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1. General Information:

All template reaction experiments were carried out under atmospheric conditions.
Commercially available reagents were used without further purification. Solvents were
treated prior to use according to the standard methods. 'H NMR, 13C NMR and !°F
NMR spectra were recorded at 300 or 400MHz on an Agilent spectrometer. CDCl; was
used as solvent. Chemical shifts were referenced relative to residual solvent. Coupling
constants (J) were reported in Hertz (Hz). Thin layer chromatography was carried out
in the ultraviolet light using a GF-254 silica gel plate. Melting points were measured
with micro melting point apparatus. HRMS were performed on an Agilent 6210
ESI/TOF.

2. Substrate of synthesis:
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All starting materials 1a-1q are known compounds and are prepared according to
literature. '1r is new compound and is prepared according to literatures. [*]
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All starting materials 2a-2t are known compounds. 2a is commercially available.
2b-2t are prepared according to literature.[!

Ethyl (E)-2-(naphthalen-2-yl)diazene-1-carboxylate (1q)
0

SORAS

1q

TH NMR (400 MHz, CDCl;): 6 8.60 (d, J = 1.82 Hz, 1H), 8.03 (d, /= 7.87 Hz, 1H),
7.92 —7.87 (m, 3H), 7.65 — 7.56 (m, 2H), 4.56 (t, J = 7.14 Hz, 2H), 1.49 (t, /= 7.12
Hz, 3H).

I3C NMR (101 MHz, CDCls): 6 162.2, 149.3, 136.1, 133.1, 130.0, 129.5, 129.1, 128.1,
127.2,115.5, 64.4, 14.2.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;3H;)N,O,Na 251.0796; found
251.0797.

2-methylallyl (E)-2-(naphthalen-2-yl)diazene-1-carboxylate (1r)

O
ey
1r
Yellow liquid, yield: 65%; R¢=0.51 (EtOAc/Petroleum ether 1:7).
TH NMR (400 MHz, CDCl3): & 8.58 (s, 1H), 8.00 (d, J=7.90 Hz, 1H), 7.94 — 7.83 (mm,
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3H), 7.63 —7.52 (m, 2H), 5.18 (s, 1H), 5.07 (s, 1H), 4.90 (s, 2H), 1.88 (s, 3H).

BC NMR (101 MHz, CDCl3): 6 162.2, 149.3,138.7, 136.1, 133.1, 132.5, 130.0, 129.5,
129.1, 128.1, 127.3, 115.3, 114.7, 71.3, 19.5.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;sH;4N,O,Na 277.0947; found
277.0948.

3. Typical Procedure for Synthesis of 3a:
Nz, .CO,Me Fe(acac); (0.3 eq) O o

N + kOH PMHS (2 eq) yo

EtOH (2 ml) /N7%

75°C, 3h
1a 2a 3a

Iz

Fe(acac); (32 mg, 0.09 mmol) and methyl-2-(naphthalen-2-yl)diazene-1-
carboxylate 1a (64.2 mg, 0.3 mmol) are added to the reaction tube and dissolve with
ethanol (2 ml). Afterwards, 2-Methyl-2-propen-1-ol 2a (64.9 mg, 0.9 mmol), and
PMHS (36 mg, 0.6 mmol) were added via syringe. The solution was heated to 75 °C
for 3 h. After the reaction completed and quenched with water, then ethyl acetate
extracted the solution. Finally, the purification by column chromatography on silica gel
using ethyl acetate/petroleum ether (v/v, 1:4) as eluent to give 3a as a white solid. (70
mg, 91% yield).

4. Optimization of the Reaction Conditions.

Table 1. Optimization of the Reaction Conditions *

Fe(acac)s (0.3 eq)

H i
N .CO,Me N.
N N
“OO - ) on PMHS (2 eq) “OO o
EtOH (2 ml) ﬁ\/
3a

75°C,3h
1a 2a
entry Variation from the Standard Conditions Yield (%)

3a
1 None 91
2 Without Fe(acac)s 0
3 Fes(0x)3-6H,0 instead of Fe(acac)s 0
4 Cu(acac), instead of Fe(acac)s 0
5 Co(acac), instead of Fe(acac)s 0
6 Ni(acac), instead of Fe(acac)s 0
7 Pd(OAc), instead of Fe(acac); 0
8 FeClsinstead of Fe(acac); 0
9 PhSiH;instead of PMHS 50
10 (EtO);SiH instead of PMHS 86
1 Et;SiH instead of PMHS 0
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12 NaBH, instead of PMHS 0

13 THF instead of EtOH 30
14 CH3CN instead of EtOH 15
15 CH30OH instead of EtOH 31
16 Toluene instead of EtOH 0
17 At 90 °C, 58
18 At 60 °C, trace
19 Fe(acac); (20 mol %) 38
20 Fe(acac)s (40 mol %) 78
21 PMHS (2 equiv) 68
22 PMHS (4 equiv) 62

a Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), catalyst (30 mol %), reductant (2 equiv), solvent (2

mL), 75 °C, 3h; Pyield refers to isolated product.

5. Scale-up Reaction

Fe(acac (0.3 eq

N\\N/COZMe
EtOH 20m|

75 °C 3h
1a 5 mmol 1.07g 2a 3a 84 % yield

Fe(acac); (529 mg, 0.3 eq) and methyl-2-(naphthalen-2-yl)diazene-1-carboxylate
1a (1070 mg, 5 mmol) are added to the reaction tube and dissolve with ethanol (20 ml).
Afterwards, 2-Methyl-2-propen-1-ol 2a (1081 mg, 3 eq), and PMHS (600 mg, 2 eq)
were added via syringe. The solution was heated to 75 °C for 3 h. After the reaction
completed and quenched with water, then ethyl acetate extracted the solution. Finally,
the purification by column chromatography on silica gel using ethyl acetate/petroleum
ether (v/v, 1:4) as eluent to give 3a as a white solid. (1075 mg, 84% yield).

6. Typical Procedure for Synthesis of 4a,4b

10% NaOH (1ml)
EtOH:H,0 (1:1)

o
N
ti2h

4a 70% vyield

LiAIH, (3 eq)
THF (2 ml)

N. ></OH
0°C, 4h “/

4b 50% yield

4a: Oxazolidinone 3a (51.2 mg, 0.2 mmol), 10% NaOH aqueous solution (1.0 mL)
and EtOH (1 mL) was added. The reaction mixture was stirred for 12 h at room
temperature (monitored by TLC). After the reaction completed and then extracted with
EtOAc three times. Finally, the purification by column chromatography on silica gel
using ethyl acetate/petroleum ether (v/v, 1:1) as eluent to give 4a as a white solid. (35.8
mg, 70% yield).
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4b: Oxazolidinone 3a (51.2 mg, 0.2 mmol), LiAlH4 (24 mg, 3 eq) was added and
dissolve with THF (2 ml) under argon atmosphere. The reaction mixture was stirred for
4 h at 0 °C (monitored by TLC). After the reaction completed and then extracted with
EtOAc three times. Finally, the purification by column chromatography on silica gel
using ethyl acetate/petroleum ether (v/v, 1:5) as eluent to give 4a as a colorless liquid.
(24.4 mg, 50% yield).

7. Characterization of 3, 4a, 4b, 5a:

4,4-dimethyl-3-(naphthalen-2-ylamino) oxazolidin-2-one (3a)

O

-

3a

White solid, m.p.124-127 °C, 70 mg, yield: 91%; R¢ = 0.35 (EtOAc/Petroleum ether
1:3).

'TH NMR (300 MHz, CDCl;): 6 7.74 — 7.64 (m, 3H), 7.40 (ddd, J = 8.24, 6.83, 1.37
Hz, 1H), 7.35 — 7.27 (m, 1H), 7.20 (d, J = 2.32 Hz, 1H), 7.07 (dd, J = 8.81, 2.34 Hz,
1H), 5.99 (s, 1H), 4.24 (s, 2H), 1.39 (s, 6H).

I3C NMR (101 MHz, CDCl3): 6 158.0, 145.1, 134.3,129.4, 129.1, 127.7, 126.6, 126 4,
123.4,115.9, 107.5, 74.2, 60.0, 23.5.

HRMS (ESI-TOF) m/z: [M + NaJ]* Calcd for C;sH;(N,O,Na 279.1109; found
279.1112.

4,4-dimethyl-3-(naphthalen-2-ylamino)-5-phenyloxazolidin-2-one (3b)

OO

3b

White solid, m.p.184-187 °C, 48 mg, yield: 48 %; R¢ = 0.40 (EtOAc/Petroleum ether

1:3).

'H NMR (400 MHz, CDCl;): 6 7.70 (dt, J = 15.52, 7.73 Hz, 3H), 7.43 (q, J = 8.05,

7.50 Hz, 6H), 7.34 — 7.25 (m, 2H), 7.10 (d, J=8.79 Hz, 1H), 6.12 (s, 1H), 5.47 (s, 1H),

1.52 (s, 3H), 0.90 (s, 3H).

13C NMR (101 MHz, DMSO-dy): 6 156.9, 146.8, 134.8, 129.1, 129.1, 129.0, 128.6,

128.0, 126.8, 126.5, 123.0, 116.2, 105.7, 83.6, 64.2, 23.6, 19.8.

HRMS (ESI-TOF) m/z: [M + NaJ]* Calcd for C;HyyN,O,Na 355.1422; found
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355.1429.

4,4-dimethyl-3-(naphthalen-2-ylamino)-5-(o-tolyl)oxazolidin-2-one

(3¢

o)

3c

White solid, m.p.220-223 °C, 46 mg, yield: 45 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.79 — 7.58 (m, 3H), 7.55 (d, J = 6.95 Hz, 1H), 7.37
(dt, J=32.38, 7.46 Hz, 4H), 7.25 (d, /= 6.93 Hz, 2H), 7.07 (d, J = 8.82 Hz, 1H), 6.38
(s, 1H), 5.75 (s, 1H), 2.42 (s, 3H), 1.54 (s, 3H), 0.99 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.9, 146.9, 136.0, 134.8, 133.2, 131.2, 129.1,
128.9, 128.6, 128.0, 127.4, 126.8, 126.5, 123.0, 116.2, 105.8, 80.9, 64.4, 24.8, 20.8,
19.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»H,N>O,Na 369.1579; found
369.1578.

5-(2-chlorophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)oxazolidin-

2-one (3d)
H
o
O cl
3d

White solid, m.p.240-240 °C, 43 mg, yield: 40 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl3): 6 7.77 — 7.64 (m, 3H), 7.41 (dd, J= 14.15, 5.86 Hz, 4H),
7.34 —7.25 (m, 3H), 7.10 (dd, J = 8.73, 2.34 Hz, 1H), 6.05 (s, 1H), 5.42 (s, 1H), 1.54
(s, 3H), 0.91 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.2, 146.6, 132.1, 130.9, 130.3, 129.1, 128.6,
128.0, 126.7, 126.5, 123.1, 116.1, 105.9, 80.6, 64.1,25.3,20.9.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,;H;9CIN,O,Na 389.1032; found
389.1034.

