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A: General Information and Starting Materials

General Information. Proton nuclear magnetic resonance (IH NMR) spectra and
carbon nuclear magnetic resonance (*C NMR) spectra were recorded on a Bruker
ACF300 spectrometer (500 MHz and 125 MHz). Chemical shifts for protons are
reported in parts per million downfield from tetramethylsilane and are referenced to
residual protium in the NMR solvent (CDCl3: & 7.26). Chemical shifts for carbon are
reported in parts per million downfield from tetramethylsilane and are referenced to
the carbon resonances of the solvent (CDCls: & 77.16). Data are represented as
follows: chemical shift, integration, multiplicity (br = broad, s = singlet, d = doublet, t
= triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz). All high
resolution mass spectra were obtained on a Finnigan/MAT 95XL-T mass spectrometer.
For thin layer chromatography (TLC), Merck pre-coated TLC plates (Merck 60 F254)
were used, and compounds were visualized with a UV light at 254 nm. Flash
chromatography separations were performed on Merck 60 (0.040-0.063 mm) mesh
silica gel.

Starting Materials. All solvents, inorganic reagents and cyclohexane-1,2-dione were
from commercial sources and used without purification unless otherwise noted. The
azides were prepared following the literature procedures.'

B: General Procedure for Cascade Reactions

To a solution of THF (0.3 mL) were added 1,2-cyclohexanedione 1a (0.10 mmol),
azides 2 (0.20 mmol) and 3a (0.10 mmol). The reaction mixture was stirred at room
temperature for 48h and then the solvent was removed under vacuum. The residue
was purified by silica gel chromatography to yield the desired product 4.

To a solution of CHCIl; (0.3 mL) were added 1,2-cyclohexanedione 1a (0.10 mmol),
azides 2 (0.40 mmol) and 3b (0.10 mmol). The reaction mixture was stirred at room
temperature for 48h and then the solvent was removed under vacuum. The residue
was purified by silica gel chromatography to yield the desired product S.

To a solution of DMSO (0.3 mL) were added 1,2-cyclohexanedione 1a (0.10
mmol), azides 6 or 8 (0.40 mmol) and 3a (0.10 mmol). The reaction mixture was
stirred at 80°C for 48h and then the solvent was removed under vacuum. The residue
was purified by silica gel chromatography to yield the desired product 7 or 9.
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C: Characterization Data

1-(1-Hydroxy-2-phenyl-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)pyrrolidin-1-
ium (4aa)

D Yellow oil, 95% yield. '"H NMR (CDCl;5, 500 MHz): 6 (ppm)
6,3 OH 7.52-7.50 (m, 2H), 7.30-7.28 (m, 2H), 7.07-7.05 (m, 1H), 4.85-4.83

\ N,Ph (m, 1H), 2.67-2.63 (m, 2H), 2.45-2.40 (m, 2H), 2.37-2.20 (m, 3H),
1.77-1.61 (m, 6H), 1.51-1.46 (m, 1H). *C NMR (CDCls, 125 MHz):
S (ppm) 204.2, 139.6, 129.2, 123.9, 115.5, 82.7, 81.2, 45.7, 37.3,
26.3,24.0, 17.1. HRMS (ESI): exact mass calculated for M (C;¢H,1N4O) requires m/z
285.1710, found m/z 285.1706.

N
N:

1-(2-(4-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ab)

D Yellow oil, 93% yield. "H NMR (CDCl3,500 MHz): 6 (ppm)

6,3 oH/©/F 7.52-7.49 (m, 2H), 7.00-6.97 (m, 2H), 4.85-4.83 (m, 1H),

\ " 2.66-2.61 (m, 2H), 2.41-2.21 (m, 5H), 1.78-1.63 (m, 6H),

N 1.49-1.46 (m, 1H). C NMR (CDCls, 125 MHz): & (ppm)

203.6, 159.5 (d, J = 485.0 Hz), 135.7, 118.3 (d, J = 50.0 Hz),

115.9 (d, J = 20.0 Hz), 82.7, 80.9, 45.7, 37.3, 26.4, 24.0, 17.1. HRMS (ESI): exact
mass calculated for M (C6H,0FN4O) requires m/z 303.1616, found m/z 303.1610.

