CDCl;) & 164.66, 132.87,

129.30, 128.29, 77.66, 77.34,77.02, 64.71, 56.97, 31.93, 31.35, 24.60, 19.47.

4-phenylpiperidin-1-yl benzoate 2el'4l

Yield 82%; white solid; purified by silica gel on column chromatography with petroleum
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ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl;) & 8.04 (d, J = 7.6 Hz, 2H), 7.56 (t, J= 7.2
Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.2 Hz, 2H), 7.25-7.20 (m, 3H), 3.68 (d, /= 10.4 Hz,
2H), 2.91 (t, J = 10.8 Hz, 2H), 2.63 (t, J= 12.0 Hz, 1H), 2.21-2.12 (m, 2H), 2.04-1.80 (m, 2H). 13C
NMR (100 MHz, CDCls) & 164.87, 144.87, 133.08, 129.48, 128.62, 128.46, 126.85, 126.53, 57.46,

41.77, 32.80.

~_0O 0]
0]

ethyl 1-(benzoyloxy)piperidine-4-carboxylate 2f114l

Yield 87%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl;) & 8.00 (d, J = 8.4 Hz, 2H), 7.58-7.53 (m,
1H), 7.45-7.41 (m, 2H), 4.16 (s, 2H), 3.60 (s, 1H), 3.27 (s, 1H), 2.78 (s, 1H), 2.61-1.97 (m, 5H),
1.26 (s, 3H). 3C NMR (100 MHz, CDCls) 8 173.95 (s), 164.59 (s), 133.03 (s), 129.36 (s), 128.37

(s), 60.51 (s), 56.11 (s), 40.33 (s), 27.57 (s), 14.18 ().

o 0

1,4-dioxa-8-azaspiro[4.5]decan-8-yl benzoate 2g14l

Yield 79%; colorless oil; Yield 87%; white solid; purified by silica gel on column chromatography
with petroleum ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl3) 8 8.01-7.99 (m, 2H), 7.58-
7.53 (m, 1H), 7.45-7.41 (m, 2H), 3.97 (d, J= 1.6 Hz, 4H), 3.44 (b, 2H), 3.27-3.25 (m, 2H), 1.96 (t,
J=5.6 Hz, 4H). 3C NMR (100 MHz, CDCl;) & 164.56, 133.00, 129.26, 129.20, 128.33, 105.78,

64.36, 64.24, 53.87, 32.51.

tert-butyl 4-(benzoyloxy)piperazine-1-carboxylate 2h(13l

Si6



Yield 85%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCI3) & 8.01 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.2
Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 4.04 (s, 2H), 3.44-3.32 (m, 4H), 2.92 (s, 2H), 1.48 (s, 9H). 13C
NMR (100 MHz, CDCl;) & 164.58, 154.45, 133.26, 129.46, 129.08, 128.48, 80.25, 55.85, 42.36,

28.39.

methyl 4-(benzoyloxy)piperazine-1-carboxylate 2il15l

Yield 87%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl;) § 8.01-7.99 (m, 2H), 7.58 (t, J = 7.2 Hz,
1H), 7.45 (t, J = 8.0 Hz, 2H), 4.09 (s, 2H), 3.73 (s, 3H), 3.45-3.38 (m, 4H), 2.93 (s, 2H). *C NMR

(100 MHz, CDCl5) 6 164.49, 155.63, 133.27, 129.42, 128.98, 128.47, 55.71, 52.84, 42.16.

oy

S O

thiomorpholino benzoate 2j!4l

Yield 84%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 5:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 8.03-8.00 (m, 2H), 7.60-7.56 (m, 1H),
7.47-7.43 (m, 2H), 3.69-2.86 (m, 8H). '*C NMR (100 MHz, CDCl;) & 164.43, 133.27, 129.48,

129.16, 128.50, 57.74, 26.66.

)

\/\N/O

-

O-benzoyl-N,N-dipropylhydroxylamine 2Kk!16!

Yield 82%; white solid; purified by silica gel on column chromatography with petroleum
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ether/EtOAc = 10:1 (v/v).'H NMR (400 MHz, CDCls) & 8.11-7.90 (m, 1H), 7.60-7.51 (m, 1H),
7.48-7.39 (m, 1H), 2.98-2.89 (m, 2H), 1.72-1.51 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H). '3C NMR (100

MHz, CDCly) & 165.64, 132.94, 129.46, 129.32, 128.38, 77.46, 77.14, 76.82, 61.62, 20.17, 11.71.

v

(1R,4R)-bicyclo[2.2.1]hept-5-ene-2-carboxamide N7 171

Yield 56%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCl;) § 6.26 (dd, J= 5.6, 2.8 Hz, 1H), 6.03 (dd,
J=15.6,2.8 Hz, 1H), 5.35 (b, 2H), 3.15 (s, 1H), 2.96-2.88 (m, 2H), 1.96-1.94 (m, 1H), 1.47-1.35
(m, 1H), 1.36-1.30 (m, 2H). 3C NMR (100 MHz, CDCl3) & 138.00, 132.23, 50.14, 46.24, 44.48,

42.75,29.98.

(1R,4R)-N-methylbicyclo[2.2.1]hept-5-ene-2-carboxamide N8 171

Yield 62%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, CDCI3) § 6.22 (dd, J = 5.6, 3.2 Hz, 1H), 5.97 (dd,
J=5.2,24 Hz, 1H), 5.78 (b, 1H), 3.14 (s, 1H), 2.94 — 2.84 (m, 2H), 2.75 (d, J = 4.8 Hz, 3H),
1.93-1.92 (m, 1H), 1.48-1.41 (m, 1H), 1.37-1.25 (m, 2H). 13C NMR (100 MHz, CDCI3) 8 175.06,

137.66, 132.32, 50.00, 46.16, 44.68, 42.71, 29.86, 26.27.

(1R,4R)-N-phenylbicyclo[2.2.1]hept-5-ene-2-carboxamide N? [17]

Yield 68%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, CDCI3) $ 7.48 (d, J = 8.0 Hz, 2H), 7.34-7.23 (m,
3H), 7.07 (t, J =7.2 Hz, 1H), 6.29 (dd, ] = 6.0, 3.2 Hz, 1H), 6.04 (dd, J = 5.6, 2.8 Hz, 1H), 3.22 (s,

1H), 3.05-2.93 (m, 2H), 2.03-1.94 (m, 1H), 1.52-1.43 (m, 2H), 1.33 (d, J = 8.4 Hz, 1H). 3C NMR
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(100 MHz, CDCly) 6 172.65, 138.11 (d, J = 5.1 Hz), 132.05, 128.95, 123.98, 119.72, 750.21,

46.59, 45.89, 42.89, 29.96.

(1R,4R)-N-(4-(trifluoromethyl)phenyl)bicyclo[2.2.1]hept-5-ene-2-carboxamide N1°

Yield 56%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, CDCI3) § 7.58 (dd, J = 23.6, 8.8 Hz, 4H), 7.26 (s,
1H), 6.32 (dd, J = 5.6, 3.2 Hz, 1H), 6.04 (dd, J = 5.6, 2.8 Hz, 1H), 3.25 (s, 1H), 3.08-2.98 (m, 2H),
2.08-1.99 (m, 1H), 1.55-1.45 (m, 2H), 1.37 (d, J = 8.0 Hz, 1H). 13C NMR (100 MHz, DMSO) §
173.03, 143.58, 137.82, 132.05, 126.36 (d, J = 3.6 Hz), 124.92 (dd, J = 270, 539 Hz), 123.18(d, J

=31.7 Hz), 119.31, 50.07, 46.65, 44.91, 42.79, 28.71.

(1R,4R)-N-(4-methoxyphenyl)bicyclo[2.2.1]hept-5-ene-2-carboxamide N1 [17]

Yield 66%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, DMSO) § 9.58 (s, 1H), 7.46 (d, J = 8.8 Hz, 2H),
6.84 (d, J=8.8 Hz, 2H), 6.15 (dd, J= 5.6, 2.8 Hz, 1H), 5.85 (dd, J = 5.6, 2.8 Hz, 1H), 3.70 (s, 3H),
3.26 (s, 1H), 3.03-2.96 (m, 1H), 2.86 (s, 1H), 1.80-1.78 (m, 1H), 1.44-1.27 (m, 3H). 3C NMR
(100 MHz, DMSO) & 171.90, 155.32, 137.54, 133.24, 132.28, 121.18, 114.13, 55.59, 50.07, 46.60,

44.54, 42.76, 28.85.

