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1. General information

Unless otherwise stated, all reactions were conducted under inert atmosphere using
standard Schlenk techniques or in an argon-filled glove-box. All chemicals were obtained
from commercial sources and were used directly without further purification. Solvents were
treated prior to use according to the standard methods. Column chromatography was
conducted on silica gel (300-400 mesh) using a forced flow of eluent at 0.3-0.5 bar pressure.
NMR Spectra were recorded at room temperature in CDCl;, DMSO-d; or acetone-ds on 400
MHz spectrometers. The chemical shifts for 'H NMR were recorded in ppm downfield from
tetramethylsilane (TMS) with CDClI; (7.26 ppm), DMSO-ds (2.50 ppm) or acetone-dg (2.05
ppm) as the internal standard. The chemical shifts for *C NMR were recorded in ppm
downfield using the central peak of CDCl; (77.16 ppm), DMSO-ds (39.52 ppm) or acetone-dg
(29.84 ppm) as the internal standard. Coupling constants (J) are reported in hertz and refer to
apparent peak multiplications. The abbreviations s, d, t, g and m stand for singlet, doublet,
triplet, quartet and multiplet in that order. HRMS data was obtained with Micromass

HPLC-Q-TOF mass spectrometer (ESI) or Agilent 6540 Accurate-MS spectrometer (Q-TOF).

2. Synthesis and characterization data of ynamides

EWG  cus0,-5 Hy0 (10 mol%) FWe
R'-=—Br + HN RI—==—N
\RZ 1,10-phenanthroline (20 mol%) \ 5
K,CO3 (2.0 equiv.) R
toluene, 80 °C 1a-w

The ynamides were synthesized by copper-catalyzed cross-couplings of amides with the
corresponding alkynyl bromides.! The substrates 1a—g are known compounds.?®

In a 25 mL flame-dried Schlenk tube, amides (2.5 mmol), CuSQ,4-5H,0 (10 mol%, 63.0
mg), 1,10-phenanthroline (20 mol%, 90.0 mg), K,COs (2.0 equiv, 0.69 g) and toluene (10 mL)
were added in sequence under argon atmosphere. Then alkynyl bromide (6.0 mmol) was
introduced and the resulting mixture was stirred at 80 °C for 12-24 h. After which time, the
crude mixture was filtered through a short pad of celite and washed with ethyl acetate.
Removal of the solvent and purification by silica gel column chromatography afforded the

desired ynamides (eluent: petroleum ether/ethyl acetate = 10/1).
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Characterization data of ynamides:

N-Benzyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (1h)

SO,Ph Brown solid; 592.9 mg; 67% yield; mp 98-99 °C; *H NMR (400 MHz,
[ Y—=N

S M, CDCl) 8 7.87 (d, J = 7.2 Hz, 2H), 7.66-7.58 (m, LH), 7.53-7.46 (m,

th 2H), 7.32-7.25 (m, 5H), 7.22-7.18 (m, 1H), 7.10-7.05 (m, 1H), 6.91
(dd, J = 5.2, 3.6 Hz, 1H), 4.59 (s, 2H). *C NMR (100 MHz, CDCls) & 137.7, 134.3, 133.8,
133.0, 129.2, 128.8, 128.6, 128.5, 127.9, 127.7, 127.1, 122.7, 86.1, 64.8, 56.0. HRMS (ESI)

calcd for Cy9H3sNO,S; [M + H]" 354.0617, found 354.0614.

N-Benzyl-4-fluoro-N-(thiophen-2-ylethynyl)benzenesulfonamide (1i)
F Brown solid; 525.5 mg; 56% yield; mp 95-96 °C; 'H NMR (400 MHz,
CDCly) & 7.89-7.79 (m, 2H), 7.33-7.28 (m, 5H), 7.25-7.23 (m, 1H),
50, 7.19-7.13 (m, 2H), 7.11-7.09 (m, 1H), 6.96-6.89 (m, 1H), 4.62 (s, 2H).
s ‘8n  *C NMR (100 MHz, CDCl5) & 165.8 (d, J = 256.4 Hz), 134.2, 133.8 (d, J
! = 3.3 Hz), 133.2, 130.6 (d, J = 9.6 Hz), 128.9, 128.7, 128.6, 128.1, 127.1,
122.5, 116.5 (d, J = 22.7 Hz), 86.0, 65.0, 56.2. HRMS (ESI) calcd for C19H;sFNO,S; [M +

H]" 372.0523, found 372.0520.

N-Benzyl-4-chloro-N-(thiophen-2-ylethynyl)benzenesulfonamide (1j)

White solid; 409.1 mg; 42% vyield; mp 117-118 °C; *H NMR (400 MHz,

Cl
CDCly) & 7.81-7.74 (m, 2H), 7.53-7.43 (m, 2H), 7.36-7.25 (m, 5H),
I 7.26-7.24 (m, 1H), 7.13-7.09 (m, 1H), 6.97-6.91 (m, 1H), 4.62 (s, 2H).
| S\ = Nian 3C NMR (100 MHz, CDCl,) & 140.4, 136.2, 134.2, 133.3, 129.5, 129.2,
1j 128.9, 128.8, 128.7, 128.1, 127.1, 122.5, 85.9, 65.1, 56.3. HRMS (ESI)

calcd for C1gH35CINO,S, [M + H]" 388.0227, found 388.0216.
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N-Benzyl-N-((4-methoxyphenyl)ethynyl)-2,4,6-trimethylbenzenesulfonamide (1K)
Yellow oil; 725.8 mg; 69% yield; '"H NMR (400 MHz, CDCls) &
7.39-7.29 (m, 5H), 7.09-7.04 (m, 2H), 6.97 (s, 2H), 6.76-6.71

SO

MeOO‘NQB 2 (m, 2H), 4.67 (5, 2H), 3.75 (s, 3H), 2.68 (s, 6H), 2.31 (5, 3H). *C
n

1K NMR (100 MHz, CDCly) & 159.3, 143.7, 141.0, 135.1, 132.9,

132.1, 132.0, 129.0, 128.6, 128.3, 115.1, 113.9, 80.9, 72.4, 5.4, 54.3, 23.3, 21.2. HRMS (ESI)

calcd for CysH,6NO5S [M + H]"420.1628, found 420.1621.

N-Benzyl-N-(thiophen-2-ylethynyl)naphthalene-2-sulfonamide (11)
‘ Brown solid; 511.3 mg; 51% yield; mp 112-113 °C; '"H NMR (400
O MHz, CDCls) & 8.42 (s, 1H), 7.99-7.81 (m, 4H), 7.70-7.56 (m, 2H),
7.35-7.17 (m, 6H), 7.11-7.02 (m, 1H), 6.95-6.87 (m, 1H), 4.64 (s,
2H). *C NMR (100 MHz, CDCl3) & 135.3, 134.6, 134.3, 133.0, 132.1,
" 129.6, 129.53, 129.51, 129.4, 128.9, 128.6, 128.5, 128.1, 127.9, 127.8,
127.1, 122.8, 122.6, 86.3, 64.9, 56.2. HRMS (ESI) calcd for C,3H1gNO,S, [M + H]" 404.0773,

found 404.0776.

N-Benzyl-N-(thiophen-2-ylethynyl)methanesulfonamide (1m)
Ms Yellow solid; 3.0 mmol scale, 833.0 mg; 95% yield: mp 80-81 °C; 'H
| ; — N\Bn NMR (400 MHz, CDCly) & 7.51-7.44 (m, 2H), 7.44-7.34 (m, 3H),
m 7.30-7.24 (m, 1H), 7.22-7.16 (m, 1H), 7.02-6.92 (m, 1H), 4.71 (s, 2H),
2.92 (s, 3H).*C NMR (100 MHz, CDCl,) & 134.5, 133.4, 129.1, 129.0, 128.9, 128.2, 127.2,
85.6, 65.0, 56.2, 39.3. HRMS (ESI) calcd for CyHi,NO,S, [M + H]* 292.0460, found

292.0439.

4-Methyl-N-(2-methylbenzyl)-N-(thiophen-2-ylethynyl)benzenesulfonamide (1n)

| - N/TS Brown solid; 450.0 mg; 47% vyield; mp 106-107 °C; 'H NMR (400 MHz,
S CDCl3) 6 7.81 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.26-7.08 (m,

5H), 7.03-7.00 (m, 1H), 6.91-6.88 (m, 1H), 4.55 (s, 2H), 2.46 (s, 3H),

1n
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2.36 (s, 3H). *C NMR (100 MHz, CDCls) & 144.9, 137.5, 134.3, 132.6, 132.1, 130.6, 130.4,
129.9, 128.7, 127.9, 127.5, 127.0, 126.1, 122.9, 86.3, 64.8, 53.7, 21.8, 19.3. HRMS (ESI)
calcd for CyH,0NO,S, [M + H]* 382.0930, found 382.0934.

N-(2-Methoxybenzyl)-4-methyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (10)
N — ¢ Brown solid; 438.7 mg; 44% yield; mp 101-102 °C; *H NMR (400 MHz,
MeQ Acetone-dg) & 7.84 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H),
7.45-7.40 (m, 1H), 7.32-7.27 (m, 2H), 7.11-7.06 (m, 1H), 7.01-6.97 (m,
1o 1H), 6.96-6.88 (M, 2H), 4.66 (s, 2H), 3.74 (s, 3H), 2.47 (s, 3H). °C NMR
(100 MHz, Acetone-dg) 6 158.7, 145.8, 135.8, 133.2, 131.4, 130.8, 130.7, 128.7, 128.5, 128.1,
123.6, 123.3, 121.1, 111.5, 87.6, 64.5, 55.8, 51.5, 21.5. HRMS (ESI) calcd for C»;HxNO3S,

[M + H]" 398.0879, found 398.0889.

N-(2-Chlorobenzyl)-4-methyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (1p)
| N — N/TS Brown solid; 381.7 mg; 38% yield; mp 96-97 °C; '"H NMR (400 MHz,
° ¢ Acetone-dg) 8 7.91 (d, J = 8.4 Hz, 2H), 7.55-7.48 (m, 3H), 7.47-7.40 (m,
2H), 7.40-7.31 (m, 2H), 7.13-7.08 (m, 1H), 7.03-6.96 (m, 1H), 4.79 (s,
ks 2H), 2.49 (s, 3H). *C NMR (100 MHz, Acetone-dg) & 146.3, 135.3, 134.7,
133.6, 133.1, 132.1, 130.94, 130.92, 130.4, 129.0, 128.6, 128.10, 128.08, 123.1, 86.9, 65.1,

53.7, 21.6. HRMS (ESI) calcd for CyH;,CINO,S, [M + H]* 402.0384, found 402.0386.

4-Methyl-N-(3-methylbenzyl)-N-(thiophen-2-ylethynyl)benzenesulfonamide (1q)
| ) N/TS Brown oil; 534.8 mg; 56% yield; "H NMR (400 MHz, Acetone-dg) & 7.85
S (d, J = 8.4 Hz, 2H), 7.53-7.41 (m, 3H), 7.26-7.19 (m, 1H), 7.17-7.09 (m,
4H), 7.05-6.97 (m, 1H), 4.61 (s, 2H), 2.47 (s, 3H), 2.28 (s, 3H). °C NMR
19 (100 MHz, Acetone-dg) 6 146.0, 138.9, 135.8, 135.6, 133.5, 130.8, 130.2,
129.8, 129.2, 129.0, 128.5, 128.1, 126.7, 123.4, 87.7, 65.1, 56.4, 21.6, 21.3. HRMS (ESI)

calcd for Cy;H,0NO,S, [M + H]* 382.0930, found 382.0927.

S4



4-Methyl-N-(4-methylbenzyl)-N-(thiophen-2-ylethynyl)benzenesulfonamide (1r)
D' N\ N/TS Brown solid; 464.0 mg; 49% yield; mp 85-86 °C; 'H NMR (400 MHz,
S CDCl3) 8 7.76 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.23-7.15 (m,
3H), 7.13-7.04 (m, 3H), 6.92-6.88 (m, 1H), 4.52 (s, 2H), 2.43 (s, 3H),
1r 2.31 (s, 3H). *C NMR (100 MHz, CDCly) & 144.8, 138.2, 134.8, 132.8,
131.4, 129.8, 129.3, 128.9, 127.8, 127.7, 127.0, 122.9, 86.4, 64.8, 55.7, 21.8, 21.3. HRMS
(ESI) calcd for CyH,0NO,S, [M + H]*382.0930, found 382.0918.

N-(4-methoxybenzyl)-4-methyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (15)
75 Yellow solid; 425.7 mg; 43% yield; mp 97-98 °C; *H NMR (400 MHz,
S CDCly) 6 7.77 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.25-7.19 (m,
3H), 7.10-7.05 (m, 1H), 6.95-6.89 (m, 1H), 6.82 (d, J = 8.7 Hz, 2H), 4.51
MeO (s, 2H), 3.78 (s, 3H), 2.45 (s, 3H). *C NMR (100 MHz, CDCls) & 159.8,
1s 144.7,134.9, 132.8, 130.5, 129.8, 127.9, 127.7, 127.0, 126.5, 123.0, 114.0,
86.4, 64.9, 55.5, 55.4, 21.8. HRMS (ESI) calcd for C;H,0NO3S, [M + H]" 398.0879, found

398.0888.

