Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2019

A formal (5+1) annulation reaction from heterodimerization of two different

iIsocyanides: stereoselective synthesis of 2H-benzo[b][1,4]oxazin-2-one

Shikuan Su,*® Jie Hu,? Yongmei Cui,* Chongrong Tang,? Yali Chen,**® and Jian Li**

% School of Materials Science and Engineering, Shanghai University, 99 Shangda Road, Shanghai 200444, P. R. China

b Department of Chemistry, Center for Supramolecular Chemistry and Catalysis, College of Sciences & Institute for
Sustainable Energy, Shanghai University, 99 Shangda Road, Shanghai 200444, P. R. China

E-mail: ylchen@shu.edu.cn and lijian@shu.edu.cn

Supporting Information

Table of Contents

1 General Information

2  Synthetic Procedures
3 Optimization of Reaction Conditions

4  Control Experiments and Mechanistic Studies
5 Characterization Data
Spectroscopic Data of All Compounds

6 'HNMR and **C NMR Spectra of All Compounds

S2

S2
S6
S8

S15

S15

S25


mailto:ylchen@shu.edu.cn
mailto:lijian@shu.edu.cn

1 General Information

The NMR spectra were recorded on Bruker AC — 500 spectrometer (500 MHz for *H NMR and 125 MHz
for 3C NMR) with CDCl; as the solvent and TMS as internal reference. *H NMR spectral data were
reported as follows: chemical shift (5, ppm), multiplicity, integration, and coupling constant (Hz). **C
NMR spectral data were reported in terms of the chemical shift. The following abbreviations were used to
indicate multiplicities: s = singlet; d = doublet; t = triplet; g = quartet; m = multiplet. Low-resolution mass
spectra were obtained on a Shimadzu LCMS-2010EV spectrometer in ESI mode and reported as m/z.
High-resolution mass spectra (HRMS) were recorded on a Bruker Daltonics, Inc. APEXIII 7.0 TESLA
FTMS instrument. Melting points were obtained on a X-4 digital melting point apparatus without
correction. Chemical yields referred to pure isolated product. Purification of products was accomplished
by column chromatography packed with silica gel. Unless otherwise stated, anhydrous solvents were used

in all cases.

2 Synthetic Procedures

2.1 Representative procedure for the preparation of substrates 1

OH _
©i =-COMe @EO\/\COZMG HCOOH, Ac,0
NH, n-hexane, Et,0O, 0°C

NMP, CH3CN, 0°C-rt NH,

o
@[ \/\cone POCI;, EtzN @EOV/\CmMe
NHCHO THF, 0°C NC

Step 1: In a 100 mL round-bottom flask, a mixture of 2-aminophenol (20 mmol, 1 equiv) propiolate

(24 mmol, 1.2 equiv.) was dissolved in acetonitrile (60 mL) and was cooled to 0 <C. Then N-
methylmorpholine (1.2 mmol, 0.06 equiv.) was added into the reaction mixture. The reaction mixture was
allowed to warmed to room temperature and stirred for 12 h. After the solvent was removed, the crude
product was purified by column chromatography to afforded (E)-methyl 3-(2-aminophenoxy)acrylate
(3.32 g, 86%) as a yellow liquid.*

Step 2: Acetyl formyl anhydride (prepared by stirring 2.0 equiv of acetic anhydride and 2.0 equiv of

formic acid for 2 h at 55 <C) was added dropwise to a solution of (E)-methyl 3-(2-aminophenoxy)



acrylate (3.32 g, 17.2 mmol, 1.0 equiv) in Et,0 at 0 T, and the mixture was stirred for 0.5 hat 0 <C, and
then filtered to give (E)-methyl 3-(2-formamidophenoxy)acrylate (3.42 g, 90%) as a white solid.

Step 3: A solution of (E)-methyl 3-(2-formamidophenoxy)acrylate (3.42 g, 15.48 mmol, 1.0 equiv)
and NEt; (69.66 mmol, 4.5 equiv) in THF (100 mL) was cooled at 0<C, then POCI; (23.22 mmol, 1.5
equiv) was added dropwise. After the reaction was completed, a saturated Na,CO3 aqueous solution was
added at 0 <C and the mixture was extracted with EA (3 <100 mL). The combined organic phases were
dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was subjected to column
chromatography on neutral Al,O3 to give (E)-methyl 3-(2-isocyanophenoxy)acrylate (1a, 2.60 g, 83%) as

a white solid.*®

2.2 General procedure for the preparation of substrates 6
OH (@)
@[ R )S(o\/ EtOH @Of NBS, AIBN, CCl, @[O ©
NH, o) reflux N7 80°C B NX
A B Br
PPhs, toluene Oioﬁ K,CO43 _ @[O o
N DCM, rt N/jil
5

Cc

reflux PPh,Br

D CO,Et

Setp 1: To a 250 mL round-bottomed flask equipped with a magnetic stir bar was added 100 ml
absolute ethyl alcohol, active Molecular sieves type 4A, A (2.40 g, 22.0 mmol, 1.1 eq) and ethyl pyruvate
(2.32 g, 20.0 mmol, 1.0 eq), the reaction mixture was stirred at 110 <C for 12 h. After cooling to room
temperature, the mixture was filtered and concentrated under vacuum, purified by flash silica gel column
chromatography (petroleum ether : ethyl acetate = 5:1) to afford the desired product B as a yellow solid
(2.58 g, 80% vyield).*

Setp 2: To a 250 mL round-bottomed flask equipped with a magnetic stir bar was added B (2.58 g,
16.0 mmol, 1.0 eq), CCl, (100 mL), bromosuccinimide (2.85 g, 16.0 mmol, 1.0 eq) and AIBN ((0.50 g,
4.8 mmol)). The reaction mixture was stirred at 80 °C for 24 h. After cooling to room temperature, H,O
(100 mL) and dichloromethane (50 mL) were added to the mixture, and the layers were separated. The

aqueous layer was extracted with dichloromethane (2 x 50 mL). The combined organic layers were



washed with brine and dried over anhydrous Na,SO,. The solvent was removed under reduced pressure,
and the residue was purified by silica gel column chromatography (petroleum ether: ethyl acetate = 5:1)
to give 3-(bromomethyl)-2H-benzol[b] [1, 4] oxazin-2-one C as a yellow solid.

Setp 3: To a solution of above yellow solid was added toluene (60 mL) and triphenylphosphine (4.19 g,
16.0 mmol, 1.0eq). Thereaction mixture was stirred at 110 °C for 12h. After cooling to room temperature,
the precipiate was isolated by filtration, washed with pentane to afford D as a brown solid (4.02 g, 50%
yield for two steps).

Setp 4: A mixture of D (0.53 g, 1.05 mmol), ethyl glyoxalate (1.0 mmol, 50% in toluene) and
potassium carbonate (0.15 g, 1.05 mmol) in 10 mL DCM was stirred at room temperature for 0.5 h. The
water (20 mL) was added to the reaction mixture, and extracted with dichloromethane (3 x 20 mL). The
combined organic layers were dried over anhydrous Na,SO,, filtered, concentrated, and purified by
column chromatography (petroleum ether: ethyl acetate = 10:1) to give the desired products 5 as a yellow

solid (0.14 g, 57% vyield).”

e 5:142 mg, 57% vield, yellow solid: m.p. 85-87°C. *H NMR (500 MHz, CDCls): &
E:[NIL (ppm) = 7.82 (d, J = 16.0 Hz, 1H), 7.79 (dd, J = 8.0, 1.5 Hz, 1H), 7.56-7.53 (m,
CO,Et 1H), 7.39 (td, J = 8.0, 1.5 Hz, 1H), 7.34-7.29 (m, 2H), 4.29 (g, J = 7.0 Hz, 2H),

1.34 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCls): & (ppm) = 165.9, 152.3, 148.1, 146.5, 136.5, 132.6,
131.8, 130.1, 129.5, 126.1, 116.6, 61.3, 14.3. HRMS (ESI): calcd. for C13H;:NO4 [M+H]+: 246.0761,

found: 246.0780.



'H NMR (500 MHz, CDCls) for 5
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2.3 General Procedure for the Formation of Product 3 or 4.