(1R,4R)-N-cyclohexylbicyclo[2.2.1]hept-5-ene-2-carboxamide N12 181
Yield 61%; white solid; purified by silica gel on column chromatography with petroleum
ether/EtOAc = 10:1 (v/v). '"H NMR (400 MHz, DMSO) $ 7.69 (d, J = 7.6 Hz, 1H), 6.12 (s, 2H),

3.54-3.47 (m, 1H), 2.82 (s, 1H), 2.73 (s, 1H), 2.02-1.99 (m, J = 9.2, 4.1 Hz, 1H), 1.77-1.64 (m,
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6H), 1.55 (d, J = 12.4 Hz, 1H), 1.29-1.18 (m, 2H), 1.16-1.06 (m, 5H). 3C NMR (100 MHz,

DMSO) 6 174.01, 138.15, 136.84, 47.90, 47.60, 46.05, 43.38, 41.47, 33.05, 32.98, 30.23, 25.76,

25.14.
_0._0 o
NN ’Tl/
N/\
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methyl (E£)-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4a

Yield 95%; yellow oil; E/Z isomer > 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) 8 7.69 (d, J = 16.0 Hz, 1H), 7.42
(t, J=7.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 16.0 Hz, 1H), 3.78 (s, 3H), 3.70 (t, J =
4.4 Hz, 4H), 3.06 (s, 3H), 2.93 (s, 3H), 2.87 (t, J = 4.4 Hz, 4H). 3*C NMR (100 MHz, DMSO) §
169.36, 165.68, 152.28, 137.11, 133.67, 129.82, 128.68, 123.19, 122.62, 121.84, 66.81, 52.83,
52.50, 37.16, 35.69. HRMS (ESI) Calcd for C7H»,N,O4 [M+H]* 319.1652; Found 319.1652. GC-
MS (EI, 70 eV) m/z = 318([M-CH;]+, 0.85), 273(24), 246(51), 232(51), 214(35), 156(23),

129(21), 87(42), 72(100).

)
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N, N-dimethyl-3-(2-methyl-6-morpholinophenyl)acrylamide 4b

Yield 72%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl;) § 7.92 (d, J = 16.0 Hz, 1H, E),
7.21-7.17(m, 1H, E), 6.98-6.87 (m, 3H, E+Z), 6.30 (d, /= 12.0 Hz, 1H, Z), 3.83 (t,/ =4.4 Hz, 4H,
E),3.79 (t, J = 4.4 Hz, 4H, 2), 3.15 (s, 3H, E), 3.09 (s, 3H, E), 2.99-2.93 (m, 5H, E+Z), 2.89 (s,
3H, Z), 2.42 (s, 3H, E), 2.18 (s, 3H, Z). 3*C NMR (100 MHz, CDCl;) & 167.24 (E), 152.31 (E),
139.31 (E), 137.86 (E), 136.38 (2), 136.23 (Z), 129.18 (E), 128.93 (E), 128.16 (2), 125.77 (E),
125.22 (2), 123.43 (2), 121.58 (E), 116.30 (E), 115.58 (2), 67.31 (2), 52.63 (E), 37.36 (E), 35.85

(E), 34.77 (2), 21.69 (E), 20.07 (Z). HRMS (ESI) Caled for C1gH2,N,0, [M+H]* 275.1754; Found
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275.1754. GC-MS (EL 70 eV) m/z = 274([M]+ , 46), 243(10), 229(9), 202(100), 188(39), 170(25),

158(47), 144(84), 115(40), 103(6).
(0]
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3-(2, 3-dimethyl-6-morpholinophenyl)-V, N-dimethylacrylamide 4c¢

Yield 58%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). "H NMR (400 MHz, CDCl3) 8 7.92 (d, J = 16.0 Hz, 1H, E),
7.10 (d, J= 8.4 Hz, 1H, E), 7.05 (d, J = 8.0 Hz, 1H, Z), 6.91 (d, /= 12.4 Hz, 1H, Z), 6.85 (s, 1H,
E),6.82(d,J=72Hz 1H, E), 6.32 (d,J=12.4 Hz, 1H, Z), 3.80 (t, /=4.4 Hz, 4H, E), 3.77 (d, J
=4.8 Hz, 4H, Z), 3.14 (s, 3H, E), 3.08 (s, 3H, E), 2.98 (s, 3H, Z2), 2.93 (d, /J=4.4 Hz, 4H, Z), 2.91-
2.88 (m, 7H, E+Z), 2.31 (s, 3H, E), 2.26 (s, 3H, E), 2.22 (s, 3H, Z), 2.10 (s, 3H, Z). 3C NMR (100
MHz, CDCl) 6 167.48 (Z), 167.05 (E), 150.07 (£), 148.97 (£), 139.97 (E), 137.02 (£), 135.93 (E),
134.55 (2), 132.08 (E), 130.29 (E), 130.12 (£), 129.64 (2), 123.45 (2), 122.44 (E), 115.96 (E),
115.54 (2), 67.35 (E), 52.65 (E), 37.35 (E), 35.82 (E), 34.76 (£), 20.45 (E), 20.33 (2), 17.31 (E),
16.42 (Z). HRMS (ESI) Calcd for C;7H,4N,O, [M+H]* 289.1911; Found 289.1911. GC-MS (EI,
70 eV) m/z = 288([M]+ , 9), 257(9), 243(14), 228(2), 216(100), 201(49), 184(26), 172(45),

158(74), 143(18), 129(13), 115(17), 103(3).

NN N/

N |
O
(E)-3-(2, 4-dimethyl-6-morpholinophenyl)-N, N-dimethylacrylamide 4d
Yield 64%; white solid; mp = 128.7-128.8 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) 6 7.69 (d,
J=15.6 Hz, 1H), 6.93 (d, J = 16.0 Hz, 1H), 6.78 (d, J = 11.2 Hz, 2H), 3.70 (t, J = 4.4 Hz, 4H),
3.11 (s, 3H), 2.94 (s, 3H), 2.83 (t, J = 4.4 Hz, 4H), 2.35 (s, 3H), 2.26 (s, 3H). 3C NMR (100 MHz,

CDCl;) 6 167.47, 152.45, 139.32, 139.08, 137.89, 126.66, 126.12, 120.74, 117.14, 67.35, 52.69,
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37.37, 35.86, 21.69, 21.46. HRMS (ESI) Caled for C;;H»N,0, [M+H]* 289.1911; Found
289.1911. GC-MS (EL 70 eV) m/z = 288([M]+ , 7), 257(7), 243(8), 216(100), 201(33), 184(22),

172(37), 158(56), 143(13), 129(10), 115(13).
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ethyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4e

Yield 98%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl;) § 7.96 (d, J = 16.0 Hz, 1H, E),
7.56-7.51 (m, 2H, Z), 7.37-7.29 (m, 2H, E), 7.15 (dd, J=7.6, 1.6 Hz, 1H, F), 7.08 (d, J = 12.4 Hz,
1H, Z), 6.81 (d,J=16.0 Hz, 1H, E), 6.26 (d, /= 12.4 Hz, 1H, Z), 4.31 (q, /= 6.8 Hz, 2H, E), 3.83
(t,J=4.4Hz 4H, E), 3.79 (t, J=4.4 Hz, 4H, Z), 3.12 (s, 3H, E), 3.06 (s, 3H, E), 2.95 (t, /= 4.4
Hz, 4H, E), 2.90 (s, 3H, Z2), 2.82 (s, 3H, Z), 1.34 (t, /= 7.2 Hz, 3H, E), 0.96 (t, /= 7.2 Hz, 3H, Z).
BC NMR (100 MHz, CDCl3) & 169.15 (E), 166.50 (E), 152.01 (E),151.39 (2), 138.29 (E), 135.23
(2), 133.62 (E), 129.44 (E), 129.04 (E), 128.23 (Z), 124.55 (2), 123.29 (E), 122.55 (2), 122.07 (E),
121.08 (£), 67.12 (E), 67.03 (Z), 61.46 (E), 60.84 (Z), 52.40 (2), 37.48 (2), 37.26 (E), 35.76 (E),
34.69 (2), 14.21 (2), 14.12 (E). HRMS (ESI) Calcd for C;3HuN,O4 [M+H]* 333.1809; Found
333.1808. GC-MS (EL 70 eV) m/z = 332([M]+, 1), 287(27), 260(36), 246(41), 230(21), 214(19),

200(24), 188(9), 174(15), 156(18), 144(10), 130(15), 117(7).

isopropyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4f
Yield 92%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). "H NMR (400 MHz, CDCl3) 8 7.95 (d, J = 16.0 Hz, 1H, E),

7.55-7.50 (m, 1H, Z), 7.36-7.27 (m, 2H, E), 7.14 (dd, J = 8.0, 0.8 Hz, 1H, E), 7.07 (d, J = 12.4, Hz,
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1H, Z), 6.82 (d, J = 16.0 Hz, 1H, E), 6.24 (d, J = 12.4 Hz, 1H, Z), 5.22-5.14 (m, 1H, E), 3.82 (t, J
= 4.4, Hz, 4H, E), 3.79 (t, J = 4.4, Hz, 4H, Z), 3.12 (s, 3H, E), 3.06 (s, 3H, E), 2.96-2.92 (m, 8H,
E+Z),2.89 (s, 3H, Z), 2.81 (s, 3H, Z), 1.33 (s, 3H, E), 1.31 (s, 3H, E). '*C NMR (100 MHz, CDCl;)
§ 168.72 (E), 166.43 (E), 151.99 (E), 138.39 (E), 135.42 (2), 134.11 (E), 129.39 (E), 129.03 (E),
128.19 (2), 124.58 (2), 123.27 (E), 122.36 (2), 122.06 (E), 121.81 (2), 120.97 (E), 69.08 (E),
68.33 (2), 67.15 (E), 67.01 (2), 52.41 (E), 37.48 (Z), 37.26 (E), 35.78 (E), 34.73 (2), 29.70 (2),
21.72 (E). HRMS (ESI) Caled for C1oHxgN,Os [M+H]* 347.1965; Found 347.1965.GC-MS (EL
70 eV) m/z = 346([M]+ , 1), 315(2), 301(25), 287(11), 274(26), 260(39), 242(10), 232(37),