N-(4-chlorobenzyl)-4-methyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (1t)

1s Brown solid; 354.7 mg; 35% yield; mp 100-101 °C; 'H NMR (400 MHz,

| p——]
s Acetone-dg) & 7.86 (d, J = 8.2 Hz, 2H), 7.54-7.44 (m, 3H), 7.42-7.34 (m,
4H), 7.14 (d, J = 3.6 Hz, 1H), 7.04-6.96 (m, 1H), 4.66 (s, 2H), 2.47 (s, 3H).

Cl 3C NMR (100 MHz, Acetone-ds) & 146.2, 135.6, 134.8, 134.6, 133.8,
1t
131.3, 130.9, 129.4, 129.1, 128.5, 128.1, 123.1, 87.0, 65.2, 55.6, 21.6.

HRMS (ESI) calcd for C,0H;,CINO,S, [M + H]"402.0384, found 402.0381.

N-(4-bromobenzyl)-4-methyl-N-(thiophen-2-ylethynyl)benzenesulfonamide (1u)

N — ™S Yellow solid; 605.4 mg; 54% vyield; mp 91-92 °C; 'H NMR (400 MHz,

N
S
CDCly) 6 7.75(d,J =7.7Hz, 2H), 7.41 (d,J = 7.7 Hz, 2H), 7.32 (d,J = 7.8

: Hz, 2H), 7.23 (d, J = 5.2 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 7.12-7.06 (m,
;

1u
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1H), 6.96-6.85 (m, 1H), 4.51 (s, 2H), 2.45 (s, 3H). ®*C NMR (100 MHz, CDCly) & 145.0,
134.5, 133.5, 133.2, 131.8, 130.5, 129.9, 128.0, 127.8, 127.1, 122.6, 122.5, 86.0, 64.9, 55.3,
21.8. HRMS (ESI) calcd for CyH17BrNO,S, [M + H]* 445.9879, found 445.9875.

4-Methyl-N-(naphthalen-1-ylmethyl)-N-(thiophen-2-ylethynyl)benzenesulfonamide (1v)

TS Brown solid; 443.3 mg; 42% yield; mp 107-108 °C; 'H NMR (400

< Z " MHz, Acetone-ds) & 8.29 (d, J = 8.0 Hz, 1H), 8.00-7.87 (m, 4H),
\s OO 7.63-7.47 (m, 5H), 7.47-7.41 (m, 1H), 7.40-7.35 (m, 1H),
1v 7.02-6.98 (m, 1H), 6.97-6.91 (m, 1H), 5.07 (s, 2H), 2.46 (s, 3H).

C NMR (100 MHz, Acetone-ds) 5 146.2, 134.9, 134.8, 133.3, 132.5, 130.9, 130.6, 130.3,
129.7, 129.6, 128.8, 128.6, 128.0, 127.5, 126.8, 126.0, 124.3, 123.1, 87.1, 65.6, 54.4, 21.6.

HRMS (ESI) calcd for Co4HaNO,S, [M + H]* 418.0930, found 418.0928.

N-Butyl-N-((4-methoxyphenyl)ethynyl)-4-methylbenzenesulfonamide (1w)

Yellow oil; 7411 mg; 83% yield, '"H NMR (400 MHz,

Ts
MeOAQ—Ni
ngy Acetone-ds) 6 7.87 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H),

1w

7.32 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H),
3.41 (t, J = 7.1 Hz, 2H), 2.46 (s, 3H), 1.72-1.61 (m, 2H), 1.42-1.36 (M, 2H), 0.92 (t, J = 7.4
Hz, 3H).*C NMR (100 MHz, Acetone-dg) 5 160.6, 145.7, 135.6, 133.9, 130.7, 128.5, 115.6,
115.0, 82.0, 70.7, 55.7, 52.1, 27.5, 21.5, 20.1, 13.8. HRMS (ESI) calcd for C,oHxNO;S [M +

H]* 358.1471, found 358.1474.
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3. Synthesis and characterization data of isoxazoles

3,5-Diethylisoxazole 2b was prepared according to the known procedure.” Other

isoxazoles were obtained from commercial sources.

3,5-Diethylisoxazole (2b)

o Known compound;* *H NMR (400 MHz, Acetone-dg) & 6.02 (s, 1H), 2.71 (q, J

-N
\
Et/%b)\Et = 7.6 Hz, 2H), 2.60 (g, J = 7.6 Hz, 2H), 1.45-1.08 (m, 6H). °C NMR (100

MHz, Acetone-ds) 6 175.0, 165.5, 100.2, 20.6, 20.0, 13.0, 12.1.
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4. Optimization of the reaction conditions

Table S1. Optimization of the reaction conditions.?

Ts, O o
T8 - acid (x mol% Ph  N-Bn
Ph— Nfsn + o\ ';l m O>7)</N & N,Ts
solvent, -10 °C )</’\ N 1
il Actd Solvent x (mol%) Yield (%)°

1 Tf,NH DCE 5 24
2 Tf,NH DCE 10 50
3 Tf,NH DCE 15 20
4 Tf,NH DCE 20 57
5° Tf,NH DCE 15 5
6’ Tf,NH DCE 15 60
7* Tf,NH DCE 15 5
8' Tf,NH DCE 15 e
9 - DCE i 0
10 Tf,NH DCM 15 .
11 Tf,NH THF 15 0
12 Tf,NH CHiCN 15 ”1
13 Tf,NH Toluene 15 .
14 TfOH DCE 15 ’8
15 TFA DCE 15

16 TsOH DCE 15 0
17 MsOH DCE 15

18 TMSOTf DCE 15 37

% The reaction was performed at 0.1 mmol scale with 1a (1.5 equiv), 2a (0.1 M), H,0O
(1 equiv) and acid (x mol% based on 2a) in DCE (1 mL) at -10 °C for 6 hours unless
otherwise stated. ® Yields were determined by HPLC using naphthalene as an internal
standard. ¢ 1a/2a = 1.2/1. ¢ 1a/2a = 2/1. ® 1a/2a = 1/1.5. " In the absence of H,O.

We commenced our investigation with the optimization of the reaction conditions by
choosing ynamide la and 3,5-dimethylisoxazole 2a as the model substrates (Table S1).
Submitting 5 mol% of Tf,NH to the mixture of 1a, 2a and H,O in DCE at -10 °C afforded the
oxygen-bridged tetrahydro-1,4-oxazepine 3a in 24% yield (entry 1). The structure of 3a was
unambiguously confirmed by single-crystal X-ray diffraction analysis of its analogue 3g
(CCDC 1561884). The product yield can be improved to 70% by increasing the amount of
catalyst to 15 mol% (entries 1 to 3). However, further increasing the catalyst loading to 20

mol% did not provide better yield (entry 4). Subsequently, the ratio of the substrates was
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examined. It was found that the best yield could be obtained with a ratio of la/2a = 1.5/1
(entry 3 vs entries 5-7). Only a trace amount of 3a was detected along with recovered starting
material when the reaction was carried out in the absence of water (entry 8), suggesting that
water is very crucial in the formation of 3a. Remarkably, no reaction occurred in the absence
of Tf,NH (entry 9). The reaction in DCM gave a decreased yield (entry 10), since when
adding Tf,NH solution via syringe, the solution often spontaneously dropped out owing to the
low boiling point of DCM. The reaction cannot take place in THF, while the poor solubility of
ynamides in CH;CN and toluene at low temperature resulted in low yields of 3a (entries
11-13). The screening of other acids such as TfOH, TFA, TsOH and MsOH, as well as Lewis
acid TMSOTHT, revealed that only TfOH and TMSOTf could catalyze the cycloaddition, but
gave inferior yields (entries 14-18). It is noteworthy that no 2-aminopyrrole product 4a was
formed during the optimization (including the one in the absence of water), revealing the

distinct catalytic activity of acid catalysis from that of gold catalysis.
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5. Tf,NH-catalyzed [5+2+1] cycloaddition of ynamides and isoxazoles with water

I‘EWG
R N-R?

m
2
@
o

-N
\

TE,NH (15 mol%)
R* DCE, H,0 (1.0 equiv) o)
-10°Cor-20°C R3)<HLR“

Y =H, 3a,61%
v TS‘N—B Y = 2-Me, 3b, 40%
v = 2-OMe, 3¢, 72%
o I\ Y=4Me, 3d,64%

)<3Lk Y = 4-OMe, 3e, 45%

Y = 4-Cl, 3f, 66%

A
z
Y
0
+
)
)
NJU{

Ts Z ) $0Ph
"Bu, N—Bn S N—Bn
d IN d IN
I AN
0% 3h, 75% 3i, 60% 3j, 61% 3k, 45%
O v Y = 2-Me, 3n, 72% Q
= —
P Q ) Ms, Y = 2-OMe, 30, 68% // Ts Q
/) B, S N—Bn // Ts Y =2-Cl, 3p, 67% s N
S N-S0, P S N Y = 3-Me, 3q, 7%
o Y = 4-Me, 3r, 66% o IN
g I'N o
<o PN g N Y = 4-OMe, 3s, 51% P
A Y =4-Cl, 3t 61%
31, 65% 3m, 54% Y = 4-Br, 3u, 72% 3v, 65%

MeQ % %
Q_T;Nnau e Ql;“” QL;NB” %:ﬁ:s ;\T\l @ Sr-an
3w, 46% 0% 3%, 61% 3y, 40% 32, 59% 3ge, 48%

Representative procedure for the reactions of ynamides la—f with 3,5-dimethylisoxazole
2a:

In a 10 mL flame-dried Schlenk flask, ynamide 1 (0.3 mmol, 1.5 equiv), 2a (0.20 mmol,
20 uL), H,O (0.20 mmol, 3.6 pL) and DCE (1.5 mL) were added in sequence and the
resulting mixture were stirred at -10 °C for 20 min. Then a solution of Tf;,NH (15 mol%, 8.4
mg) in DCE (0.5 mL) was added quickly and further stirred for additional 6 hours. The
reaction was quenched by EtsN solution (10 vol% in pentane, 120 pL). The crude product was
purified by silica gel column chromatography to yield the desired products (eluent: petroleum
ether/ethyl acetate = 10/1).

Representative procedure for the other reactions:

In a 10 mL flame-dried Schlenk flask, ynamides 1g-w (0.2 mmol), isoxazoles 2 (0.24

mmol, 1.2 equiv), H,0O (0.20 mmol, 3.6 uL) and DCE (1.5 mL) were added in sequence and
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the resulting mixture were stirred at - 20 °C for 20 min. Then a solution of Tf,NH (15 mol%,
8.4 mg) in DCE (0.5 mL) was added quickly and further stirred for 12-24 h. The reaction was
quenched by Et;N solution (10 vol% in pentane, 120 pL). The crude product was purified by
silica gel column chromatography to yield the desired products (eluent: petroleum ether/ethyl

acetate 10/1).
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6. Characterization data of O-bridged tetrahydro-1,4-oxazepines

N-Benzyl-N-(3,5-dimethyl-7-phenyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-4-methyl

benzenesulfonamide (3a)

TS\N 5 White solid; 58.0 mg; 61% yield; mp 127-128 °C; ‘H NMR (400 MHz,

Ph —Bn

5 \ CDCly) 8 7.65 (d, J = 8.0 Hz, 2H), 7.28-7.12 (m, 12H), 6.06 (s, 1H),
O

M 4.87-4.66 (m, 2H), 2.52 (d, J = 18.0 Hz, 1H), 2.42-2.32 (m, 4H), 1.75 (s, 3H),
3a

1.57 (s, 3H). **C NMR (100 MHz, CDCly) § 168.9, 143.0, 139.1, 135.9, 129.9,
128.8, 128.6, 128.4, 127.90, 127.87, 127.6, 126.8, 126.3, 103.9, 103.8, 85.4, 49.7, 44.1, 25.4,

23.6, 21.6. HRMS (ESI) calcd for Cp;HN,0,S [M + H]* 477.1843, found 477.1841.

N-Benzyl-N-(3,5-dimethyl-7-(o-tolyl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)-4-methy
Ibenzenesulfonamide (3b)

Te Colorless oil; 38.8 mg; 40% yield; "H NMR (400 MHz, CDCl5) § 7.54 (d,

N-Bn J =8.3 Hz, 2H), 7.33-7.27 (m, 1H), 7.17-7.06 (m, 10H), 6.26 (s, 1H),

3<O)Nk 4.78 (s, 2H), 2.61 (d, J = 18.1 Hz, 1H), 2.48-2.44 (m, 4H), 2.35 (s, 3H),

b 1.87 (s, 3H), 1.64 (s, 3H).*C NMR (100 MHz, CDCl;) & 168.8, 142.7,

139.6, 138.6, 137.0, 133.7, 130.6, 129.9, 128.8, 128.7, 128.6, 127.8, 127.0,
126.9, 125.1, 103.7, 103.2, 83.7, 49.0, 44.3, 25.5, 23.7, 21.6, 20.3. HRMS (ESI) calcd for

CasHa1N20,S [M + H]* 491.1999, found 491.1995.