4,4-dimethyl-3-(naphthalen-2-ylamino)-5-(m-tolyl)oxazolidin-2-one

(3e)
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O

3e

White solid, m.p.176-179 °C, 67 mg, yield: 65 %; R¢= 0.36 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl;): 8 7.79 — 7.59 (m, 3H), 7.42 (t, J = 7.66 Hz, 1H), 7.31
(dt, J=12.48, 6.33 Hz, 4H), 7.19 (d, /= 8.67 Hz, 2H), 7.11 (d, J = 8.83 Hz, 1H), 6.01
(s, 1H), 5.43 (s, 1H), 2.42 (s, 3H), 1.53 (s, 3H), 0.91 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.9, 146.8, 138.2, 134.8, 129.7, 129.1, 128.9,
128.6, 128.0, 126.9, 126.8, 126.5, 123.6, 123.0, 116.2, 105.7, 83.6, 64.1, 23.6, 21.5,
19.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»H,N>O,Na 369.1579; found
369.1573.

5-(3-chlorophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)oxazolidin-

2-one (3f)

:
X
O
) Cl
3f

White solid, m.p.175-178 °C, 65 mg, yield: 60 %; R¢ = 0.32(EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.72 (d, J = 8.13 Hz, 1H), 7.67 (d, J = 8.50 Hz, 2H),
7.49 —7.33 (m, 4H), 7.34 — 7.21 (m, 3H), 7.08 (d, /= 8.74 Hz, 1H), 6.16 (s, 1H), 5.42
(s, 1H), 1.53 (s, 3H), 0.91 (s, 3H).

3C NMR (101 MHz, DMSO-dg): 6 156.5, 146.7, 137.4, 134.7, 133.9, 131.0, 129.1,
128.6, 128.0, 126.8, 126.5, 126.2, 125.3, 123.1, 116.2, 105.7, 82.8, 64.1, 23.6, 19.8.
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,H;9CIN,O,Na 389.1032; found
389.1034.

5-(4-fluorophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)oxazolidin-

2-one (3g)

3g
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White solid, m.p.180-182 °C, 57 mg, yield: 55 %; R¢= 0.31 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl3): 6 7.75 — 7.66 (m, 3H), 7.41 (dt, /= 8.27, 5.36 Hz, 3H),
7.31 (t,J=7.51 Hz, 2H), 7.15 (d, J = 8.41 Hz, 2H), 7.12 — 7.09 (m, 1H), 6.06 (s, 1H),
5.44 (s, 1H), 1.51 (s, 3H), 0.89 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 163.8, 161.4, 156.7, 146.8, 134.8, 129.1, 128.8,
128.7, 128.6, 128.0, 126.8, 126.5, 123.0, 116.2, 116.1, 115.8, 105.7, 83.0 23.5, 19.8.
'F NMR (376 MHz, DMSO-dg): 6 -112.55

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,;H;oFN,O,Na 373.1328; found
373.1327.

5-(4-chlorophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)oxazolidin-

2-one (3h)
H
S
3h

White solid, m.p.151-153 °C, 71 mg, yield: 65 %; R¢= 0.33 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.78 — 7.63 (m, 3H), 7.50 — 7.39 (m, 3H), 7.39 — 7.20
(m, 5H), 7.11 (d, J=8.79 Hz, 1H), 5.97 (s, 1H), 5.43 (s, 1H), 1.52 (s, 3H), 0.90 (s, 3H).
13C NMR (101 MHz, DMSO-dq): 6 156.6, 146.7, 134.8, 133.7, 129.1, 128.6, 128.4,
128.0, 126.8, 126.5, 123.0, 116.2, 105.7, 82.9, 64.0, 23.4, 19.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,;H;9CIN,O,Na 389.1032; found
389.1036.

5-(4-bromophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)

oxazolidine-2-one (3i)

0]

3i

White solid, m.p.160-162 °C, 67 mg, yield: 55 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl3): 6 7.79 — 7.71 (m, 2H), 7.68 (d, J = 8.30 Hz, 1H), 7.59
(d, J=8.07 Hz, 2H), 7.42 (t, J=7.60 Hz, 1H), 7.31 (dd, J = 12.30, 7.92 Hz, 4H), 7.11
(d, J=8.81 Hz, 1H), 5.95 (s, 1H), 5.42 (s, 1H), 1.52 (s, 3H), 0.90 (s, 3H).

13C NMR (101 MHz, DMSO-dy): 6 156.6, 146.7, 134.7, 132.0, 129.1, 128.7, 128.6,
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128.0, 126.8, 126.5, 123.0, 122.3, 116.2, 105.7, 82.9, 64.0, 23.5, 19.8.
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,;H;9BrN,O,Na 433.0527; found
433.0528.

4,4-dimethyl-3-(naphthalen-2-ylamino)-5-(p-tolyl)oxazolidin-2-one

@3ij)
| |
O
3j

White solid, m.p.157-159 °C, 62 mg, yield: 60 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl;): 6 7.73 (d, J = 8.53 Hz, 2H), 7.68 (d, J = 8.33 Hz, 1H),
7.42 (t,J="7.57 Hz, 1H), 7.32 — 7.24 (m, 7H), 7.12 (d, J = 8.88 Hz, 1H), 5.95 (s, 1H),
5.43 (s, 1H), 2.40 (s, 3H), 1.51 (s, 3H), 0.90 (s, 3H).

13C NMR (101 MHz, DMSO-d): 6 8 156.9, 146.8, 138.4, 134.8, 129.6, 129.1, 128.6,
128.0, 126.7, 126.5, 123.0, 116.2, 105.7, 83.7, 64.2, 23.6, 21.2, 19.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»H,N>O,Na 369.1579; found
369.1584.

5-(4-methoxyphenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)

oxazolidine-2-one (3k)

' H
N\N%OCHS
2~

)

3k

White solid, m.p.184-186 °C, 54 mg, yield: 50 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.70 (dt, J= 14.68, 7.24 Hz, 3H), 7.41 (t, J = 7.58 Hz,
1H), 7.35 —7.22 (m, 4H), 7.10 (d, J = 8.88 Hz, 1H), 6.96 (d, J=8.16 Hz, 2H), 6.12 (s,
1H), 5.41 (s, 1H), 3.85 (s, 3H), 1.49 (s, 3H), 0.91 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 159.9, 157.0, 146.8, 134.8, 129.1, 128.6, 128.0,
126.7,126.5, 123.0, 116.2, 114.4, 105.7, 83.6, 64.1, 55.6, 23.6, 19.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C»H,N,OsNa 385.1528; found
385.1531.

5-(3,4-dichlorophenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino)

oxazolidin-2-one (31)
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White solid, m.p.194-196 °C, 54 mg, yield: 45 %; R¢= 0.40 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl3): 8 7.71 (dt, J= 16.06, 7.93 Hz, 3H), 7.65 — 7.37 (m, 3H),
7.32 (t,J=7.48 Hz, 1H), 7.26 — 7.22 (m, 2H), 7.10 (d, J = 8.76 Hz, 1H), 6.00 (s, 1H),
5.40 (s, 1H), 1.53 (s, 3H), 0.92 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.3, 146.6, 134.7, 132.0, 131.8, 131.4, 129.1,
128.6, 128.0, 126.9, 126.8, 126.5, 123.1, 116.2, 105.7, 82.2, 64.0, 23.6, 19.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,;H;gCI,N,O,Na 423.0643; found
423.0648.

5-(3,4-dimethylphenyl)-4,4-dimethyl-3-(naphthalen-2-ylamino) oxaz-

olidin-2-one (3m)

0]

3m

White solid, m.p.178-180 °C, 59 mg, yield: 55%; Ry = 0.35 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl;): 8 7.71 (dd, J=22.52, 8.35 Hz, 3H), 7.42 (t, J=7.54 Hz,
1H), 7.35 — 7.26 (m, 3H), 7.24 — 7.05 (m, 4H), 5.92 (s, 1H), 5.40 (s, 1H), 2.31 (d, J =
6.23 Hz, 6H), 1.51 (s, 3H), 0.91 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.9, 146.9, 137.1, 136.9, 134.8, 130.0, 129.1,
128.6, 128.0, 127.5, 126.8, 126.5, 123.9, 123.0, 116.2, 105.7, 83.7, 64.2, 23.6, 19.9,
19.6.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for CyHyN>O,Na 383.1735; found
383.1741.

5-(benzo[d][1,3]dioxo0l-5-yl)-4,4-dimethyl-3-(naphthalen-2-ylamino)

oxazolidin-2-one (3n)
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H O\|
oy
3n

White solid, m.p.190-192 °C, 67 mg, yield: 60 %; R¢= 0.31 (EtOAc/Petroleum ether
1:3).

TH NMR (300 MHz, CDCl;): & 7.74 — 7.62 (m, 3H), 7.41 (ddd, J = 8.23, 6.81, 1.34
Hz, 1H), 7.35 - 7.25 (m, 2H), 7.08 (dd, J = 8.85, 2.31 Hz, 1H), 6.89 (d, J=15.71 Hz,
3H), 6.21 (s, 1H), 6.02 (s, 2H), 5.36 (s, 1H), 1.48 (s, 3H), 0.93 (s, 3H).

13C NMR (101 MHz, DMSO-dq): 6 156.8, 148.0, 147.9, 146.8, 134.8, 129.1, 128.6,
128.0, 126.7, 126.5, 123.0, 120.2, 116.2, 108.8, 107.0, 105.7, 101.8, 83.6, 64.2, 23.6,
19.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for CyH,)N>O4Na 399.1320; found
399.1313.

4,4-dimethyl-3-(naphthalen-2-ylamino)-1-oxa-3-azaspiro[4.4]nonan-

2-one (30)

oo

White solid, m.p.211-214 °C, 30 mg, yield: 32 %; R¢= 0.30 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): & 7.68 (dd, J=22.32, 8.34 Hz, 3H), 7.39 (t, /= 7.60 Hz,
1H), 7.29 (d, J=7.69 Hz, 1H), 7.19 (s, 1H), 7.11 — 7.00 (m, 1H), 6.03 (s, 1H), 2.03 (d,
J=52.38 Hz, 4H), 1.85 (d, J=24.10 Hz, 4H), 1.30 (s, 6H).

IBC NMR (101 MHz, CDCl;): 6 158.1, 145.5, 134.3, 129.5, 129.1, 127.7, 126.6, 126.4,
123.4,115.9,107.8, 95.7, 64.1, 22.7, 20.6.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;9H,,N,O,Na 333.1579; found
333.1585.