218(31), 200(24), 188(19), 174(22), 156(16), 144(11), 130(15), 117(7).
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methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-5-methyl-3-morpholinobenzoate 4g

Yield 94%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1(v/v). 'H NMR (400 MHz, DMSO) § 7.68 (d, J = 15.6 Hz, 1H, E),
7.17 (s, 2H, Z), 7.09 (s, 2H, E), 6.88 (d, J=12.4 Hz, 1H, Z), 6.80 (d, /= 15.6 Hz, 1H, E), 6.29 (d,
J=124Hz, 1H, Z),3.79 (s, 3H, E), 3.77 (t, J=4.4 Hz, 4H, E), 3.67 (t, J= 4.4 Hz, 4H, Z), 3.06 (s,
3H, E), 2.93 (s, 3H, E), 2.89 - 2.86(m, 7TH, E+Z), 2.70 (s, 3H, Z), 2.33 (s, 3H, E), 2.31 (s, 3H, 2).
13C NMR (100 MHz, DMSO) § 169.53 (E), 165.78 (E), 152.34 (E), 139.80 (E), 137.97 (Z), 137.11
(E), 134.54 (Z), 133.65 (E), 129.74 (Z), 129.04 (Z), 125.53 (E), 124.50 (2), 123.67 (E), 122.91 (2),
122.35 (E), 121.74 (E), 66.83 (E), 52.81 (E), 52.55 (E), 37.38 (£), 37.14 (E), 35.70 (E), 34.51 (2),
21.31 (£), 21.24 (Z). HRMS (ESI) Caled for C;sH,4N,04 [M+H]" 333.1809; Found 333.1810.
GC-MS (EI, 70 eV) m/z = 332([M]+ , 2), 301(7), 287(28), 273(3), 260(66), 246(53), 228(42),

216(26), 202(32), 184(10), 170(22), 158(13), 143(21), 130(9), 115(20).
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methyl (E£)-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-5-methoxy-3-morpholinobenzoate 4h

Yield 80%; yellow oil; E/Z isomer > 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) 6 7.63 (d, /= 15.6 Hz, 1H), 6.83
-6.80 (m, 2H), 6.76 (d, J = 2.4 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.71 (t, /= 4.4 Hz, 4H), 3.06 (s,
3H), 2.92 (s, 3H), 2.88 (t, J = 4.4 Hz, 4H). 3C NMR (100 MHz, DMSO) 8 169.38, 165.93, 160.35,
154.09, 136.90, 135.20, 120.54, 108.02, 107.88, 66.78, 56.00, 52.94, 52.50, 37.14, 35.70. HRMS
(ESI) Caled for CisHpN,Os [M+H]" 349.1758; Found 349.1755. GC-MS (EL, 70 eV) m/z =
348([M]+ , 3), 317(6), 303(30), 276(73), 261(50), 244(30), 230(27), 218(30), 202(10), 186(16),

174(8), 159(11), 144(11), 116(12).
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methyl (E)-5-acetyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4i

Yield 86%; white solid; mp: 161.0-161.1 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) § 7.85 (d,
J=1.6 Hz, 1H), 7.70-7.66 (m, 2H), 6.90 (d, J = 15.6 Hz, 1H), 3.83 (s, 3H), 3.72 (t, J = 4.4 Hz,
4H), 3.07 (s, 3H), 2.95-2.94 (m, 7H), 2.62 (s, 3H). 13C NMR (100 MHz, DMSO) 8 197.51, 168.66,
165.36, 152.58, 137.41, 136.26, 133.94, 133.08, 123.98, 122.92, 120.44, 66.73, 53.12, 52.27,
37.18, 35.73, 27.34. HRMS (ESI) Calcd for C;9H»4N,Os [M+H]* 361.1758; Found 361.1758. GC-
MS (EL 70 eV) m/z = 360([M]+ , 1), 329(7), 315(22), 288(60), 274(37), 256(25), 244(24),

230(22), 214(22), 200(15), 184(9), 170(8), 156(8), 144(7), 128(10), 101(5).
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dimethyl (£)-4-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-5-morpholinoisophthalate 4j

Yield 58%; yellow solid; mp: 224.6-224.8 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 1:1 (v/v). 'H NMR (400 MHz, DMSO) 6 7.85 (d,
J=1.6 Hz, 1H), 7.72 (d, J = 1.6 Hz, 1H), 7.67 (d, J = 15.6 Hz, 1H), 6.90 (d, J = 15.6 Hz, 1H),
3.88 (s, 3H), 3.82 (s, 3H), 3.71 (t, J = 4.0 Hz, 4H), 3.07 (s, 3H), 2.93-2.92(m, 7H). 3C NMR (100
MHz, DMSO) 3 168.26, 165.68, 165.36, 152.62, 136.13, 133.78, 133.61 ,130.47, 124.20, 123.70,
121.66, 66.69, 53.15, 53.01, 52.21, 37.18, 35.73. HRMS (ESI) Calcd for Ci9H24N,O¢ [M+H]*
377.1707; Found 377.1708. GC-MS (EL 70 eV) m/z = 376([M]+ , 1), 345(10), 331(24), 317(4),

304(65), 290(38), 272(30), 260(25), 246(24), 228(12), 214(24), 187(9), 172(7), 156(10), 143(6),

128(11).
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methyl (E£)-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-5-fluoro-3-morpholinobenzoate 4k

Yield 72%; yellow oil; E/Z isomer > 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl;) 6 7.84 (d, J= 16.0 Hz, 1H), 7.02
(dd, J=38.0, 2.4 Hz, 1H), 6.85 (dd, J = 10.0, 2.4 Hz, 1H), 6.76 (d, J = 16.0 Hz, 1H), 3.85 (s, 3H),
3.83 (t, J= 4.4 Hz, 4H), 3.12 (s, 3H), 3.06 (s, 3H), 2.95 (t, J = 4.4 Hz, 4H). 3C NMR (100 MHz,
CDCl3) 6 168.37 (d, J=3.0 Hz), 166.43, 6 162.51 (d, J=248.6 Hz) 154.10 (d, J= 8.2 Hz), 137.40,
134.43 (d, J= 8.7 Hz), 125.51 (d, J= 3.3 Hz), 121.99, 110.07 (d, J = 23.7 Hz), 108.61 (d, J=22.4
Hz), 66.92, 52.72, 52.22, 37.27, 35.77. HRMS (ESI) Calcd for C,;H;N,O4F [M+H]* 337.1558;
Found 337.1559. GC-MS (EI, 70 eV) m/z = 336([M]+ , 2), 305(7), 291(26), 264(64), 250(46),

232(38), 220(27), 206(29), 188(11), 174(19), 162(11), 147(17), 133(7), 120(7), 109(7).
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methyl-5-chloro-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 41

Cl

Yield 86%; yellow oil; E/Z isomer 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). "H NMR (400 MHz, CDCl3) 8 7.84 (d, J = 16.0 Hz, 1H, E),
7.49 (d,J=2.0Hz, 1H, 2), 7.30 (d, J=2.0 Hz, 1H, E), 7.11 (d,J=2.0 Hz, 1H, Z), 7.09 (d, /= 2.4
Hz, 1H, E), 7.00 (d, J=12.4 Hz, 1H, Z2), 6.78 (d, J = 16.0 Hz, 1H, E), 6.30 (d, /= 12.4 Hz, 1H, 2),
3.85 (s, 3H, F), 3.84-3.81 (m, 7H, E+Z), 3.78 (t, J = 4.4 Hz, 4H, 2), 3.11 (s, 3H, E), 3.06 (s, 3H,
E), 2.97 —2.93 (m, 7H, E+Z), 2.84 (s, 3H, Z). 3C NMR (101 MHz, CDCls) 8 168.26 (E), 166.91
(2), 166.62 (2), 166.32 (E), 153.17 (E), 152.52 (2), 137.24 (E), 134.74 (E), 134.64 (2), 134.19 (E),
133.86 (2), 132.23 (2), 131.38 (Z), 127.94 (E), 124.44 (Z), 123.15 (E), 122.95 (2), 122.44 (E),
121.47 (E), 66.95 (E), 52.74 (E), 52.23 (E), 37.52 (Z), 37.29 (E), 35.80 (E), 34.76 (Z). HRMS (ESI)

Caled for C;7H,N,O4C1 [M+H]* 353.1263; Found 353.1262.