N-Benzyl-N-(7-(2-methoxyphenyl)-3,5-dimethyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-
yl)-4-methylbenzenesulfonamide (3c)

. White solid; 72.9 mg; 72% yield; mp 181-182 °C; 'H NMR (400 MHz,

S\N—Bn CDCly) § 7.51 (d, J = 8.1 Hz, 2H), 7.24-7.19 (m, 3H), 7.17-7.11 (m,
o IN 3H), 7.06-7.02 (m, 3H), 6.91-6.76 (M, 2H), 6.29 (s, 1H), 4.87-4.72 (m,

2H), 3.86 (s, 3H), 2.59 (d, J = 18.0 Hz, 1H), 2.41 (d, J = 18.0 Hz, 1H),
2.32 (s, 3H), 1.79 (s, 3H), 1.62 (s, 3H). *C NMR (100 MHz, CDCl,) &
168.2, 157.3, 142.3, 140.3, 139.4, 128.71, 128.66, 128.5, 128.3, 127.7, 126.9, 126.6, 124.6,

119.9, 110.0, 103.6, 103.3, 81.5, 55.2, 48.9, 44.3, 25.3, 23.8, 21.6. HRMS (ESI) calcd for
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C23H31N205S [M + H]+ 5071948, found 507.1945.

N-Benzyl-N-(3,5-dimethyl-7-(p-tolyl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)-4-methy
Ibenzenesulfonamide (3d)

Colorless oil; 63.2 mg; 64% yield; *H NMR (400 MHz, CDCl3) & 7.62 (d,

Ts, J = 8.2 Hz, 2H), 7.27-7.24 (m, 2H), 7.18-7.15 (m, 3H), 7.12 (d, J = 8.1

e Hz, 2H), 7.08-7.01 (m, 4H), 5.99 (s, 1H), 4.83-4.70 (m, 2H), 2.52 (d, J =

)<O)k 18.0 Hz, 1H), 2.41-2.31 (m, 4H), 2.31 (s, 3H), 1.77 (s, 3H), 1.57 (s, 3H).

3d 3C NMR (100 MHz, CDCls) & 168.8, 142.9, 139.3, 139.2, 137.3, 132.7,

128.8, 128.7, 128.5, 128.4, 127.9, 126.8, 126.3, 103.9, 103.7, 85.5, 49.7, 44.1, 25.5, 23.7, 21.6,

21.3. HRMS (ESI) calcd for CgH3;N,0,S [M + H]*491.1999, found 491.1996.

N-Benzyl-N-(7-(4-methoxyphenyl)-3,5-dimethyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-
yl)-4-methylbenzenesulfonamide (3e)
MeO White solid; 45.0 mg; 45% yield; mp 175-176 °C; 'H NMR (400 MHz,

Ts Acetone-dg) 5 7.76 (d, J = 8.1 Hz, 2H), 7.36-7.27 (m, 4H), 7.24-7.11

N-B
" (m, 5H), 6.80 (d, J = 8.6 Hz, 2H), 6.01 (5, 1H), 4.74 (d, J = 16.2 Hz,

/O\<9Nk 1H), 4.65 (d, J = 16.2 Hz, 1H), 3.77 (s, 3H), 2.60 (d, J = 18.2 Hz, 1H),

3e 2.49 (d, J = 18.3 Hz, 1H), 2.40 (s, 3H), 1.78 (s, 3H), 1.49 (s, 3H). *C
NMR (100 MHz, Acetone-dg) & 170.6, 160.1, 144.0, 140.7, 140.1, 129.6, 129.4, 129.0, 128.9,
128.6, 128.2, 127.3, 113.9, 104.6, 104.6, 85.5, 55.4, 50.5, 44.3, 25.4, 23.7, 21.4. HRMS (ESI)

calcd for C28H31N205S [M + H]+ 507.1948, found 507.1949.

N-Benzyl-N-(7-(4-chlorophenyl)-3,5-dimethyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)

-4-methylbenzenesulfonamide (3f)

cl White solid; 67.7 mg; 66% yield; mp 149-150 °C;'H NMR (400 MHz,
Ts, _ CDCly) 8 7.68 (d, J = 8.3 Hz, 2H), 7.31-7.23 (m, 2H), 7.22-7.12 (m, 7H),

7.10 (d, J = 8.4 Hz, 2H), 6.03 (s, 1H), 4.80-4.65 (m, 2H), 2.52 (d, J =

@)
M 180 Hz, 1H), 2.38 (s, 3H), 2.33 (d, J = 18.0 Hz, 1H), 1.76 (s, 3H), 1.56
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(s, 3H).®*C NMR (100 MHz, CDCl3) & 169.1, 143.2, 139.0, 138.9, 134.4, 133.3, 128.9, 128.6,
128.04, 127.97, 127.6, 127.0, 104.0, 103.7, 84.7, 49.8, 44.0, 25.5, 23.6, 21.7. HRMS (ESI)
calcd for Co7H,6CIN,O4S [M + H]*511.1453, found 511.1455.

N-Benzyl-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-4
-methylbenzenesulfonamide (3g)

White solid; 70.7 mg; 73% yield; mp 135-136 °C;'H NMR (400 MHz,
DMSO-dg) 6 7.71 (d, J = 8.4 Hz, 2H), 7.44 (dd, J = 4.9, 1.4 Hz, 1H),
7.37-7.28 (m, 4H), 7.27-7.18 (m, 3H), 6.96-6.86 (m, 2H), 5.96 (s, 1H),
4.69 (d, J = 16.7 Hz, 1H), 4.58 (d, J = 16.7 Hz, 1H), 2.62 (d, J = 18.4 Hz,

1H), 2.42-2.32 (m, 4H), 1.81 (s, 3H), 1.38 (s, 3H).*C NMR (100 MHz,
DMSO-dg) 8 171.5, 143.3, 139.4, 1382, 138.0, 129.1, 128.0, 127.7, 127.5, 127.1, 126.7,
126.6, 126.2, 103.9, 102.4, 81.4, 49.4, 43.2, 25.4, 23.0, 21.0. HRMS (ESI) calcd for
CasH27N,0.S; [M + H]* 483.1407, found 483.1411.

N-Benzyl-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)b
enzenesulfonamide (3h)

Colorless oil; 70.1 mg; 75% yield; *H NMR (400 MHz, Acetone-dg) &

N=SOPN 787 (d, 3= 7.4 Hz, 2H), 7.60 (t, = 7.4 Hz, 1H), 7.50 (t, J = 7.7 Hz,

)& 2H), 7.41-7.31 (m, 3H), 7.25-7.16 (m, 3H), 6.96-6.87 (m, 2H), 6.11 (s,

3h 1H), 4.85 (d, J = 16.4 Hz, 1H), 4.72 (d, J = 16.4 Hz, 1H), 2.60 (d, J =
18.3, 1H), 2.40 (d, J = 18.3 Hz, 1H), 1.86 (s, 3H), 1.43 (s, 3H). °C NMR (100 MHz,
Acetone-dg) & 171.9, 143.0, 140.5, 139.5, 133.3, 129.2, 129.0, 128.8, 128.5, 127.8, 127.4,
126.8, 126.7, 104.9, 103.8, 83.2, 50.5, 44.2, 25.8, 23.5. HRMS (ESI) calcd for Cp4H5N,04S;

[M + H]"469.1250, found 469.1258.
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N-Benzyl-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-4

-fluorobenzenesulfonamide (3i)

F White solid; 58.2 mg; 60% yield; mp 109-110 °C;*H NMR (400 MHz,
Acetone-dg) & 7.94-7.85 (m, 2H), 7.41-7.31 (m, 3H), 7.27-7.14 (m,
5H), 6.96-6.88 (m, 2H), 6.07 (s, 1H), 4.87 (d, J = 16.4 Hz, 1H), 4.74
(d, J = 16.4 Hz, 1H), 2.64 (d, J = 18.3 Hz, 1H), 2.42 (d, J = 18.3 Hz,
1H), 1.89 (s, 3H), 1.46 (s, 3H). *C NMR (100 MHz, Acetone-ds) &

172.1, 165.6 (d, J = 251.8 Hz), 140.2, 139.4 (d, J = 3.3 Hz), 139.4,
132.1 (d, J = 9.5 Hz), 128.8, 128.6, 127.9, 127.5, 126.9, 126.8, 116.1 (d, J = 22.7 Hz), 105.0,
103.8, 83.3, 50.4, 44.2, 25.8, 23.5. HRMS (ESI) calcd for C»,H»4FN,0,S; [M + H]" 487.1156,

found 487.1162.

N-Benzyl-4-chloro-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-

en-1-yl)benzenesulfonamide (3j)

Cl Colorless oil; 61.7 mg; 61% yield; "H NMR (400 MHz, Acetone-ds) &
7.80 (d, J = 8.8 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 7.40-7.31 (m, 3H),
7.27-7.17 (m, 3H), 6.95-6.87 (m, 2H), 6.04 (s, 1H), 4.88 (d, J = 16.4
Hz, 1H), 4.75 (d, J = 16.4 Hz, 1H), 2.64 (d, J = 18.3 Hz, 1H), 2.43 (d,

J = 18.3 Hz, 1H), 1.90 (s, 3H), 1.47 (s, 3H). *C NMR (100 MHz,

Acetone-dg) 6 172.1, 141.9, 140.1, 139.2, 138.9, 130.8, 129.3, 128.9,
128.6, 128.0, 127.6, 126.9, 126.8, 105.1, 103.7, 83.3, 50.3, 44.2, 25.8, 23.5. HRMS (ESI)

calcd for C4H,4CIN,0,4S; [M + H]*503.0861, found 503.0862.

N-Benzyl-N-(7-(4-methoxyphenyl)-3,5-dimethyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-

yl)-2,4,6-trimethylbenzenesulfonamide (3k)

MeO Yellow oil; 48.1 mg; 45% yield; *H NMR (400 MHz, Acetone-ds)
Bn, §7.57(d,J=7.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.25 (t, J = 7.3
NS0 1H), 6.96-6.88 (M, 4H), 6.74-6.68 (m, 2H), 5.17 (s, 1H), 5.07
)O@Nk (d, J = 16.7 Hz, 1H), 4.91 (d, J = 16.7 Hz, 1H), 3.73 (s, 3H), 2.47
3k

S15



(d, J = 18.3 Hz, 1H), 2.56 (s, 6H), 2.37 (d, J = 18.3 Hz, 1H), 2.24 (s, 3H), 1.62 (s, 3H), 1.38 (s,
3H). ®C NMR (100 MHz, Acetone-dg) § 170.2, 160.2, 142.5, 141.2, 140.2, 139.1, 132.4,
129.6, 129.4, 129.0, 128.5, 127.9, 113.7, 104.8, 104.1, 85.0, 55.5, 50.1, 44.7, 24.8, 23.8, 23.4,
20.9. HRMS (ESI) calcd for CaoHasN,0sS [M + H]* 535.2261, found 535.2258.

N-Benzyl-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)n
aphthalene-2-sulfonamide (3I)
White solid; 67.2 mg; 65% yield; mp 120-121 °C;'H NMR (400
OO MHz, Acetone-dg) 6 8.41 (s, 1H), 8.05-7.95 (m, 3H), 7.90-7.85 (m,
Bn\N—soz 1H), 7.71-7.61 (m, 2H), 7.44-7.39 (m, 2H), 7.31 (d, J = 5.1, 1H),

N 7.25-7.18 (m, 3H), 7.00-6.96 (m, 1H), 6.91-6.87 (m, 1H), 6.18 (s,
1H), 4.95 (d, J = 16.3 Hz, 1H), 4.76 (d, J = 16.3 Hz, 1H), 2.55 (d,
J =183 Hz, 1H), 2.37 (d, J = 18.3 Hz, 1H), 1.83 (s, 3H), 1.41 (s,
3H). °C NMR (100 MHz, Acetone-dg) 8 171.9, 140.4, 140.1, 139.5, 135.6, 132.8, 130.3,
130.1, 129.5, 129.0, 128.9, 128.59, 128.56, 128.1, 127.8, 127.5, 126.8, 126.7, 124.7, 104.9,
103.8, 83.3, 50.5, 44.1, 25.8, 23.5. HRMS (ESI) calcd for CpsH»/N,0,S; [M + H]* 519.1407,

found 519.1413.

N-Benzyl-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)m
ethanesulfonamide (3m)

Colorless oil; 43.7 mg; 54% yield; '"H NMR (400 MHz, Acetone-dg) &
7.40-7.34 (m, 3H), 7.28-7.17 (m, 3H), 6.93-6.88 (m, 2H), 6.01 (s, 1H),
4.81-4.68 (m, 2H), 3.08 (s, 3H), 2.78 (d, J = 18.3 Hz, 1H), 2.52 (d, J =

18.3 Hz, 1H), 2.00 (s, 3H), 1.53 (s, 3H). *C NMR (100 MHz, Acetone-dg)

§ 172.2, 140.3, 139.4, 128.8, 128.7, 127.58, 127.56, 126.9, 126.6, 104.9,
103.7, 82.8, 49.6, 44.2, 43.4, 26.0, 23.7. HRMS (ESI) calcd for CigH3N,0,S; [M + H]*

407.1094, found 407.1095.
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N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)-4-methyl-
N-(2-methylbenzyl)benzenesulfonamide (3n)

White solid; 71.7 mg; 72% vyield; mp 128-129 °C: 'H NMR (400
MHz, Acetone-dg) § 7.83 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 6.8 Hz, 1H),
7.38-7.31 (m, 3H), 7.07-7.00 (m, 3H), 6.95-6.88 (m, 2H), 6.05 (s,
1H), 4.76 (d, J = 17.4 Hz, 1H), 4.60 (d, J = 17.4 Hz, 1H), 2.59 (d, J =

18.2 Hz, 1H), 2.42 (s, 3H), 2.37 (d, J = 18.2 Hz, 1H), 2.17 (s, 3H),
1.80 (s, 3H), 1.46 (s, 3H). °C NMR (100 MHz, Acetone-ds) § 171.9, 144.2, 139.8, 139.3,
138.5, 134.8, 130.1, 129.7, 129.3, 128.3, 128.2, 127.0, 126.9, 126.7, 126.2, 105.0, 103.7, 83.3,
48.2, 44.1, 25.8, 23.6, 21.4, 19.1. HRMS (ESI) calcd for Cz6H2sN,0,S, [M + HJ* 497.1563,

found 497.1569.