4,4-dimethyl-3-(naphthalen-2-ylamino)-1-oxa-3-azaspiro[4.5]decan-2-

one (3p)
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050

3p
White solid, m.p.216-218 °C, 43 mg, yield: 45 %; R¢ = 0.32(EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.72 — 7.55 (m, 3H), 7.38 (t,J = 7.52 Hz, 1H), 7.30 —
7.25 (m, 1H), 7.18 (s, 1H), 7.04 (dd, J = 8.85, 2.25 Hz, 1H), 6.14 (s, 1H), 2.16 (d, J =
88.91 Hz, 2H), 1.95 — 1.58 (m, 6H), 1.47 (d, J = 24.60 Hz, 2H), 1.23 (s, 6H).
IBCNMR (101 MHz, CDCl;): 6 158.2, 145.8, 134.3,129.4, 129.1, 127.7, 126.6, 126.3,
123.3,115.9, 107.6, 84.7, 65.9, 25.2, 21.8, 19.9.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,yH,sN,O,Na 347.1735; found
347.1732.

4,4-dimethyl-3-(naphthalen-2-ylamino)-1-oxa-3-azaspiro [4.6] undec-

ane-2-one (3q)

N
}

P

3q
White solid, m.p.220-224 °C, 36 mg, yield: 36 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).
TH NMR (400 MHz, CDCl;): 6 7.77 — 7.61 (m, 3H), 7.39 (t,J = 7.54 Hz, 1H), 7.33 -
7.26 (m, 1H), 7.20 (s, 1H), 7.07 (dd, J = 8.87, 2.29 Hz, 1H), 5.92 (d, /= 5.99 Hz, 1H),
2.15(dd, J=14.40, 8.65 Hz, 2H), 1.96 — 1.72 (m, 4H), 1.58 (s, 6H), 1.26 (s, 6H).
I3BCNMR (101 MHz, CDCl;): 6 145.8, 134.3, 129.5,129.2, 127.7, 126.7, 126.4, 123.5,
116.0, 107.9, 88.8, 66.8, 34.5, 29.8, 22.3, 19.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,HysN>O,Na 361.1892; found
361.1899.

4,4-dimethyl-3-(naphthalen-2-ylamino)-1-oxa-3-azaspiro[4.7]

dodecan-2-one (3r)

H
N

0]

3r
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White solid, m.p.207-210 °C, 44 mg, yield: 42 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.77 — 7.53 (m, 3H), 7.39 (t,J = 7.51 Hz, 1H), 7.33 —
7.24 (m, 1H), 7.18 (d, J=2.30 Hz, 1H), 7.03 (dd, /= 8.72, 2.29 Hz, 1H), 6.13 (s, 1H),
2.63 — 1.86 (m, 4H), 1.85 — 1.66 (m, 6H), 1.56 (d, J = 14.18 Hz, 4H), 1.30 (s, 6H).

IBC NMR (101 MHz, CDCl;): 6 158.1, 145.8, 134.3,129.4, 129.1, 127.7, 126.6, 126.3,
123.3,115.9, 107.6, 88.6, 66.3, 25.0, 21.9, 20.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»H,N,O,Na 375.2048; found
375.2051.

4,4-dimethyl-3-(naphthalen-2-ylamino)-1-oxa-3-

azaspiro[4.9]tetradecan-2-one (3s)

()

3s

White solid, m.p.215-217 °C, 41 mg, yield: 36 %; R¢= 0.36 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.79 — 7.57 (m, 3H), 7.39 (t, J = 7.56 Hz, 1H), 7.30 —
7.24 (m, 1H), 7.19 (s, 1H), 7.05 (dd, J = 8.88, 2.15 Hz, 1H), 6.03 (s, 1H), 2.27 (d, J =
14.46 Hz, 2H), 2.08 (s, 4H), 1.67 (s, 6H), 1.61 (d, J=9.66 Hz, 6H), 1.30 (s, 6H).
IBCNMR (101 MHz, CDCl;): 6 158.2, 145.8, 134.3,129.4, 129.1, 127.7, 126.6, 126 .4,
123.4,116.0, 107.8, 89.2, 66.4, 28.4, 26.9, 26.8, 23.9, 21.0, 20.3.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»H,N,O,Na 403.2361; found
403.2361.

4,4-dimethyl-5-(naphthalen-2-yl)-3-(naphthalen-2-ylamino)

oxazolidin-2-one (3t)

oy

3t

White solid, m.p.190-192 °C, 55 mg, yield: 48 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.98 — 7.87 (m, 4H), 7.71 (dt, J= 17.14, 7.30 Hz, 3H),
7.56 (dt, J =5.62, 2.72 Hz, 2H), 7.49 (d, J = 8.55 Hz, 1H), 7.42 (t, J = 7.58 Hz, 1H),

S14



7.32 (d, J=8.58 Hz, 2H), 7.14 (d, J = 8.80 Hz, 1H), 6.07 (s, 1H), 5.64 (s, 1H), 1.60 (s,
3H), 0.93 (s, 3H).

I3C NMR (101 MHz, DMSO-dg): 6 156.8, 146.8, 134.8, 133.3, 133.1, 129.1, 128.7,
128.6, 128.5, 128.1, 128.0, 127.1, 127.0, 126.8, 126.5, 125.5, 124.2, 123.0, 116.2,
105.7, 83.7, 64.2, 23.8, 20.0.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C,sH,,N,O,Na 405.1579; found
405.1577.

4,4-dimethyl-3-(phenylamino)oxazolidin-2-one (3u)

s

Colorless liquid, 30 mg, yield: 50 %; R¢= 30 (EtOAc/Petroleum ether 1:3).

TH NMR (400 MHz, CDCl3): 6 7.20 (t,J = 7.83 Hz, 2H), 6.91 — 6.81 (m, 3H), 6.04 (s,
1H), 4.15 (s, 2H), 1.32 (s, 6H).

13C NMR (101 MHz, CDCl;): 8 157.9, 147.4, 129.1, 121.0, 113.3, 74.2, 59.8, 23.5,
14.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C;3H42N>O,Na 229.0953; found
229.0957.

4,4-dimethyl-3-(o-tolylamino)oxazolidin-2-one (3v)

oS

3v

White solid, m.p.120-123 °C, 49 mg, yield: 75 %; R¢= 0.35 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.12 (t, J = 7.75 Hz, 1H), 7.05 (d, J = 7.34 Hz, 1H),
6.93 (d, /= 8.02 Hz, 1H), 6.84 (t, J=7.39 Hz, 1H), 5.66 (s, 1H), 4.19 (s, 2H), 2.18 (s,
3H), 1.36 (s, 6H).

3BC NMR (101 MHz, CDCl): 6 157.9, 145.0, 130.5, 126.8, 123.0, 120.9, 111.8, 74.1,
60.0, 23.5, 17.0.

HRMS (ESI-TOF) m/z: [M + Na]"Caled for C,,H;(N>,O,Na 243.1109; found
243.1104.

3-((2-chlorophenyl)amino)-4,4-dimethyloxazolidin-2-one (3w)
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3w

White solid, m.p.167-169 °C, 43 mg, yield: 60 %; R¢= 0.34 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCls): 6 7.28 (d, J = 8.74 Hz, 1H), 7.16 (t, J = 7.73 Hz, 1H),
6.99 (d, J=8.11 Hz, 1H), 6.84 (t, J=7.64 Hz, 1H), 6.10 (s, 1H), 4.19 (s, 2H), 1.37 (s,
6H).

I3BC NMR (101 MHz, CDCls): 6 157.4, 143.2,129.5, 127.7, 121.5, 119.3, 113.4, 74.2,
60.0 23.4.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C,;H;3CIN,O,Na 263.0563; found
263.0567.

3-((2-bromophenyl)amino)-4,4-dimethyloxazolidin-2-one (3x)

S

3x

White solid, m.p.184-186 °C, 54 mg, yield: 62 %; R¢= 0.33 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCls): 6 7.45 (d, J=7.91 Hz, 1H), 7.20 (t, J = 7.76 Hz, 1H),
6.97 (d, J=8.16 Hz, 1H), 6.78 (t, J=7.65 Hz, 1H), 6.05 (s, 1H), 4.19 (s, 2H), 1.37 (s,
6H).

3BC NMR (101 MHz, CDCls): 6 157.4, 144.1, 132.7, 128.4, 122.1, 113.7, 108.9, 74.1,
60.0, 23 .4.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;;H;3BrN,O,Na 307.0058; found
307.0061.

4,4-dimethyl-3-(m-tolylamino)oxazolidin-2-one (3y)

oS

3y

White solid, m.p.108-111 °C, 36 mg, yield: 56 %; R¢= 0.31 (EtOAc/Petroleum ether
1:3).
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TH NMR (400 MHz, CDCl3): 6 7.10 (t,J=8.09 Hz, 1H), 6.81 — 6.56 (m, 3H), 5.94 (s,
1H), 4.16 (s, 2H), 2.28 (s, 3H), 1.33 (s, 6H).

BC NMR (101 MHz, CDCl;): 5 158.0, 147.4, 139.0, 129.0, 122.0, 114.1, 110.4, 74.2,
59.8,23.5,21.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C;;H;4N,O,Na 243.1109; found
243.1114.

3-((3-chlorophenyl)amino)-4,4-dimethyloxazolidin-2-one (3z)

O

3z

White solid, m.p.120-123 °C, 49 mg, yield: 69 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl): 6 7.08 (t, J = 8.29 Hz, 1H), 6.83 (d, J = 7.29 Hz, 2H),
6.74 — 6.66 (m, 1H), 6.21 (s, 1H), 4.17 (s, 2H), 1.31 (s, 6H).

3BC NMR (101 MHz, CDCl): 6 157.9, 148.8, 134.9, 130.2, 121.0, 113.2, 111.6, 74.2,
60.0, 23.3.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C,;H;3CIN,O,Na 263.0563; found
263.0568.

3-((3-bromophenyl)amino)-4,4-dimethyloxazolidin-2-one (3aa)

O

3aa

White solid, m.p. 132-134 °C, 54 mg, yield: 64 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).

'H NMR (400 MHz, CDCl3): 6 7.28 (d, J = 7.93 Hz, 1H), 7.16 (t, J = 7.60 Hz, 1H),
6.99 (d, /= 8.14 Hz, 1H), 6.85 (t, J=7.65 Hz, 1H), 6.08 (s, 1H), 4.20 (s, 2H), 1.38 (s,
6H).

BC NMR (101 MHz, CDCls): 6 157.4, 143.2, 129.5, 127.7, 121.5, 119.3, 113.4, 74.1,
60.0, 23 .4.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;;H;3BrN,O,Na 307.0058; found
307.0060.