Under air atmosphere, a flask equipped with a magnetic stir bar and reflux condenser was charged
with 2-isocyanophenyloxyacrylate 1 (0.3 mmol, 1.0 eq), isocyanide 2 (0.6 mmol, 2.0 eq) and H,O (0.6
mmol, 2.0 eq) in DMA (3.0 mL), the resulting solution was heated at 130 <C for 12 hours. After the
completion of the reaction, H,O (20 mL) was added, exterted by EA (3>20 mL). The combined organic
layer wad dried over anhydrous Na,SO,, concentrated under reduced pressure to afford the crude product
which was purified by flash silica gel column chromatography using a gradient of ethyl acetate:

petroleum ether to afford the corresponding products 3 or 4.
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3. Optimization of Reaction Conditions

O. C//O
0 \ X
©i \/\COZMe . NC solvent, temperature _ N/)\JEH

o
NC Ha t-BuHN" >CO,Me

1a 2a 3a

(1) Screening the solvent and temperature

Entry Solvent Temp (°C) Yield (%)™
1 Toluene 100 8
2 1,4-dioxane 100 15
3 DME 100 13
4 Diglyme 100 6
5 DMSO 100 0
6 DMF 100 31
7 DMA 100 42
8 DMA 120 49
9 DMA 130 71
10 DMA 140 59
11 DMA 80 trace
12! DMA 130 14
134 DMA 130 trace

[a] All reactions were carried out with 0.3 mmol of 2-isocyanophenyloxyacrylate 1a, 0.6 mmol tert-butyl isocyanide 2a, and 0.6
mmol H,0 in 3 mL solvent. [b] Yields of product after silica gel chromatography. [c] Under N, atmosphere. [d] No extra H,O was
added.

O\C//O
0o >
\/\COZMe . NC catalyst - ©: ~ H
H,0 (2.0 eq) N
NC DMA, 130°C t-BuHN" >CO,Me
1a 2a 3a

(2) Screening the catalyst

Entry catalyst eq Yield (%)
1 Sc(OTf)3 0.1 -
2 Cu(OTf), 0.1 -

3 Y(OTf)3 0.1 trace



4 La(OTf)3 0.1 -

5 Yb(OTfys 0.1 -

6 Bi(OTf)s 0.1 -

7 AgNO; 0.1 trace
8 AgOAcC 0.1 12
9 Ag,CO3 0.1 23
10 Zn(OACc), 0.1 -
11 H,0, 1.0 trace
12 DDQ 0.1 -
13 PA(TFA), 0.1 18
14 InCl; 0.1 trace
15 K>PtClg 0.1 trace
16 Mn(acac), 0.1 trace
17 Ni(acac), 0.1 -
18 HCOOH 0.3 35
19 AcOH 0.3 41
20 TsOH-H,O 0.3 -

[a] All reactions were carried out with 0.3 mmol of 2-isocyanophenyloxyacrylate 1a, 0.6 mmol tert-butyl isocyanide 2a, and 0.6
mmol H2O in 3 mL DMA. [b] Yields of product after silica gel chromatography.

4 Control Experiments and Mechanistic Studies

4.1 Reactions with activated methylene isocyanides

0
> co,Me ,—Nc _DMA
: Tos tandard
NC Standa

conditons CO,Me
1a 2u
ND
,—NC  DmA

1a + EtO,C _—

standard

2v conditons
Et0,Cc~ > CO;Me

Under air atmosphere, a flask equipped with a magnetic stir bar and reflux condenser was charged
with 2-isocyanophenyloxyacrylate 1a (0.3 mmol, 1.0 eq), isocyanide 2u (2v) (0.6 mmol, 2.0 eq) and H,O
(0.6 mmol, 2.0 eq) in DMA (3.0 mL), the resulting solution was heated at 130 <C for 12 hours. After the



completion of the reaction, H,O (20 mL) was added, exterted by EA (3>20 mL). In such cases, no desired

products 3 or 4 were detected.

4.2 Reactions to verify the possible intermediate

DMA |
CO Et
2 !

Under air atmosphere, a sealed tube with a magnetic stir bar was charged with (E)-ethyl 3-(2-oxo-
2H-benzo[b][1,4]oxazin-3-yl)acrylate 5 (0.3 mmol, 1.0 eq) and tert-butylamine 6 (0.6 mmol, 2.0 eq) in
DMA (1.5 mL), the resulting solution was heated at 130 <C for 12 hours. After the completion of the
reaction, H,O (20 mL) was added, extracted by EA (3>20 mL). The combined organic layer wad dried
over anhydrous Na,SOg4, concentrated under reduced pressure to afford the crude product which was
purified by flash silica gel column chromatography using a gradient of ethyl acetate: petroleum ether to

afford the product 3n as a yellow solid (48 mg, 51% yield).

4.3 Isotope reaction to find out the real oxygen source

o~ DMA
\/\COZMG . NG _ovR
; H,'%0
NC

t-BuN” ~CO,Me
1a 2a [0"8]-3a

Under air atmosphere, sealed tube with a magnetic stir bar was charged with 2-
isocyanophenyloxyacrylate 1a (0.3 mmol, 1.0 eq), isocyanide 2a (0.6 mmol, 2.0 eq) and H.O (0.6
mmol, 2.0 eq) in DMA (1.5 mL), the resulting solution was heated at 130 <C for 12 hours. After the
completion of the reaction, H,O (20 mL) was added, exterted by EA (3>x20 mL). The combined organic

layer wad dried over anhydrous Na,SO,, concentrated under reduced pressure to afford the crude product



which was purified by flash silica gel column chromatography using a gradient of ethyl acetate:

petroleum ether to afford the corresponding products [*°O]- 3a (62 mg, 68% vyield).

0.0 ([**0]-3a): 62 mg, 68% vield, yellow solid: m.p. 143-145 °C. *H NMR (500 MHz,
@EN/ H CDCl3): & (ppm) = 10.99 (brs, 1H), 7.43-7.40 (m, 1H), 7.27-7.21 (m, 2H), 7.20-
HIN I o 7.17 (m, 1H), 6.05 (s, 1H), 3.89 (s, 3H), 1.47 (s, 9H). *C NMR (125 MHz, CDCly):
/‘\ 8 (ppm) = 165.5, 154.24, 154.21, 150.5, 150.0, 144.9, 131.9, 127.4, 125.9, 125.4,

116.5, 91.2, 54.5, 52.9, 30.7. HRMS (ESI): calcd. for CisH1oN,03*0 [M+H]" 305.1387, Found:

305.1392.
o %o
@ /C H Chemical Formula: C4gH4gN,03'80
N | [M+H]+
HN O\ Calcd: 305.1387
4\ Found: 305.1392
(@]
['®0)-3a
Intens.q MS, 1.0 252
il 05: * i
207 305.1392
15]
03 3031349
-:r_sg 306.1404
] 3“',:334 \ 307.1397
-:r_o: C16H18*M2*18003, M+nH ,305.14
2500
20001 3051382
15001
1000]
500 306.1415
o l 307.1449
302 ' 304 06 308 310 miz
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4.4 Isotope reaction to find out the real hydrogen source

o
0,
O~ D,0 NP -D (41% D)
COMe | %NC > |
DMA, 130°C O
o)

1a 2a [D]-3a

Under air atmosphere, sealed tube with a magnetic stir bar was charged with 2-
isocyanophenyloxyacrylate 1a (0.3 mmol, 1.0 eq), isocyanide 2a (0.6 mmol, 2.0 eq) and D,O (0.6 mmol,
2.0 eq) in DMA (1.5 mL), the resulting solution was heated at 130 <C for 12 hours. After the completion
of the reaction, H,O (20 mL) was added, exterted by EA (3>%20 mL). The combined organic layer wad
dried over anhydrous Na,SO, concentrated under reduced pressure to afford the crude product which was
purified by flash silica gel column chromatography using a gradient of ethyl acetate: petroleum ether to

afford the corresponding products [D]-3a (64 mg, 70% yield).

C/

NG ’ D (41%D)  MHz, CDCI3): § (ppm) = 11.00 (brs, 1H), 7.44-7.41 (m, 1H), 7.27-7.23 (m,

O
j\ I > 2H), 7.21-7.18 (m, 1H), 6.06 (s, 0.59H), 3.89 (s, 3H), 1.47 (s, 9H). *C NMR

©:o\ e ([D]-3a): 64 mg, 70% vyield, yellow solid: m.p. 144-146°C. *H NMR (500

(125 MHz, CDCls): & (ppm) = 165.5, 154.2, 150.53, 150.48, 149.95, 149.87,
131.9, 127.4, 125.9, 125.4, 116.5, 91.2, 54.4, 52.9, 30.7. HRMS (ESI): calcd. for C16H1sDN,O4 [M+H]*

304.1408, Found: 304.1393.