N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-N-(2-meth
oxybenzyl)-4-methylbenzenesulfonamide (30)

White solid; 70.2 mg; 68% yield; mp 139-140 °C; 'H NMR (400
MHz, Acetone-dg) & 7.84 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 7.3 Hz,
1H), 7.36-7.33 (m, 3H), 7.15 (t, J = 7.7 Hz, 1H), 6.96-6.90 (m, 2H),

6.86 (d, J = 8.1 Hz, 1H), 6.79 (t, J = 7.5 Hz, 1H), 6.08 (s, 1H), 4.76

(d, J=17.9 Hz, 1H), 4.64 (d, J = 17.9 Hz, 1H), 3.78 (s, 3H), 2.58 (d,
J =18.2 Hz, 1H), 2.41 (s, 3H), 2.36 (d, J = 18.2 Hz, 1H), 1.79 (s, 3H), 1.45 (s, 3H). *C NMR
(100 MHz, Acetone-dg) & 171.7, 156.8, 144.2, 139.6, 139.4, 129.7, 129.32, 129.28, 128.6,
128.1, 127.0, 126.7, 120.6, 110.4, 104.9, 103.8, 83.1, 55.6, 45.6, 44.0, 25.8, 23.6, 21.4.

HRMS (ESI) calcd for CpsHN,0sS, [M + H]*513.1512, found 513.1514.
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N-(2-Chlorobenzyl)-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2

-en-1-yl)-4-methylbenzenesulfonamide (3p)

White solid; 69.4 mg; 67% yield; mp 161-162 °C; 'H NMR (400 MHz,
Acetone-dg) § 7.91 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 7.5 Hz, 1H), 7.41 (d,
J=8.1Hz, 2H), 7.36 (dd, J = 5.1, 1.2 Hz, 1H), 7.28 (dd, J = 7.7, 1.5 Hz,
1H), 7.20-7.07 (m, 3H), 6.99-6.94 (m, 1H), 6.28 (s, 1H), 4.80 (d, J =

17.7 Hz, 1H), 4.65 (d, J = 17.6 Hz, 1H), 2.60 (d, J = 18.2 Hz, 1H), 2.44
(s, 3H), 2.39 (d, J = 18.2 Hz, 1H), 1.80 (s, 3H), 1.46 (s, 3H). *C NMR (100 MHz, Acetone-dq)
§ 172.5, 144.7, 139.3, 138.9, 138.0, 131.8, 130.4, 130.0, 129.5, 129.2, 128.6, 128.2, 127.2,
127.1, 126.8, 105.0, 103.9, 82.9, 485, 44.0, 25.9, 23.5, 21.5. HRMS (ESI) calcd for

Ca5H26CINO,4S, [M + H]7517.1017, found 517.1024.

N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)-4-methyl-
N-(3-methylbenzyl)benzenesulfonamide (3q)

Colorless oil; 76.9 mg; 77% yield; '"H NMR (400 MHz,
Acetone-dg) & 7.77 (d, J = 8.3 Hz, 2H), 7.35-7.28 (m, 3H),
7.16-7.12 (m, 2H), 7.08 (t, J = 7.7 Hz, 1H), 7.00-6.89 (m, 3H),

6.14 (s, 1H), 4.76 (d, J = 16.4 Hz, 1H), 4.66 (d, J = 16.4 Hz, 1H),

2.60 (d, J = 18.2 Hz, 1H), 2.43-2.36 (m, 4H), 2.22 (s, 3H), 1.87 (s,
3H), 1.45 (s, 3H). °C NMR (100 MHz, Acetone-dg) & 171.7, 144.0, 140.4, 140.1, 139.5, 137.8,
129.7, 129.4, 129.2, 128.4, 128.0, 127.8, 126.8, 126.7, 125.8, 104.9, 103.8, 83.2, 50.4, 44.2,
25.8, 23.6, 21.5, 21.4. HRMS (ESI) calcd for CpgHN,0.S, [M + H]* 497.1563, found

497.1564.
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N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yI)-4-methyl-

N-(4-methylbenzyl)benzenesulfonamide (3r)

Mo Colorless oil; 65.1 mg; 66% yield; '"H NMR (400 MHz, Acetone-dg) &
7.74 (d, J = 8.3 Hz, 2H), 7.34-7.27 (m, 3H), 7.25 (d, J = 7.9 Hz, 2H),
7.02 (d, J =7.9 Hz, 2H), 6.94-6.88 (m, 2H), 6.12 (s, 1H), 4.76 (d, J =
16.3 Hz, 1H), 4.64 (d, J = 16.3 Hz, 1H), 2.60 (d, J = 18.3 Hz, 1H),

2.43-2.36 (m, 4H), 2.28 (s, 3H), 1.88 (s, 3H), 1.4 (s, 3H). *C NMR

(100 MHz, Acetone-ds) 6 171.7, 144.0, 140.2, 139.6, 137.5, 136.7,
129.7,129.2, 129.1, 128.9, 127.7, 126.8, 126.6, 104.9, 103.9, 83.2, 50.2, 44.2, 25.8, 23.5, 21.4,

21.1. HRMS (ESI) calcd for CasHzN204S, [M + H]*497.1563, found 497.1565.

N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-N-(4-meth
oxybenzyl)-4-methylbenzenesulfonamide (35)

ome White solid; 52.7 mg; 51% yield; mp 134-135 °C; 'H NMR (400
MHz, Acetone-dg) & 7.73 (d, J = 8.2 Hz, 2H), 7.35-7.25 (m, 5H),
6.95-6.86 (m, 2H), 6.76 (d, J = 8.6 Hz, 2H), 6.11 (s, 1H), 4.74 (d, J
=16.0 Hz, 1H), 4.62 (d, J = 16.0 Hz, 1H), 3.76 (s, 3H), 2.60 (d, J =

18.2 Hz, 1H), 2.45-2.36 (m, 4H), 1.90 (s, 3H), 1.44 (s, 3H). °C

NMR (100 MHz, Acetone-dg) 6 171.7, 159.6, 143.9, 140.3, 139.6,
132.4, 130.4, 129.7, 129.1, 127.7, 126.9, 126.6, 113.9, 104.9, 103.9, 83.2, 55.4, 49.8, 44.2,

25.8, 23.6, 21.4. HRMS (ESI) calcd for CpsHxN,0sS; [M + H]"513.1512, found 513.1516.

N-(4-Chlorobenzyl)-N-(3,5-dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2

-en-1-yl)-4-methylbenzenesulfonamide (3t)

Cl White solid; 63.4 mg; 61% yield; mp 128-129 °C; *H NMR (400
MHz, Acetone-ds) 6 7.81 (d, J = 8.4 Hz, 2H), 7.39-7.31 (m, 5H),
7.23-7.16 (m, 2H), 6.98 (d, J = 3.5 Hz, 1H), 6.94-6.89 (m, 1H), 6.20
(s, 1H), 4.74 (d, J = 16.4 Hz, 1H), 4.60 (d, J = 16.4 Hz, 1H), 2.60 (d,

J = 18.2 Hz, 1H), 2.45-2.37 (m, 4H), 1.88 (s, 3H), 1.44 (s, 3H).C
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NMR (100 MHz, Acetone-ds) 6 172.2, 144.3, 139.6, 139.4, 132.6, 130.5, 129.8, 129.2, 128.4,
127.8, 126.8, 126.7, 104.9, 103.8, 83.1, 50.0, 44.1, 25.8, 23.5, 21.4. HRMS (ESI) calcd for
C25H25C|N20482 [M + H]+ 5171017, found 517.1018.

N-(4-Bromobenzyl)-N-(3,5-dimethyl-7-(thiophen-2-yI)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2

-en-1-yl)-4-methylbenzenesulfonamide (3u)

Br White solid; 80.5 mg; 72% vyield; mp 133-134 °C; 'H NMR (400
MHz, Acetone-dg) & 7.83 (d, J = 7.8 Hz, 2H), 7.38-7.32 (m, 5H),
7.32-7.26 (m, 2H), 7.02-6.97 (m, 1H), 6.95-6.90 (m, 1H), 6.22 (s,

1H), 4.72 (d, J = 16.4 Hz, 1H), 4.57 (d, J = 16.5 Hz, 1H), 2.60 (d, J =

18.3 Hz, 1H), 2.46-2.38 (m, 4H), 1.88 (s, 3H), 1.44 (s, 3H). °C NMR
(100 MHz, Acetone-dg) 5 172.2, 144.3, 140.1, 139.42, 139.36, 131.3,
130.8, 129.8, 129.2, 127.7, 126.8, 126.7, 120.7, 104.9, 103.7, 83.0, 50.0, 44.1, 25.8, 23.4, 21.4.

HRMS (ESI) calcd for CpsHasBrN,04S, [M + H]* 561.0512, found 561.0513.

N-(3,5-Dimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-4-methyl-
N-(naphthalen-1-ylmethyl)benzenesulfonamide (3v)

White solid; 69.0 mg; 65% yield; mp 150-151 °C; *H NMR (400
MHz, Acetone-ds) 6 8.00-7.94 (m, 1H), 7.92-7.86 (m, 3H),
7.77-7.65 (m, 2H), 7.51-7.44 (m, 2H), 7.39-7.30 (m, 4H),

7.01-6.97 (m, 1H), 6.91-6.86 (m, 1H), 6.16 (s, 1H), 5.30-5.17 (m,

2H), 2.59 (d, J = 18.1 Hz, 1H), 2.42 (s, 3H), 2.37 (d, J = 18.2 Hz,
1H), 1.71 (s, 3H), 1.47 (s, 3H). *C NMR (100 MHz, Acetone-dg) § 172.0, 144.3, 139.7, 139.4,
135.7, 134.2, 131.2, 129.8, 129.4, 128.3, 127.6, 127.0, 126.7, 126.6, 126.1, 126.0, 123.4,
105.0, 103.9, 83.2, 48.4, 44.1, 25.8, 23.6, 21.4. HRMS (ESI) calcd for CagHasN,0,S, [M +

H]" 533.1563, found 533.1570.
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N-Butyl-N-(7-(4-methoxyphenyl)-3,5-dimethyl-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl
)-4-methylbenzenesulfonamide (3w)

MeO White solid; 43.1 mg; 46% yield; mp 129-130 °C; *H NMR (400 MHz,
Ts Acetone-dg) 5 7.91 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.23

(d, J =8.7 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 6.03 (s, 1H), 3.77 (s, 3H),

)<O)k 3.46-3.25 (m, 2H), 2.59 (d, J = 18.2 Hz, 1H), 2.46 (d, J = 18.2 Hz,

3w 1H), 2.42 (s, 3H), 1.82 (s, 3H), 1.56-1.39 (m, 5H), 1.24-1.07 (m, 2H),

0.78 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, Acetone-ds) 5 170.1, 160.0, 143.9, 140.1, 129.8,
129.3, 129.2, 128.4, 113.8, 104.6, 104.4, 85.3, 55.4, 47.8, 44.2, 34.1, 25.5, 23.8, 21.4, 20.5,

14.0. HRMS (ESI) calcd for Cp5H33N,05S [M + H] " 473.2105, found 473.2104.

N-Benzyl-N-(3,5-diethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct-2-en-1-yl)-4-
methylbenzenesulfonamide (3X)

Colorless oil; 62.8 mg; 61% yield; *H NMR (400 MHz, Acetone-dg) & 7.75
(d, J = 8.3 Hz, 2H), 7.39-7.34 (m, 2H), 7.34-7.28 (m, 4H), 7.17-7.14 (m,
2H), 7.02-6.99 (m, 1H), 6.94-6.91 (m, 1H), 6.16 (s, 1H), 4.83 (d, J = 16.5
Hz, 1H), 4.70 (d, J = 16.5 Hz, 1H), 2.61 (d, J = 18.1 Hz, 1H), 2.39 (s, 3H),

2.33 (d, J = 18.1 Hz, 1H), 2.27-2.18 (m, 2H), 1.80-1.71 (m, 2H), 0.96 (t, J
= 7.5 Hz, 3H), 0.76 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, Acetone-ds) & 175.2, 144.0,
140.5, 140.1, 139.5, 129.8, 128.9, 128.5, 128.4, 128.0, 127.2, 126.8, 126.7, 106.9, 103.9, 83.6,
50.6, 41.7, 32.7, 21.4, 9.2, 6.9. HRMS (ESI) calcd for CyH3iN,04S, [M + H]* 511.1720,

found 511.1726.