4,4-dimethyl-3-(p-tolylamino)oxazolidin-2-one (3ab)
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3ab

White solid, m.p.97-100 °C, 57 mg, yield: 87 %; R¢ = 0.33 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.03 (d, /= 8.07 Hz, 2H), 6.79 (d, J = 8.45 Hz, 2H),
5.77 (s, 1H), 4.15 (s, 2H), 2.27 (s, 3H), 1.33 (s, 6H).

13C NMR (101 MHz, CDCl;): 8 157.9, 145.0, 130.6, 129.6, 113.6, 74.1, 59.8, 23.5,
20.5.

HRMS (ESI-TOF) m/z: [M + Na]"Caled for C;,H;(N>,O,Na 243.1109; found
243.1108.

3-((4-chlorophenyl)amino)-4,4-dimethyloxazolidin-2-one (3ac)

Boys

3ac

White solid, m.p.105-107 °C, 59 mg, yield: 82 %; R¢= 0.32 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.12 (d, J = 8.59 Hz, 2H), 6.75 (d, J = 8.59 Hz, 2H),
6.18 (s, 1H), 4.15 (s, 2H), 1.30 (s, 6H).

BC NMR (101 MHz, CDCl;): 6 157.9, 146.1, 129.0, 125.7, 114.5, 74.2, 59.9, 23.5.
HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C,;H;3CIN,O,Na 263.0563; found
263.0564.

3-((4-bromophenyl)amino)-4,4-dimethyloxazolidin-2-one (3ad)

O

3ad

White solid, m.p.110-112 °C, 57 mg, yield: 67 %; R¢= 0.34 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.26 (d, J = 8.51 Hz, 2H), 6.70 (d, J = 8.54 Hz, 2H),
6.20 (s, 1H), 4.15 (s, 2H), 1.30 (s, 6H).

3BC NMR (101 MHz, CDCl3): 6 157.9, 146.6, 131.9, 114.9, 112.9, 74.2, 59.9,
23.4,14.5.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;;H;3BrN,O,Na 307.0058; found
307.0063.
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3-((4-methoxyphenyl)amino)-4,4-dimethyloxazolidin-2-one (3ae)

H

N\
oy N%
H,CO o)\ O

3ae

Colorless liquid, 24 mg, yield: 35 %; R¢= 0.30 (EtOAc/Petroleum ether 1:3).

TH NMR (400 MHz, CDCl3): § 6.84 — 6.75 (m, 4H), 5.82 (s, 1H), 4.12 (s, 2H), 3.73
(s, 3H), 1.30 (s, 6H).

I3C NMR (101 MHz, CDCl;): 6 158.1, 154.6, 141.0, 114.5,74.1, 59.8, 55.6, 23.5,14.5.
HRMS (ESI-TOF) m/z: [M + Na]® Caled for C;,H;(N,OsNa 259.1058, found
259.1060.

3-((3,4-dichlorophenyl)amino)-4,4-dimethyloxazolidin-2-one (3af)

Y
N O)\o
3af

N\ J

N

White solid, m.p.110-112 °C, 41 mg, yield: 50 %; R¢= 0.29 (EtOAc/Petroleum ether
1:3).

TH NMR (400 MHz, CDCl;): 6 7.21 (d, /= 8.71 Hz, 1H), 6.92 (d, J = 2.68 Hz, 1H),
6.67 — 6.63 (m, 1H), 6.19 (s, 1H), 4.18 (s, 2H), 1.32 (s, 6H).

3BC NMR (101 MHz, CDCl): 6 157.9, 147.1, 133.0, 130.6, 124.0, 114.9, 112.9, 74.2,
60.1, 23.4.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;;H;>CI,N,0O,Na 297.0173,found
297.0180.

3-(mesitylamino)-4,4-dimethyloxazolidin-2-one (3ag)

fo@s

3ag

White solid, m.p.102-104 °C, 37 mg, yield: 50%; Ry = 0.28 (EtOAc/Petroleum ether
1:3).
TH NMR (300 MHz, CDCl;): 4 6.76 (s, 2H), 5.42 (s, 1H), 3.98 (s, 2H), 2.31 (s, 6H),
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2.21 (s, 3H), 1.21 (s, 6H).

13C NMR (101 MHz, CDCls): 5 157.8, 139.8, 132.2, 130.1, 127.5, 73.0, 60.8, 23.0,
20.5, 18.6.

HRMS (ESI-TOF) m/z: [M + Na]* Caled for C4HyN,O,Na 271.1422, found
271.1418.

3-((6-methoxynaphthalen-2-yl)amino)-4,4-dimethyloxazolidin-2-one

(3ah)

H
N.
99 S
H,CO o)\ O

3ah

White solid, m.p.131-133 °C, 64 mg, yield: 75 %; R¢= 0.21 (EtOAc/Petroleum ether
1:3).

TH NMR (300 MHz, CDCl;): 6 7.56 (dd, J = 8.80, 4.90 Hz, 2H), 7.16 (d, J = 2.37 Hz,
1H), 7.07 (ddd, J=11.32, 7.16, 2.58 Hz, 3H), 5.93 (s, 1H), 4.22 (s, 2H), 3.89 (s, 3H),
1.38 (s, 6H).

I3C NMR (101 MHz, CDCl): 6158.0, 156.1, 143.3, 130.4, 129.6, 128.1, 127.9, 119.1,
116.5, 108.4, 106.0, 74.2, 60.0, 55.3, 23.4.

HRMS (ESI-TOF) m/z: [M + Na]® Calcd for C;cHisN,0;Na 309.1215, found
309.1216.

3-((6-bromonaphthalen-2-yl)amino)-4,4-dimethyloxazolidin-2-one

(3ai)

H
S
Br o)\o

3ai

White solid, m.p.145-147 °C, 82 mg, yield: 82%; Ry = 0.25 (EtOAc/Petroleum ether
1:3).

TH NMR (300 MHz, CDCl;): 6 7.79 (s, 1H), 7.40 (d, J= 11.26 Hz, 3H), 7.08 (s, 1H),
6.98 (d, J=10.35 Hz, 1H), 6.35 (s, 1H), 4.23 (s, 2H), 1.36 (s, 6H).

I3BC NMR (101 MHz, CDCl;): 6 158.0, 145.5, 132.7, 130.3, 129.6, 129.6, 128.2, 128.1,
116.8,116.7, 107.3, 74.3, 60.1, 22.6.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C;sH;5N,0,BrNa 357.0214, found
357.0216.

5,5-dimethyl-4-(naphthalen-2-yl)-1,3,4-oxadiazinan-2-one (4a)
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O

HI}JJ\O
SR
4a
White solid, m.p.132-135 °C, 38 mg, yield: 70%; Ry = 0.50 (EtOAc/Petroleum ether

1:1).

TH NMR (400 MHz, DMSO-dg): 5 9.37 (s, 1H), 7.95-7.79 (m, 3H), 7.58 (s, 1H), 7.46
(p, J=6.84 Hz, 2H), 7.27 (d, /= 8.77 Hz, 1H), 4.01 (s, 2H), 1.18 (s, 6H).

13C NMR (101 MHz, DMSO-dq): 6 151.4, 145.3, 133.5, 131.4, 128.2, 128.1, 127.8,
126.9, 126.0, 125.6, 122.3, 70.5, 54.0, 23.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C;sH;(N>O,Na 279.1109; found
279.1110.

2-methyl-2-(2-(naphthalen-2-yl)hydrazineyl)propan-1-ol (4b)

1 o
k

4b

Colorless liquid, 24 mg, yield: 50%; R¢=0.51 (EtOAc/Petroleum ether 1:3).

TH NMR (300 MHz, CDCl;): 6 7.73 — 7.66 (m, 3H), 7.43 — 7.37 (m, 1H), 7.30 — 7.24
(m, 2H), 7.06 (dd, J = 8.86, 2.16 Hz, 1H), 4.57 (s, 1H), 3.56 (s, 2H), 2.75 (s, 1H), 2.53
(s, 3H), 1.16 (s, 6H).

13C NMR (75 MHz, CDCl3): 6 145.7, 134.8, 129.1, 129.0, 127.6, 126.3, 122.8, 116.7,
107.3, 70.4, 60.1, 37.5,19.4.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for CsH,;N,O 245.1648; found 245.1655.

ethyl 1-(1-((tert-butyldimethylsilyl)oxy)-2-methylpropan-2-yl)-2-

(naphthalen-2-yl)hydrazine-1-carboxylate (5a)

H J<
SSH ST
o)\o/\

5a

Colorless liquid, 54 mg, yield: 43%; R¢= 0.62 (EtOAc/Petroleum ether 1:7).
TH NMR (300 MHz, CDCl;): 6 7.75 — 7.64 (m, 3H), 7.39 (ddd, J = 8.21, 6.83, 1.33
Hz, 1H), 7.27 - 7.22 (m, 1H), 7.07 — 6.93 (m, 2H), 6.03 (s, 1H), 4.08 (qd, J=7.08, 1.94
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Hz, 2H), 4.00 (d, J=9.68 Hz, 1H), 3.61 (d, J=9.70 Hz, 1H), 1.61 (s, 3H), 1.36 (s, 3H),
1.11 (t, J = 7.09 Hz, 3H), 0.96 (s, 9H), 0.09 (d, J = 4.60 Hz, 6H).
13C NMR (101 MHz, CDCly): § 157.2, 147.0, 134.7, 128.9, 128.8, 127.7, 126.3, 126.3,
122.7, 1152, 105.9, 68.3, 63.7, 61.6, 25.9, 24.3, 24.1, 18.2, 14.4.
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C»3H3gN»05Si 439.2392, found 439.2390.

8. X-Ray Analysis

Single crystals of C;sHsN,O, 3a were grown from ethyl acetate and PE. A suitable
crystal was selected and collected on a SuperNova, Dual, Cu at zero, AtlasS2
diffractometer. The crystal was kept at 149.99(10) K during data collection. The data
were collected and processed using CrysAlisPro. The structures were solved by direct
methods using Olex2 software with the SHELXT structure solution program via
intrinsic phasing algorithm, and the non-hydrogen atoms were located from the trial
structure and then refined anisotropically with SHELXL.-2018 using a full-matrix least
squares procedure based on F2. The weighted R factor, wR and goodness-of-fit S values
were obtained based on F2. The hydrogen atom positions were fixed geometrically at
the calculated distances and allowed to ride on their parent atoms.

Crystallographic data for the structure reported in this paper have been deposited at the
Cambridge Crystallographic Data Center and allocated with the deposition numbers:
CCDC 2240182 for compounds 3a
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Figure S1. ORTEP Drawing of 3a (The ellipsoids are shown at 50% probability levels)
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Table 1 Crystal data and structure refinement for 3a.