1-(2-(4-Chlorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ac)

D Yellow oil, 85% yield. '"H NMR (CDCl; 500 MHz): & (ppm)
& on Cl' 7497.47 (m, 2H), 7.25-7.23 (m, 2H), 4.86-4.84 (m, 1H),
\ NQ/ 2.65-2.60 (m, 2H), 2.38-2.18 (m, 5H), 1.78-1.62 (m, 6H),
N 1.47-1.42 (m, 1H). *C NMR (CDCls;, 125 MHz): & (ppm)
N 203.6, 138.1, 129.2, 129.0, 117.6, 82.4, 81.2, 45.7, 37.2, 26.3,

24.0, 17.1. HRMS (ESI): exact mass calculated for M (C,cH»0CIN4O) requires m/z
319.1320, found m/z 319.1318.

1-(2-(4-Bromophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ad)

D Yellow oil, 84% yield. '"H NMR (CDCl3. 500 MHz): & (ppm)
& om Br 744738 (m, 4H), 4.87-4.85 (m, 1H), 2.65-2.60 (m, 2H),
\ NO 2.38-2.22 (m, 5H), 1.78-1.62 (m, 6H), 1.46-1.44 (m, 1H). °C
N NMR (CDCls, 125 MHz): § (ppm) 203.6, 138.6, 132.2, 118.0,

N 116.6, 82.4, 81.3, 45.7, 37.2, 26.3, 24.0, 17.0. HRMS (ESI):

exact mass calculated for M (C;¢H0BrN4O) requires m/z 363.0815, found m/z
363.0812.
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1-(1-Hydroxy-2-(p-tolyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)pyrrolidin-
1-ium (4ae)

@ ve Yellow oil, 76% yield. 'H NMR (CDCl3, 500 MHz): & (ppm)
N_ OH 739 (d, J = 10.0 Hz, 2H), 7.09 (d, J = 10.0 Hz, 2H),
@H@r 4.83-4.81 (m, 1H), 2.64-2.61 (m, 2H), 2.44-2.40 (m, 2H),
N 2.32-2.19 (m, 6H), 1.76-1.63 (m, 6H), 1.50-1.45 (m, 1H).
N C NMR (CDCls, 125 MHz): & (ppm) 204.2, 137.2, 133.6,

129.7, 116.7, 82.9, 81.0, 45.8, 37.3, 26.3, 24.0, 20.7, 17.1. HRMS (ESI): exact mass
calculated for M (C;7H23N40) requires m/z 299.1866, found m/z 299.1863.

1-(1-Hydroxy-2-(4-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4af)

D Yellow solid, 87% yield. '"H NMR (CDCls, 500 MHz): &
& o O/OMe (ppm) 7.43 (d, J = 10.0 Hz, 2H), 6.83 (d, J = 10.0 Hz, 2H),

\ " 4.81-4.79 (m, 1H), 3.76 (s, 3H), 2.64-2.62 (m, 2H),
@ N 2.44-2.40 (m, 2H), 2.34-2.18 (m, 3H), 1.76-1.61 (m, 6H),
N” 1.51-1.46 (m, 1H). °C NMR (CDCl;, 125 MHz): & (ppm)
204.0, 156.5, 133.0, 118.7, 114.4, 83.0, 80.6, 55.4, 45.8, 37.3, 26.4, 24.0, 17.1. HRMS

(ESI): exact mass calculated for M (C;7H23N40;) requires m/z 315.1816, found m/z
315.1815.

1-(2-(4-(Ethoxycarbonyl)phenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-
ylidene)pyrrolidin-1-ium (4ag)

Yellow solid, 74% yield. '"H NMR (CDCl;. 500 MHz): &

@ COzEt (ppm) 7.97 (d, J=10.0 Hz, 2H), 7.58 (d, J=10.0 Hz, 2H),

My OHO/ 4.91-4.89 (m, 1H), 4.34 (q, J=25.0 Hz, 2H), 2.65-2.63 (m,

N 2H), 2.38-2.19 (m, 5H), 1.82-1.63 (m, 6H), 1.48-1.43 (m,

N 1H), 1.36 (t, J = 25.0 Hz, 3H). °C NMR (CDCl;, 125

MHz): & (ppm) 203.7, 166.1, 143.2, 131.0, 125.4, 115.3,

82.2, 81.8, 60.7, 45.7, 37.1, 26.1, 24.0, 17.1, 14.3. HRMS (ESI): exact mass
calculated for M (C9H,5N4O3) requires m/z 357.1921, found m/z 357.1918.