N-Benzyl-N-(3-(chloromethyl)-5-methyl-7-(thiophen-2-yI)-6,8-dioxa-2-azabicyclo[3.2.1]o
ct-2-en-1-yl)-4-methylbenzenesulfonamide (3y)

Colorless oil; 41.6 mg; 40% yield; *H NMR (400 MHz, Acetone-ds) &

Ts
N-Bn 7,78 (d, J = 8.4 Hz, 2H), 7.45-7.28 (m, 5H), 7.26-7.11 (m, 3H), 7.02-6.92

N (m, 1H), 6.94-6.82 (M, 1H), 6.19 (s, 1H), 4.81 (d, J = 16.5 Hz, 1H), 4.63

(d, J = 16.5 Hz, 1H), 4.12 (d, J = 12.9 Hz, 1H), 4.05 (d, J = 12.9 Hz, 1H),
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2.77 (d, J = 18.4 Hz, 1H), 2.64 (d, J = 18.4 Hz, 1H), 2.41 (s, 3H), 1.51 (s, 3H). **C NMR (100
MHz, Acetone-ds) & 169.6, 144.4, 140.3, 139.7, 138.6, 129.9, 129.2, 128.8, 128.6, 127.9,
127.5, 127.0, 126.8, 105.2, 104.0, 83.3, 50.8, 47.4, 40.7, 23.5, 21.4. HRMS (ESI) calcd for
CasH26CIN,0,S, [M + H]*517.1017, found 517.1008.

N-Benzyl-N-(3,5-dimethyl-4-methylene-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oc
t-2-en-1-yl)-4-methylbenzenesulfonamide (3z)

Colorless oil; 58.1 mg; 59% yield; *"H NMR (400 MHz, Acetone-dg) & 7.74
(d, J = 8.3 Hz, 2H), 7.43-7.27 (m, 5H), 7.27-7.13 (m, 3H), 6.95-6.84 (m,
2H), 6.21 (s, 1H), 5.70 (s, 1H), 5.65 (s, 1H), 4.84 (d, J = 16.4 Hz, 1H), 4.71
(d, J = 16.4 Hz, 1H), 2.40 (s, 3H), 2.06 (s, 3H), 1.64 (s, 3H). *C NMR (100

MHz, Acetone-ds) & 166.9, 144.2, 141.3, 140.5, 140.0, 139.2, 129.8, 129.1,
128.8, 128.6, 128.0, 127.5, 127.0, 126.9, 115.8, 105.1, 104.2, 82.2, 50.7, 21.4, 20.1. HRMS

(ESI) calcd for CpsHa7N,0,S, [M + H]* 495.1407, found 495.1405.

N-Benzyl-4-methyl-N-(3,4,5-trimethyl-7-(thiophen-2-yl)-6,8-dioxa-2-azabicyclo[3.2.1]oct
-2-en-1-yl)benzenesulfonamide (3ge)

@ T White solid; 47.4 mg; 48% vyield; mp 118-119 °C; 'H NMR (400 MHz,
y/ \

S—2,  N7Bn  Acetone-d) 8 7.75 (d, J = 8.0 Hz, 2H), 7.37-7.29 (m, 5H), 7.23-7.14 (m,

M 3H), 7.00-6.95 (m, 1H), 6.91 (t, J = 4.3 Hz, 1H), 6.11 (s, 1H), 4.77 (d, J =

e

16.5 Hz, 1H), 4.66 (d, J = 16.4 Hz, 1H), 2.61 (q, J = 7.5 Hz, 1H), 2.41 (s,
Soe 3H), 1.87 (s, 3H), 1.43 (s, 3H), 1.26 (d, J = 7.4 Hz, 3H). **C NMR (100 MHz,
Acetone) 3175.0, 144.1, 140.6, 140.1, 139.1, 129.7, 129.2, 128.7, 128.5, 128.3, 127.3, 126.9,
126.7, 107.2, 103.4, 82.5, 50.5, 46.5, 23.6, 215, 21.4, 11.3. HRMS (ESI) calcd for

CosH29N204S, [M + H]+497.1563, found 497.1562.
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The relative stereochemistry of compound 3ge was determined by nQe.

-CH-CH,
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7. Gold-catalyzed cycloaddition in the presence of water

=

Y/ _
E\>—N'TS + O-N IPrAuNTf, (15 mol%) S N-Bn . S o
— \
S Bn M H20 (1 equiv) o] N Ts. [/ \

0 N
DCE N
P Bh H
19 2a 3g 4g
-20°C: 0% 0%
25°C: 0% 51%

In a 10 mL flame-dried Schlenk flask, ynamide 1g (0.2 mmol, 73.4 mg),
3,5-dimethylisoxazole 2a (0.24 mmol, 24 uL), H,O (0.20 mmol, 3.6 uL) and DCE (1.5 mL)
were added in sequence and the resulting mixture was stirred at indicated temperature for 20
min. Then a solution of IPrAuNTf, (15 mol%, 26 mg) in DCE (0.5 mL) was added quickly
and further stirred for 6 hours. Direct purification by silica gel column chromatography

yielded the pyrrole 4g in 51% yield (47.2 mg, eluent: petroleum ether/ethyl acetate = 5/1).

N-(4-Acetyl-5-methyl-3-(thiophen-2-yl)-1H-pyrrol-2-yl)-N-benzyl-4-methylbenzenesulfo

namide (49)

Yellow oil; 47.2 mg; 51% yield; '"H NMR (400 MHz, CDCls) & 8.48 (s,
1H), 7.55 (d, J = 8.3 Hz, 2H), 7.33-7.22 (m, 5H), 7.24-7.14 (m, 3H),
6.81 (dd, J = 5.2, 3.5 Hz, 1H), 6.04 (d, J = 3.5 Hz, 1H), 4.45 (s, 2H),

2.47 (s, 3H), 2.37 (s, 3H), 1.87 (s, 3H). *C NMR (100 MHz, CDCls) &

196.2, 144.1, 136.5, 136.0, 134.2, 133.7, 129.8, 128.70, 128.66, 128.4,
128.1, 127.8, 127.0, 126.6, 122.1, 121.4, 113.6, 54.1, 30.0, 21.8, 14.3. HRMS (ESI) calcd. for

C25H25N20382 [M + H]+4651301, found 465.1295.
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8. Scale-up experiment

-~ Ts\
O‘N/TS , O HNTF, (7.5 mol%) S N-Bn
— \ _—
s \Bn A)\ HQO (1 equiv) o N
DCE, - 20°C /\<3Lk
1
g 2a 3g, 58%

In a 10 mL flame-dried Schlenk flask, ynamide 1g (1.36 mmol, 0.5 g),
3,5-dimethylisoxazole 2a (1.2 equiv, 147 uL), H,O (1.0 equiv, 24.5 pL) and DCE (13 mL)
were added in sequence and the resulting mixture was stirred at -20 °C for 20 min. Then a
solution of HNTf, (7.5 mol%, 28.7 mg) in DCE (1.0 mL) was added quickly and further
stirred for 16 hours. The reaction was quenched by EtsN solution (10 vol% in pentane, 0.45
mL). Purification by silica gel column chromatography afforded the desired product 3g in 58%

yield (0.38 g, eluent: petroleum ether/ethyl acetate = 10/1).
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9. Further transformations to dihydrooxazoles

= N
/ Bn\ N Ts ZN Ts g _
S N-Ts /A /2R o
chcl; | S N-Bn S N-Bn \< o
— — N, Js (1)
] N 50°C,8h N H /‘LN/ N

I o | Sl bo

3g 5g (dr > 20:1)

&)
R =Ph, 5a, 68% (dr = 11:1)

\ o) R
1 Bn  THNH (15 mol%) \< o
+ - Ts R=2:0MeCgH,, 5¢, 56% (dr = 11:1)
oo DCEHOGem) AP R= kit S, 574 (or = 16:1)
\
5

\
o o]
AN -10°C, then 50 °C

2a

Bn R = 2-thienyl, 59, 75% (dr > 20:1)

Procedure for egn 1: In a 10 mL flame-dried Schlenk flask, ynamide 1g (0.1 mmol, 48.2
mg) and CDCl; (0.5 mL) were added and the resulting mixture was stirred at 50 °C for 8
hours. Purification by silica gel column chromatography afforded dihydrooxazole 5g in a
nearly quantitative yield. The dr value was determined by NMR analysis of crude reaction

mixture.

Procedure for eqn 2: In a 10 mL flame-dried Schlenk flask, ynamides 1 (0.2 mmol),
3,5-dimethylisoxazole 2a (1.2 equiv, 24 uL), H,0O (1.0 equiv, 4 puL) and DCE (1.5 mL) were
added in sequence and the resulting mixture was stirred at -10 °C for 20 min. Then a solution
of HNTf, (15 mol%, 8.4 mg) in DCE (0.5 mL) was added quickly and stirred at this
temperature for 6 hours. Subsequently, the mixture was further stirred at 50 °C for 8 hours.
The reaction was quenched by Et3N solution (10 vol% in pentane, 120 uL). Purification by
silica gel column chromatography yielded the dihydrooxazoles 5. The configuration of the
product was confirmed by single-crystal X-ray diffraction analysis of 5a (CCDC 1819934).

The dr value was determined by NMR analysis of crude reaction mixture.

N-Benzyl-4-methyl-N-(2-methyl-2-(2-oxopropyl)-5-phenyl-2,5-dihydrooxazol-4-yl)benze
nesulfonamide (5a)

Yellow solid; 64.5 mg; 68% yield: mp 109-110 °C; 'H NMR (400 MHz,

o) Ph
%/Ei Ts CDCly) 8 7.61-7.57 (m, 2H), 7.30-7.27 (m, 3H), 7.25-7.16 (m, 5H),
N N
) B 7.10-7.05 (m, 2H), 6.90-6.85 (m, 2H), 6.18 (s, 1H), 4.63 (d, J = 14.2 Hz,
a

1H), 4.52 (d, J = 14.2 Hz, 1H), 2.87-2.76 (m, 2H), 2.43 (s, 3H), 2.15 (s,
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3H), 1.34 (s, 3H). **C NMR (100 MHz, CDCl,) & 206.0, 159.2, 144.7, 137.8, 135.3, 135.0,
129.9, 129.4, 128.7, 128.6, 128.5, 128.1, 128.0, 127.9, 105.2, 86.4, 53.4, 51.7, 32.1, 28.8, 21.8.
HRMS (ESI) calcd for C,7H2sN,04S [M + H]" 477.1843, found 477.1841.

N-Benzyl-N-(5-(2-methoxyphenyl)-2-methyl-2-(2-oxopropyl)-2,5-dihydrooxazol-4-yl)-4-
methylbenzenesulfonamide (5c)
oo Yellow solid; 57.0 mg; 56% vyield; mp 132—-133 °C; '"H NMR (400 MHz,
oe ? CDCly) & 7.59 (d, J = 8.3 Hz, 2H), 7.30-7.21 (m, 8H), 6.85-6.79 (m, 1H),
\<~'/EN/ N\/TS 6.70-6.61 (m, 1H), 6.48 (s, 1H), 6.40-6.32 (m, 1H), 4.79 (d, J = 14.9 Hz,
sc " 1H), 466 (d, J = 14.9 Hz, 1H), 3.70 (s, 3H), 2.85-2.72 (m, 2H), 2.42 (s,
3H), 2.10 (s, 3H), 1.34 (s, 3H).*C NMR (100 MHz, CDCly) § 206.2, 159.0, 157.5, 144.5,
135.8, 135.7, 130.1, 129.6, 129.6, 129.2, 128.1, 128.1, 127.8, 126.3, 120.6, 111.0, 105.3, 79.8,
55.5, 54.1, 51.5, 32.0, 28.1, 21.7. HRMS (ESI) calcd for C,sH3;N,0sS [M + H]" 507.1948,

found 507.1948.

N-Benzyl-N-(5-(4-chlorophenyl)-2-methyl-2-(2-oxopropyl)-2,5-dihydrooxazol-4-yl)-4-met
hylbenzenesulfonamide (5f)
ci White solid; 58.5 mg; 57% yield; mp 122-123 °C; 'H NMR (400 MHz,

CDCly) 5 7.68 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.29-7.16 (m,

O
\< o . 3H), 7.16-7.08 (m, 4H), 6.79 (d, J = 8.4 Hz, 2H), 6.19 (s, 1H), 4.60 (d, J
/LN/ N =138 Hz 1H), 449 (d, J = 13.9 Hz, 1H), 2.90-2.76 (m, 2H), 2.44 (s,
Bn
5f 3H), 2.13 (s, 3H), 1.32 (s, 3H). °C NMR (100 MHz, CDCls) & 205.6,

159.1, 144.8, 1365, 135.2, 134.7, 134.2, 130.0, 129.9, 129.6, 128.6, 128.0, 127.9, 127.9,
105.3, 85.8, 52.8, 51.9, 32.0, 29.0, 21.7. HRMS (ESI) calcd for CyH2CIN,O,S [M + H]*

511.1453, found 511.1477.