Identification code 3a

Empirical formula C,5H1sN,O,
Formula weight 256.30
Temperature/K 149.99(10)
Crystal system monoclinic

Space group P2,/c

a/A 10.9803(9)

b/A 10.5194(6)

c/A 12.5582(12)

a/° 90

pre 112.748(11)

v/° 90

Volume/A3 1337.7(2)

Z 4

Pealcg/cm’ 1.273

wmm-! 0.086

F(000) 544.0

Crystal size/mm? 0.15%x0.12 x0.11
Radiation Mo Ka (A =0.71073)
20 range for data collection/° 4.022 to 49.996
Index ranges -13<h<10,-12<k<11,-14<1<13
Reflections collected 6236

Independent reflections 2354 [Ri = 0.0348, Rgigma = 0.0459]
Data/restraints/parameters ~ 2354/0/178

Goodness-of-fit on F? 1.069

Final R indexes [[>=2c (I)] R;=0.0453, wR, =0.0920

Final R indexes [all data] R;=0.0641, wR, =0.1046

Largest diff. peak/hole / e A= 0.14/-0.21

Table 2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A2x10%) for 3a. Ueq is defined as 1/3 of of the trace of the orthogonalised
Uy, tensor.

Atom x y 2z U(eq)

01 4564.6(13) 9963.4(11) 3491.1(11) 37.5(4)
02 6146.6(12) 8977.8(11) 3071.7(11) 37.0(4)
N1 4710.7(14) 7875.9(15) 4951.4(14) 28.8(4)
N2 5310.8(13) 7950.1(13) 4162.1(12) 25.1(4)
Cl 3415.7(16) 7399.9(15) 4547.7(15) 25.1(4)
C2 2862.0(16) 6717.7(16) 3550.1(15) 27.5(4)
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x103) for 3a. Ueq is defined as 1/3 of of the trace of the orthogonalised
Uy, tensor.

Atom X y z U(eq)

C3 1605.9(17) 6152.9(16) 3242.3(17) 30.1(4)
C4 1034.2(18) 5393.6(18) 2245.0(18) 38.9(5)
C5 -160(2) 4821.3(19) 1989(2) 49.4(6)
Co6 -855(2) 4988(2) 2711(2) 52.2(6)
C7 -336.1(18) 5719.6(19) 3672(2) 45.3(6)
C8 903.8(17) 6314.2(17) 3972.0(18) 33.2(5)
C9 1493.6(18) 7049.4(18) 4987.3(18) 37.5(5)
C10 2710.5(18) 7571.1(17) 5271.0(17) 32.5(5)
Cl1 5267.0(17) 9042.4(17) 3579.7(16) 28.9(4)
C12 6734.7(18) 7712.9(17) 3287.4(17) 34.3(5)
C13 6537.8(16) 7234.1(16) 4358.8(16) 26.4(4)
Cl4 6290.9(18) 5821.7(17) 4338.7(18) 35.0(5)
C15 7625.6(18) 7659(2) 5470.5(18) 44.8(5)

Table 3 Anisotropic Displacement Parameters (A2x103) for 3a. The Anisotropic displacement
factor exponent takes the form: -272[h?2a*?U,;+2hka*b*U;,+...].

Atom Ui Us, Us; Us; Uss Up,

o1 49.3(8) 24.3(7) 35.6(8) 20.9(6) 12.9(7) 5.6(6)
02 45.6(8) 30.3(7) 42.0(8) 7.0(6) 24.8(7) -1.7(6)
NI 33.6(9) 28.6(9) 27.49) -5.2(8) 15.2(7) 1.3(7)
N2 29.8(8) 22.9(8) 26.4(8) 0.2(7) 15.1(7) -0.8(6)
c1 27.909) 20.9(9) 28.5(10) 41(8) 13.0(8) 42(7)
2 28.5(10) 27.8(10) 28.1(11) 2.909) 13.2(8) 45(8)
3 27.209) 24.0(9) 36.5(11) 7.6(9) 9.4(9) 6.3(8)
C4 34.1(11) 31.8(10) 43.5(13) 12(10) 7.1(9) 3.3(9)
cs 37.2(12) 35.6(12) 58.6(15) 2.0(11) 0.2(11) 22.2(9)
C6 28.3(11) 42.8(13) 75.6(18) 18.2(13) 9.3(12) -1.09)
C7 203(11)  40.7(12) 658(16)  202(12) 18.1(11) 6.209)
C8 28.8(10) 27.6(10) 44.4(12) 12.9(10) 15.4(9) 7.9(8)
) 38.7(11) 37.4(11) 47.9(13) 11.6(11) 29.4(10) 11.7(9)
10 38.4(11) 30.7(10) 32.9(11) 1.8(9) 18.6(9) 7.1(8)
Cll 34.7(10) 252(10)  24.5(10) -3.6(8) 9.0(8) L4.6(8)
c12 36.4(10) 32.0(10) 40.0(12) 1.609) 20.9(9) 20.2(8)
c13 24.7(9) 27.209) 28.5(10) 20.8(8) 11.7(8) 0.6(7)
Cl4 34.8(10) 30.0(10) 42.5(12) 5.6(9) 17.4(9) 6.2(8)
Cls 33.0(11) 57.9(14) 38.3(12) 8.6(11) 81(10)  -1.6(10)
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Table 5 Bond Angles for 3a.

Table 4 Bond Lengths for 3a.

Atom Atom
o1 C11
02 Cl11
02 Cl12
N1 N2
N1 C1
N2 Cl11
N2 C13
Cl (2
Cl Cl10
c2 C3
C3 C4

Atom Atom Atom
Cl1 02 CI12
N2 NI (i1
N1 N2 Cl13
Cll N2 NI
Cll N2 CI3
N1 C1 Cl0
C2 Cl NI
c2 C1 Cl0
Cl C2 (3
C2 C3 C8
C4 C3 (2
C4 C3 C8
C5 C4 C3
C4 C5 Co6
C7 C6 C5
c6 C7 C8

Table 6 Torsion Angles for 3a.

A B C D
02CI12C13N2
02C12C13C14
02C12C13C15
NIN2 Cl110l1
NIN2 C1102

S25

Length/A  AtomAtom  Length/A
1.216(2) C3 C8 1.417(3)
1.349(2) C4 C5 1.364(3)
1.458(2) C5 C6 1.403(3)

1.3885(19) C6 C7 1.358(3)
1.404(2) C7 C8 1.411(3)
1.353(2) C8 (€9 1.416(3)
1.479(2) C9 Cl10 1.358(3)
1.366(2) C12 CI3 1.528(3)
1.415(2) C13 Cl4 1.509(2)
1.411(2) C13 C15 1.512(3)
1.412(3)
Angle/* Atom Atom Atom Angle/*
107.73(13) C7 C8 C3 119.0(2)
117.13(15) C7 C8 (9 122.72(19)
120.36(14) C9 C8 C3 118.29(16)
120.41(14) C10 C9 C8 121.19(17)
111.26(13) C9 C10 ClI 120.49(18)
116.88(16) O1 Cl11 02 122.77(16)
123.23(16) O1 C11 N2 127.93(17)
119.72(16) 02 Cl11 N2 109.30(15)
120.91(17) 02 Cl12 CI13 105.14(14)
119.39(17) N2 C13 CI2 96.61(13)
122.23(17) N2 Cl13 Cl4 110.65(13)
118.35(17) N2 Cl13 CI5 110.32(14)
121.1(2) C14 C13 C12 113.30(16)
120.4(2) C14 C13 C15 112.27(16)

119.95(19) C15 C13 Cl2 112.67(15)
121.2(2)

Angle/* A B CD Angle/*

29.39(16) C3 C4C5 C6 0.7(3)
145.26(14) C3 C8C9 C10 -1.1(3)
-85.90(17) C4 C3C8 C7 -0.4(3)

-13.9(3) C4 C3C8 €9 178.42(16)
166.47(14) C4 C5C6 C7 -0.2(3)



Table 6 Torsion Angles for 3a.
A B C D
C13C12
Cl13C14
C13C15

NIN2
NIN2
NIN2
NIClI
NI1C1
N2N1
N2NI1
CINI1
CINI1
Cl1C2
Cl1C2
C2C1
C2C3
C2C3
C2C3

C2

c3

C10C9

Cl1
Cl
N2
N2
C3
C3

C2
C10
Cl1
CI13
C4
C8

C10C9

C4
C8
C8

C5
Cc7
c9

Angle/
-177.98(14) C5

64.0(2) C6
-60.8(2) C6

173.60(15) C7
-174.66(16) C8

17.6(2) C8

A B C D

C6C7 C8
C7C8 C3
C7C8 €9
c8Co Cl10
C3C4 C5
C9C10Cl1

-167.10(14) C10C1C2 C3

94.29(19) C1102CI12CI3
-119.51(16) C1IN2CI3CI2
-177.00(17) C11N2CI13C14

1.03) C11N2CI3C15
0.8(3) C1202C1101

177.62(17) C1202CI11N2
-178.41(16) C13N2C1101

0.4(2) C13N2C1102

Angle/*
-0.5(3)
0.8(3)
-177.93(18)
177.60(17)
-0.4(3)
0.6(3)
-1.5(3)
-22.42(19)
-28.96(17)
-146.94(16)
88.20(18)
-175.74(17)
3.88(19)
-162.94(18)
17.47(19)

Table 7 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters

(A2x103) for 3a.

Atom X

Hi 4869(18)
H2 3318.81
H4 1479.35
H5 -516.59
H6 -1671.24
H7 -806.5
H9 1039.72
H10 3082.63
HI12A 7666.59
H12B 6297.05
H14A 6064.63
H14B 7073.82
H14C 5577.08
H15A 7774.57
H15B 8422
H15C 7371.08

y

8540(20)
6623.85
5281.67
4317.32
4598.42
5830.71
7177.39
8044.28

7753.6
7157.29
5595.39
5372.52
5598.51
8553.87
7203.12
7488.73

S26

5397(18)
3066.96
1754.55
1332.26
2530.05

4142.6
5468.7
5945.73
3427.17
2634.02
4980
4393.15
3630.36
5433.11
5577.33
6106.89

U(eq)

38(6)
33
47
59
63
54
45
39
41
41
53
53
53
67
67
67



9. Reference

1. (a) J. Giwon, H. K. Min and K. Jinho, Org. Chem. Front., 2020, 7, 834; (b) J.-Y. Zhang, M. Liu,
M. Huang, H. Liu, Y.-K. Yan, Z.-Y. Wang and X.-M. Zhang. Org. Chem. Front., 2020, 7, 3160.