1-(2-(3-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ah)

Yellow solid, 64% yield. '"H NMR (CDCls, 500 MHz): & (ppm)
Eﬁ? OH 7.35-7.21 (m, 3H), 6.77-6.74 (m, 1H), 4.88-4.86 (m, 1H),
\ ' . 2:66-2.62 (m, 2H), 2.40-2.21 (m, SH), 1.78-1.58 (m, 6H),

A 1.48-1.45 (m, 1H). *C NMR (CDCls, 125 MHz): & (ppm)

N” 203.6, 163.1 (d, J = 487.5 Hz), 140.9, 130.5 (d, J = 40.0 Hz),

111.7 (d, J = 10.0 Hz), 110.4 (d, J = 85.0 Hz), 103.9 (d, J = 110.0 Hz), 82.4, 81.5,
45.7, 37.2, 26.2, 24.0, 17.1. HRMS (ESI): exact mass calculated for M (C;¢H,0FN4O)
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requires m/z 303.1616, found m/z 303.1611.

1-(2-(3-Chlorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ai)

Yellow oil, 76% yield. "H NMR (CDCl;, 500 MHz): 6 (ppm)

E@,% OH 7.62-7.61 (m, 1H), 7.39-7.37 (m, 1H), 7.25-7.17 (m, 1H),
\ N/©\ o 7:03-7.01 (m, 1H), 4.88-4.86 (m, 1H), 2.66-2.61 (m, 2H),
2 2.38-2.24 (m, 5H), 1.77-1.66 (m, 6H), 1.47-1.42 (m, 1H). °C

N NMR (CDCls, 125 MHz): & (ppm) 203.5, 140.6, 134.9, 130.3,

123.8, 115.6, 114.1, 82.3, 81.5, 45.7, 37.2, 26.2, 24.0, 17.0. HRMS (ESI): exact mass
calculated for M (C;¢H»0CIN4O) requires m/z 319.1320, found m/z 319.1317.

1-(1-Hydroxy-2-(3-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4aj)

Yellow oil, 89% yield. '"H NMR (CDCls, 500 MHz): &

@ oH /@\ (ppm) 7.25-7.15 (m, 2H), 7.07-7.05 (m, 1H), 6.62-6.60 (m,

\ 1H), 4.85-4.83 (m, 1H), 3.78 (s, 3H), 2.67-2.62 (m, 2H),

N OMe 5 42.2.40 (m, 2H), 2.33-2.21 (m, 3H), 1.75-1.60 (m, 6H),

=N 1.49-1.41 (m, 1H). >C NMR (CDCls, 125 MHz): & (ppm)

204.2, 160.3, 140.7, 130.0, 109.6, 108.6, 102.2, 82.7, 81.3, 55.3, 45.7, 37.3, 25.2, 24.0,

17.1. HRMS (ESI): exact mass calculated for M (C,7H23N40,) requires m/z 315.1816,
found m/z 315.1814.

1-(1-Hydroxy-2-(2-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ak)

Yellow solid, 54% yield. "H NMR (CDCl3,500 MHz): & (ppm)

@ 7.65-7.63 (m, 1H), 7.19-7.16 (m, 1H), 6.95-6.93 (m, 1H),

N\ oH 6.86-6.84 (m, 1H), 4.87-4.85 (m, 1H), 3.72 (s, 3H), 2.88-2.84 (m,

N 1H), 2.67-2.53 (m, 4H) 2.38-2.33 (m, 1H), 2.17-2.14 (m, 1H),

N OMe  1.78-1.65 (m, 3H), 1.57-1.55 (m, 2H), 1.40-1.38 (m, 2H). °C

NMR (CDCls;, 125 MHz): & (ppm) 205.4, 151.5, 130.0, 127.2,

124.6, 121.2, 111.3, 84.8, 84.7, 54.2, 46.4, 38.0, 25.8, 24.2, 17.7. HRMS (ESI): exact
mass calculated for M (C7H3N40;) requires m/z 315.1816, found m/z 315.1812.