0. .0
©i c Chemical Formula: C4gH17DN504
N [M+H]+
| o Calcd: 304.1408
HN ~ Found: 304.1393

12
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4.5 Reaction with radical radical scavenger TEMPO

0. TEMPO
ST (4 equiv)
©i coMe %NC — 3a, 67% yield
NC DMA
1a 2a

Under air atmosphere, sealed tube with a magnetic stir bar was charged with 2-
isocyanophenyloxyacrylate 1a (0.3 mmol, 1.0 eq), isocyanide 2a (0.6 mmol, 2.0 eq), TEMPO (4.0 equiv.),
and H,O (0.6 mmol, 2.0 eq) in DMA (1.5 mL), the resulting solution was heated at 130 <C for 12 hours.
After the completion of the reaction, H,O (20 mL) was added, exterted by EA (3>20 mL). The combined
organic layer wad dried over anhydrous Na,SO,4 concentrated under reduced pressure to afford the crude
product which was purified by flash silica gel column chromatography using a gradient of ethyl acetate:

petroleum ether to afford the corresponding product 3a.

14



4.6 Reaction under the inert atmosphere

o @
2 2

NC
t-BuN” >CO,Me

1a 2a 3a, trace

A sealed Schlenk tube was charged with 2-isocyanophenyloxyacrylate 1a (0.3 mmol, 1.0 eq),
isocyanide 2a (0.6 mmol, 2.0 eq) and H,O (0.6 mmol, 2.0 eq) in DMA (1.5 mL), the vial was charged
with nitrogen and was heated at 130 <C for 12 hours. The progress of the reaction was monitored by TLC.
After the completion of the reaction, H,O (20 mL) was added, exterted by EA (3>20 mL). The combined
organic layer wad dried over anhydrous Na,SO,, concentrated under reduced pressure to afford the crude
product which was purified by flash silica gel column chromatography using a gradient of ethyl acetate:

petroleum ether to afford the corresponding products.

15



5 Characterization Data

0. _0 (3a): 66 mg, 73% vyield, yellow solid: m.p. 137-139 °C. 'H NMR (500 MHz,
QN/ | H CDCls): & (ppm) = 10.99 (brs, 1H), 7.42-7.40 (m, 1H), 7.25-7.22 (m, 2H), 7.19-
j\ I o 7.17 (m, 1H), 6.05 (s, 1H), 3.89 (s, 3H), 1.47 (s, 9H). *C NMR (125 MHz, CDCly):

o (ppm) = 165.5, 154.2, 150.5, 150.0, 144.9, 131.9, 127.4, 125.9, 1254, 116.5,

91.2, 54.5,52.9, 30.7. HRMS (ESI): calcd. for C16H19N204 [M+H]" 303.1345, Found: 303.1341.

o. _O (3b): 63 mg, 62% yield, yellow solid: m.p. 140-141 °C. *H NMR (500 MHz,
C|/©N/ | H CDCl3): & (ppm) = 11.03 (brs, 1H), 7.35 (d, J = 2.5 Hz, 1H), 7.18 (dd, J = 9.0,
iT\ I oS 2.5 Hz, 1H), 7.11 (d, J = 9.0 Hz, 1H), 6.02 (s, 1H), 3.90 (s, 3H), 1.48 (s, 9H).

3¢ NMR (125 MHz, CDCI3): & (ppm) = 165.2, 153.8, 151.0, 151.0, 143.5,

132.7, 130.3, 126.8, 125.2, 117.5, 90.9, 54.8, 53.1, 30.6. HRMS (ESI): calcd. for C16H1sCIN,O,4 [M+H]*

337.0955, Found: 337.0951.

0. _0 (3c): 73 mg, 64% yield, yellow solid: m.p. 139-140 °C. *H NMR (500 MHz,
Br@[,( | H CDCly): & (ppm) = 11.02 (brs, 1H), 7.50 (d, J = 2.5 Hz, 1H), 7.32 (dd, J = 9.0,
j\ I o 2.5 Hz, 1H), 7.05 (d, J = 8.5 Hz, 1H), 6.02 (s, 1H), 3.90 (s, 3H), 1.48 (s, 9H).

3C NMR (125 MHz, CDCI3): & (ppm) = 165.2, 153.8, 151.0, 151.0, 144.0,

133.1, 129.7, 128.2, 117.9, 117.7, 90.9, 54.8, 53.1, 30.7. HRMS (ESI): calcd. for C15H1sBrN;0, [M+H]*

381.0450, Found: 381.0439.

o. _O (3d): 68 mg, 72% yield, yellow solid: m.p. 150-151 °C. *H NMR (500 MHz,
/C[N/ H CDCls): & (ppm) = 10.93 (brs, 1H), 7.20 (s, 1H), 7.08-7.04 (m, 2H), 6.06 (s, 1H),
j\ I o 3.89 (s, 3H), 2.39 (s, 3H), 1.47 (s, 9H). *C NMR (125 MHz, CDCI3): & (ppm) =

165.6, 154.5, 150.5, 149.8, 142.9, 135.2, 131.6, 128.4, 125.9, 116.1, 91.4, 54.4,

52.9, 30.8, 21.0. HRMS (ESI): calcd. for C17H»:N,0, [M+H]* 317.1501, Found: 317.1502.

16



(3e): 66 mg, 66% vyield, yellow solid: m.p. 161-162 °C. *H NMR (500 MHz,

o__0O
Meo@,( ’ H CDCls): § (ppm) = 10.98 (brs, 1H), 7.12 (d, J = 8.5 Hz, 1H), 6.89 (d, J = 2.5

O
HN > Hz, 2H), 6.84 (dd, J = 9.0, 3.0 Hz, 1H), 6.07 (s, 3H), 3.89 (s, 3H), 3.85 (s,

4\0

150.5, 149.8, 142.9, 135.2, 131.6, 128.4, 125.9, 116.1, 91.4, 54.4, 52.9, 30.8, 21.0. HRMS (ESI): calcd.

3H), 1.47 (s, 9H). *C NMR (125 MHz, CDCI3): § (ppm) = 165.6, 154.5,
for C17H,1N,Os [M+H]+3331450, Found: 333.1444.

o. O (3f): 52 mg, 53% vyield, yellow solid: m.p. 181-183 °C. *H NMR (500 MHz,
NCQN/ H CDCls): & (ppm) = 11.18 (brs, 1H), 7.68 (d, J = 1.5 Hz, 1H), 7.49 (dd, J = 8.5,
iT\ I o~ 2.0 Hz, 1H), 7.27 (d, J = 3.0 Hz, 1H), 6.03 (s, 1H), 3.93 (s, 3H), 1.50 (s, 9H).

3C NMR (125 MHz, CDCI3): & (ppm) = 164.9, 153.1, 151.9, 151.3, 147.7,

132.5, 129.8, 129.7, 118.2, 117.8, 109.3, 90.6, 55.2, 53.2, 30.6. HRMS (ESI): calcd. for Ci7H15N30,

[M+H]* 328.1297, Found: 328.1294.

0. _0 (3g): 57 mg, 60% vyield, yellow solid: m.p. 161-162 °C. *H NMR (500 MHz,
@EN/ H CDCls): & (ppm) = 10.10 (brs, 1H), 7.16 (t, J = 8.5 Hz, 1H), 7.12 (d, J = 7.0 Hz,
JN\ I > 1H), 7.04 (dd, J = 8.0, 1.5 Hz, 1H), 6.07 (s, 1H), 3.90 (s, 3H), 2.52 (s, 3H), 1.47 (s,

9H). **C NMR (125 MHz, CDCI3): 5 (ppm) = 165.9, 154.4, 149.7, 149.6, 145.1,

134.6, 130.7, 127.1, 126.5, 114.4, 91.6, 54.3, 53.0, 31.2, 18.7. HRMS (ESI): calcd. for C17H21N,04

[M+H]"317.1501, Found: 317.1498.