O A N~
N |

@)
(E)-N, N-dimethyl-3-(3-morpholino-[1,1'-biphenyl]-2-yl)acrylamide 4m
Yield 50%; white solid; mp: 166.2-166.4 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 1:1 (v/v). '"H NMR (400 MHz, CDCl3) § 7.87 (d, J
=16.0 Hz, 1H), 7.39-7.26 (m, 6H), 7.08 (dd, J = 8.0, 1.2 Hz, 1H), 6.99 (dd, J = 7.6, 0.8 Hz, 1H),
6.09 (d, J=16.0 Hz, 1H), 3.89 (t, J=4.4 Hz, 4H), 2.99 (t, J = 4.4 Hz, 4H), 2.91 (s, 3H), 2.49 (s,
3H). BC NMR (100 MHz, CDCIl;) & 166.85, 152.43, 143.01, 142.42, 137.97, 129.59, 128.85,
128.31, 126.81, 125.76, 123.48, 117.93, 67.30, 52.88, 36.63, 35.61. HRMS (ESI) Calcd for
C21H24N,0, [M+H]* 337.1911; Found 337.1911. GC-MS (EI, 70 eV) m/z = 336([M]+, 7), 307(5),

291(14), 264(100), 250(33), 232(24), 220(46), 206(47), 193(8), 178(18), 165(12), 152(7), 102(9).
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N, N-dimethyl-3-(2-morpholinonaphthalen-1-yl)acrylamide 4n
Yield 74%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 1:1(v/v). '"H NMR (400 MHz, CDCl;) 6 8.25-8.20 (m, 2H, E), 7.82-7.78
(m, 2H, E), 7.49-7.45 M, 1H, E), 7.41-7.37 (m, 1H, E), 7.33 (d, /= 8.8 Hz, 1H, E), 7.13 (d, J =
12.0 Hz, 1H, Z), 7.02 (d, /= 16.0 Hz, 1H, E), 6.49 (d, J=12.0 Hz, 1H, Z), 3.87 (t, /= 4.4 Hz, 4H,
E),3.84 (t,J=4.4 Hz, 4H, 2), 3.17 (s, 3H, E), 3.12 (s, 3H, E), 3.08 (t, /= 4.4 Hz, 4H, Z), 3.05 (4,
J =44 Hz, 4H, E), 2.91 (s, 3H, Z), 2.73 (s, 3H, Z). 3C NMR (100 MHz, CDCl) 8 167.35 (2),
166.91 (E), 149.23 (E), 147.92 (2), 138.68 (E), 134.55 (2), 131.97 (£), 131.44 (2), 130.62 (2),
130.43 (E), 129.91 (E), 129.29 (Z), 128.49 (E), 128.41 (2), 126.96 (Z), 126.84 (E), 126.07 (2),
125.44 (E), 124.80 (2), 124.50 (E), 124.24 (E), 123.93 (2), 123.01 (E), 118.66 (E), 118.47 (2),
67.39 (E), 52.58 (E), 52.46 (2), 37.54 (2), 37.45 (E), 35.92 (E), 34.68 (Z2). HRMS (ESI) Calcd for
C19H»oN,0, [M+H]* 311.1754; Found 311.1754. GC-MS (EI, 70 eV) m/z = 311([M + HJ+, 3),

310([M]+, 11), 265(19), 238(100), 224(26), 206(27), 246(20), 194(38), 180(57), 152(29), 72(41).
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(_o
methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-morpholino-1-naphthoate 40
Yield 78%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 1:1(v/v). 'H NMR (400 MHz, CDCl;) § 8.01 (d, J = 15.6 Hz, 1H, E),
7.76 (d, J=8.0 Hz, 1H, F), 7.66 (d, J= 8.0 Hz, 1H, E), 7.50-7.44 (m, 1H, E), 7.42-7.39(m, 2H, E),
7.37-7.34 (m, 2H, Z2), 7.01 (d, /= 12.4 Hz, 1H, Z), 6.95 (d, /= 15.6 Hz, 1H, E), 6.33 (d, J=12.0
Hz, 1H, Z), 3.95 (s, 3H, E), 3.94 (s, 3H, Z), 3.89 (t, /J=4.4 Hz, 4H, E), 3.84 (t, /= 4.4 Hz, 4H, Z),
3.15(s,3H, E), 3.11 (t, /J=4.4 Hz, 4H, Z), 3.08 (s, 3H, E), 3.04 (t, J=4.4 Hz, 4H, E), 2.92 (s, 1H,

7), 2.86 (s, 1H, Z). 3C NMR (100 MHz, CDCls) & 170.05 (E), 169.28 (2), 166.67 (2), 166.23 (E),
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148.90 (E), 148.53 (2), 138.91 (E), 135.36 (E), 133.96 (E), 132.26 (E), 128.30 (E), 127.33 (E),
127.18 (E), 126.59 (2), 126.28 (E), 125.92 (E), 125.51 (2), 124.97 (2), 124.83 (E), 122.48 (E),
116.80 (2), 116.72 (E), 67.14 (E), 67.08 (2), 52.90 (E), 52.79 (E), 52.69 (2), 52.21 (2), 37.56 (2),
37.32 (E), 35.83 (E), 34.73 (Z). HRMS (ESI) Caled for CyHy,N,0, [M+H]* 369.1807; Found

369.1807.

S
O

methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(piperidin-1-yl)benzoate 4p

Yield 64%; yellow oil; E/Z isomer 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl;) 6 7.94 (d, J = 160 Hz, 1H, E),
7.44 (d, J=17.6 Hz, 1H, Z), 7.31-7.22 (m, 2H, E), 7.15-7.12 (m, 1H, E), 7.07 (d, J = 12.4 Hz, 1H,
7),6.83 (d,J=16.0 Hz, 1H, E), 6.23 (d, /= 12.4 Hz, 1H, Z), 3.84 (s, 3H, E), 3.81 (s, 3H, Z2), 3.11
(s, 3H, E), 3.06 (s, 3H, E), 2.90-2.82(m, 14H, E+Z), 1.73-1.67 (m, 4H, E), 1.65-1.61 (m, J = 4H,
Z), 1.57-1.50 (m, 2H, E). 3C NMR (100 MHz, CDCl;) & 169.86 (E), 168.35 (Z), 167.03 (Z),
166.82 (E), 153.74 (E), 153.06 (Z), 138.56 (E), 135.43 (2), 133.07 (E), 132.56 (2), 131.15 (2),
129.38 (E), 128.82 (E), 127.99 (Z), 123.74 (Z), 122.51 (E), 122.23 (Z), 121.94 (Z), 121.49 (E),
121.39 (E), 53.64 (E), 53.56 (Z), 52.41 (E), 51.88 (2), 37.49 (2), 37.27 (E), 35.75 (E), 34.67 (2),
26.29 (E), 26.21 (2), 24.23 (Z), 24.11 (E). HRMS (ESI) Calcd for C;sHN,0; [M+H]* 317.1860;
Found 317.1860. GC-MS (EI, 70 eV) m/z = 316([M]+ , 4), 271(45), 244(80), 228(100), 212(33),
198(29), 184(27), 156(20), 144(11), 128(20), 72(77).
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methyl (E£)-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(4-methylpiperidin-1-yl)benzoate 4q
Yield 64%; yellow oil; E/Z isomer > 99:1; purified by silica gel on column chromatography with
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petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) § 7.68 (d, J = 15.6 Hz, 1H), 7.37
(t,J= 7.6 Hz, 1H), 7.24-7.19 (m, 2H), 6.81 (d, J= 16.0 Hz, 1H), 3.78 (s, 3H), 3.09 (s, 1H), 3.06 (s,
4H), 2.93 (s, 3H), 2.63-2.58 (m, 2H), 1.69-1.66 (m, 2H), 1.48-1.43 (m, 1H), 1.32-1.22 (m, 2H),
0.96 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, DMSO) & 169.58, 165.76, 153.42, 137.31, 133.65,
129.69, 128.45, 122.57, 121.96, 121.91, 52.88, 52.82, 37.13, 35.72, 34.70, 30.40, 22.31. HRMS
(ESI) Caled for CioHxgN,O; [M+H]* 331.2016; Found 331.2016. GC-MS (EL, 70 eV) m/z =
330([M]+ , 5), 315(3), 299(7), 285(38), 270(4), 258(78), 242(100), 226(30), 212(28), 198(19),

184(13), 156(22), 144(11), 129(17), 115(10), 102(8).

_0_0 o
N

methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(3-methylpiperidin-1-yl)benzoate 4r

Yield 62%; yellow oil; E/Z isomer 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) 8 7.93 (d, J = 15.6 Hz, 1H, E),
7.45 (dd, J=17.6, 0.8 Hz, 1H, Z), 7.31-7.22 (m, 2H, E+Z), 7.13 (dd, J= 7.6, 1.2 Hz, 1H, E), 7.07
(d,J=12.4 Hz, 1H, 2), 6.82 (d, J=15.6 Hz, 1H, E), 6.21 (d, /= 12.4 Hz, 1H, Z), 3.84 (s, 3H, E),
3.81 (s, 3H, Z2), 3.11-2.81(m, 10H, E), 2.56-2.26(m, 10H, Z), 1.87-1.61 (m, 5H, E), 1.05-0.93 (m,
5H, Z), 0.90 (d, J = 6.4 Hz, 3H, E). 3C NMR (100 MHz, CDCl;) 8 169.88 (E), 167.02(Z), 166.80
(E), 153.49 (E), 152.82 (Z), 138.58 (E), 135.33 (2), 133.12 (E), 132.54 (Z), 131.16(2), 129.45 (E),
128.83 (E), 128.01 (Z), 123.75 (2), 122.54 (E), 122.36(Z), 121.96 (2), 121.59 (E), 121.46(E),
60.46 (E), 53.42 (E), 53.22 (2), 52.43 (E), 51.92 (2), 37.51 (2), 37.30 (E), 35.77 (E), 34.68 (2),
32.86 (Z), 32.71 (E), 31.43 (E), 31.29 (2), 25.77 (E), 25.70 (Z), 19.61 (Z), 19.48 (E). HRMS (ESI)