1-(2-(3,5-Dimethylphenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-
ylidene)pyrrolidin-1-ium (4al)

Me Yellow oil, 76% yield. '"H NMR (CDCl3,500 MHz): 6 (ppm)

@ 7.12 (s, 2H), 6.72 (s, 1H), 4.83-4.81 (m, 1H), 2.65-2.62 (m,
Ny OH 2H), 2.45-2.42 (m, 2H), 2.32-2.30 (m, 1H), 2.28 (s, 6H),
N Me 2.25-2.21 (m, 2H), 1.78-1.59 (m, 6H), 1.50-1.47 (m, 1H). "°*C

N NMR (CDCl, 125 MHz): § (ppm) 204.5, 139.7, 139.0, 125.8,
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114.3, 82.9, 81.3, 45.8, 37.4, 26.2, 24.0, 21.5, 17.2. HRMS (ESI): exact mass
calculated for M (C,gH,5N4O) requires m/z 313.2023, found m/z 313.2020.

1-(1-Hydroxy-2-(pyridin-3-yl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4am)

D Yellow solid, 63% yield. '"H NMR (CDCl3,500 MHz): 6 (ppm)

N OH/@ 8.90 (d, J = 5.0 Hz, 1H), 8.33-8.31 (m, 1H), 7.83-7.81 (m, 1H),

\ XN 7.21-7.18 (m, 1H), 4.89-4.87 (m, 1H), 2.64-2.60 (m, 2H),

N 2.39-2.22 (m, 5H), 1.77-1.65 (m, 6H), 1.51-1.44 (m, 1H). C

NMR (CDCls, 125 MHz): & (ppm) 203.0, 144.9, 138.6, 136.3,

123.6, 123.0, 82.1, 81.2, 45.6, 37.3, 26.3, 24.0, 17.1. HRMS (ESI): exact mass
calculated for M (C;5sH,oNsO) requires m/z 286.1662, found m/z 286.1660.

1-Hydroxy-2-phenyl-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5aa)

O OH Yellow solid, 72% yield. '"H NMR (CDCl3,500 MHz): 6 (ppm) 8.73 (br,

N’Ph 1H), 7.55-7.53 (m, 2H), 7.33-7.30 (m, 2H), 7.11-7.08 (m, 1H), 3.15 (t,

/,I\II J=10.0 Hz, 1H), 2.49-2.33 (m, 4H), 2.12-2.07 (m, 1H), 1.92-1.84 (m,

1H). *C NMR (CDCls, 125 MHz): 8 (ppm) 215.9, 164.4, 137.7, 128.9,

124.3, 119.8, 54.5, 39.1, 25.7, 20.2. HRMS (ESI): exact mass calculated for M"
(C12H14N30,) requires m/z 232.1086, found m/z 232.1082.

N

2-(4-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ab)

g Yellow solid, 57% yield. 'H NMR (CDCl3,500 MHz): o (ppm)

o OH /©/ 8.74 (br, 1H), 7.51-7.48 (m, 2H), 7.01-6.99 (m, 2H), 3.14 (t, J =
yﬂl‘ 10.0 Hz, 1H), 2.49-2.29 (m, 4H), 2.11-2.08 (m, 1H), 1.92-1.84
NN (m, 1H). >C NMR (CDCls, 125 MHz): & (ppm) 217.0, 164.4,
159.3 (d, J = 485.0 Hz), 133.7, 121.5 (d, J = 30.0 Hz), 115.5 (d,

J = 90.0 Hz), 54.8, 39.1, 25.7, 20.2. HRMS (ESI): exact mass calculated for M"
(C12H13FN30,) requires m/z 250.0992, found m/z 250.0989.

2-(4-Bromophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ac)
gy Yellow solid, 68% yield. "H NMR (CDCls, 500 MHz): & (ppm)
o OH O 8.79 (br, 1H), 7.46-7.40 (m, 4H), 3.14 (t, J = 10.0 Hz, 1H),
@N 2.50-2.29 (m, 4H), 2.10-2.08 (m, 1H), 1.89-1.84 (m, 1H). Be
N NMR (CDCls, 125 MHz): 6 (ppm) 216.9, 164.5, 135.7, 131.9,

121.4, 115.8, 54.6, 39.1, 25.6, 20.1. HRMS (ESI): exact mass
calculated for M" (C,H,3BrN;0,) requires m/z 310.0186, found m/z 310.0187.

