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1. General Information

All the commercially available reagents were used as received. Melting points were measured
with a Buchi B-540 melting point apparatus and are uncorrected. All experiments were
monitored by thin layer chromatography (TLC). TLC was performed on Merck TLC Silica gel
60 F,s4 precoated plates. Column chromatography was performed on silica gel (100-200 mesh,
Merck). All the heating reactions were performed on oil bath. NMR spectra were recorded on
Bruker Avance III 500 or 400 MHz FTNMR spectrometer using tetramethylsilane (TMS) as an
internal standard. HRMS data were recorded by mass analyzer of model - Xevo G2-XS Q-TOF,
Make-Waters, Software-MassLynx V 4.1. The starting 2-phenyl-2,3-dihydrophthalazine-1,4-
diones and 1-phenyl-1,2-dihydro-3H-indazol-3-ones were synthesized by following reported
procedures.’

2. Reaction Procedure

2.1. General procedure for the synthesis of indazolo-phthalazinetriones: A solution of 2-phenyl-
2,3-dihydrophthalazine-1,4-diones (0.25 mmol), sulfoxonium ylide (0.25 mmol), [RuCly(p-
cymene)], (5 mol %) and Cu(OAc),.H,O (0.25 mmol) in ‘AmOH (4.0 mL) was stirred at 100 °C
under open air for 6 hours. The solvent was removed under vacuum and the crude reaction
mixture was poured into water and extracted with ethyl acetate (25 mL X 3). The ethyl acetate
layer was then washed with brine. Finally, it was dried over anhydrous Na,SO4 and the solvent
was removed under vacuum. The crude residue product obtained was purified by silica gel (100-
200 mesh) column chromatography using EtOAc/Hexane (1:10) as the eluent.

2.2. General procedure for the synthesis of indazolo-indazolediones: A solution of 1-phenyl-1,2-
dihydro-3 H-indazol-3-one (0.25 mmol), sulfoxonium ylide (0.25 mmol), [RuCly(p-cymene)], (5
mol%) and Cu(OAc),.H>O (0.25 mmol) in "AmOH (4.0 mL) was stirred at 100 °C under open air
for 6 hours. The solvent was removed under vacuum and the crude reaction mixture was poured
into water and extracted with ethyl acetate (25 mL x 3). The ethyl acetate layer was then washed

with brine. Finally, it was dried over anhydrous Na,SO4 and the solvent was removed under



vacuum. The crude residue product obtained was purified by silica gel (100-200 mesh) column

chromatography using EtOAc/Hexane (1:10) as the eluent.

3. Spectral and Analytical Data:
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13H-indazolo[1,2-b]phthalazine-6,11,13-trione (2a)2: Following the
general procedure 2.1, the reaction was carried out by heating a
mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1a (59 mg,
0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol), [RuCl,(p-
cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,O (50 mg, 0.25 mmol)
in /AmOH (4.0 mL) at 100 °C for 6 h under air to afford the title
compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 75% yield
(white solid, 49 mg); mp 214-216 °C. '"H NMR (400 MHz, CDCl;)
0 8.59 (d, J = 8.4 Hz, 1H), 8.52-8.49 (m, 1H), 8.44-8.42 (m, 1H),
8.07 (d, J = 7.8 Hz, 1H), 7.97-7.90 (m, 2H), 7.87-7.83 (m, 1H),
7.48 (t, J = 7.6 Hz, 1H). °C NMR (100 MHz, CDCls) & 157.8,
154.9,153.8,139.2, 136.6, 135.2, 134.7, 129.2, 128.9, 128.8, 128.3,
126.4,125.4, 116.5, 116.2. HRMS Calcd (ESI) m/z for C;sHoN,Os:

[M+H]" 265.0613, found: 265.0608.

2-methyl-13 H-indazolo[1,2-b]phthalazine-6,11,13-trione (2b)2:
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1b
(63 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,0O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford

the title compound. The product was purified by flash column

chromatography on silica gel (10% EtOAc in hexane); 73% yield




(pale yellow solid, 51 mg); mp 222-224 °C. '"H NMR (400 MHz,
CDCls) § 8.51-8.41 (m, 3H), 7.96-7.85 (m, 2H), 7.85 (s, 1H), 7.66
(dd, J = 8.5, 1.8 Hz, 1H), 2.50 (s, 3H). °C NMR (125 MHz,
CDCl3) & 157.4, 154.1, 152.7, 137.0, 136.6, 136.0, 134.3, 133.7,
128.4, 128.2, 127.4, 124.1, 115.1, 20.3. HRMS Calcd (ESI) m/z for
Ci6H11N,053: [M+H]" 279.0770, found: 279.0767.