S27



N-Benzyl-4-methyl-N-(2-methyl-2-(2-oxopropyl)-5-(thiophen-2-yI)-2,5-dihydrooxazol-4-y
)benzenesulfonamide (5g)

White solid; 72.2 mg; 75% vyield; mp 125-126 °C; 'H NMR (400 MHz,
CDCl3) 6 7.72 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.23-7.13 (m,
4H), 7.08 (d, J = 6.9 Hz, 2H), 6.94-6.88 (m, 2H), 6.51 (s, 1H), 4.65 (d, J

= 14.2 Hz, 1H), 4.49 (d, J = 14.2 Hz, 1H), 2.90-2.76 (m, 2H), 2.44 (s,
3H), 2.14 (s, 3H), 1.33 (s, 3H). °C NMR (100 MHz, CDCl) & 205.7, 158.7, 144.7, 141.3,
135.2, 135.0, 130.0, 129.0, 128.07, 128.05, 127.7, 127.3, 127.0, 126.0, 105.4, 81.7, 52.9, 51.9,

32.1, 28.8, 21.8. HRMS (ESI) calcd for Cy5H,7N,0,4S, [M + H]* 483.1407, found 483.1409.
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10. Mechanistic studies

42%D
// / Bn
S D N
a\ N/Ts o-N TMSOTF (15 mol%) L Ts
== + S ——
S Bn A~ DCE,D,0 2equv) 'S 4oN*
-20°C, 12h )gg’\
H b
19 2a T™42%D
3g-[D], 31%

// Bn\
p N,TS . o Tf,NH (15 mol%) S JN-Ts
s | /§)\ DCE, H,"®0 (2equiv) 10 185,
20°C, 12 h M
3g-['%0], 65%
(69% 180)

19 2a

In a 10 mL flame-dried Schlenk flask, ynamide 1g (0.2 mmol, 73.4 mg),
3,5-dimethylisoxazole 2a (0.24 mmol, 24 pL), D,O or H,'*0 (0.40 mmol, 8.0 uL) and DCE
(1.5 mL) were added in sequence and the resulting mixture was stirred at -20 °C for 20 min.
Then a solution of TMSOTT (15 mol%, 5.5 uL) or Tf,NH (15 mol%, 8.4 mg) in DCE (0.5 mL)
was added quickly and further stirred for 12 hours. The reaction was quenched by Et;N
solution (10 vol% in pentane, 120 pL). Purification by silica gel column chromatography

afforded the desired product.

—

= Bn
s4{ o
- Ts
10 O/N4
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From 'H, *C NMR, and HSQC of compound 3g, we conclude that 6.14 ppm in *H NMR
and 83.1 ppm in *C NMR were assigned to H2 and C2 atoms, respectively. Therefore, a
splitting of the carbon signal (104.9 and 103.8 ppm) in *C NMR of 3g-[**0] (69% '*0)
suggests that the 0 atom bridges 3 and 7 positions, rather than 2 and 7 positions of the

tetrahydro-1,4-oxazepine ring.

r“
|
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48311 H80 =
H2 and C2 atoms 90
100
L110
39 L 120
o &6 ¢ HSQC 1130
L 140
150
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
2 (ppm)
HRMS of compound 3g-[**0]
x10 5 |+ESI Scan (0.226-0.443 min, 14 Scans) Frag=75.0V ZYY559A-5.d Subtract
5 4851459 A\
451 M+ s N-Ts
1 1QusgN 180 content:
351 /‘7</’\ 9407 0.69
3 T 3g-®0] 9407 + 4192
2.5 483.1410 [M + H]* 485.1449
o (M+H)+
21 A
1.5 3g 486.1478
14 [M + H]* 483.1407 4?\;*;}_"‘3;5
054 (M+H) 487.1440
) N L
481 482 483 484 485 486 487 488 489
Counts vs. Mass-to-Charge (m/z)
m/z Abund Area Formula lon
483.141 217509 4192 Cyxs Hyy N, O4 S, (M+H)+
484.1435 64346.5 1358 CxsHyy N, O Sy (M+H)+
485.1459 454623.3 9407 Cys5 Hy7 N, Og [180] S, (M+H)"
486.1478 128649.8 2653
487.144 46496.4 1214
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— 206.158
—171.834

—50.480

- 104.908
X 104.883
,103.888
X 103.866

Cc3 Cc7
// Bn\ | ‘\
S N-Ts
3
10 180 N 1052 1048 f}r{igm)‘ 1040 1036

7

3g-["80], (69% '80)
3C NMR (100 MHz, Acetone-dj)

=

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
O-N
\ Bn
TS TH,NH (15 mol% . AN~ Ph  N-Ts

Ph—=—=—N 2NH (15 mol%) Ph\/U\N/Ts 2a

Bn DCE, H,0 (1 equiv) | standard O AN

Bn conditions J

1a 6a, 83% 3a, 0%

In a 10 mL flame-dried Schlenk flask, ynamide 1a (0.2 mmol, 72.2 mg), H,O (0.20 mmol,
3.6 uL) and DCE (1.5 mL) were added in sequence. Then a solution of Tf,NH (15 mol%, 8.4
mg) in DCE (0.5 mL) was added quickly and stirred at room temperature for 12 hours. The
reaction was quenched by Et3N solution (10 vol.% in pentane, 120 pL). Purification by silica

gel column chromatography afforded the amide 6a (62 mg, 83%).

N-Benzyl-2-phenyl-N-tosylacetamide (6a)

0 Colorless oil; 62 mg; 83% yield; 'H NMR (400 MHz, CDCl3) 6 7.64 (d,J=8.4

Ph\/u\ Ts
En Hz, 2H), 7.46-7.01 (m, 9H), 7.12-6.76 (m, 2H), 5.07 (s, 2H), 3.87 (s, 2H),

6a 2.42 (s, 3H).*C NMR (100 MHz, CDCl3) § 171.4, 145.0, 136.7, 133.3, 129.8,
129.4, 128.8, 128.7, 128.1, 127.9, 127.8, 127.3, 49.8, 43.0, 21.8. HRMS (ESI) calcd. for

C,H2,NO3S [M + H]*380.1315, found 380.1323.
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13. NMR spectroscopy of isoxazole 2b
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14. NMR spectroscopy of O-bridged tetrahydro-1,4-oxazepines

00°0-—

161 — —
SLL— B

8¢€'¢C

0S¢
14°K4

LY
SV
9LV
08'v

vl
GL°LY
9L,
9L LA

VLA

6L,
0z,
1z
122
vZ 'L
vZ'L
YAV
9z'L ]

€ee
@M.N%

Nv.NN N

097 .
|

7

Y921
9972

"H NMR (400 MHz, CDCls)

)

F ooz

Fve0

foozL

Fere

30 25 20 15 10 05 00 -05

3.5

85 80 75 70 65 6.0 55 50 45 40

9.0

1 (ppm)

S68



19712\
v9'€Z —
ovrsz’

L0°vy —
€L'6v—

7892
w_‘NNW
8V’ L.
Yv'G8 —

9/2°€01
26'col V

289211
£8'921
€9'/2Z1

06'891 —

3a
13C NMR (100 MHz, CDCl5)

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

190

S69



00°0-—

YL —
81—
ge'z

vz
wz—
mm.m\
£9'Z

8LV —

9z'9—
10°2
60°2
oL'2
i
AW}
€12
v
YL L
GL'2
9L°2
WA
STV
8Z'L1
0g'.
zeL
€5,
G5/

"H NMR (400 MHz, CDCl3)

ol

/= ¢60T

TT=_18101|

R4

===¥ €0'C

4.0

4.5

55

6.0

8.5

9.0

10.0 9.5

30 25 20 15 10 05 0.0

3.5

5.0

6.5

75 7.0

8.0

1 (ppm)

S70



mm.om/
z9'le~
zLee
Nv.mN\

8C vy —
c0'6v —

Y892\
@F.Rw
8y /.

z1e8”

LL'E€0L
ereoL”
60'SZL |
8921 |
56'921 1
08221
19'8z1
89'8ZL
srezL/f
68'6Z1
€908l
go'cel
86'9¢1
19'8El
65°6S1
L2Zvl

=

ﬁ
[

S S S S S

€8'891 —

3C NMR (100 MHz, CDCl,)

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

90

f1 (ppm)

S71



00°0—

9L —
6L L —

[4 34
wQNV
m?NM
9G6°¢
rQN\

98°'c —

1724
wNvW
6LV
m@v\

€02
G0'L
€Ll
AWE
GL'2
e |
zz L]
£z /1
€22
YA

05,
25’

4

—_—

/

Ts

N—Bn

MeO

N
O

o)

3c
"H NMR (400 MHz, CDCls)

fsog |

Feoz |

¥86°0 |

tsoz |

r00°€

w&.m I

162
Feoz

4.5

0.0

1.0 05

1.5

356 30 25 20

4.0

5.0

7.5 70 65 6.0 5.5

8.0

8.5

f1 (ppm)

S72



9512\
1162~
Legz’

oy’
26'8%
GL'GG

¥8'9.
@TNNW
8v'/LL 7
Lv'L8

92801
1G°€0L
LOOLL
18611 %
Y'Yzl 1
£9'9Z1 1
88921 |
IR |
ve'szl ||
2s8zL
99821
12821
ZrBEL
8z 0vL —
szzvl/

8C'/SL —

81891 —

Ts

N—Bn

MeO

N
O

O

3c
3C NMR (100 MHz, CDCls)

180

10

20

50

70

80

160 150 140 130 120 110 100

170

f1 (ppm)

S73



000 — -—

1eZ
vm.m/
g7y —————

ey A %
8¢ — gLl
052

gG'¢

L€

1G°L — - - =00
L7 — I— - ¥16°¢C

H NMR (400 MHz, CDCly)

NEV/
ULV — =M1z
2%

18t

66°G
c0'L
0L

9021 — -—F90°L
80/
WA
€L LY
GL /A
9L, 4
IV L ——— == mN.N
AV —_— - oe
Gz . ve
9z . —_ ==Fl1Z
9z’ .

19°2

€9/

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

8.5

S74



ce’Le
Vo _‘NW
19°€cC
81¥'G¢C /

L vy —
G967 —

892
OP.NNW
8y’ L.
€6°68 —

99°€01
ggeoL

ogeocl
08'9¢lL
06°L¢lL
Zv'ect
vG'8¢ClL
99'8¢1
9/.°'8¢l
os¢cel
YRAVAS S
8lL'6El
Ggc'eclt
L6crl

e

28'891 —

3C NMR (100 MHz, CDCl5)

100

140

70 60 50 40 30 20 10

80

120 110

130

170 160 150

180

f1 (ppm)

S75



6v’L
wN.r/
140K 4

02
s0°¢
902
90°¢
o'z~
'z

LGg¢
8G°¢C
€9°¢

c8'¢c

12°€—

€9'v
N@.#W
Ly
wN.v\

109 —
6.9
189
9l°L
9l’Z
YANA
LVL
8lL°L
6c'L
(STAVA
oc’L
LEeL
ceL
Gl /L
YAVA

/J

)

—_—

—_—

MeO

1

"H NMR (400 MHz, Acetone-dg)

00°¢

F66°0

4.0

4.5

55

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

5.0

8.5 8.0 7.5 7.0 6.5 6.0

9.0

1 (ppm)

S76



ov'Le
89°€¢C
€v'ac
9¢'6¢
9t'6¢
G9'6¢C
862
€0°0¢
€2°0¢
Zvoe
A 4ad
S¥'0G ~
Ov'GS ~

gG'G8 —
1S'¥01
Z9'v01
8g'cll
£e/21
zv'8zl
95821
v6'8Z1
£0'6Z1
ov'6Z1
19621 J
EL°0VL
99°0vL
gecl

€109l —

19°0L1L —

01L'90C —

MeO

Pt

13C NMR (100 MHz, Acetone-dg)

10

30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

-10

0]

f1 (ppm)

S77



00°0-—

9G'L —
9L —

1£°Z

@m.NV
8ez
05z
vm.m\

89V
Ly
€LY

LLY —
mo.og
mo.hg
60°L 1
L2
SlL'/]
SLL7
L1
LV LA
81/
6121
02,
STAVA
XAV
8¢ L F
[ TAVA
1972~
0L2”

—_—

Cl
Ts
(0]
3f
"H NMR (400 MHz, CDCls)

Fore t

00’1

6L

10¢

Fooe |

69 |

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
f1 (ppm)

3.5

S78



9912\
19°€Z —
gvsz”

LO'vy —
6.6V —

2L'691 —

C

3C NMR (100 MHz, CDCls)

60 50 40 30 20 10

70

1770 160 150 140 130 120 110 100

180

f1 (ppm)

S79



gt
@m.m/
1€2
or'z
0S'2
om.w/
09'¢~
9z’

oe'e
L9P 1
1911

VLY
96'G 1
6891
06'9 1
06'9 1
169 1
269 ||
26'91
€69 ]
mr.mg
0Z'L1
122
122
[AAVAS |
€211
€21
v L
vZ L
mm.j/m
GZ'.