2. S. Ghosh, S. Chaudhuri and A. Bisai. Chem. Eur. J., 2015, 21, 17479.

3. B. M. Loertscher, P. R. Young, P. R. Evans and S. L. Castle, Org. Lett., 2013, 15, 1930; (b) J.

Barluenga, F. J. Fafianas, R. Sanz, C. Marcos and M. Trabada, Org. Lett., 2002, 4, 1587.

S27


javascript:
javascript:
javascript:
javascript:

OdH

€[3p2

SP'L
i g
H.m.ﬂ*
B9

97 LA
95°L1
951
85" LA
09'LA
09'L1
19'L1
19'L1
79'LA
£9'L1
¥9'L
soLq)
L8'Ly
88'L w
68'LA

06'L
L6'L

L[6'L
w08
#0'8

098
09'8

TH-NMR (400 MHz, CDCl;)

1q

OO N\\NJ\O/\

=L0E

=80T

Koz
To'E
wﬁvo.ﬁ

woo.ﬁ

1.0

fl (ppm)

528



Tl —

Po—

ﬁu@unbh
€PPI0°LL
€192 ¥'LL

>
/

EGRL—

cTI—

1q

e

13C-NMR (101 MHz, CDCl;)

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

S29



BT —

06—~
LOS—~
8r's—

psLy
¥S'iq
954
851
85 L1
09'L+
7oL
7oL
5L
mwny
FQFJF

06'L
I6°L
'L

mm.hw.
66'L
108

BS'8—

TH-NMR (400 MHz, CDCl;)

N,

oC

F00'€

807
20T
50071

Eooz
J0E

+ 0T

._.._.| 860

a L

0.

0.0

6.0

6.

a 8.0

8.

9.0

10.0

10.5

1.0

f1 (ppm)

S30



§61—

RERN
€19P2 879L ~
£1op2 ﬂ,hhw
E19P2 §°LL

I3C-NMR (101 MHz, CDCl;)

N.

oC

170 160 150 140 130 12 110 100 90 80
fl (ppm)

180

230

240

S31



GET—
OdHI9T—

66's—
S0°L
90°L
80°L
80°L

0T'L
Es/
f10aD 97 L~k

67'L
pEL

gL

zeLd
7oL
LeLd
g€ L
ot'L]
ob L]
TrL
i
£t L]
oL
99°.
Lo
69°L1
0L L]
€L7LA

'TH-NMR (300 MHz, CDCl;)

pzd

/
= O

3a

Foot

8.0

8.

9.0

Wy
o

10.0

10.5

1.0

f1 (ppm)

S32



SEE—

0089 —

kL
€19P2 L°9L
€[op2 _HPW
PP ¥'LL

A

6'STT—
¥ €Tl
¥'9Tl
9'971
b

L'LTT
ﬁ.oﬂ%
¥6Tl
€rel

I's¥i—

0'8s1—

13C-NMR (101 MHz, CDCl3)

/
= O

3a

11—

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

S33



06'0—

Ts' I~
OdH €9'1—

LY E—

TH-NMR (400 MHz, CDCl;)

o
o

3b

y

[

Froe

Freoe

wﬁo.ﬁ

Foot

1.0

1

fl (ppm)

S34



61—
gET—

osmp £'6¢
OSUIp §'GE
OSTIp L'6€

e
oSIp 1'0F
OSIUp +'0F

osImp 9" Q-

Tre—

9'€8—

Ls0T—

7911 —
[Ra

§9T1
w,c:HV.
08T~
9871
o6zl

ezl
retl
TrEL

Or1I—

6951—

13C-NMR (101 MHz, DMSO-d;)

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

S35



660—

EHE—

RE9—
S0'Ly

80°L

vTL
9T LY
6TLA
€L
€6
reL
6¢'L
L
£t L
s
o5
194
€94
$9'L
o]
o

o =

TH-NMR (400 MHz, CDCl3)

A

ol

Fure

Fooe

Friot

0.0

1.0

3.0

4.0

fl (ppm)

6.0

8.0

S36



26T~
g0z~
8 rT—

om:_tv.mm
oﬂ%@.mm
OSTP §'6¢

F U .‘ L
oswIp 7'0F
OSIp ' 0F

OSTUp 9'0F
PR

6'08—

850l —

7911 —
[Ra
971
w,umﬁﬂ.
YiTl—
8zl
9871
6371
el
TIel
TEEl

eVEL
09¢1
6'9rl

6951—

3C-NMR (101 MHz, DMSO-dy)

3c

10

30

40

60

80

0 140 130 2 110 100

15

160

170

180

0

f1 (ppm)

S37



60—

P& I~
OaH I9'1—

cr'E—

509
60°L
60°L
1L
L
0T'L
8TLT
67'L1
1€°L
e
9F"L
e L
b
Nﬁ..m
ehL—
LoL
691
oLL
L
vLL

TH-NMR (400 MHz, CDCl;)

I

50

Cl

N.
N
O

3d

1

E90°E

=LOE

H{moA

H\.mo €
w\ﬁo.v

Froe

f1 (ppm)

S38



60—

B SE—
OSIUP {'6€
OSIIp 9'6¢
OSIP §'6¢

osmp T'0F
OSTUp F'0F
OSIpP 9'0F

T3kG—

9'08—

01—
911
SQ/
m,aﬂ/
Em_/
LTI~
98T1-F
EE\
£0€1
GOET
et

LFET
9ovl

13C-NMR (101 MHz, DMSO-dg)

T

\
cl

e

3d

Y [

10

30 20 10

40

0 140 130 110 100
f1 (ppm)

15

210 200 190 180 171 160

220

230

S39



LG0—

£5' T

OdH 68T

€[op2

erT—

e

TH-NMR (400 MHz, CDCl;)

I

.

Woo.ﬁ

Frot

0.0

Lo

2.0

o3

L]

4.0

f1 (ppm)

i
Led

5

6.

8.0

540



oSmp 6§
OSTUP 9°GE
OSTIP §'6¢

oSIp T'0F
OSIP ' 0F
OSTUp 9'0F

T'¥9—

9'¢8—

Ls0T—

91T
0€Tl
o,mm—%
§9T1
w‘omﬁw
6971
8Tl
9871
6'3¢C1
ezl
L'6T1

SVEL
T8ElL
8orlL

60951 —

13C-NMR (101 MHz, DMSO-d¢)

3e

——.J—LMUWMM

10

30

40

60

80

0 140 130 2 110 100

15

160

170

180

0

f1 (ppm)

S41



60—

£E§° [~
OdHZI91—

e —

89°L
LL'L
€LY

TH-NMR (400 MHz, CDCl;)

L

Cl

°N
S

I=

3f

/|

Fooe

Feoe

‘»T. 101
60't
o'
661
00’

e

4.0

f1 (ppm)

542



61—
gET—

om:_tv.mm
oﬂ%@.mm
OSTIP §'6¢

oSIup T'0F
ostp §'0F

OSTp 9'0F

Ty9—

Ls0T—

7911 —
'€zt
£8T1
m,cmﬁ/
m,ogW
2071
8Tl
93871
letl
(LRGN
G'EET

LPEL
FLEL
L9¥L

§O51—

13C-NMR (101 MHz, DMSO-d;)

Cl

°N
0

Ir=z

3f

L

10

30

40

60

80

0 140 130 2 110 100

15

160

170

180

0

f1 (ppm)

543



68°0—

6y T
OaHS9'T—

£r'e—

TH-NMR (400 MHz, CDCl;)

L

I

o)
S

39

\

)

Fooe

Froe

4.0

4.5

6.0

fl (ppm)

S44



61—
§ET—

om:_tv.mm.
OSTUP 9°GE
OSTP §'6¢

oswIp 7'0F
OSIP ' 0F

OSTUp 9'0F

Tre—

0'g8—

Ls0T—

g'SI1
S:W
zo11
0€71
EEW
971
osz1-f
o871
L1871
287l
1671
ST
gopT—

L9ST—
P91~
g EOT~

13C-NMR (101 MHz, DMSO-dq)

I

D)
S

3g

N .

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

545



-112.55

YF-NMR (376 MHz, CDCl;)

H —
OO o

39

T

T i 1 Ll
30 40 50 60 70 80 90 100 110
f1 (ppm)

! I T
120 130 140 150 160 170 180 190 200

546



EFP2

£e—

L6'S—
or'L
Tl
9T'L
9T'L
9T'L
€L
€EL
FEL
9F'L

—

(Vi
'L
¥rL
SP'L

L9°L
69°L
LL'L
€LL
¥L'L
SL'L

TH-NMR (400 MHz, CDCl;)

Cl

Iz

3h

]

F60'E

=00'€

1.0

1

fl (ppm)

S47



LGl —
v ET—

om:_tv.mm.
oﬂ:co.mm
OSTP §'6¢

oSIup T'0F
ostp §'0F

OSTUp 9'0F

ovo—

Ls0T—

7911 —
€Tl

971
w,umﬁk

08Tl~
ezl
9871
ezl
LEEl
TrEL

Lovl—

L) R

I3C-NMR (101 MHz, DMSO-dy)

Cl

I=z

3h

10

30

40

60

80

0 140 130 2 110 100

15

160

170

180

0

f1 (ppm)

S48



TH-NMR (400 MHz, CDCl;)

S49



261—
§ET—

om:_tv.mm.
oﬁ:cw.mm
OSTIP §'6¢

oSIup T'0F
ostp §'0F

OSTUp 9'0F

ovo—

Ls0T—

3C.NMR (101 MHz, DMSO-d)

Br

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

S50



06'0—

L[5 T~
OQH 98 T~

or'T—

Er5—
§6's—

s
€T°L
¥TL
EPP29T°L
6T'L
gL
CE L=

o¥'L
L
£l

LO'L
69°L
TL'L
¥L'L

TH-NMR (400 MHz, CDCl;)

I

o

)
Fs

3

A

I

=p0'E

=L0€E

=L0€

Foot

FeLot

Egot
104
=001
101
60T

L0

1.