Cl o. _O (3h): 72 mg, 71% yield, yellow solid: m.p. 157-158 °C. *H NMR (500 MHz,
\E:[N/ H CDCls): & (ppm) = 10.94 (brs, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.20-7.17 (m,
j\ I oS 2H), 6.01 (s, 1H), 3.89 (s, 3H), 1.46 (s, 9H). *C NMR (125 MHz, CDCI3): §

(ppm) = 165.3, 153.6, 150.4, 150.2, 145.1, 132.3, 130.6, 126.5, 125.7, 116.7,

91.0, 54.6, 53.0, 30.6. HRMS (ESI): calcd. for C1gH1sCIN,O, [M+H]* 337.0955, Found: 337.0948.
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o. _O (3i): 71 mg, 75% vyield, yellow solid: m.p. 120-121 °C. *H NMR (500 MHz,
\@[N/ H CDCls): & (ppm) = 10.81 (brs, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.03 (dd, J = 8.0,
iT\ I o~ 1.0 Hz, 1H), 6.97 (s, 1H), 6.04 (s, 1H), 3.88 (s, 3H), 1.45 (s, 9H). *C NMR (125

MHz, CDCI3): & (ppm) = 165.6, 154.4, 149.7, 149.3, 144.8, 138.4, 129.7, 126.4,

125.6, 116.6, 91.4, 54.3, 52.9, 30.7, 21.5. HRMS (ESI): calcd. for C17H21N20,4 [M+H]* 317.1501, Found:

317.1507.

MeO,C o. 0O (3j): 53 mg, 43% vyield, yellow solid: m.p. 160-161 °C. *H NMR (500
\C[N/ H MHz, CDCls): & (ppm) = 11.30 (brs, 1H), 7.86 (dd, J = 8.0, 1.5 Hz, 1H),

j\ I > 7.78(d, J = 1.5 Hz, 1H), 7.37 (d, J = 8.5 Hz, 1H), 6.02 (s, 1H), 3.91 (s,

3H), 3.89 (s, 3H), 1.47 (s, 9H). *C NMR (125 MHz, CDCI3): & (ppm) =

165.9, 165.0, 153.9, 151.6, 151.5, 144.3, 135.4, 128.1, 126.5, 125.3, 117.8, 91.1, 54.9, 53.1, 52.5, 30.5.

HRMS (ESI): calcd. for C1gH,:N,0g [M+H]" 361.1400, Found: 361.1398.

Ac (3k): 39 mg, 38% yield, yellow solid: m.p. 145-147 °C. *H NMR (500 MHz,
C[O/ ° ! CDCl3): & (ppm) = 11.04 (brs, 1H), 7.71 (dd, J = 8.0, 2.0 Hz, 1H), 7.56 (dd, J = 8.0,
n | o 15Hz 1H), 7.28 (t, J = 7.5 Hz, 1H), 6.04 (5, 1H), 3.91 (s, 3H), 2.79 (s, 3H), 1.48

4\ 0 (s, 9H). °C NMR (125 MHz, CDCI3):  (ppm) = 197.0, 165.3, 152.9, 150.7, 150.3,

143.8, 132.2, 130.0, 128.0, 127.3, 125.0, 90.8, 54.7, 53.1, 32.2, 30.7. HRMS (ESI): calcd. for C1gH21N205

[M+H]" 345.1450, Found: 345.1451.

(31): 62 mg, 65% vyield, yellow solid: m.p. 180-182 °C. *H NMR (500 MHz,

é[o 0 CDCls): & (ppm) = 11.04 (brs, 1H), 7.26 (dd, J = 8.0, 1.5 Hz, 1H), 7.13 (t, J = 7.5
ij;H(o Hz, 1H), 7.10-7.09 (m, 1H), 6.07 (s, 1H), 3.89 (s, 3H), 2.38 (s, 3H), 1.46 (s, 9H).

j\ S T B8 NMR (125 MHz, CDCI3): & (ppm) = 165.6, 154.4, 150.24, 149.7, 143.3,

131.6, 129.0, 125.9, 124.8, 123.7, 91.3, 54.4, 52.9, 30.7, 14.9. HRMS (ESI):
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calcd. for C17H21N,0O4 [|\/|+H]Jr 317.1501, Found: 317.1498.
(3m): 71 mg, 67% vyield, yellow solid: m.p. 189-191 °C. *H NMR (500

0._0O
_ H MHz, CDCl3): & (ppm) = 11.14 (brs, 1H), 7.85 (dd, J = 7.0, 2.0 Hz, 1H),
N
|

HN O 7.80 (s, 1H), 7.79 (d, J = 7.0 Hz, 1H), 7.53 (s, 1H), 7.48-7.42 (m, 2H), 6.09
4\ © (s, 1H), 3.91 (s, 3H), 1.53 (s, 9H). 3C NMR (125 MHz, CDCI3): & (ppm) =
165.5, 154.2, 150.4, 150.1, 143.7, 132.1, 131.3, 128.0, 127.5, 126.8, 125.9, 123.7, 112.6, 91.5, 54.6, 53.0,

30.7. HRMS (ESI): calcd. for CyoH,1N204 [M+H]" 353.1501, Found: 353.1498.

0. _0O (3n): 73 mg, 77% yield, yellow solid: m.p. 97-99 °C. *H NMR (500 MHz,
C[N/ H CDCl): & (ppm) = 11.04 (brs, 1H), 7.43-7.42 (m, 1H), 7.27-7.23 (m, 2H), 7.21-
/*\ I ° 7.18 (m, 1H), 6.05 (s, 1H), 4.35 (g, J = 7.0 Hz, 2H), 1.48 (s, 9H), 1.40 (t, J = 7.0

Hz, 3H). *C NMR (125 MHz, CDCI3): & (ppm) = 165.1, 154.3, 150.6, 144.9,

131.9, 127.3, 125.9, 125.3, 116.5, 90.9, 62.3, 54.5, 30.7, 14.1. HRMS (ESI): calcd. for Ci7Hz1N20,

[M+H]"317.1501, Found: 317.1499.

= H
| 0]
j\ © 7< 7.16 (m, 1H), 5.94 (s, 1H), 1.59 (s, 9H), 1.50 (s, 9H). *C NMR (125 MHz,

@EO o) (30): 66 mg, 64% yield, yellow solid: m.p. 165-166 °C. *H NMR (500 MHz,

CDCLy): & (ppm) = 11.15 (brs, 1H), 7.42-7.38 (m, 1H), 7.24-7.21 (m, 2H), 7.19-

CDCI3): & (ppm) = 164.3, 154.4, 152.2, 150.6, 144.8, 132.0, 127.0, 125.7,

125.3, 116.4, 90.2, 83.9, 54.5, 30.8, 28.0. HRMS (ESI): calcd. for CigHasN,04 [M+H]" 345.1814, Found:

345.1804.
@[o © (42): 69 mg, 65% yield, yellow solid: m.p. 152-154 °C. 'H NMR (500 MHz,
= H
", CDCl): 8 (ppm) = 11.79 (brs, 1H), 7.56 (dd, J = 8.0, L5 Hz, 1H), 7.37 (td, I = 7.5,
HN ~

o) 1.5 Hz, 1H), 7.32-7.28 (m, 3H), 7.25 (dd, J = 8.5, 1.5 Hz, 1H), 6.95-6.92 (m, 2H),

6.68 (s, 1H), 3.80 (s, 3H). **C NMR (125 MHz, CDCI3): § (ppm) = 164.3, 153.7,
Cl
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150.4, 145.4, 144.2, 138.9, 131.2, 130.3, 129.5, 129.4, 127.0, 125.7, 122.5, 116.8, 97.8, 53.06. HRMS

(ESI): calcd. for C1gH14CIN,O4 [M+H]" 357.0642, Found: 357.0640.

o .0 (4b): 82 mg, 68% yield, yellow solid: m.p. 159-160 °C. *H NMR (500 MHz,
@EN/ H CDCls): & (ppm) = 11.76 (brs, 1H), 7.56 (dd, J = 7.5, 1.5 Hz, 1H), 7.46-7.43 (m,
HN | O~ 2H), 7.38 (td, J = 7.5, 1.5 Hz, 1H), 7.30 (td, J = 8.0, 1.5 Hz, 1H), 7.25 (d, J = 3.0,

° 1.0 Hz, 1H), 6.89-6.86 (m, 2H), 6.68 (s, 1H), 3.80 (s, 3H). *C NMR (125 MHz,

Br CDCI3): & (ppm) = 164.2, 153.7, 150.4, 145.4, 144.0, 139.4, 132.4, 131.2, 129.4,

127.0, 125.7, 122.7, 117.8, 116.8, 98.0, 53.1. HRMS (ESI): calcd. for C1gH1,BrN,O, [M+H]" 401.0137,

Found: 401.0125.