1-Hydroxy-2-(4-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ad)
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Yellow solid, 71% yield. '"H NMR (CDCl; 500 MHz): §

OMe
O OH /©/ (ppm) 8.60 (br, 1H), 7.44 (d, J = 10.0 Hz, 2H), 6.85 (d, J =
10.0 Hz, 2H), 3.78 (s, 3H), 3.13 (t, J = 10.0 Hz, 1H),

N

@ N 2.44-2.31 (m, 4H), 2.11-2.06 (m, 1H), 1.89-1.83 (m, 1H). *C
NMR (CDCl;, 125 MHz): 6 (ppm) 217.0, 164.2, 156.3, 130.9,

121.5, 114.1, 55.5, 54.5, 39.1, 25.7, 20.2. HRMS (ESI): exact mass calculated for M"

(C13H16N303) requires m/z 262.1192, found m/z 262.1196.

1-Hydroxy-2-(4-(trifluoromethyl)phenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-

one (5ae)

CF, Yellow solid, 51% yield. 'H NMR (CDCl3,500 MHz): 6 (ppm)
0 OHQ 8.97 (br, 1H), 7.67 (d, J = 10.0 Hz, 2H), 7.57 (d, J = 10.0 Hz,
@N 2H), 3.17 (t, J = 10.0 Hz, 1H), 2.51-2.31 (m, 4H), 2.12-2.10
NN (m, 1H), 1.91-1.87 (m, 1H). >C NMR (CDCl;, 125 MHz): &
(ppm) 216.8, 164.7, 140.6, 126.2 (q, J = 45.0 Hz), 125.9,

125.1, 119.4, 54.7, 39.1, 25.6, 20.1. HRMS (ESI): exact mass calculated for M"
(C13H13F3N30,) requires m/z 300.0960, found m/z 300.0964.

1-Hydroxy-2-(p-tolyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5af)

Me Yellow solid, 72% yield. 'H NMR (CDCl3,500 MHz): 8 (ppm)

o OH /@ 8.65 (br, 1H), 7.42 (d, J = 10.0 Hz, 2H), 7.11 (d, J = 10.0 Hz,
@N 2H), 3.13 (t, J= 10.0 Hz, 1H), 2.47-2.32 (m, 4H), 2.30 (s, 3H),
N/”{l 2.11-2.06 (m, 1H), 1.91-1.83 (m, 1H). *C NMR (CDCls, 125
MHz): & (ppm) 217.0, 164.3, 135.1, 133.9, 129.4, 119.9, 54.6,

39.1, 25.7, 20.8, 20.2. HRMS (ESI): exact mass calculated for M" (C13H16N30»)
requires m/z 246.1243, found m/z 246.1246.

2-(3-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ag)

Yellow solid, 63% yield. '"H NMR (CDCl3,500 MHz): 6 (ppm)

Q OHQ 8.84 (br, 1H), 7.52-7.50 (m, 1H), 7.28-7.23 (m, 1H), 7.18-7.16
@“ﬂ F (m, 1H), 6.81-6.78 (m, 1H), 3.15 (t, J = 10.0 Hz, 1H), 2.50-2.30
NN (m, 4H), 2.13-2.07 (m, 1H), 1.90-1.84 (m, 1H). *C NMR
(CDCls, 125 MHz): & (ppm) 216.9, 164.3 (d, J = 285.0 Hz),

162.0, 139.2, 130.0 (d, J = 40.0 Hz), 115.0, 110.9 (d, J = 85.0 Hz), 107.3 (d, J=105.0

Hz), 54.6, 39.1, 25.6, 20.1. HRMS (ESI): exact mass calculated for M" (C,H;3FN;0,)
requires m/z 250.0992, found m/z 250.0995.

1-Hydroxy-2-(3-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ah)

Yellow solid, 69% yield. 'H NMR (CDCl;, 500 MHz): & (ppm) 8.74 (br, 1H),
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o oH 7.31-7.30 (m, 1H), 7.21-7.18 (m, 1H), 7.02-7.00 (m, 1H),
O\ 6.66-6.64 (m, 1H), 3.79 (s, 3H), 3.14 (t, J = 10.0 Hz, 1H),
@h‘ OMe 3 44-2.29 (m, 4H), 2.11-2.07 (m, 1H), 1.91-1.83 (m, 1H). °C
NN NMR (CDCls, 125 MHz): & (ppm) 216.9, 164.4, 160.1, 138.9,
129.6, 111.9, 110.4, 105.3, 55.3, 54.7, 39.1, 25.7, 20.2. HRMS (ESI): exact mass
calculated for M" (Ci3H6N303) requires m/z 262.1192, found m/z 262.1194.