£l (ppm)

S51



26T~
21—
9 €T

om:_tv.mm.
OSTUP 9°GE
OSTIP §'6¢

oSIup T'0F
ostp §'0F

OSTUp 9'0F

Tre—

L'E8—

Ls0T—

e91TT—
0€Tl

soz1
E.Z%.
08T1—
9871

671
o,mﬂ\\
gel
w.wi\

8orl—

I3C-NMR (101 MHz, DMSO-dg)

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

S52



[6'0—

61—
OdH £9°T—

§8E—

Zr9—
§6'91
L6'94
60°L7
1L
ot
Lzl
LTL

87 L—
DE'L
T& 4
1L
zeLd
e
651
1L
1L
994
89'L
oL'L
TLL
L

TH-NMR (400 MHz, CDCl;)

OCH,

I=z

3k

l

S

Fooe

Fsoe

T i
CLoe

1.0

1

fl (ppm)

S53



Qg o W L9 Q NG o
[ 0 O =+ Oh 00 000 WO O
wy, v =+ [ar B I o I o B o B o B o BRI
i S
13C-NMR (101 MHz, DMSO-dj)
N
o 0]
3k
I)O lé?O l-‘;O 17‘0 ltliO 15‘\{) l-’IIO li_I?D 150 llll

S54



E[3p2

o' s —
009

80"L1
'L
€L
YT L
STLY
9T L
D€L
ZE'Lq
PELT
0F'LA
9Ly
L
L

s'L
€5°L
¥S'L
¥S'L

L9°L
69'L
L4
EL'L
L0

TH-NMR (400 MHz, CDCl;)

Cl

I

P
o

3l

00'1

=

fl (pr

S55



L6l—
Ke—

om:_tv.mm
oﬁ:cw.mm
OSTIP §'6¢

oSIup T'0F
ostmp §'0F
OSTUp 9'0F

T'¥9—

Ced—

Ls0T—

13C-NMR (101 MHz, DMSO-d;)

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

S56



£9p2

oF's—
6's—

L
€L
8Tl
6T'L
[T°L

9z’L
mm.hk

EE°L
o¥'L
vl
L

'TH-NMR (400 MHz, CDCl;)

3m

JLJ _

5

-

Fooe

=¥0'€

MI 09

2

3.0

S57



961
661
9 €T
OSIIp 6§ A
OSTIP 9'GE
OSTIp §°6€

oSIp T'0F
OSIUp +'0F

OSTp 9'0F

Efel—

LE8—

Ls0l—
7911
o.mmﬁl/
§9T1
w.wmﬁk
§LT1
o‘wmﬁv
9371
16Z1
o.omﬁ.\

eYeEl
Gogl

sl

6985T—

I3C-NMR (101 MHz, DMSO-dg)

10

0 40

5

60

180 170 160 150 140 130 12 110 100
fl (ppm)

190

S58



€6'0—

Sl—

9E 55—

09—

TR
16°0
90°L
LOL
60°L
oT'L
ST'L
€100 97'L
8T'L
0€L
0€'L
15
TELY
£87 4
8€LA
geL
ob LA
17
e
oL
so°2
1oL
891
oL
£rrL]

TH-NMR (300 MHz, CDCl;)

.

N
(0]

3n

et

L

FE0'E

Foot

Lot

Ero1

1.0

1

fl (ppm)

S59



S e
9 ET—

o,m.:__uw.c.m
o,ﬁ:co.mm
OSIP §'6€

Wl
(@)
)

oSIp T'0F
OSIP {'0F

OSIp 9'0F

Tre—

9£8—

£101~
L'S0T~
0LOT~
$80T—
zoll

Tozl

32/
.EZ/
Eﬂ/
0'8TI~L
9'8T1-F
U6zl

greL—

I3C-NMR (101 MHz, DMSO-d)

N<
N

pog

3n

10

40 30

50

190 180 170 160 150 140 130 12 110 100 a0 80 70
f1 (ppm)

0

S60



g I—

OQE”QM/.

€1op2

81
ww.ﬁy
L6 T~
60°C
01’z

TH-NMR (400 MHz, CDCl;)

ol

3o

ML

Friot

3.0

[Eo]
o3

4.0

4.5

0

fl (ppm)

S61



90T —
LCE=T

£19P3 L'OL
£19p3 P
£19P3 €'LL

L6 —

8L0T—
6511 —
yETl

w.cﬁ/
9971

LLTI;
EE&

§6TL
m..._n.mﬁ\

§S¥l—

181 —

13C-NMR (101 MHz, CDCL;)

70

!
100

I
140

T
150

T
160

T
170

I
180

fl (ppm)

S62



EZ1
w.v.ﬂw/

|

.

081 /
§9'1
oi/
LT
8.1
08’1
mf\
vo.m\
LTT

SO°L
LOL
69°L

TH-NMR (400 MHz, CDCl;)

1 bt

vy ol
S Qo
O ™o

3p

Foot

l oot

=001

101

Froe

4.5

fl (ppm)

S63



Gel—
81T
T8 —

6'S9—

£19p2 L°0L
EPM O LL—F
siop s

L8 —

TLOT—

6SIT—
g€zt

QEW
9'971~x
LLTI;
EEW

6Tl
m.vﬂ.\
STl —

85l —

13C-NMR (101 MHz, CDCl)

Iz

3p

T i Ll T 1
130 120 110 100 90
f1 (ppm)

T
140

I
150

1
160

170

!
180

S64



9z —

BT~

ow.ﬂ./
)

N—.N/

vr'e—
mﬁ.mx
81T

16°S~_
65
90'L
90' LA
80°L
60°LA
oT'Ly
ST LA
9T L
9T L~y
8TL—F
0€'L
LEL
6€L ﬂ
WL

5oL
99°L
Lo
89
ot
it

o

TH-NMR (400 MHz, CDCl3)

EFeor

1.0

5

1

fl (ppm)

S65



Sre—

899—

€19p2 L'oL
€[op2 o,wwV
€12P2 £7LL

893 —

6'LOL—

0911 —

Lok Al
w.cmﬁ./
L9T1—=

LT
m.oﬂx
$6Tl

ever/

SVl —

¥BEL—

13C-NMR (101 MHz, CDCl;)

b

)
T

3q

Iz

40

0

90 80 70 60 5
£l (ppm)

100

110

0 140 130

15

170 160

180

S66



0f'1
ﬁ:/
&:W
SO T—
SLILAF
.m:\
ooz
gz

ST

'H-NMR (400 MHz, CDCl;)

A

H/w.o.o
M\oo.v

fwo.o

4.7

5

fl (ppm)

S67



80T~
617"
0°§T"

€190 L'9L
€19P9 0'LL—F
€190 ¥°LL

~

9'LOT—

6STT—
£€T1
€971
9971\
LLTI;
32\
¥671
£Fel

s¥l—

est—

13C-NMR (101 MHz, CDCl)

°N
0

3r

=z

n\ummmm P A———————

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

S68



€09—
FO'L
SO'L
0L
LOL
6r'L

LEL—
mm.h%w
:‘..h\
or'L

TFL
¥o'L
994
69'L
L4

TH-NMR (400 MHz, CDCl;)

Fvoo

Proo

_Wmo.o
l-66¢

Feot

1.0

5

1

fl (ppm)

S69



£0T
QANV
6'€T~
89z

692
8T \.

#99—

€12P2 L°9L
€19p2 o,..,.l..‘.W
E13P2 €°LL

68—

2LOT—
B9
¥ ETl

¥'9T1
9'971

Lzt
32%
671
£Fel

erT—

casl—

13C-NMR (101 MHz, CDCl;)

D

N.
N

o

I

3s

T
100

T U
140 130

I
150

T
160

170

f1 (ppm)

S70



E6'0—

09'T—

roe—

TH-NMR (400 MHz, CDCly)

EFeoe

=}0E

_VQOA

Mlco.ﬁ

H\ho.ﬁ

M/mo.v

1.0

5

1

fl (ppm)

S71



00—
Bige—

om:_tv.mm.
oﬁ:cw.mm
OSTIP §'6¢

oSIup T'0F
ostmp §'0F

OSTUp 9'0F

Tre—

L'E8—

LS01
91l
0ETT
THITH
$STIA
s9z1
w.ﬁ:f
LTI

TLTTA
081
T8TTY
£9TT
9371
Sm&
671

TeeT

£eet

gHeT

ForT—

LR

8051 —

I3C-NMR (101 MHz, DMSO-d¢)

I=

3t

10

30

40

60

80

100

110

140 130

150

190 180 170 160

0

f1 (ppm)

S72



ZET—

Sl

§8'9
nm.oW
889

069+
Sliling

0T'L
L
€PP2 9T'L

TH-NMR (400 MHz, CDCl3)

3u

BN

A

N

=909

=L0T

Foot1

Fe60¢€

=0T

4.0

5

4.

0

fl (ppm)

S73



@ b = (=} o e
= [ - - - s of L) L] e
= i o i b EEEed 7 5 =,
- |
13C-NMR (101 MHz, CDCl;)
-
N. N
3u
(.
Sae—" I = i = |
1 T I T I T I T i T i T i T i T i L] i
10 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10
f1 (ppm)

S74



9E'T—

OQH #¥9'T—

8T'E—

6Ty —

99'§—

89
¥8'0
989
6’9
69~
§O0°L—

oo.h\..
or'L
UL
FL'L

€PP9TL

TH-NMR (400 MHz, CDCl;)

Z

/

Iz

3v

LA

=909

FLOE

Fs0T

Foot

fl (ppm)

S75



ULT—

SEL—

GO —

It
€19p2 n,EW
€19p2 0°LL—

EPPI ¥'LL

BIIL—

6071
e
2971 —
SOET~

O'sFl—

G LT

I3C-NMR (101 MHz, CDCl;)

pd

Iz ~

3v

T
1] 40

5

T
60

T
50

T
100

T
110

120

T
130

I
140

50

1

I
160

T
170

T
180

£l (ppm)

S76



LET—

6I'y—

or'9—

TH-NMR (400 MHz, CDCL)

z
T= O

Cl

3w

L

=809

=850T

Foor

M/.moA
Feot

1901
L0

f1 (ppm)

S77



¥ ee—

0'09—

Th
£19p2 n,om”.
€19p2 _,hh%
£19P3 $'LL

FELl—

L
SileT="

L'LTT~
$6T1—

Tevl—

P LST—

I3C-NMR (101 MHz, CDCl;)

3w

al

80

Ll
100

o
110

T
140

I
150

1
160

170

i
180

f1 (ppm)

S78



LE'T

OdH £€9'T—

€[9p2

6Tk

§0'9

L9
8.9
08’9
96’9
86'9
ST'L
0T'L
TT'L
9T’L
L
'L

\

A

W
f

TH-NMR (400 MHz, CDCl;)

s

e

'

=09

=00

Foot

Hfw.o.ﬁ
H/voA

m\ccA

iﬁc.ﬁ

f1 (ppm)

S79



60.0
23.4

<t — [T - -~ @ o T
x 3 N o= o = 8 s ega
- - — — - = Lo S
ol | i sl S~
13C-NMR (101 MHz, CDCl;)
P
Br
N
N
e
O
3x
.
T T 1 I I Ll T T T I i
180 170 160 150 140 130 120 110 100 90 80
£l (ppm)

S80




EE'T—

OdH L8'T—

8T T—

9L —

¥6'§—

89'9

mh.o\
80°L
oﬁ.hv
TI'L

EPPOT'L

TH-NMR (400 MHz, CDCl;)

Z

/

Iz

3y

| ,JL_A.