0_0 (4c): 63 mg, 53% yield, yellow solid: m.p. 195-197 °C. 'H NMR (500 MHz,
CEN%/\':(O CDCls): § (ppm) = 11.80 (brs, 1H), 8.02 (d, J = 9.0 Hz, 2H), 7.59 (dd, J = 8.0, 1.0
A I > Hz, 1H), 7.42-7.38 (m, 1H), 7.34-7.31 (m, 1H), 7.26 (d, J = 8.0 Hz, 1H), 6.98 (d, J

© = 8.5 Hz, 2H), 6.75 (5, 1H), 4.37 (q, J = 7.0 Hz, 2H), 3.82 (s, 1H), 1.39 (t, J = 7.0

COE Hz, 1H). *C NMR (125 MHz, CDCI3): & (ppm) = 166.1, 164.3, 153.5, 150.4,

1455, 144.2, 143.2, 131.1, 131.0, 129.8, 127.2, 126.1, 125.8, 119.8, 116.8, 99.4, 61.1, 53.1, 14.5. HRMS

(ESI): calcd. for Cp1H19N,Og [M+H]" 395.1243, Found: 395.1256

0. .0 (4d): 58mg, 51% vyield, yellow solid: m.p. 58-59 °C. *H NMR (500 MHz, CDCls):
@EN/ H 8 (ppm) = 11.93 (brs, 1H), 7.54 (dd, J = 8.0, 1.5 Hz, 1H), 7.38-7.32 (m, 3H), 7.28
HN O (td, J = 7.5, 1.5 Hz, 1H), 7.24 (dd, J = 8.0, 1.5 Hz, 1H), 6.98-6.95 (m, 2H), 6.60 (s,

1H), 3.80 (s, 3H), 1.33 (m, 9H). **C NMR (125 MHz, CDCI3): & (ppm) = 164.6,

153.9, 150.5, 148.1, 145.3, 145.0, 137.5, 131.5, 128.9, 126.8, 126.3, 125.6, 120.9,

116.7, 96.4, 53.0, 34.6, 31.5. HRMS (ESI): calcd. for CoHsN,04 [M+H]" 379.1658, Found: 379.1664.
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(4e): 80 mg, 76% yield, yellow solid: m.p. 145-146 °C. 'H NMR (500 MHz,

Crx
N CDCls): § (ppm) = 11.89 (brs, 1H), 7.54 (dd, J = 8.0, 1.5 Hz, 1H), 7.34 (td, J = 7.5,

(e}
HN I > 15 Hz, 1H), 7.29 (td, J = 7.5, 1.5 Hz, 1H), 7.24 (dd, J = 8.0, 1.5 Hz, 1H), 7.01-
6.98 (m, 2H), 6.90-6.87 (m, 2H), 6.56 (s, 1H), 3.82 (s, 1H), 3.77 (s, 1H). *C NMR
OMe (125 MHz, CDCI3): & (ppm) = 164.5, 157.4, 154.0, 150.5, 145.6, 145.3, 133.4,

131.5, 128.7, 126.74, 125.6, 123.2, 116.7, 114.7, 95.8, 55.7, 52.9. HRMS (ESI): calcd. for C19H17N205

[M+H]* 353.1137, Found: 353.1128.

©i0\ O (4f): 76 mg, 63% vyield, yellow solid: m.p. 168-170 °C. *H NMR (500 MHz,
N7 | H CDCly): & (ppm) = 11.75 (brs, 1H), 7.60 (dd, J = 8.0, 1.5 Hz, 1H), 7.39 (td, J = 8.0,

O
HIN I > 15 Hz, 1H), 7.32 (td, J = 8.0, 1.5 Hz, 1H), 7.28-7.26 (m, 2H), 7.22-7.18 (m, 2H),

5 6.91 (dd, J = 7.5, 1.5 Hz, 1H), 6.71 (s, 1H), 3.81 (s, 1H). *C NMR (125 MHz,
]

CDCI3): 6 (ppm) = 164.2, 153.7, 150.4, 145.4, 143.9, 141.7, 131.2, 130.6, 129.6, 127.7, 127.2, 125.8,

124.2, 123.0, 119.7, 116.8, 98.4, 53.1. HRMS (ESI): calcd. for C1gH14BrN,O4 [M+H]" 401.0137, Found:

401.0125.
©io\c,/o (49): 75 mg, 71% vyield, yellow solid: m.p. 129-131 °C. *H NMR (500 MHz,
A CDCls): & (ppm) = 11.83 (brs, 1H), 7.57 (dd, J = 8.0, 1.5 Hz, 1H), 7.36 (td, J = 7.5,

N
l O
HN ~
I 1.5 Hz, 1H), 7.30 (td, J = 8.0, 1.5 Hz, 1H), 7.26-7.23 (m, 2H), 6.71 (dd, J = 8.5,
oo © 2.5 Hz, 1H), 6.61-6.57 (m, 3H), 3.82 (s, 1H), 3.80 (s, 1H). **C NMR (125 MHz,
e
CDCI3): & (ppm) = 164.7, 160.6, 153.8, 150.5, 145.4, 144.8, 141.4, 131.4, 130.2, 129.2, 127.0, 125.7,
116.7, 113.7, 110.4, 107.2, 97.1, 55.5, 53.0. HRMS (ESI): calcd. for CigH17N,05 [M+H]* 353.1137,

Found: 353.1138.
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0._0

©iN/ H (4h): 47 mg, 46% yield, yellow solid: m.p. 146-148 °C. 'H NMR (500 MHz,

HN | Ol CDCly): 5 (ppm) = 11.86 (brs, 1H), 7.50 (dd, J = 8.0, 1.5 Hz, 1H), 7.35 (td, J = 7.5,
\© ° 1.5 Hz, 1H), 7.30 (td, J = 8.0, 1.5 Hz, 1H), 7.28-7.25 (m, 2H), 7.16 (td, J = 7.5, 1.0

Hz, 1H), 7.09 (td, J = 7.5, 1.0 Hz, 1H), 6.84 (dd, J = 8.0, 1.0 Hz, 1H), 6.65 (s, 1H), 3.77 (s, 1H), 2.49 (s,

1H). C NMR (125 MHz, CDCI3): & (ppm) = 164.6, 153.9, 150.5, 145.5, 145.4, 139.0, 131.5, 130.9,

129.7, 128.8, 126.9, 126.8, 125.7, 125.2, 1215, 116.7, 96.8, 52.9, 18.4. HRMS (ESI): calcd. for

C19H17N,O4 [M+H]+ 337.1188, Found: 337.1176.

o. _O (4i): 79 mg, 70% vyield, yellow solid: m.p. 162-164 °C. *H NMR (500 MHz,
@EN/ | H CDCl3): & (ppm) = 11.99 (brs, 1H), 7.58 (dd, J = 8.0, 1.5 Hz, 1H), 7.33 (td, J =

(0]
HN > 75,15 Hz, 1H), 7.28-7.22 (m, 2H), 7.09-7.06 (m, 1H), 6.95-6.88 (m, 3H), 6.64
(s, 1H), 6.16-6.08 (m, 1H), 5.49 (dg, J = 17.5, 1.5 Hz, 1H), 5.31 (dg, J = 10.5,
1.5 Hz, 1H), 4.66 (dt, J = 5.0, 1.5 Hz, 2H), 3.81 (s, 1H). *C NMR (125 MHz, CDCI3): & (ppm) = 164.7,
153.9, 150.3, 149.6, 145.4, 144.2, 133.0, 131.6, 129.6, 128.8, 127.3, 125.5, 125.0, 121.1, 120.6, 118.0,

116.5, 112.6, 96.8, 69.6, 52.8. HRMS (ESI): calcd. for Cp1H1sN,Os [M+H]* 379.1294, Found: 379.1286.

o. _O (4j): 72 mg, 68% vyield, yellow solid: m.p. 133-135 °C. *H NMR (500 MHz,
@EN/ | H CDCl3): & (ppm) = 12.05 (brs, 1H), 7.54 (dd, J = 8.0, 1.5 Hz, 1H), 7.34 (td, J = 7.5,
oo HIN I o~ 1.5 Hz, 1H), 7.29 (td, J = 7.5, 1.5 Hz, 1H), 7.24 (dd, J = 7.5, 1.5 Hz, 1H), 7.12-
\© 7.08 (m, 1H), 6.94 (qd, J = 8.5, 1.0 Hz, 2H), 6.89 (dd, J = 8.0, 2.0 Hz, 1H), 6.61 (5,

1H), 3.96 (s, 3H), 3.82 (s, 3H). **C NMR (125 MHz, CDCI3): & (ppm) = 164.7, 153.9, 150.6, 150.3,
145.4, 144.4, 131.6, 129.3, 128.8, 127.0, 125.6, 125.1, 121.0, 120.5, 116.6, 111.3, 96.4, 55.8, 52.8.