LEL
LE A
AN
€eL]
ves
)
et/
v L
Sh'2
0L'L
2L L

——

o

[ S S S

)f

Feoe

\Lwoo.m
l

Fsov
HO'L
=
?
n o
@ 2
z_ z aQ
= Q s ¥56°0
> H
o 16°0
\ © S
%) I
Y
S
Z
I
-——=F96'0
= Ne61
e’ 00°E
- HOP
~00'L
——=J¥€0'C

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

60 55 50
f1 (ppm)

6.5

8.0 7.5 7.0

8.5

).0

S80



2012\
96'22 —
R A
69°8€
or.@m/
Le'6e
Z5°6¢€
€1°6€
¥6°6€
GL'0p
GL'EP
6 6¥

6€L8 —

3&9/
€6°€01
91°9z1
L9'9zL
S9°9Z1
zLLzL
z5'22L
zLL2L
00°8ZL
S0°6Z1
L0'8€EL
gL gel W
LyeEL )
szevl

€SLLL —

H

|

)
>
3
c
=
0 a
.z z N
(7]
T
— OgM
B ® o
\ © S
S ~
X
=
Z
O
o

90 80

100

130 120

140

90

60 50 40 30 20 10

70

110

170 160 150

180

1 (ppm)

S81



VL —
98’1
v0'2
v0'2
s0'2
90°¢ f
902
o i
e
85'Z
z29¢C
5951
vLY
€8V
VAR
1197
6891
06°9 1
06°9
16791
76°9 1
G6'91
8L/ 1
ONN;
\Z'2
mN.L.
Z€ L]
€€/ 1
R
149
1€ 27
8€° /A
6E°L7
8t L
052
252
85"/
092
292
98/
88/

[ S S

T

T YA T

o

[ S S

SO,Ph

3h

1
<
L#N.m
wamo.m
\“W_\O._\
=HO0'L
_—_
o
?
(0]
C
9
[0}
(&)
<
!
T
= )
o Hl\llAAnm\OO_\
mm —M00°L
14
=
pd
T
-——/6'0
==1g6'|
o /00°E
=yl0e
-===I86'L
RRAN
=06l

4.0

5.0

3.0 25 20 1.5 1.0 05 0.0

3.5

6.0 5.5 4.5
f1 (ppm)

6.5

80 75 70

8.5

9.0

582



05°€Z
CYR-TA
9262 |
9r'6Z |
S9'62 1
¥8'62
£0°0€
mo.omw

~Se—r

€2°0¢
440
ol vy —
o9r'0S —

91°€8—

€582l

o
@
©
N
-
L
=T

G1°'90¢C —

—

%
o
B
o)
S
< [ -—
& 7 8
n—-=z P M
(@) < T
“ =
W) ° g
n N
n'e
=
4
O
®

i

\“

10

30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

-10

0

f1 (ppm)

S83



Yv L
681 |
Y021
Y0°C 1
G021
90°¢1
90°¢C 1
(A
Sv'2H
[A KA
28'¢
Ll
SlV
G8'P ]
68V 1
No.m:
0691
L6797
2691
€69
¥6'9
0oc’.L
YAV
YAV
AV
vZ L1
STAV
mm.mi
veL
GE' /L1
[T
mmN;
SINVA
YA\

182
mw.L.
88
68,
mw@

—

— T

e ———
——

—

062
062

-

3i
"H NMR (400 MHz, Acetone-dj)

ez
F/6°¢

foo'L
oot

166°0
Fe6'0

Fo60

Fe6'L
16V
16°¢

6L

10

ppm

S84



lGg'ec
12°G¢
9¢'6¢
9’62
G9°'6¢
¥8'62
€0°0€
€2¢0¢€
14>
Ly —
1€°0G —

12°€8 —

L2°€0L ~
yo'soL

00°9LL
ezoLL’
£8'9Z1
G8'9Z1 X
A
68221
09'8zZ1L A
z9'8Z1
16°LEL A
10°2ZEL
LS'6EL 1
ZEBEL 1
GEBEL 1
zZz 0Pl -
8e b9l A
88°001 |
80°Z/L

J

=

—

o

21°90¢ —

3i
3C NMR (100 MHz, Acetone-dg)

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

-10

0

10

70 60 50 40 30 20

f1 (ppm)

S85



VA"
06’L
140 K4
v0°'¢C
Go'¢c

laYalivd

_J

90°¢
Lv'e
ov'¢c
€9°¢
89°¢
L8'¢

——\ ="

€LY
R.vV
98y T
om.v\

5§33
06'9
06'9
16°9
z6'9
€6'9
0z'L
V22
XA
€z'.
ve L]
ve L
Ge /]
Ge'L
1€/
1€
67 L
LG
6L
18/

————

[ S
—

S S S S S

3j
"H NMR (400 MHz, Acetone-dg)

rooe |
Hie |

0L
MoL

mo.r
oL

foo'1

F6°L

786'Z |
62 |

\g61
hog'L

ppm
S86

10

11



6v'€c
G/.°G2
9¢'6¢
ot'6C
G9°6¢
¥8°62
€0°0€
€C0¢
A
€cvy —
ce08 —

cee8 —

02°€0L ~
L0501~
¥8'921L
18921
09221
S6°.2L
£9'821L
88'82Z1
9z'62L
L8'0€l
18'8€l
zZz6el
ZLovlL
Z6'LyL

eLelLL —

L1'90¢ —

Cl

N

Tl
i
zZ

3j
13C NMR (100 MHz, Acetone-dg)

70 60 50 40 30 20 10 O -10

80

20 210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S87



8¢l —
29l —

v0'Z
vo.wv
S0z “ .
902 |f
90z If
vz'z
gez :
62
vz
6t
952
vz

€l€ /

[ S —

68V
mm.#V
GO'G ~
60°G
LS \

049
clL'9

169
vm.o/
€c’L
mN.h/
9¢' L~
oL
LeL
€€’ L
VAW
867/

Mo

- =00°¢
- 0lL°¢

) 00°€
_=—=¥60"L
SHLL

[/

MeO
Bn
e}
k
"H NMR (400 MHz, Acetone-dg)

£86°¢C

i _M/mo.o
J

_==7/6°0
Mwmoe
/001

i 202
——N%ov
oL
=90z

oz

0.(

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

3.5

S88



16°02 1
Yi'ET |
08'€2 |
LLYT
8€°62 |
1S'62
11621
96'62 |
10°0€
§L0e|
rN.omN

T

v€0€
¥G'0€
Clch 40
010G —
Lv'GG ~

8618 —

SO'v0L 7
12°v0L /
S9€CLL —

88°/L2CL
mv.ri/
16'8Cl ¢
om.mNr\
mm.mNr\
PANNANS
olL'ecl
8L'0ovl
AN 4%
0S¢yl
v2' 091 \
Y2 0LL —

92'90C —

MeO

Bn

N-SO,

N

O

0]

3k
3C NMR (100 MHz, Acetone-dg)

-10

0]

10

30 20

70 60 50 40

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)

S89



A" ]
Y81 ]
Y0°C 1
Y0°2
S0°C
90°2 1
90°2
mm.N)
(AR

——

—

— —To

/J ==

mm.N#
18°Z
mm.j/
L.V
L6 ]
G6'P
t.f
88'9]
689
689
0691
16797
8691
02’1
RAVE
NNN;
e
Le LY
ce Ly
NmN;
mm.h#
6€ L\t
Ly L
Ly L

9’/

992
go 2
692
0L'2
181
18711
86/
00’8
z0'8
S0'8
ov'8

-

. e

- =

-—13
— TN

3l
H NMR (400 MHz, Acetone-dg)

o€
6'¢

o'l
0L

ppm
S90

10

11



LY ¢
G/'SZ1
€V'6Z 1
9v'62 1
€9'6Z 1
S9°62 1
28'62 1
¥8'62 1
L0"0€ 7
€00e |
AR
mw.oi
AR
Ly —
6%°0G —

92'€8 —

£8°€01
€6'volL 7~
20121
z,°921
b8 ozl
LG 2zL
0822l F
0821
wm.mmi
65821
56'9Z1
20'621 |
¥S'621 1
€L°0El 1
ococl |
€82l |
09°GEl |
or6el |
0L0vL |
6E°0vL
€6°LLL

—

]
]

¥1°90Z —

3l
13C NMR (100 MHz, Acetone-dg)

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

20 10 O -10

30

f1 (ppm)

S91



bSL—
102

v0'Z

vo.mw
s0'z]
202
202
052
TR
112
6.2
€8z
10°€
0Lt
IR
@m.v\

08'v

=T

S Y SO S SO S

10'9 —
06'9

16°9

26'9

612

N.L
ez,
Gzl
9z'.
Ge'.
Ge.
Q€.
9¢e°/ 1
181
6€°L

=T m(r

3m
"H NMR (400 MHz, Acetone-dg)

fos'1

fse0

=06'1
VL6
Zz'€

10

ppm

S92



89°€Z
1092
9Z'6¢2
or'62
G962
¥8'6¢2
¥0°0€
€2°0¢
rAA
8EEY ~\
ez vy’
65617

1228 —

L9°€0L
06'¥01L =
59921
88'921
95°221
85°/21
89'82Z1
11821 7
SP'BEL N
Leovl

veell —

¥2'90¢ —

3m
13C NMR (100 MHz, Acetone-dg)

10

60 50 40 30 20

80 70

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

0

f1 (ppm)

S93



Syl
08’L
v0°'¢
v0°¢
Go'¢c
90°¢

laYaklwd

S o€

e
ocz ]
or'e

ev'Z
852
z9'e
18'2

VAN 4

29~
€LY T
Nm.v\

€09~

06°9
169
26’9

669
102
20°L
#oi
soz]
YL
Ge,
9€°/ 1
9g° /L
v 2]
v
18/ ]
€8/

3n
"H NMR (400 MHz, Acetone

-dg)

— 1L
I W

—=

M
o)
o -

- oz |
L'e |
- Noe |

) H/mour

= 8671

¥90°€ |
u /B0€ |

ppm
S94

10

11



2L'6l 1
EV'Le
1G°€T
11°G2
92'62 1
G162 |
S9'6¢
78762
€0°0€
cecoe

A

90 vy —
6187 —

o

vE€8 —

ZL°€0L ~
Lo'soL ”

819z
wo.omrw
06921
sozzLf
cz'ezL I
oz'gzL f
ve'ezl |
E.mmi
AR
mﬁvm;
05°8€1
0€'6EL 1|
G1°6EL
8L vil *

98°'L/LL

61902 —

3n
3C NMR (100 MHz, Acetone-dg)

-10

0

10

70 60 50 40 30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)

S95



—66'C
HHMS:
=eLL
o = 4
= ko]
© ¢
s ——H0'L
2
N oL
8 I . %3
= =
g - M«@e
x ———rZlL
z 62
< - M/o:
0z

ppm
S96

10

11



eV'1Z
09'€Z |
CYN-TA
9262 1
9Y'62 |
S9'62 1
¥8°62 |
6862 |
€0°0€ A

60°0€
zz'oc
zv'0g

20 v~
€96~

19°GG —

L0°€8 .

€8°€01 |
Z6'70L
8E°0L L

so0ck |

L9'9Z1

86'9z1 .

AR:TAN

85'8Z1

8c¢'6cl )W

cE'62L N

€162
LY6EL Yy

8G'6€EL

9L vl 7

G8'9G| —

Vi LLL—

61°90C —

)
=
O

30

3C NMR (100 MHz, Acetone-dg)

10

30 20

50 40

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

-10

0

f1 (ppm)

S97



vl
08l |
v0'Z 1
v0'Z 1
S0°Z
90°Z 1
90°Z 1
A
244 |

e ——m—

wm.Ng

)
oz ——— uﬁuo.m
0621 _
€9V
9% — _ H)\M

=g

—

NN.#;
Nw.#j
8291
G691
9691
9691
16°91
60°L1
60°L1
60°L1
oL+

o

oL'L
:.m_ —
AW

€L/
b2
vl
G121
9l°/L7
IR
8L,
8L, — -———— 001
121

121

62,

62, -
ge s ——
gL —
9g°L
1827
ov'L
ZvL
¥S L
95,
06'2 ]
26,

3p
"H NMR (400 MHz, Acetone-dg)
[
I
& &
[oNe]

|

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

f1 (ppm)
S98

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5




S LT
1S'€T T
88'GZ |
9Z'62 |
62 1
G962 |
¥8'62
06'62 1
€0°0€ 1
oo.omw

T

=

€c0¢
Zvoe
00 vy —
1687 —

0628 —

98°'€0l
16'v0L 7

12921
€0 221 W
Lz2zL
vi-gzL
v5°8Z1 ]
gL 62l
vr 6zl
00°0€)
£E°0EL |
zg'Lel

G6° /€L
98'8¢cl 1|
8Z'6€1 1

89 v¥L *

ov'cLL

[
T

€2'90¢C —

|

&)

3p
3C NMR (100 MHz, Acetone-dg)

70 60 50 40 30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

-10

0

10

f1 (ppm)

S99



A

H/mm.N

¥S0°€

3q
"H NMR (400 MHz, Acetone-dg)

. BLY

!

——looL

===V1/6C

iz

10

ppm

S100



0v'1Z ]
LT
SS€T |
YRTA
9Z'62 |
9v'6Z
59621
862
€0°0€

€2°0€

Zroe

SLvby—
8€°0G —

T

=

81°€8—

G8'€0L
/8'v0L 7

YR T A
m@.wwrw
6,921

v 221 \ﬁ
66221

8e°8zl ]
1Z°62L ]
Nv.mmi
19621

mtm;
vG6EL

60°0¥L 1
YOVl |

mm.mv%

69°'LLL

T

Zl'90¢C —

3q

3C NMR (100 MHz

Acetone-dg)

-10

0]

60 50 40 30 20 10

70

80

20 210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S101



14740

8g°L
Yo'z
Yo'z
S0z
902
902
8z'z
182
vz
Zv'e
162
z9z

T

[ S

¥8¢

c9v

99V~
vh.vww

8.V

cl'9—

689
689
169
€69

€02
vz,
9z,
62"
ze.L
e/
QL
Gl .