2-isopropyl-13H-indazolo[1,2-b]phthalazine-6,11,13-trione (2c)2:
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1c
(70 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,0O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 74% yield
(pale yellow solid, 57 mg); mp 219-221 °C. '"H NMR (400 MHz,
CDCls) 6 8.49-8.39 (m, 3H), 7.95-7.87 (m, 3H), 7.70 (dd, J = 8.6,
1.8 Hz, 1H), 3.09-3.02 (m, 1H), 1.32 (s, 3H), 1.30 (s, 3H). "°C
NMR (125 MHz, CDCl;) & 158.5, 155.1, 153.7, 148.0, 137.8,
135.9,135.2, 134.7, 129.3, 129.1, 129.0, 128.4, 122.5, 116.8, 116.2,
34.0, 24.0. HRMS Calcd (ESI) m/z for CigHisN,Os: [M+H]
307.1083, found: 307.1079.

2,3-dimethyl-13 H-indazolo[1,2-b]phthalazine-6,11,13-trione (2d)2 :
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-diones 1d
(66 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 59% yield
(white solid, 43 mg); mp 113-115 °C. "H NMR (500 MHz, CDCl5)
0 8.50-8.48 (m, 1H), 8.42-8.36 (m, 1H), 8.36 (s, 1H), 7.94-7.89




(m, 2H), 7.78 (s, 1H), 2.47 (s, 3H), 2.38 (s, 3H). HRMS Calcd
(EST) m/z for C17H13N205: [M+H]" 293.0926, found: 293.0923.

1-fluoro-13 H-indazolo[1,2-b]phthalazine-6,11,13-trione (2e + 2e')2:
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1e
(64 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,0O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 66% yield
(white solid, 47 mg); mp 261-263 °C. '"H NMR (400 MHz, CDCl;)
0 8.51-8.49 (m, 1H), 8.44-8.39 (m, 1.85H), 8.31-8.28 (m, 0.15H),
8.09-8.05 (m, 0.15H), 7.98-7.92 (m, 2H), 7.84-7.79 (m, 0.85H),
7.13-7.11 (m, 0.15H), 7.11-7.08 (m, 0.85H). *C NMR (125 MHz,
CDCls) 6 168.8, 166.5, 159.6 (d, J=263.8 Hz), 154.8, 154.1, 138.6,
135.4, 135.1, 129.5, 128.9, 128.7, 128.6, 115.2 (d, J = 20.0 Hz),
113.0 (/ = 18.0 Hz), 112.3 (J = 5.0 Hz), 104.0 (J = 24.0 Hz).
HRMS Caled (ESI) m/z for C;sH7FN,Os: [M+H]J+ 283.0519,
found: 283.0515.

7-fluoro-13 H-indazolo[1,2-b]phthalazine-6,11,13-trione 2f):
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1f
(64 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,0 (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 65% yield
(pale yellow solid, 46 mg); mp 271-274 °C. '"H NMR (400 MHz,
DMSO-d¢) & 8.44-8.37 (m, 1H), 8.12 (dd, J = 7.8, 1.2 Hz, 1H),
8.01-7.96 (m, 2H), 7.93-7.89 (m, 1H), 7.83-7.75 (m, 1H), 7.54—
7.48 (m, 1H)."*C NMR (100 MHz, DMSO-d) 6 162.1 (d, J=271.0




Hz), 158.2, 153.5, 152.4, 138.8, 137.6, 137.5, 137.2, 131.4, 126.8
(d, J=22.0 Hz), 125.3, 124.6, 123.5 (d, /= 21.0 Hz), 117.0, 116.1.
HRMS Caled (ESI) m/z for C;sHgFN,O3: [M+H]" 283.0519, found:
283.0517.