HRMS (ESI): calcd. for C19H17N,05 [M+H]" 353.1137, Found: 353.1150.
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(4k): 77 mg, 66% vyield, yellow solid: m.p. 182-184 °C. 'H NMR (500 MHz,

o__0O
@[ A _H CDCly): & (ppm) = 11.69 (brs, 1H), 7.59 (dd, J = 8.0, 1.5 Hz, 1H), 7.42-7.37 (m,

N
|
HN OS 3H), 7.32 (td, J = 7.5, 1.5 Hz, 1H), 7.27 (dd, J = 8.0, 1.5 Hz, 1H), 7.11 (d, J = 2.5
O
Hz, 1H), 6.82 (dd, J = 8.5, 2.5 Hz, 1H), 6.74 (s, 1H), 3.83 (s, 3H). *C NMR (125
Cl
i MHz, CDCI3): § (ppm) = 164.0, 153.6, 150.3, 145.4, 143.5, 140.0, 133.2, 131.0,

130.8, 129.8, 128.3, 127.2, 125.8, 122.9, 120.5, 116.8, 99.0, 53.2. HRMS (ESI): calcd. for C1gH13CI;N204

[M+H]* 391.0252, Found: 391.0251.

o o (41): 72 mg, 61% yield, yellow solid: m.p. 239-241 °C. 'H NMR (500 MHz,
@E A _H CDCls): & (ppm) = 11.98 (brs, 1H), 7.63 (dd, J = 8.0, 1.5 Hz, 1H), 7.47 (d, J = 2.5
HN RN 1H), 7.41 (td, J = 8.0, 1.5 Hz, 1H), 7.34 (td, J = 8.0, 1.5 Hz, 1H), 7.28 (dd, J =

: 7 8.0, 1.0 Hz, 1H), 7.18 (dd, J = 8.5, 2.0 Hz, 1H), 6.83 (s, 1H), 6.78 (d, J = 8.5 Hz,

Cl 1H), 3.84 (s, 3H). *C NMR (125 MHz, CDCI3): & (ppm) = 164.1, 153.6, 150.0,

145.7, 142.6, 136.4, 131.2, 129.8, 129.8, 129.5, 127.7, 127.6, 125.9, 125.8, 121.8, 116.8, 100.2, 53.2.

HRMS (ESI): calcd. for C1gH13CI.N204 [M+H]" 391.0252, Found: 391.0246.

0._0O (4m): 61 mg, 58% yield, yellow solid: m.p. 128-129 °C. *H NMR (500 MHz,
C[Nj/v!:(o CDCls): & (ppm) = 11.64 (brs, 1H), 7.50 (dd, J = 8.0, 1.5 Hz, 1H), 7.33 (td, J = 8.0,
S| > 15Hz, 1H), 7.28 (dd, J = 7.5, 1.5 Hz, 1H), 7.27-7.25 (m, 1H), 7.12-7.11 (m, 3H),
6.68 (s, 1H), 3.68 (s, 3H), 2.28 (s, 6H). *C NMR (125 MHz, CDCI3): § (ppm) =

163.6, 154.1, 150.9, 148.1, 145.2, 138.3, 134.8, 131.6, 128.4, 128.3, 127.0, 126.7, 125.6, 116.7, 93.6, 52.8,

18.7. HRMS (ESI): calcd. for CxoH19N204 [M+H]" 351.1345, Found: 351.1344.
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(4n): 58 mg, 45% vyield, yellow solid: m.p. 157-158 °C. *H NMR (500 MHz,

(e O
@EN/ H CDCls): § (ppm) = 11.75 (brs, 1H), 7.50 (dd, J = 7.5, 1.5 Hz, 1H), 7.36-7.33 (m,
| o
(@]

H 1H), 7.30-7.25 (m, 2H), 7.25 (s, 2H), 6.71 (s, 1H), 3.71 (s, 3H), 2.24 (s, 6H). *C

N
NMR (125 MHz, CDCI3): é (ppm) = 163.4, 154.0, 150.7, 147.5, 145.2, 137.6,
B 136.8, 131.4, 131.1, 128.7, 126.7, 125.7, 120.1, 116.7, 94.3, 52.9, 18.5. HRMS

r

(ESI): calcd. for CyoH1sBrN,O4 [M+H]"429.0450, Found: 429.0477.

o (40): 76 mg, 68% yield, yellow solid: m.p. 180-182 °C. *H NMR (500 MHz,

O
C[ij/\':( CDCly): & (ppm) = 12.53 (brs, 1H), 8.26 (d, J = 8.5 Hz, 1H), 7.92 (d, J = 8.0 Hz,
HIN I o 1H), 7.70 (d, J = 8.5 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.59 (t, J = 7.5 Hz, 1H),
7.50 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H) , 7.36 (t, J = 7.5 Hz, 1H), 7.29-
7.26 (m, 2H), 7.30 (d, J = 7.0 Hz, 1H), 6.77 (s, 1H), 3.72 (s, 3H). *C NMR (125 MHz, CDCI3): § (ppm)
= 164.6, 153.9, 150.5, 146.0, 145.4, 136.6, 134.4, 131.35, 129.0, 128.7, 127.6, 127.0, 126.9, 126.7, 125.7,

125.7, 125.6, 121.8, 118.2, 116.7, 97.6, 52.90. HRMS (ESI): calcd. for C»H;7;N,04 [M+H]" 373.1188,

Found: 373.1188.

(4p): 51 mg, 52% vyield, yellow solid: m.p. 122-123 °C. 'H NMR (500 MHz,

o__0O
E:[ 1y CDCL3): § (ppm) = 10.83 (brs, 1H), 7.48-7.45 (m, 1H), 7.29-7.24 (m, 2H), 7.22-

HN | O 7.19 (m, 1H), 6.37 (s, 1H), 4.00 (s, 1H), 3.89 (s, 1H), 1.99-1.97 (m, 2H), 1.80-1.76
@ ° (m, 2H), 1.62-1.59 (m, 1H), 1.46-1.37 (m, 5H). *C NMR (125 MHz, CDCI3): §
(ppm) = 164.0, 154.4, 150.6, 147.9, 145.0, 132.1, 127.5, 126.1, 125.4, 116.5, 92.0,

53.3,52.8, 34.5, 25.6, 24.2.HRMS (ESI): calcd. for C1gH21N,0, [M+H]* 329.1501, Found: 329.1490.
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0. .0 (49): 70 mg, 77% yield, yellow solid: m.p. 101-103 °C. *H NMR (500 MHz,
@[ A _H CDCls): & (ppm) = 10.69 (brs, 1H), 7.46-7.43 (m, 1H), 7.29-7.25 (m, 2H), 7.22-
~  7.19 (m, 1H), 6.41 (s, 1H), 3.89 (s, 1H), 3.64 (t, J = 7.0 Hz, 2H), 1.72-1.66 (m,

1H), 1.55-1.49 (m, 1H), 1.00 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl,): &
(ppm) = 163.9, 154.4, 150.6, 148.6, 145.1, 132.0, 127.6, 126.2, 125.5, 116.6, 92.0, 52.8, 45.2, 32.8, 20.1,

13.9. HRMS (ESI): calcd. for C15H19N,04 [M+H]" 303.1345, Found: 303.1349.

o. _O (4r): 63 mg, 55% yield, yellow solid: m.p. 178-179 °C. 'H NMR (500 MHz,
CEN/T\/E':( CDCly): & (ppm) = 10.92 (brs, 1H), 7.45-7.43 (m, 1H), 7.27-7.23 (m, 2H), 7.21-
Y O 7,47 (m, 1H), 6.04 (5, 1H), 3.89 (5, 3H), 2.15 (5, 2H), 2,03 (t, J = 3.0 Hz, 6H),
@ 1.70 (t, J = 15.0 Hz, 6H). *C NMR (125 MHz, CDCI3): & (ppm) = 165.8, 154.3,

150.5, 149.8, 144.9, 132.0, 127.3, 126.0, 125.4, 116.5, 91.2, 55.3, 52.9, 43.4, 36.1,

29.8. HRMS (ESI): calcd. for CooH2sN204[M+H]" 381.1814, Found: 381.1836.

o. _O (4s): 68 mg, 63% yield, yellow solid: m.p. 100-102 °C. *H NMR (500 MHz,

@EN%:( CDCly): & (ppm) = 11.15 (brs, 1H), 7.43-7.40 (m, 1H), 7.27-7.23 (m, 2H), 7.21-
O

HN > 7.18 (m, 1H), 6.00 (s, 1H), 3.89 (s, 3H), 1.81 (s, 2H), 1.48 (s, 6H), 1.04 (s, 9H).