€69
ro.mw\

R —— )

/f

Me

3r
"H NMR (400 MHz, Acetone-dg)

——

196°0
oot

k6o

8L
8’1
181
6¢C

fere

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

1 (ppm)

S102



60°12 1
ov'LZ
¥S'€2 1
6.°GZ
9Z°62 |
962 1
G962 1
¥8'62 |
0662 ¢
£0°08 |
mo.omw

2c’0oe
4401
ol vy —
12°0G —

GlL'€e8—

88°€0L
/8'v0L 7
z29°9Z1
zZ8'9z1
v, 121
18821
rANYA)
G621
89'6Z1
ZL9gl
€6 /€1
09'6€l
0z’ oVl
G6'EPL

VL VAL —

71°90¢C —

Me

3r
3C NMR (100 MHz, Acetone-dg)

-10

0

10

30 20

50 40

70 60

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)

S103



vyl —
06°L
140K
v0°'C

— — H6°Z |

Go'¢c
90°¢
90°¢
8€¢C
0) ¢
€ev'e
65°¢C
€9°¢
L8'¢
9L'€—

09t

CRA
LLY T
mm.v\

o_‘.og
GL 9
11797
ww.f
689
0697
16791
wNNQ
0€ L~
(AW
[ANYAR
€e’l

veL

| WAVARN
ers”

—

—

T = Fsov |

J

Jt
i
£3

[0}
=
o

3s
"H NMR (400 MHz, Acetone-dp)

Foe |

—hot |

M ooz

——=looz

——=Tloev |
MJ leo'z

ppm

S104



YS9 e

18'G2 |
12621
YH'62 1
9v'62 1
¥9'62 |
G962 1|
€862
G862 1
zooe
¥0°0€ |
Nm.oi
Zvoe

6Lvy
€8°67 —
€V'G9 ~

cc’e8 —

18°€0l =
88'v01L /
68°CLL —~

65921
G8'9Z1
69°/2l F
oL'62lL
19621
Ge'0el
L zelL
L9°6€EL
€€°0vlL
06'EPL \
86651
rAN WA

G190 —

OMe

3
3C NMR (100 MHz, Acetone-dg)

10

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

-10

0

f1 (ppm)

S105



144
88°L
v0'¢c
v0'¢
go'¢c
90°¢
90°¢
8€'C
L'
ev'e
8G°¢C
29'¢
68°¢C
wm.*j
€91
cL¥
LL YA
029,
om.f
rm.wg
Nm.wg
26'91
86°9 |
669 1
8L/
61°.1
oc’. L
02’1
AV
mm.mg
veL
e LA
GE' LA

—r

L

Ge'L
@ms\
082~
zeL”

//

Cl

3t
TH NMR (400 MHz, Acetone-dg)

*00°€

£86°0

+66°0
50°1L
902
hgy-g

0¢

45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

S106



RATA
612
¥8'52 1
9Z'62 1
V62 |
G9'62 1
¥8'62
06'62
£0°0€
mo.omw

L

—~r—

€¢0¢
Zroe
oL vy —
166V —

€L'€E8 —

Z8°€0L
€6'v0L 7
rANYAS
z8'9zL
617121
o8zl ~t
oze6zlL |
mw.mmr\
€G°0€L
1S°2Z€L
L 6EL
L9°6EL
ZE Pl

6L'cLL —

€2'90¢ —

Cl

3t
13C NMR (100 MHz, Acetone-dg)

-10

0

10

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

S107



vyl
88°1
1404
v0'¢
G0'¢c
90°¢

90¢C”
6€°C
mv.Nx
144
6G°¢C
v9¢
18°¢

1SV
E&V
VLY T
mm.v\

0Z'9—
169
z6'9
z6'9
€69
wm.i
669

iz
62 L]
gL
e L]
GE L
9g /]
08/ 1
z8°,

m—

/f

Br

ik

3u
"H NMR (400 MHz, Acetone-dg)

¥86°¢
10°€

Ly
kzz1

)

-~
~—
-

ppm

10

11

S108



UV LC
YP'EZ
G8'GZ 1|
9Z'62 1
SY'62 1
G9'62 1
862
mo.omv
zzoe

U

LO'vy —
96'6YV —

G0'€8 —

€2°€0L
68'v0L 7
99021
oﬁomr/
Nm.omr/
€222\
0262l ¢
€862l i
¥80€lL
eeLel
9g'6ElL
Zr6elL
60°0vL
LE PPl

LecLL —

2c'90¢c —

Br

3u
13C NMR (100 MHz, Acetone-dg)

b

0

50 40 30 20 10

70 60

80

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S109



VA
L2
¥0°¢
¥0°¢C
S0'C1
90'C
90°C 1
GE'C

e |
crey — - =00°€
152 ) 06

N@.N;

68°'¢C
€c’'s
Ggc's —_ \IANNO._‘
9191 ERRAK>
88'9 1 e %60°1
889 1
689 1
069 1
869 1
669 1
669 1
669 1
002
00/ 1
(RONAN
ce' /L
ce /.
e/l
€e'l
ve', —
(1A
VASWA
S} VA
VA VA
153 AVA — -— 660
8/,
192
192
69/ —_ ¥c0'|}
692 — mem.o
cl’ L
v,/ — ——== H\MO.V
88/ T = mem
. - -
o = =t
06°2
062
G6°.L

-—=Hoz

3v
"H NMR (400 MHz, Acetone-dg)

4.0

4.5

5.0

1.5 1.0 0.5 0.0

2.0

2.5

3.0

3.5

6.0 55

6.5

8.0 7.5 7.0

8.5

f1 (ppm)

S110



A
6S°€Z 1
GG
92'62 |
9162 |
G962 1
862 1
06'62
€0°0¢
mo.omx

=

€C0¢
(440>
80'vY —
S8y —

61°€8—

Z6°€01 .
66 0L 7
9e°€zl
86°GZ1 %
01921 4
65921
89'9zL f
sozzL}
16121 A
ze'8z1
Zv'621 %
08'621 |
0Z'LEL
Y2 el |
G9'GEL |
6€°6EL 1
89°6€1 1
8z vl -
66 L1

—

L2’ 90¢C —

3v
13C NMR (100 MHz, Acetone-dg)

0 -10

10

70 60 50 40 30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

f1 (ppm)

S111



12°0
8.0
080

-—

O OWOWMNOOLWITT
NTm ™ ™ v

S ANONT—-TOWOMNO O
COWWWW LTINS v
(SVIR i i ol o ol R I i i o o o ol ol i

v0'¢
g0'¢

P

90°C 1
90°C 1
A EA
14&
8Y°¢C 1
9G°¢C 1
19°¢C 1
68°C 1
0€°€ 1
LE€E T
[A%N
€€°¢ ]
9€°¢ 1
8€°€ 1
6€°€ 1
ov'€ ]
12°€

€09
€8'9
98'9
YW
ve.
9¢°L
8¢’ L
06°L
c6'L

[

0¢c
0'S
(OB

oo
- ™M

T

Zleoz
—F0'¢
i
9
(0]
[
S
3 3
n | <
-z Z m
Q) & =
o
© g
(@) Y
2 = -——+86'0
I

e
= e

———176'L

4.5 4.0 3.5

5.0

2.5 2.0 1.5 1.0 0.5 0.0

3.0

8.0 7.5 7.0 6.5 6.0 55

8.5

1 (ppm)

S112



Yo vl
102
6E1Z1
G/l'€C
16°5T |
9262 |
Sv'62 1
G962 1
862
€0'0¢€
€z°0g
zZroe”’
60°vE

SL vy~
12 1v7
6€°GS ~

1€°G8 —

Ly 0L
8G'¥0lL N
08€LlL —

8¢'8¢l
©_\.®NPW
9c'ecl \
L.°6¢lL
cgl’ovl —
o6'eErl —

70091 —

Y1041 —

¥2'90¢C —

MeO

Ts

N—Bu

N

@)

O

3w
3C NMR (100 MHz, Acetone-dg)

40 30 20

80 70 60 50

20 210 200 190 180 170 160 150 140 130 120 110 100 90

-10

0

10

f1 (ppm)

S113



v.°0
92°0
81°0
¥6°0
96°0
16°0
Vil
Vil
9L'L
9L'L
v0'¢C
v0'¢
g0'¢c
90°¢
90°¢

S

-

N

N
.

Lege
ece
ec'e
Lee
Ge'e
6€°C
8G°¢C
16°¢C
NN.#;
rw.ﬁg
wr.wg
26°9 1
€69 1
mm.m:
#m.wg
00°Z 1
002
L0°L
Gl
wrN;
wr.Nkj
AWE
LV L7
mN.Ng
STV
0€' L
L€ LA
rANY Ay
ee
ve L]
Ge'L
9e . ]
9¢’ .
#N.N;
[SYAVA

——

—

T S S S S S

ST T

-
—

//

3x
"H NMR (400 MHz, Acetone-dg)

R

t6.°¢C
F66°¢C

feg'L

e
£80°1
ez
H,mo.r

60
tzoL

F26°0

160
Wﬁ@.o
=€

[ 4
6L
Fz6'L

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

f1 (ppm)

S114



€6'9~
/167
€12
9z'62
mv.mN/
G9'62 )ﬁ
¥8'62 7|
06'62
£0°0E q
mo.oi
6L°0€ s
22°0€
Zvog
wo.mﬁ
89'LY
650G

8G°€8 —

L6°€0L ~
88°901
G.'9¢lt
12°9¢l
cclel
G6°LCL
9€'8¢l
€6'8¢l
v6'8¢ClL
08'6¢cl
0s'6ElL
80°0v1
€50Vl
covvl

L2'GLL —

9¢'90C —

3x
13C NMR (100 MHz, Acetone-dg)

70 60 560 40 30 20

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80

-10

0]

10

f1 (ppm)

S115



NN
v0'Z
v0'Z
S0z
902
902
4N
29T
A
L2

08¢ \

88'¢C

0P
209
oLy T
ey
L9V
mo.vV
6LV~
€8P
6191
689 |
069 1
169 1
26791
96°9 1
169 ;
AW
617/,
6L°21
6L,
Lz’ ;
[AAVA
€T'. ,W
ceLN
€e. \ﬁ
ve L
veL
Ge'L q
Ge'.
€2
€2
)
612

[ S S S

/ﬂ[

x

3y
"H NMR (400 MHz, Acetone-dg)

f/fﬁ E

FlLo'e

Fo
ot

-

60

60
Feez
Feev

M6l

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

8.5

S116



474 %4
cs’'ee
9Z’'6¢C
ov'6¢C
G9'6¢C
8°6¢C
€0°0€
€2°0¢
420>
19°0%
6€° LY ~\_
6.°0G ~

9C'€8 —

wm.mor/
mr.mor
9,'92Z1 /
10221
Lv1ZL
16221
vs'8zlL
11821
L1'6ZL ¥
88'6Z1
vS'8EL
LL6EL T
@N.oi“
Ve L

19691 —

¥2'90¢ —

3y
13C NMR (100 MHz, Acetone-dg)

T

140

20 210 200

-10

120 110 100 90 80 70 60 50 40 30 20 10

130

180 170 160 150

190

1 (ppm)

S117



vo'L
#O.NA/
140K
Go'¢
90°¢
90°¢
90°¢
ov.N\
88¢C —

69t
mn.vV
Z28v T
@w.v\

G9'G\
0L6”

5637
68°9

68°9

06'9

16°9

z6'9

gL L]
6L,
1z,
0g'L
AN
€€
g2 ]
1€
1€
€l
9/

—

-

AR

0 |

3z
"H NMR (400 MHz, Acetone-dj)

o't

—he0 |

et

= W@.N.
6V |

- pee6’L

I\WMNO.m

—==1860 |
Mwmm.o .

_—1¥96°0 ”

10

ppm

S118



60°0c
ov'ile
9c¢'6¢
9’62
g9°'6¢
¥8'6¢
€0°0€
[AA
A0
990G —

81°¢8—

3z
3C NMR (100 MHz, Acetone

-dg)

200 180 160 140 120 100 80 60 40 20
ppm

20

S119



9Z'L ~
1z
evL

181
mo.N./K
Ggo'¢c WY
90°¢

AN
852\

09°¢C F
29¢ “\
¥9°¢

¥9'¥
89t V
SLYv-T
6.V /

L9 —
069
169
269
169
869
QF.N./r

8L L F
6L,

XAV

(A AV
oc'L
ce L
€e’s
vel
ge'L
v,lL
9.,

E— ..MH\oo.m .
EE— - 06'2Z [
—_— S .
- _ tzze |
~ =F90'L |
- _==F20°L
— -Mwo:
3
[0)
5
5 8
| <
S\N N/ [ m
= /qo . om. =
W (= d
— @ © g -—=260 |
@ 14
=
zZ
I
— 790°L [
/60
T —=keret
/ =
ReLg |
—

——=HLzZ|

ppm

S120



LGOY —
160G —

2628 —

9e'€01
0z 201\
66'921 1\
88'9Z1
ve LTl
€e'8zl
81’8zl
v.'8T1
LL'6TL
vrezL/
LLBEL N\
60°0vL 7
vo.oi*
SO'vrL

€0°'GLL —

3ge
13C NMR (100 MHz, Acetone-dg)

160 140 120 100
ppm

180

200

B86°90T

20

40

60

80

20

S121



15. NMR spectroscopy of pyrrole 4g
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16. NMR spectroscopy of dihydrooxazoles 5
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17. NMR spectroscopy of amide 6a
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6a
13C NMR (100 MHz, CDCl3)
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