1-Hydroxy-2-(2-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ai)

O OH Q Yellow oil, 60% yield. "H NMR (CDCls, 500 MHz): & (ppm) 9.18
C§ >< N (br, 1H), 8.31 (d, J = 10.0 Hz, 1H), 7.05-7.02 (m, 1H), 6.95-6.92
N . (m, 1H), 6.88 (d, J = 10.0 Hz, 1H), 3.92 (s, 3H), 3.20 (t, /= 10.0
N” Hz, 1H), 2.45-2.31 (m, 4H), 2.11-2.08 (m, 1H), 1.90-1.86 (m, 1H).
C NMR (CDCls, 125 MHz): & (ppm) 216.3, 164.4, 148.3, 127.6, 123.8, 120.9, 119.8,
110.1, 55.9, 55.2, 39.0, 25.8, 20.4. HRMS (ESI): exact mass calculated for M"
(C13H6N303) requires m/z 262.1192, found m/z 262.1195.

1-Benzyl-5,6-dihydro-1H-benzo-[1,2,3]triazol-7(4H)-one (7)

/\N/N\‘N Yellow oil, 42% yield. 'H NMR (CDCl3,500 MHz): & (ppm) 7.42-7.41

Ph _/ (m, 2H), 7.33-7.29 (m, 3H), 5.80 (s, 2H), 2.99 (t, J = 10.0 Hz, 2H),

O;G 2.58 (t, J =10.0 Hz, 2H), 2.19-2.14 (m, 2H). BC NMR (CDCl3, 125

MHz): 6 (ppm) 188.8, 155.9, 134.8, 128.7, 128.6, 128.5, 128.4, 53.5,

39.3, 23.7, 22.1. HRMS (ESI): exact mass calculated for M" (C13H14N30) requires
m/z 228.1137, found m/z 228.1140.

1-Pentyl-5,6-dihydro-1H-benzo[d][1,2,3]triazol-7(4H)-one (9)
N, Yellow oil, 44% yield. "H NMR (CDCl;, 500 MHz): & (ppm)
NN 461 t, = 10.0 Hz, 2H), 3.00 (t, J = 10.0 Hz, 2H), 2.60 (t, J =
OEG 10.0 Hz, 2H), 2.21-2.16 (m, 2H), 1.90-1.85 (m, 2H), 1.36-1.29

(m, 4H), 0.88 (t, J=10.0 Hz, 3H). °C NMR (CDCls, 125 MHz):

8 (ppm) 188.8, 155.7, 128.6, 50.4, 39.4, 29.7, 28.4, 23.8, 22.2, 22.1, 13.8. HRMS

(ESI): exact mass calculated for M" (C11HsN30) requires m/z 208.1450, found m/z
208.1453.
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D: NMR Analysis

1-(1-Hydroxy-2-phenyl-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)pyrrolidin-1-

ium (4aa)
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1-(2-(4-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)

pyrrolidin-1-ium (4ab)
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1-(2-(4-Chlorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ac)
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1-(2-(4-Bromophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ad)
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1-(1-Hydroxy-2-(p-tolyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)pyrrolidin-
1-ium (4ae)
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1-(1-Hydroxy-2-(4-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4af)
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1-(2-(4-(Ethoxycarbonyl)phenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-
ylidene)pyrrolidin-1-ium (4ag)
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1-(2-(3-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ah)
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1-(2-(3-Chlorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)

pyrrolidin-1-ium (4ai)
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1-(1-Hydroxy-2-(3-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)

pyrrolidin-1-ium (4aj)
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1-(1-Hydroxy-2-(2-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4ak)
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1-(2-(3,5-Dimethylphenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-
ylidene)pyrrolidin-1-ium (4al)
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1-(1-Hydroxy-2-(pyridin-3-yl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-ylidene)
pyrrolidin-1-ium (4am)
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1-Hydroxy-2-phenyl-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5aa)
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2-(4-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (Sab)
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2-(4-Bromophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ac)
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1-Hydroxy-2-(4-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ad)
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1-Hydroxy-2-(4-(trifluoromethyl)phenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-

One(5ae)
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1-Hydroxy-2-(p-tolyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5af)
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2-(3-Fluorophenyl)-1-hydroxy-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ag)
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1-Hydroxy-2-(3-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ah)
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1-Hydroxy-2-(2-methoxyphenyl)-2,3,4-triazabicyclo[3.3.1]non-3-en-9-one (5ai)
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1-Benzyl-5,6-dihydro-1H-benzo-[1,2,3]|triazol-7(4H)-one (7)
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