O
13C NMR (125 MHz, CDCI3): § (ppm) = 165.6, 154.4, 150.5, 150.2, 145.0, 132.0,

127.1, 125.7, 125.4, 116.6, 90.5, 58.1, 54.6, 52.9, 31.9, 31.6, 30.9. HRMS (ESI): calcd. for CyH27N204

[M+H]* 359.1971, Found: 359.1977.
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6 'H NMR and *C NMR Spectra of All Compounds
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S55K-2-219
PROTON CDC13

LB T—

BRE"Z—

LB E—

950"

ivo”
¥r0”
850"
190"
9907
280"
LET"
0seg”

Lol o ol ol

ZE6 0T —

J
I
Q —
N
Qo =
—_—
& b
[+H
[*h
(=
~
oL
AN \
BS0" L~
0 L — Wz
390° L
280 L—" —
iy
LT L—— N YT
[ /
<
09 L—

@ =Z60

S58K-2-219
Cl3CPD CDC13

00 1 —

SLTDE—

16 26—
P vs—

16°9L
oﬁ.ppv
et

SETT6E—

0T"9TT—

P GET —
0F BET—
86 TET—
LT GET—

PETERT —
SLTEFT ~_
FGIOST—
LP PET—

T9°69T—

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

29



S8K-2-220
PROTON CDC13

LT —

LPE T E~_
Z6EE—"

690"

I~
LzZ8°9
EER9
5¥8°9
1689

9

37

L

L

L

G88°
068"
LoT”
¥eT”
0sez*

186 01—

Compound 3e

LOT L —
FET L —

0%g"L—

Ji

58K-2-220

£L

16"
15"

¥6

16"

a1
183

SE”

1

Lo*
G6°

EF”

EE”

ot

ap"
S0

£EGQ”

C13CPD CDC13

0E—

26~
vg—
.ﬂu-m_.\\l

9L
.KW
L

66—

60T —

FITL—
41T —

CET—

GET—

05T~

06T —

FOL—
LET—"

9T —

110

120

160

180

0 ppm

10

90 80

100

150 140 130

170

190

30



SSK-2-248
PROTON CDC13

926 € —

§¢0°9—

09¢e*
Lz L
LLz®

&
L
L
P8b°L
88F "L
T0S°L
S06° L
ik
&

189°
p89°

e

Compound 3f

b
(@]
A\
o Z
6]
z
s
£
0, —
p —_—
e
el o 360
~
<
~
P8P L
886" L\ uHMM © NG
10§ L—= At
s0s L L
O
~
189" L~ K ~
¥89°L—" et
~ <
[eo]
~

CDC13

SSK-2-248
C13CPD

65 0k—

12 ES——
ST°66—

16°9L
@H.prmww
T LL

09°06 —

1€°60T—
6L LTT~_
LTBII—"
L9621

28 671>
05" ZET—"

OL™ LB~
PE TST~_
V6 TST—

60 st

16991 —

0 ppm

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

190

31



SS5K-2-222
PROTON CDC13

L T—

18—

950"
9£0”
8ED"
50"
¥s0°
a0tl”
EET”
1A
LET”
ZLT"
0az*

[ ol el ol ol ol e el o]

s\

G607 01—

Compound 3g

0L

mnn,._.Jllfr
T50° L =—
50" L ="

BOT L ——
2L —
TP L ——
LeT L —
LT L —

09 L —

h

@ <160

ST

=o'l

S8K-2-222
C13CPD CDC13

69" BT —

LT Te—

LB E8—
92 FS—

T6°9L
wﬂ.hnwa
THTLL

29716 —

GETFIT—

6F 98T ~_
Tt eet—
TL0ET—
LG FET—

B0 GFT—

09°6¥T
LT
0 pGT—

887691 —

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

32



S58K-2-215
PROTON CDC13

9F T—

6B E—

60079 —

g91°¢L
LT L
GLT L
GLT L
el L
BT L
L
L
L

oge”
g6g"
FlIE”

967 0T —

Compound 3h

.

7.1 ppm

-

— w

=F0E

~£6°0

S55K-2-215

¥a-

00"
£9°

16"

9T
F

w-

i

ae”

C13CPD CDC13

0E—

ES——

Fe—

9L
HhW.
i

Te—

91T —

CGET
f9gT—
PET—
TZETT

CFT—
“0ST
“po—>

TEGT

9T —

T
130

140

150

180

0 ppm

10

110 100 90

120

160

170

190

33



SSK-2-216
PROTON CDC13

PeFTT—

06E " &—

9LETE—

|8 40k

1Le”
gzo°
Fe0”
BED”
ovo-
092"
(-
ELT

RN

[t ol ol ol ol I ']

G08°0T—

Compound 3i

TLE 9 —
220" L
b20" L

8E0°L
ovo.hw

03276 ——
082" L —
9EZ L —

£

e}
—
O
w o
— U
ol
(=)
o
(e
Pl
0
v U
5 12—
L 0E—
S8 E8——
6z FE—
16"

184

15

£9°

¥9"
LE
99"

e

LL”
sg”
697
LE”

¥9°

9L
.E.v
L

16—

91Tl —

2T~

L

6Zl—

gEl—

PPL—

BT~
6rT—"

FGL—

G9T—

0 ppm

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60

190

34



Compound 3j

S8K-2-217
PROTON CDC13

ELR"

68"
0Te "

9to”

0ge”
LGE"
FLE"
LLL”
8L
8y8°
£688°
g9g°
g8 "

Z0E Tl —

ppm

09z L ——

LSE"L ——
bLE L —

it
B —
BURL
288" L
COB L
838°L

g

SSK-2-217
C13CPD CDC13

£G”

8p°
"
g~

{34

6"

aL
‘Ev
gy

a0

at
F

0E—

25 ~_

6 —

28 LTl —

ZETGET~_
267971 —
S0"8zT-"

GETGET—

0E PPT—
157161

GorTaT—>
SBTEST—"

L A
E6°GaT—"

0 ppm

10

20

40

50

60

80

90

100
35

110

120

160 150 140 130

170

180

190




SS8K-2-212
PROTON CDC13

08" 1—

gL ge—

016 E—

6E0"

w0

09e*
aLe’
g6z’
LoE”
£G5S 7
956"
696"
LG
aoL”
8oL
oL
FZL®

Lol ol ol ol ol ol ol ol ol ol o

=

SE0TTT—

Compound 3k

087" L
oLz L
262" L —
LoE L ="

£65°L
mnn_hV.
695°L
Nﬁma“.
SOLTL
moh.hV.
0ZL'L
,&ﬁa“.