Caled for C 9H6N,O3 [M+H]" 331.2016; Found 331.2016.
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methyl (E£)-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(4-phenylpiperidin-1-yl)benzoate 4s

Yield 45%; white solid; mp: 146.7-146.8 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 1:1 (v/v). 'TH NMR (400 MHz, CDCl3) 8 7.98 (d, J
= 15.6 Hz, 1H), 7.34-7.24 (m, 6H), 7.23-7.17 (m, 2H), 6.84 (d, J = 16.0 Hz, 1H), 3.84 (s, 3H),
3.32 (d, J=12.0 Hz, 2H), 3.12 (s, 3H), 3.05 (s, 3H), 2.82-2.73 (m, 2H), 2.66-2.58 (m, 1H), 1.96-
1.90 (m, 4H). 3C NMR (100 MHz, DMSO) & 169.91, 166.70, 153.21, 145.95, 138.47, 133.28,
129.46, 128.93, 128.45, 126.94, 126.24, 122.80, 121.70, 121.52, 53.42, 52.48, 42.33, 37.34, 35.81,
33.70. HRMS (ESI) Caled for C,4H,sN,05 [M+H]* 393.2173; Found 393.2173. GC-MS (EI, 70
eV) m/z = 392([M]+, 5), 347(34), 320(49), 304(67), 288(17), 274(18), 260(9), 216(23), 201(38),

188(17), 156(30), 143(14), 129(30), 115(25).
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ethyl-1-(2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(methoxycarbonyl)phenyl)piperidine-4-car
boxylate 4t
Yield 62%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) 8 7.92 (d, J = 15.6 Hz, 1H, E),
7.48 (dd, J=17.6,0.8 Hz, 1H, Z), 7.31-7.26 (m, 2H, E), 7.14 (dd, J= 6.8, 2.4 Hz, 1H, E), 7.07 (d, J
=124 Hz, 1H, Z), 6.85 (d, J = 15.6 Hz, 1H, E), 6.27 (d, J = 12.4 Hz, 1H, Z), 4.18-4.12 (m, 4H,
E+27),3.85 (s, 3H, E), 3.81 (s, 1H, 2), 3.23-3.19 (m, 2H, FE), 3.12 (s, 3H, E), 3.06 (s, 3H, E), 2.97
(s, 3H, 2), 2.84 (s, 3H, 2), 2.71-2.65 (m, 2H, E), 2.44-2.36 (m, 1H, Z), 2.02-2.01 (m, 2H, E), 1.95 -

1.86 (m, 2H, E), 1.28 (d, J = 7.2 Hz, 3H, E). *C NMR (100 MHz, CDCl3) § 175.27 (Z), 174.85
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(E), 169.61 (E), 168.21 (2), 166.82 (Z), 166.66 (E), 152.85 (E), 152.13 (2), 138.25 (E), 135.69 (2),
133.13 (E), 132.93 (2), 131.12 (2), 129.60 (E), 128.86 (E), 127.99 (E), 124.24 (Z), 123.09 (E),
122.31 (2), 122.00 (2), 121.79 (E), 121.59 (E), 60.43 (E), 60.38 (Z), 52.44 (E), 52.02 (E), 51.93
(2), 51.89 (2), 40.96 (2), 40.78 (E), 37.50 (Z), 37.30 (E), 35.78 (E), 34.71 (Z), 28.62 (Z), 28.54 (E),

14.25 (E). HRMS (ESI) Calcd for C,H,sN,05 [M+H]* 389.2071; Found 389.2071.
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methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)benzo
ate 4u

Yield 78%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). "H NMR (400 MHz, CDCl3) 8 7.93 (d, J = 16.0 Hz, 1H, E),
7.49-7.47 (m, 2H, Z), 7.31-7.28 (m, 2H, E), 7.27-7.24 (m, 1H, Z), 7.20-7.16 (m, 1H, E), 6.85 (d, J
=15.6 Hz, 1H, E), 6.26 (d, J = 12.0 Hz, 1H, 2), 3.97 (s, 4H, E), 3.85 (s, 3H, E), 3.81 (s, 3H, Z2),
3.11 (s, 3H, E), 3.05 (s, 3H, E), 3.03 (t, /= 5.2 Hz, 4H, E), 2.94 (s, 3H, Z), 2.83 (s, 3H, Z), 1.85 (t,
J=154Hz, 4H, E), 1.81 (t,J = 5.4 Hz, 4H, Z). *C NMR (100 MHz, CDCl3) 3 169.50 (E), 168.20
(2), 166.90 (2), 166.68 (E), 152.57 (E), 151.94 (Z), 138.31 (E), 135.51 (2), 132.93 (E), 132.80 (2),
131.04 (2), 129.64 (E), 128.83 (E), 128.03 (2), 124.25 (2), 123.11 (E), 122.54 (Z), 122.04 (2),
121.80 (£), 121.72 (E), 107.03 (2), 106.86 (E), 64.28 (E), 52.43 (E), 51.91 (2), 50.43 (E), 50.37
(2), 37.48 (2), 37.30 (E), 35.48 (2), 35.76 (E), 35.30 (E), 34.68 (Z2). HRMS (ESI) Calcd for
Cy0H26N,05 [M+H]* 375.1914; Found 375.1913.
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tert-butyl-(E)-4-(2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-

(methoxycarbonyl)phenyl)piperazine-1-carboxylate 4v
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Yield 61%; white solid; mp: 132.4-132.6 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) § 7.93 (d, J
=16.0 Hz, 1H), 7.35-7.29 (m, 2H), 7.13 (dd, J = 7.6, 2.0 Hz, 1H), 6.75 (d, /= 15.6 Hz, 1H), 3.84
(s, 3H), 3.57 (t, J = 4.4 Hz, 4H), 3.11 (s, 3H), 3.06 (s, 3H), 2.89 (b, 4H), 1.47 (s, 9H). 1*C NMR
(100 MHz, CDCl;) 6 169.57, 166.51, 154.86, 152.09, 138.11, 133.11, 129.72, 129.02, 123.42,
122.28, 121.46, 79.79, 52.47, 51.66, 44.41, 43.44, 37.29, 35.75, 28.43. HRMS (ESI) Calcd for

CyoH3N;305 [M+H]" 418.2336; Found 418.2336.

methyl-4-(2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(methoxycarbonyl)phenyl)piperazine-1-c
arboxylate 4w

Yield 81%; yellow oil; E/Z isomer 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) 8 7.93 (d, J = 15.6 Hz, 1H, E),
7.52 (d, J=17.6 Hz, 1H, Z), 7.36-7.30 (m, 2H, E), 7.13 (dd, /= 6.4, 2.6 Hz, 1H, E), 7.07 (d, J =
12.4 Hz, 1H, 2), 6.75 (d, J=16.0 Hz, 1H, F), 6.26 (d,J=12.0 Hz, 1H, Z), 3.84 (s, 3H, E), 3.82 (s,
3H, 2), 3.71 (s, 3H, E), 3.62 (s, 4H, E), 3.11 (s, 3H, E), 3.06 (s, 3H, E), 2.95-2.87 (m, 7H, E+Z),
2.82 (s, 3H, Z). 3C NMR (100 MHz, CDCIl;) 8 169.47 (E), 167.97 (Z), 166.95 (Z), 166.43 (E),
155.97 (E), 151.92 (E), 151.31 (2), 138.05 (E), 134.95 (2), 133.08 (&), 132.92 (2), 131.14 (2),
129.80 (E), 129.03 (E), 128.23 (2), 124.76 (Z), 123.57 (E), 122.75 (2), 122.34 (E), 121.52 (E),
52.65 (E), 52.46 (E), 51.96 (E), 51.84 (E), 44.05 (£), 37.49 (2), 37.27 (E), 35.73 (E), 34.66 (2).

HRMS (ESI) Caled for C;gH»sN30s [M+H]™ 376.1867; Found 376.1867.
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(_s
methyl-2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-thiomorpholinobenzoate 4x
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Yield 40%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl3) 8 7.91 (d, J = 16.0 Hz, 1H, E),
7.50 (d, J= 7.6 Hz, 1H, Z), 7.35-7.31 (m, 2H, E), 7.30-7.27(m, 2H, Z), 7.15 (dd, J = 7.2, 2.1 Hz,
lH, F), 7.04 (d, J = 12.0 Hz, 1H, Z), 6.71 (d, J = 16.0 Hz, 1H, E), 6.28 (d, J = 12.4 Hz, 1H, 2),
3.84 (s, 3H, E), 3.81 (s, 3H, Z), 3.20-3.15 (m, 8H, E+Z), 3.12 (s, 3H, E), 3.06 (s, 3H, E), 2.94 (s,
3H, 7),2.83 (s, 3H, Z), 2.78 (t, J = 4.8 Hz, 4H, E), 2.74 (t, J = 4.8 Hz, 4H, Z). 3C NMR (100 MHz,
CDCl3) o 169.58 (E), 168.09 (2), 166.89 (Z), 166.49 (E), 153.31 (E), 152.62.(2), 138.18 (E),
135.54 (2), 133.22 (2), 133.01 (E), 131.16 (2), 130.16 (£), 129.00 (E), 128.17 (2), 124.69 (2),
123.52 (E), 123.10 (2), 122.36 (E), 122.29 (E), 54.66 (E), 54.49 (Z), 52.48 (E), 51.94 (2), 37.49
(2), 37.30 (E), 35.78 (E), 34.73 (2), 28.16 (E), 28.12 (Z). HRMS (ESI) Calcd for C;7H;,N,05S