A

=109

=00€

=E0C

Esot

Mloo.m

Feot

fl (ppm)

s81



865 —

m.vh./

€[9P2 8°9L
£12p2 _,EW
£19P3 ¥LL

O —
THTL—

06T —

P Lvl—

0’851 —

13C-NMR (101 MHz, CDCL)

z
T= O

3y

ey

T
100

f1 (ppm)

T T
140 130

I
150

T T
180 170 160

I
190

0

S82



LE'T—

OGH L T—

LTV —

TE9—

899
0L'9
LL'9

789~
rgo/

90'L—F
80°L
or'L
0T’

EPP29T'L

I

TH-NMR (400 MHz, CDCl)

=809

L

Z

/

Iz

Cl

3z

L

=0T

INJ =ec0'1

=

TOT
00T

M\VOA

4.0

4.7

5
fl (ppm)

0

S83



£EE—

009 —

Th
€19P2 L°OL
£19p3 _,EW
€19P3 #'LL

9T~
CEIT =
QLT —
COEL—
6'VEL—

28FL—

6'LST—

I3C-NMR (101 MHz, CDCl;)

Cl

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

S84



BET—

0z r—

BO9—

£9°0
€80
189
86'0
oo.n%

.mm.h/
TL-F

8T'L
STL
LTL
6TL

TH-NMR (400 MHz, CDCl;)

P4

/

Iz

Br

3aa

o

Jn

=509

=60C

Q01

Rgor
=901
b0l
60T

f1 (ppm)

S85



WL —

0°09—

It
€19p2 n,EW
€19p2 o,RN
€193 £°LL

T Erl—

LST—

13C-NMR (101 MHz, CDCl)

. {

Iz O

Br:

3aa

MMWW

T
1] 40

5

T
60

T
50

! I I I T T
160 150 140 130 120 110 100

1
170

T
180

£l (ppm)

S86



SR =

OdH sL'T—

S =

LL §=—

8L°0~_
089~

TO'L—F
#o.h\.

E[OP2 0T L

TH-NMR (400 MHz, CDCl;)

LA

|

P4

/

I=

3ab

=009

=80'€

=80T

Foot

Fzoz
Foozt

4.7

5

fl (ppm)

S87



§0T—
SEC—

865 —

ﬁ‘w.__l./.

€]9P2 8°9L
£1apa _,EW
€190 ¥LL

SEll—

96T~
901"

=

6'LS1—

I3C-NMR (101 MHz, CDCl;)

3ab

T
90

T
100
f1 (ppm)

!
110

U
130 120

T
140

I
150

T T
180 170 160

I
190

0

S88



BE T—

OgHZ8'I—

S Y=

39—

VL9~
9.9+
IT' L~
€L
P2 97 L~

TH-NMR (400 MHz, CDCl)

™

Cl

Z09

Foor |

Feoz

Fioe

4.0

5

4.

0

fl (ppm)

S89



SEC—

6'65—

THL
€12P2 8°9L
€19p2 _,EW
€199 b LL

ST —

LTI —
WeEl~—

okl —

6'LST—

I3C-NMR (101 MHz, CDCl;)

Z

/

I=z

Cl

3ac

T
100

T
140

I
150

T T
180 170 160

I
190

0

f1 (ppm)

S90



O T—

STy—

IH-NMR (400 MHz, CDCl;)

pd

/

I=z

Br

3ad

J

J

E109

Foot

661

Fooz

f1 (ppm)

S91



Srl—

WEL—

6'6s—

TrL
£19p2 w,or”..
PP Tl
EPPI ¥LL

Al E
6PIT—

G’ TET—

Ll e

G LET—

I3C-NMR (101 MHz, CDCl;)

pd

/

I=z

Br

3ad

I 1 I I Ll T T !
170 160 150 140 130 120 110 100 820
£l (ppm)

T
180

S92



gET—

ELE—

ETE—

SL'9
wh.oW
1897
£8'9

TH-NMR (400 MHz, CDCl3)

/

=z

0]

H,CO

3ae

LL& L

FLO9

Fzoe

=€07

Foot

FLov

fl (ppm)

S93



Sri—

SEC—

9es—

8’65 —

187
€[9p2 m,ch.,//./
€12 ['LL—
€192 #'LL-

ST~

e

0Ll —

IPST—
rgst—

I3C-NMR (101 MHz, CDCl3)

H,CO

3ae

T
100

f1 (ppm)

T
140

I
150

T T
180 170 160

I
190

0

S94



TET—

STv—

G619

99
mo.o//
L9'9
Loo7
76'9
269
0T'L~,
el

€12P2 9T'L /

TH-NMR (400 MHz, CDCly)

Cl

Cl

3af

.

=09

-—¥0'Z

=0T |

=E0'1

Foot

EI101

f1 (ppm)

S95



¥et—

L'os—

N.v.ﬁ/.

€19P2 L'OL
€19p2 c,hhw
E[AP2 €'LL

O] [ =
6'vIl—

Al —

90ET—
6'TET—

irl—

G'LST—

o
PN
rz ©O
1]
™
O O

13C-NMR (101 MHz, CDCL)

M 1 (A

T T i Ll Ll 1
0 140 130 120 110 100 90
f1 (ppm)

T
15

1
160

170

!
180

S96



OdH 69'1—

17T~
ez

36°€—

rs—

gLle—

Ead 9T L—

1H-NMR (300 MHz, CDCl;)

N1

=L09

=10'€
=009

=0T

oot

Fo0C

&0 4.5
fl (ppm)

B2}

L

S97



98l —
§0T—
0 ee—

809 —

0€L~
€19p2 L°9L
£1op2 o,nhV

e1apa 2+

SLTL—~
T OEL—
CCEl—

6E1T—

BLST—

S98

T
90

f1 (ppm)

Ll
110 100

120

130

140

a0

15

160

3C-NMR (101 MHz, CDCls)

170

180




81—
OQH #¥9'T—

€6'5—
€0°L
FO'L
SOL
90°L
LO°L
80°L
0r'L
LI
oT’L
L4
€122 9T'L
¥s'L
9¢8°L
LG°L
68°L

TH-NMR (300 MHz, CDCl;)

z
= O

HsCO g ‘

3ah

[

=

I

FTo9

F80€

Foot

Foot

60'E
[V

ooz

a 8.0

8.

9.0

10.0

10.5

1.0

f1 (ppm)

S99



VET—

£55—

009 —

THL
€]op2 hEW
€190 0'LL
£19p9 €L

0901 —
801 —

S9I1l—
611 —

6'LTT
M.wmﬁy.

o.mmﬁ\
v.og\‘

EErl—

I3C-NMR (101 MHz, CDCl;)

3ah

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

5100



6E'T—
OQH09'T—

YE bh—

90'9—
£0°L
PO'L
90°L
LOL
£1°L
YL
£10a2 9T L—
b
Q.n\m
sy
u:.%
st
151
TSL
S5°LA
¥8L
¥8°L
sg'L-

'TH-NMR (300 MHz, CDCl;)

Br

3ai

I

I

I

=109

Froz

Eoo1

901
s0'L

Fsoe

Eso1

2.0

o™

3.0

a 8.0

8.

9.0

10.0

10.5

1.0

f1 (ppm)

5101



CREHE
R o B - R I~ S i
) Vil SO w6 w oG [ o B e = e
W b eI o B B o B o I ] (=] - o = (=1 o1
— = e e ) e e - — -~~~ o (o]
SO PR -
3C-NMR (101 MHz, CDCl;)
'd ~\
SN
N
Br 10 O
3ai
A\ J
1 T Il I 1 T T I 1 Ll L} 1 L 1 T L] 1 i T I 1 T T 1 i T T i
50 240 230 220 210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10 20
fl (ppm)

5102



SI'l—

osmp 8F'T—

OaHZIeE—

Lo f—

9T'L
6T°L
€L
L
oL
8tL
08 Lr
8s'L
8L
98'L
88'L
68'L
16°L

LE6—

TH-NMR (400 MHz, DMSO-d)

A

=809

60T

ot
ooz
Ao
peoe

o001

a L

0.

0.0

a 8.0

8.

9.0

10.0

10.5

1.0

f1 (ppm)

5103



TET—

osIp £'6€
OSIp 9'6E
oSTIp §'6€
OSTIp Q'0F
osTIp T'0F
OSIIp {'0F
OSTUp 9'0F

Qips—

§0L—

—

Rt

19 9 m
=\ O el
o B B B B |

[y
— 00
o o
— -

uwy
o
on
—

13C-NMR (101 MHz, DMSO-d;)

1

10

30

40

60

180 170 160 150 140 130 12 110 100 90 80

190

00

fl (ppm)

5104



DaH L9 T—

£§'C—
SLT—

08 €—

¥O'L
SO0L
LO'L
804
£TL
¥T'L
oT'L
6T°L
6T'L
LE'L
o¥'L
vl
vl
99°L
LY'L
0L'L
Tl'L

TH-NMR (300 MHz, CDCl;)

S S

-

=809

+=90'€
ﬁlco.ﬁ

=60T

L60

f1 (ppm)

5105



fl (ppm)

5106

00U
aaq
L3 W= OO0 on oo
wi + oo~ ool g o W = 5 =
= LB B B B B ) (=] | il . = =] (=] L Sl @
- oo - - s e T © o —
[ N5 d T &/
I3C-NMR (75 MHz, CDCl;)
1D
N~ OH
4b
“ipiher o vl s e 1 UL L T D ot oo g e
T 1 T 1 T i I T I Ll T ! T ! 1 1 1 T I 1l i !
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10



60°0
or'o

960~
60 L~
:.H\
vl

o.m._”.\

191"

09°€~_
£9 g
86'¢
10 b~L
PO
Ot
90t
LOF
60t
60t
Iy
Tk

£0'9—
269
669
10°L
0L
£0°L
ro'L
TrL
£TL
gzl
Sl
STL
€000 97°L
Tt
ity
9¢'L
9€L
9L
66 L]
6€°L
e
1L
vos ]
1o
892
1]
ered

TH-NMR (300 MHz, CDCl)

=909

F80'1

=901

st

Foot

Doz
60T
0l

Froe

1.0

5

1

fl (ppm)

5107



L
78—
v

m,wmv.
m,wm\

919 —
Le9"
€80~

€122 L°9L
€19p2 o,..,.l..nW
E13P2 €°LL

6’501 —

TSI~
Lzl

m.oﬁ/
m.@ﬁ/v
LLTT
w.wmﬁ/
6’871
LFEr—

LT —

Gki&l—

I3C-NMR (101 MHz, CDCl;)

T
90

T
100

!
110

120

U
130

T
140

I
150

T
160

170

f1 (ppm)

5108