7.2 ppm

S55K-2-212

L9

£g”

80"
L’

16
at
I8

LL”

a0
gz°
z0”
z0°
ves

18"
az”

FL”
98"

L1

10"

Cl3CPD CDC13

0E—~—

[A %

EG—0

¥e—

9L
.hnv
LL

06—

Set
H.NHV
9z —
0ET—"-
NS\
EpT—
05T~ _

05T —
5"

GeT—

L6l —

0 ppm

10

20

30

50 40

60

70

120 110 100 90 80

130

140

180 170 160 150

190

210 200

36



Compound 3l

- E
-
o
_.,.JM o
e 1 r°
| =
5
| B
g
w
Ul - .
- v6HT—
£9p T— BT
E e L 0E—
Z8E e — S ——————— =00E
— ™
68" 25—
9 PG —
LBBE— 00
F e
/ T6°9L
o] mﬁ.ppv
- o il TF"LL

o —
e m .
590°9 o =z T feTT6—
mmcﬁ__../ | e -9
060° L B
10T L
£0T" ¢
L
L
L
L
L
L
L
L
L

¥OT”

£TT" ~ /660
8Z1" - —— =001
EFT" o RV
BYZ" - TLIEZT~
0sz" LU PET~
09z" I Z6 GZT—"
£9z” 20621
* BBO'L -
99z 3.:;// £9°TET
0T L~ * i)
BT L—= .
FOT"L [~ .
ﬂ:w“ IAW L 6T EPT—
BEL L I\‘
=" 69 6FT ~_
£2°0ST—
o 0 ¥ST—
F e =
BEZ
amw.wy \ 08 68T —
aww‘rw 0T
L
796" 0T — wii” . - [ ¢ %60
-~
Lo
o

0 ppm

C13CPD CDC13
10

S8K-2-213

20

30

50

60

70

80

20

110 100
37

120

170 160 150 140 130

180

190



Compound 3m

(3]
” 3 3]
Bm a Mw
%0 — Fo I
Iz &8
8 tE
L8 s
0w ao
@ W o
= =
975" T— =< =906
F o PLTOE—
=
66" 25—
09" ¥5—
L06 E— P o <t0E
/
o
T o T6°9L
o — mﬁ‘hhv
= e Th LL
N m
o =z T
160°9
Em.n/ O 2616 —
veE" L Fo
g2b "L ~£60
Thb*L
b L
MMMM . Fr~ £9 ETT—
MWWHM 0L — & u\ww|.~_. PLEZT
9Lb L 3 spoe wmwwﬁ/
6Lb"L veves [ \POL 9y LzT >
VES L BZLL Se inT
6Ll L BEE"L o= . 7
£6L°L MWN.F/ S ze 1e17
.F .
208" ¢ = T 80" 261
ovs-L Nw:\. 0 e S9TEPT—
FrETL Mﬁ.r -
858" L L 0t ET° 08T
iy o ger0sT—>
E2 6T ¥ST—
- [ o
e
Yy 97" 9T —
-
BLL' L~ - L=
TTT— 6L L~ © Z ™ 760
EvLTLL N — Eo e B ~260
Vrgel == Tt
858 L= o~
- Lo

0 ppm

10

20

40

50

60

70

90

100
38

110

120

130

170 160 150 140

180

190



Compound 3n

o £
o o
™m0 o
ﬂc
= -1 F°
S E
w0
uw
LT
1L - 60" FT—
LBE"T
ﬂ;‘HWW /e
aTF 1 | =ge'8
cmvg\
- e 0L*0E—
— o
Ly pG—
EEE T = 7E 29—
LYE ¥ e
Gm.wv M e <202
9LE'T 16" 9L
S60°9 & - mﬂ.ppme
BLT L T o TP LL
VBT L o) —
fer L { N$ :
ferit g % T S 58706
BET L ~Z60
€0z L
112" L
8zz" L
BEZ L L
HE" L o e " /160
vl LG ) bze SYeTT—
GFE L BLT L o 660
gcE L LB L bEczT
szl oart . L8 51—
09z L ser L re et
692°L 33 N Ve 68" TET—
STr'L = e
0EF L mmwplir
. 7 \
MMMM MMWWN .\E Ee 88 ppT—
pERL Gt o 96°06T
VER L sscL Lo _
mww.w - 9T F¥SL—
69T°L =)
=
60°G9T—
Str°L =
QEF°L -
nmv;.% = |/mm|.a -
vt — 7 S 4 [+ e
FEF'L
uy
ot "
o

S8SK-2-223
C13CPD CDC13
0 ppm

10

20

30

50 40

60

70

90 80
39

100

110

120

170 160 150 140 130

180

ol

190



S5K-2-224
PROTON CDC13

T—
e

oD
-
=

LEG”
09t
Lat”
GLT”
aLT’
LT
et
0te”
LTe”
vee”
6ee”
gz
Fre”
0sz*
[4:1 5
06E"
LeE"
eov”
60F "
91¥”

e

[t ol ol ol ol ol ol ol ol ol o ol ol ol ol ol o

SPTTTIT—

Compound 30

h

S8K-2-224
C13CPD CDC13

w-
LL”

Ly

16790
.ﬁﬁmwv
L

68"

ar
ir

6T"

gé—
0E—

ye&—

£8—

06—

EF I9TT—

16°621

ELrarT >
L6921~
00" ZET—

18 ¥pT—
ET0ST—~_
¥ eel—
6ETFGT—

92 V9T —

0 ppm

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

190

40



Compound 4a

SSK-2-368
PROTON CDC13

a6l E—

SL9°9
G269
TE6°9
GE679
G¥6°9
6b679
G669
EFZ L
are L
09z L
LeZ L
68T L
S6Z°L
FOE"L
6O0E" L
ETE"L
GIE" L
LGE"L
0ag"L
ELETL
9LE L
HEE L
T6E"L
6F5T L
2567 L
G957 L
8957 L

6L TT—

L o e e e e e ol o o R R PR Y

s

BN )

Wl

HN
: 0
Cl

)

Al

0 ppm

1

10

1

12

()
]
=]

L
w o
Sfe

(=1}
-

™M

—

o
m O
W
o

(=
[l

(=
Pl
L Kl
v

S0 E5—
T6°9L
ﬁ,rrv
TF"LL
£8°L6—
SL AT~
CF CZT
ELTGET
mm.wNHV
mm.mﬁv
mu‘mwﬁ\\
mm.oﬂ\
0z TET
06" 8ET—"
6L FFT——
9ETGET—"
TP 08T —
LIEGT—
G2 9T —

0 ppm

20 10

30

180 170 160 150 140 130 120 110 100 9 8 70 60 50

190

41



Compound 4b

S8K-2-204
PROTON CDC13

08"
mwe"
vog”
0LE”
FLe”
88"
888"
68"
£eve”
ave”
ose”
e
L8z
pge’
e’
Goe”
gTE"
Tee”
6GE"
29t
GLE”
BLE
0eE”
E6E
EEF”
GEF”
(A
fash-
a5k
[4h
ian
255°
96"
L8g-”

pm———

00000 wom

TaL 11—

0_ .0
X
N
HN
Br

SN\

@
=
- c

L e e e e e e e e e e e e S ST - R JT-Rr RS

0 ppm

7
=[] 3] | S| =
TQQETQ":‘QQ
—leil=l=l=leil S|

o

10

11

f

06'0

S55K-2-204
C13CPD CDCL3

LOTEG——

T6°9L
wﬁéhv
T LL
667 16—

SLT9TT
£8° LT

EL™ZTT~_
PTG T~
00" LZT—
EP 67—
BT TET~)
BETZET

BE"6ET—
20" bl —
IEGYT—
0P 0ST—
§9°EST—

FZRIT—

Br

T L

0 ppm

60 50 40 30 20 10

70

180 170 160 150 140 130 120 110 100 90

190

42



Compound 4c

£
— =
Y — Fe
| =
s
(=
Ve
Ul
e o 6% pT—
9LE"T
v o
"1
[~ &
— ™
ET E5—
wwmm| |4r|5.m 90" 19—
65E° b v jp—
mﬁm.wv / ~k0z
LRE D o] 16" 9L
T o i F o SH?V
) o = S 9 LL
S¥L"9 $ z O
GLE"9 o 'z
26679
G527 L F o
09Z° L
Lz L 6666 —
BOE*L —_—
60E"L _— QE
£ZEL L <002
BEE L | B TTL
788" L B )me.— 6L°9TT~
. a .
VBE L reve— - T J,,% BLIGTT~
66E" L L L 7B GEZT
ETp L w @ 00z NH”mmH
STy L s16'9 ~_ - — ZeLET—
FEG L 266°9 —= L. oz 18621 —F
9EG L SSE'L ~ 7 S.Hﬂu\
. 09z L .
209 st o S
8008 60EL M=~ . @ BL EPT~_
. 260 N L 02 FFT—
9z0° 8 BEETL —= o T §7 ST
te-t -7 mo T BE 05T —
66E"L o 76 EGT—
vt p— s
vﬁ,ﬁww g
2887 TE P9T—
o - e
- L~
=
BOO mw |D.|/ﬂ
9T0E @ _—= \
E08"TT— o 050
— |1 i

0 ppm

C1l3CPD CDC13
10

S55K-2-201

20

40 30

50

70

90 80
43

COLEt

) M_U___L

100

110

120

170 160 150 140 130

180

190



Compound 4d
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