[M+H]*" 335.1424; Found 335.1424.

methyl 2-(3-(dimethylamino)-3-oxoprop-1-en-1-yl)-3-(dipropylamino)benzoate 4y

Yield=10%; yellow oil, £/Z isomer 10:1.1(By the 'H spectrum integral ratio), purified by silica gel
on column chromatography with petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCls)
8793 (d,/J=16.0Hz, 1H, E), 7.42 (d, J="7.2 Hz, 1H, Z), 7.23 (m, 6H, E+Z), 7.09 (d, /= 12.0 Hz,
1H, 2), 6.69 (d, J=16.0 Hz, 1H, E), 6.25 (d, J = 12.4 Hz, 1H, Z), 3.84 (s, 3H, E), 3.80 (s, 3H, 2),
[3.07 (d, J=13.9 Hz), 2.90 (s), 2.83 (s), 12H, E+Z] 2.95 (t, /= 7.6 Hz, 8H, E+Z), 1.49 — 1.39 (mm,
8H, E+Z), 0.81 (t, J= 7.2 Hz, 12H, E+Z). 3C NMR (100 MHz, CDCl;) § 170.12 (E), 168.61 (2),
166.75 (E), 151.37 (E), 150.59 (2), 139.33 (E), 136.64 (2), 133.49 (E), 132.06 (Z), 130.78 (E),
128.23 (E), 127.36 (2), 124.51 (2), 124.09 (E), 123.83 (2), 122.52 (E), 121.84 (2), 121.28 (E),
55.22 (E), 55.10 (2), 52.43 (E), 51.87 (2), 37.43 (2), 37.26 (E) 35.77 (E), 34.75 (2), 29.72 (2),
20.17 (2), 20.04 (E), 11.68 (£). HRMS (ESI) Caled for Ci9HsN,O3 [M+H]*" 333.2173; Found
333.2182. GC-MS (EI, 70 eV) m/z =332 ([M]+, 3), 303(11), 287(11), 258(15), 246(25), 230(31),

216(10), 200(23), 188(8), 72(100).

S33



methyl-2-(3-(diethylamino)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4z

Yield 94%; yellow oil; E/Z isomer 97:3; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) 8 7.98 (d, J = 15.6 Hz, 1H, E),
7.37-7.29 (m, 2H, E), 7.16 (dd, J= 7.6, 2.0 Hz, 1H, E), 7.11 (d, /= 12.0 Hz, 1H, Z), 6.70 (d, J =
16.0 Hz, 1H, E), 6.26 (d, J=12.0 Hz, 1H, Z), 3.86-3.82 (m, 7H, E), 3.80 (s, 3H, Z2), 3.78 (t, /= 4.4
Hz, 4H, 7), 3.49 (q, J = 7.2 Hz, 2H, E), 3.41 (q, J = 6.8 Hz, 2H, F), 2.96 (t, /= 4.4 Hz, 4H, E),
1.25-1.17 (m, 6H, E), 1.04-0.94 (m, 6H, Z). 3*C NMR (100 MHz, CDCls) $ 169.54 (E), 165.63 (E),
152.09 (E), 138.13 (E), 136.58 (2), 133.68 (2), 133.15 (E), 129.92 (2), 129.78 (E), 128.95 (E),
128.27 (Z), 128.03 (Z), 124.80 (2), 123.36 (E), 122.66 (E), 122.27 (Z), 121.20 (E), 67.33 (2),
67.13 (E), 52.44 (E), 52.41 (E), 51.93 (2), 42.03 (E), 40.80 (E), 39.46 (Z), 15.06 (E), 14.26 (2),
13.22 (E), 12.84 (Z). HRMS (ESI) Caled for Ci9Hy6N,04 [M+H]* 347.1965; Found 347.1965.
GC-MS (EL, 70 eV) m/z = 346([M]+ , 1), 315(5), 273(17), 256(6), 246(69), 232(76), 214(39),
200(22), 188(26), 170(12), 156(25), 144(15), 129(22), 115(85), 100(100).
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methyl (£)-3-morpholino-2-(3-morpholino-3-oxoprop-1-en-1-yl)benzoate 4aa
Yield 82%; white solid; mp: 153.5-153.6 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 2:1 (v/v). '"H NMR (400 MHz, CDCl3) § 7.95 (d, J
=15.6 Hz, 1H), 7.38-7.31 (m, 2H), 7.17 (dd, J = 6.8, 1.6 Hz, 1H), 6.75 (d, /= 15.6 Hz, 1H), 3.84
-3.82 (m, 7H), 3.73 (b, 6H), 3.61 (b, 2H), 2.96 (t, J = 4.4 Hz, 4H). 3C NMR (100 MHz, CDCl;) &
169.43, 165.50, 152.04, 138.85, 133.02, 129.44, 129.18, 123.45, 121.43, 121.33, 67.12, 66.86,
52.48, 52.41, 46.16, 42.42. HRMS (ESI) Calcd for Ci9H4N,Os [M+H]* 361.1758; Found

361.1759. GC-MS (EL 70 eV) m/z = 360([M]+ , 2), 329(11), 317(2), 301(4), 285(3), 273(48),
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246(97), 232(100), 214(60), 202(35), 188(40), 170(15), 156(35), 144(17), 129(47), 114(45),

102(12).
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methyl-2-(3-methoxy-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4ab

Yield 86%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1(v/v). 'H NMR (400 MHz, CDCl;) 6 8.07 (d, J = 16.4 Hz, 1H, E),
7.62 (d,J=7.6 Hz, 1H, Z), 7.37 (s, 1H, E), 7.36 (d, J= 1.6 Hz, 1H, E), 7.34 (s, 1H, Z), 7.32 (d, J
=3.6 Hz, 1H, 2), 7.20-7.17 (m, 1H, E), 6.33 (d, /= 16.4 Hz, 1H, E), 6.04 (d, /= 12.4 Hz, 1H, Z),
3.86 (s, 3H, E), 3.83-3.81 (m, 7H, E), 3.74 (t, /= 4.4 Hz, 4H, Z), 3.54 (s, 3H, 2), 2.93 (t, /=44
Hz, 4H, E), 2.89 (t, J = 4.4 Hz, 4H, Z). 3C NMR (100 MHz, CDCl;)  168.94 (E), 167.71 (2),
167.18 (E), 166.40 (Z), 152.20 (E), 151.29 (Z), 141.29 (E), 141.07 (Z), 133.09 (E), 132.55 (2),
130.67 (2), 129.64 (E), 128.71 (E), 128.56 (2), 124.78 (2), 123.85 (E), 122.53 (2), 122.07 (E),
121.69 (E), 120.21 (2), 67.10 (2), 66.99 (E), 52.52 (E), 52.33 (£), 52.05 (£), 51.75 (E), 51.07 (2).
HRMS (ESI) Caled for C;sH9oNOs [M+H]* 306.1336; Found 306.1336. GC-MS (EI, 70 eV) m/z
= 306(]M + HJ+ , 8), 305([M]+ , 41), 274(37), 246(50), 231(21), 214(37), 202(26), 188(100),

170(22), 156(52), 144(23), 129(24), 115(10).
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methyl-2-(3-ethoxy-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4ac

Yield 80%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, CDCl;) & 8.06 (d, J = 16.4 Hz, 1H, E),
7.61 (d, J=8.0 Hz, 2H, Z), 7.36 (d, J = 4.4 Hz, 2H, E), 7.18 (t, /= 4.4 Hz, 1H, E), 6.30 (d, J =

16.4 Hz, 1H, E), 6.02 (d, J = 12.0 Hz, 1H, Z), 4.26 (q, J = 6.8 Hz, 2H, E), 3.97 (q, J = 7.2 Hz, 2H,
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7), 3.86 (s, 3H, E), 3.82 (s, 7TH, E+Z), 3.74 (d, J = 3.2 Hz, 4H, Z), 2.93 (s, 4H, E), 2.89 (s, 4H, 2),
1.33 (t,J = 7.2 Hz, 3H, E), 1.06 (t, J = 6.8 Hz, 3H, Z). *C NMR (100 MHz, CDCl;) § 168.99 (E),
166.67 (Z), 166.67 (E), 165.96 (Z), 152.14 (E), 151.21 (Z), 140.92 (E), 133.11 (E), 132.84 (2),
130.69 (2), 129.57 (E), 128.63 (E), 128.40 (2), 124.67 (Z), 123.74 (E), 122.48 (E), 121.57 (E),
120.65 (2), 67.08 (2), 66.96 (E), 60.45 (E), 59.86 (2), 52.49 (E), 52.45 (E), 52.30 (Z), 51.99 (2),
14.31 (E), 13.88 (Z). HRMS (ESI) Calcd for C,7H, NOs [M+H]* 320.1492; Found 320.1491. GC-
MS (EL 70 eV) m/z = 320([M + HJ+ , 8), 319([M]+ , 39), 304(5), 288(29), 274(14), 260(8),

246(59), 231(28), 214(50), 202(40), 188(100), 170(32), 156(58), 144(26), 129(30), 115(12).
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methyl-2-(3-(tert-butoxy)-3-oxoprop-1-en-1-yl)-3-morpholinobenzoate 4ad

Yield 75%; yellow oil; E/Z isomer 97:3; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 2:1 (v/v). "H NMR (400 MHz, CDCl3) 8 7.95 (d, J = 16.4 Hz, 1H, E),
7.35-7.32 (m, 2H, E), 7.16 (dd, J = 6.4, 2.8 Hz, 1H, E), 6.20 (d, /= 16.4 Hz, 1H, E), 593 (d, J =
12.4 Hz, 1H, Z), 3.86 (s, 3H, E), 3.84-3.81 (m, 7TH, E+Z), 2.94 (t, /= 4.4 Hz, 4H, E), 1.53 (s, 9H,
E), 1.22 (s, 9H, Z). 3C NMR (100 MHz, CDCl3) 4 169.22 (E), 167.78 (Z), 165.99 (E), 165.21 (Z),
152.07 (E), 150.99 (Z), 140.32 (Z), 139.71 (E), 133.45 (Z), 133.19 (E), 129.41 (E), 128.78 (E),
128.19 (2), 124.69 (2), 124.41 (E), 123.67 (E), 122.71 (2), 122.36 (Z), 121.45 (E), 80.45 (E),
80.00 (2), 67.23 (Z), 67.03 (2), 52.49 (E), 52.42 (E), 52.32 (2), 51.96 (Z), 28.24 (E), 27.77 (Z).
HRMS (ESI) Calcd for C9H,sNOs [M+H]* 348.1805; Found 348.1805. GC-MS (EIL, 70 eV) m/z
= 348([M + H]+, 6), 347([M]+ , 25), 291(37), 274(20), 260(13), 246(100), 232(37), 214(47),

202(37), 188(85), 170(14), 156(37), 144(19), 129(28).
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methyl (E)-2-(2-cyanovinyl)-3-morpholinobenzoate 4ae

Yield 68%; white solid; mp: 105.3-105.4 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc¢ = 2:1 (v/v). 'H NMR (400 MHz, CDCls) 8 7.73-7.67
(m, 2H), 7.42 (t,J = 8.0 Hz, 1H), 7.32 (d, /= 8.0 Hz, 1H), 5.61 (d, /= 11.6 Hz, 1H), 3.89 (s, 3H),
3.81 (t, J = 4.4 Hz, 4H), 2.94 (t, J = 4.4 Hz, 4H). >*C NMR (100 MHz, CDCl;) & 167.03, 151.99,
147.59, 130.50, 129.96, 125.46, 123.84, 122.99, 116.63, 100.21, 67.08, 52.42, 52.14. HRMS (ESI)
Calcd for C5H gN,O5; [M+H]* 273.1234; Found 273.1234. GC-MS (EI, 70 eV) m/z = 273([M +
H]+ , 17), 272([M]+ , 100), 241(44), 213(33), 200(72), 187(88), 182(33), 154(57), 128(33),

101(25), 91(11).

N
(_o
diethyl (E)-2-(3-(2-(methoxycarbonyl)-6-morpholinophenyl)allyl)malonate 4af

Yield 65%; white solid; mp: 94.1-94.3 °C; E/Z isomer > 99:1; purified by silica gel on column
chromatography with petroleum ether/EtOAc = 1:1 (v/v). 'H NMR (400 MHz, CDCls) § 7.27-7.20
(m, 2H), 7.09 (dd, /= 7.6, 1.6 Hz, 1H), 6.78 (d, /= 16.0 Hz, 1H), 5.91-5.83 (m, 1H), 4.26-4.15 (m,
4H), 3.84 (s, 3H), 3.81 (t, J=4.4 Hz, 4H), 3.44 (t, /= 7.6 Hz, 1H), 2.92 (t, /= 4.4 Hz, 4H), 2.82-
2.78 (m, 2H), 1.27 (t, J = 7.2 Hz, 6H). 3C NMR (100 MHz, CDCl;) § 170.17, 168.82, 151.21,
133.29, 131.02, 129.93, 128.52, 127.76, 123.22, 120.90, 67.25, 61.53, 52.22, 52.14, 51.75, 32.76,
14.09. HRMS (ESI) Caled for Cy,HyoNO7 [M+H]* 420.2017; Found 420.2017. GC-MS (EI, 70 eV)
m/z = 421([M + H]+, 3), 420([M]+ , 17), 419(67), 404(7), 388(14), 374(21), 362(16), 346(18),
328(9), 268(23), 260(17), 246(54), 228(100), 214(45), 202(98), 188(100), 169(55), 156(41),

144(29), 128(38).
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methyl-3-morpholino-2-styrylbenzoate 4ag

Yield 62%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCl;) § 7.50-7.42 (m, 3H, E), 7.36 (t,
J=72Hz, 2H, E), 7.33-7.25 (m, 3H, E), 7.14 (dd, J= 7.6, 2.0 Hz, 1H, E), 6.88 (d, J = 16.8 Hz,
1H, E), 6.58 (d, J=12.4 Hz, 1H, Z), 3.83-3.79 (m, 7H, E), 3.65 (s, 3H, Z2), 2.98 (t, /= 4.4 Hz, 4H,
E). 3C NMR (100 MHz, CDCl3) 8 170.31 (E), 151.54 (E), 137.67 (E), 132.98 (E), 132.76 (E),
132.31 (2), 131.33 (E), 129.96 (2), 128.82 (E), 128.17 (2), 127.99 (2), 127.90 (E), 127.81 (E),
127.05 (2), 126.39 (E), 124.59 (E), 124.28 (2), 123.57 (E), 122.23 (Z), 121.06 (E), 67.31 (E),
67.02 (2), 52.37 (E), 52.30 (E) ,52.00 (2), 51.93 (Z). HRMS (ESI) Caled for C,0H,NO; [M+H]*
324.1594; Found 324.1593. GC-MS (EIL, 70 eV) m/z = 324([M + H]+ , 22), 323([M]+ , 100),

308(10), 292(50), 264(58), 250(17), 232(51), 204(34), 188(14), 178(11), 146(9), 117(20), 102(22).
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(_o
methyl-2-(4-methylstyryl)-3-morpholinobenzoate 4ah
Yield 68%; yellow oil; E/Z isomer 2:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 10:1 (v/v). "H NMR (400 MHz, CDCls) § 7.37-7.28 (m, 4H, E+Z), 7.24
-7.15 (m, 7H, E+Z), 7.10-6.99 (m, SH, E+Z), 6.77 (d, J = 16.8 Hz, 2H, E+Z), 3.73-3.71 (m, 14H,
E+Z7),2.90-2.87 (m, 8H, E+Z), 2.28 (d, J = 8.0 Hz, 6H, E+Z). 13C NMR (100 MHz, CDCl; E+Z)
6 170.41, 170.33, 151.52, 151.48, 138.37, 137.74, 137.64, 134.93, 133.00, 132.98, 132.90, 132.69,
131.43, 131.39, 129.52, 128.71, 128.64, 127.83, 127.73, 127.24, 126.32, 124.37, 123.57, 123.53,
123.51, 123.43, 121.00, 120.96, 67.31, 52.36, 52.33, 52.28, 52.27, 21.51, 21.29. HRMS (ESI)
Caled for C,Hy;3NO; [M+H]* 338.1751; Found 338.1751. GC-MS (El, 70 eV) m/z = 338([M +
H]+ , 24), 337([M]+ , 100), 322(8), 306(42), 278(54), 264(26), 246(32), 219(26), 200(27),

188(12), 115(10), 105(33).
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methyl (E)-2-(4-chlorostyryl)-3-morpholinobenzoate 4ai
Yield 73%; yellow oil; E/Z isomer 98:2; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl;) 8 7.50 (dd, J = 7.6, 0.8 Hz, 1H,
Z), 7.44-7.40 (m, 3H, E), 7.35-7.25 (m, 4H, E), 7.15 (dd, /= 8.0, 1.2 Hz, 1H, E), 7.10-7.05 (m, 4H,
7), 6.88-6.83 (m, 1H, E), 6.52 (d, J=12.0 Hz, 1H, Z), 3.82-3.77 (m, 7H, E), 3.70 (s, 3H, Z), 2.97
(t, J=4.4 Hz, 4H, E). 3C NMR (100 MHz, CDCI3) & 170.02 (E), 168.11 (Z), 151.60 (E), 151.51
(2), 136.23 (Z), 136.18 (E), 133.40 (E), 132.83 (E), 132.57 (2), 132.47 (Z), 131.41 (E), 131.16 (E),
129.39 (2), 128.99 (F), 128.49 (2), 128.24 (2), 128.07 (E), 127.53 (E), 127.18 (Z), 125.30 (E),
124.44 (Z), 123.73 (E), 122.39 (Z), 121.24 (E), 67.27 (E), 67.00 (2), 52.36 (E), 52.31 (E), 52.07
(2), 51.94(Z). HRMS (ESI) Caled for C,0H,0CINO3; [M+H]" 358.1204; Found 358.1204. GC-MS
(EIL, 70 eV) m/z = 358([M + H]+ , 24), 357([M]+ , 100), 342(11), 326(56), 298(63), 284(22),

266(48), 239(41), 232(18), 200(57), 188(24), 176(28), 127(23), 125(60), 102(42).
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methyl (E)-3-morpholino-2-(2-(naphthalen-2-yl)vinyl)benzoate 4aj

Yield 78%; yellow oil; E/Z isomer > 99:1; purified by silica gel on column chromatography with
petroleum ether/EtOAc = 5:1 (v/v). 'H NMR (400 MHz, CDCl;) 8 7.86-7.74 (m, 5H), 7.57 (d, J =
16.8 Hz, 1H), 7.50-7.42 (m, 2H), 7.36-7.27 (m, 2H), 7.15 (dd, J = 7.6, 1.2 Hz, 1H), 7.06 (d, J =
16.4 Hz, 1H), 3.84-3.80 (m, 7H), 3.00 (t, J = 4.4 Hz, 4H). 3C NMR (100 MHz, CDCl;) 8 170.38,
151.61, 135.18, 133.74, 133.16, 132.99, 132.89, 131.39, 128.55, 128.09, 127.97, 127.78, 126.67,
126.48, 126.09, 125.01, 123.66, 123.20, 121.13, 67.35, 52.44, 52.34. HRMS (ESI) Calcd for
Cy4H3NO5 [M+H]* 374.1751; Found 374.1751. GC-MS (EI, 70 eV) m/z = 374(IM + H]+, 27),

373(IM]+, 100), 358(11), 342(36), 328(7), 314(50), 300(17), 282(39), 254(51), 226(19), 200(46),
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188(16), 141(61), 127(45), 113(21).
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methyl (E)-3-morpholino-2-(oct-1-en-1-yl)-benzoate 4ak
Yield 58%; colorless oil; E/Z isomer > 99:1; purified by silica gel on column chromatogr
aphy with petroleum ether/EtOAc = 10:1 (v/v). 'H NMR (400 MHz, CDCls) & 7.19-7.11 (
m, 2H), 7.00 (dd, J = 7.2, 1.6 Hz, 1H), 6.58-6.54 (m, 1H), 5.85-5.78 (m, 1H), 3.75-3.72
(m, 7H), 2.87 (t, J = 4.4 Hz, 4H), 2.15-2.09 (m, 2H), 1.38-1.33 (m, 2H), 1.28-1.20 (m, 6
H), 0.84-0.80 (m, 3H). 3C NMR (100 MHz, CDCl;) & 169.62, 149.94, 134.36, 132.28, 13
0.84, 126.24, 124.48, 122.03, 119.64, 66.20, 51.07, 51.03, 32.66, 30.76, 28.30, 27.98, 21.6
4, 13.09. HRMS (ESI) Calcd for CyHpoNO; [M+H]" 332.2220; Found 332.2220. GC-MS (
EL, 70 eV) m/z = 332 (M + H]+ , 16), 331 ([M]+ , 56), 316 ([M - CH3]+, 9), 300(41),
286(11), 274(8), 246(20), 216(28), 200(30), 188(100), 170(11), 144(27), 115(14).

_0._0

=

N

(o
methyl (E£)-3-morpholino-2-(oct-2-en-1-yl)benzoate 4ak
purified by silica gel on column chromatography with petroleum ether/EtOAc = 10:1 (v/v). 1H
NMR (400 MHz, CDCls) & 7.56-7.50 (m, 1H), 7.37-7.12 (m, 2H), 5.70-5.33 (m, 2H), 3.85-3.83
(m, 9H), 2.88-2.86 (m, 4H), 1.36-1.20 (m, 6H), 0.89 — 0.84 (m, 3H). 13C NMR (100 MHz, CDCl;)
5 168.94, 152.28, 137.47, 132.62, 131.21, 129.16, 126.65, 126.07, 124.24, 77.37, 77.05, 76.74,
67.44, 53.38, 52.02, 32.60, 31.43, 30.49, 29.28, 22.54, 14.07. HRMS (ESI) Calcd for C;0H,9NO;
[M+H]* 332.2220; Found 332.2221. GC-MS (EL 70 eV) m/z = 332 (IM + H]+, 14), 331 ((M]+,
58), 316 (M - CH3]+, 6), 300(37), 274(33), 246(37), 216(32), 203(46), 188(100), 175(29),

144(50), 130(24), 115(19).
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N N
(E)-3-(2,6-dimorpholinophenyl)-N,N-dimethylacrylamide 4al

Yield 33%; yellow solid; mp: 173.3-173.5 °C; purified by silica gel on column chromatography
with petroleum ether/EtOAc = 2:1 (v/v). 'H NMR (400 MHz, DMSO) 6 7.88 (d, J = 15.6 Hz, 1H),
7.68 (d, J=16.0 Hz, 1H), 7.29 (t, J= 8.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 2H), 3.75-3.68 (m, 8H), 3.16 (s,
3H), 2.95 (s, 3H), 2.86-2.80 (m, 8H). 3C NMR (100 MHz, DMSO) & 166.94, 153.81, 136.73, 130.60,
122.94, 119.78, 115.10, 66.96, 52.99, 37.37, 35.84. HRMS (ESI) Calcd for C;oH,;N305 [M+H]*

346.2125; Found 346.2112.
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5.1H, 13C NMR, GC, GC-MS and HRMS of 4y spectra
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"H NMR Spectrum of 1b
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"H NMR Spectrum of 1d
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"H NMR Spectrum of 1e
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'"H NMR Spectrum of 1f
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'"H NMR Spectrum of 1h
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'"H NMR Spectrum of 1i
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'"H NMR Spectrum of 1j
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'"H NMR Spectrum of 1k
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"H NMR Spectrum of 11
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'"H NMR Spectrum of 1m

0000~

L5E°L
29¢°L
89¢" Ly
08e Ly
98¢ L
86¢L-
Oey'L
0ep' L]
v L
rpL
oSy

Foo's

1.0 05 0.0 0.5 -10

15

20

25

35

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0
1 (ppm)

8.5

9.5

3C NMR Spectrum of 1m

8.9
0l .C.W
v Ll

SL9°Ebhy
L9g'9Ll 4|
ev0 0z 4y
151221
0eZ €Zhy
z8e'8Zly

G9g mNJ,f
109'8Z1-¢
KO BZL
syr ezl
v zel
0995817

006'9rl—

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S54

160



'"H NMR Spectrum of 1n
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"H NMR Spectrum of 10
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"H NMR Spectrum of 2a
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"H NMR Spectrum of 2b
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"H NMR Spectrum of 2¢
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"H NMR Spectrum of 2d
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"H NMR Spectrum of 2e
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'"H NMR Spectrum of 2f
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'"H NMR Spectrum of 2g
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'"H NMR Spectrum of 2h
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'"H NMR Spectrum of N1°
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'"H NMR Spectrum of N2
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"H NMR Spectrum of 4a
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"H NMR Spectrum of 4b
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"H NMR Spectrum of 4¢
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"H NMR Spectrum of 4f
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'H NMR Spectrum of 4g
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"H NMR Spectrum of 4h
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"H NMR Spectrum of 4i
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'"H NMR Spectrum of 4j
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"H NMR Spectrum of 4k
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"H NMR Spectrum of 41
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"H NMR Spectrum of 4n
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'"H NMR Spectrum of 4q
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"H NMR Spectrum of 4r
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"H NMR Spectrum of 4s
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"H NMR Spectrum of 4t
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"H NMR Spectrum of 4u
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"H NMR Spectrum of 4v
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"H NMR Spectrum of 4w
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"H NMR Spectrum of 4x
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'H NMR Spectrum of 4y
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"H NMR Spectrum of 4z
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"H NMR Spectrum of 4aa
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"H NMR Spectrum of 4ab
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"H NMR Spectrum of 4ac
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"H NMR Spectrum of 4ad

0000-—

vee L —
LeS 'L —

96T
nmm.w\
SizeRA

phe ey
Bla'e

mNm.mwv
988
sg'e!

0L 5
765
28’9~
e,
§51°L9
FaldL
bAL'L
el
zum..\.w.
Lee'L

926" L~
196'L7
o

CHgy

i.

=6L0
=806

=iy

=500
=001

=00'L

0.0 05

0.5

15

8.0 75 70 6.5 60 55 50 45 35 3.0 25 20
1 (ppm)

8.5

3C NMR Spectrum of 4ad

89L'iZ~
652827

956'LS
qwm.wmw
m:w.wml‘\
6P S

LED'LO
mmw.nmv
Z6L°9L
o_‘:.h\
8zy Ll
moo.omw\w
Zspoe

850121
ozl
500221
19521
e
169 HT1
g8)'821
28.62) >
L0v'621,
B8l 'EEL
£SPEEl
ZLIBEL
rZEObl
98505~
7075

90Z'581

766 mwT/p
9LL \.m;%
wezegl’ Q

”
=
O —0

10

20

170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

180

5103
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"H NMR Spectrum of 4af
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"H NMR Spectrum of 4ah
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"H NMR Spectrum of 4ai
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"H NMR Spectrum of 4aj
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"H NMR Spectrum of 4ak
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"H NMR Spectrum of 4ak
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"H NMR Spectrum of 4al
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GC data diagram of 4a product, f=1.46
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GC data diagram of entry 3
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GC data diagram of entry 7
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GC data diagram of entry 30
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GC data diagram of entry 31
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