8-fluoro-13H-indazolo[1,2-b|phthalazine-6,11,13-trione (2g):
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1g
(64 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,0O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 68% yield
(pale yellow solid, 48 mg); mp 278-280 °C. '"H NMR (400 MHz,
CDCls) 6 8.60-8.53 (m, 2H), 8.10-8.07 (m, 2H), 7.89-7.85 (m,
1H), 7.62-7.49 (m, 2H). *C NMR (125 MHz, CDCl3) 6 166.7 (d, J
= 253.0 Hz), 158.1, 154.1, 152.9, 139.2, 136.9, 132.7 (d, J = 9.4
Hz), 131.9, 126.9, 126.7, 125.7, 122.7 (d, J = 23.0 Hz), 116.8,
116.4, 1152 (d, J = 23.0 Hz). HRMS Caled (ESI) m/z for
C1sHgFN,O;3: [M+H]" 283.0519, found: 283.0516.

2-fluoro-8-methyl-13 H-indazolo|[1,2-b]phthalazine-6,11,13-trione

(2h): Following the general procedure 2.1, the reaction was carried
out by heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-
dione 1h (67 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25
mmol), [RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,O
(50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C for 6 h under air
to afford the title compound. The product was purified by flash
column chromatography on silica gel (10% EtOAc in hexane); 70%
yield (white solid, 51 mg); mp 221-224 °C. '"H NMR (500 MHz,
CDCls) 6 8.59-8.57 (m, 1H), 8.37-8.19 (m, 2H), 7.74-7.70 (m,
2H), 7.55 (t, J = 9.3 Hz, 1H), 2.60 (s, 3H). ?C NMR (125 MHz,
CDCls) & 160.6 (J = 247.5 Hz), 157.3, 154.9, 153.9, 147.1, 146.5,




136.5, 135.9, 129.5, 128.7, 126.3, 124.6 (d, J = 24.6 Hz), 124.4 (d,
J =246 Hz), 1182 (d, J = 8.8 Hz), 111.2 (d, J = 23.8 Hz), 22.1.
HRMS Caled (ESI) m/z for C;sH;oFN,Os: [M+H]+ 297.0675,
found: 297.0673.

2-chloro-8-methyl-13 H-indazolo[1,2-b]phthalazine-6,11,13-trione
(2i): Following the general procedure 2.1, the reaction was carried
out by heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-
dione 1i (72 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25
mmol), [RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,O
(50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C for 6 h under air
to afford the title compound. The product was purified by flash
column chromatography on silica gel (10% EtOAc in hexane); 71%
yield (pale yellow solid, 55 mg); mp 197-200 °C. 'H NMR (400
MHz, CDCls) 6 8.53 (dd, J = 8.8, 2.5 Hz, 1H), 8.38-8.19 (m, 2H),
8.02 (d, J=2.0 Hz, 1H), 7.79-7.71 (m, 2H), 2.60 (s, 3H). °C NMR
(100 MHz, CDCls) & 157.0, 154.9, 154.1, 147.2, 146.7, 137.6,
136.8, 136.0, 132.4, 129.6, 128.7, 126.3, 125.0, 118.3, 117.7, 22.2.
HRMS Caled (ESI) m/z for C;¢H;oCIN,O3: [M+H]" 313.0380,
found: 313.0376.

8-chloro-2-methyl-13 H-indazolo|[1,2-b]|phthalazine-6,11,13-trione

(2j): Following the general procedure 2.1, the reaction was carried
out by heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-
diones 1j (72 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25
mmol), [RuCly(p-cymene)], (8 mg, 5 mol %) and Cu(OAc),.H,O
(50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C for 6 h under air
to afford the title compound. The product was purified by flash
column chromatography on silica gel (10% EtOAc in hexane); 62%
yield (pale yellow solid, 48 mg); mp 226-228 °C. 'H NMR (400
MHz, CDCls) 6 8.46-8.43 (m, 2H), 8.39 (d, J = 2.0 Hz, 1H), 7.87—
7.84 (m, 2H), 7.68-6.66 (m, 1H), 2.51 (s, 3H). *C NMR (100
MHz, CDCl;) & 161.1, 158.1, 142.4, 138.0, 135.4, 130.9, 128.3,




125.7, 116.1, 21.3. HRMS Calcd (ESI) m/z for C;cH;oCIN,O;:
[M+H]" 313.0380, found: 313.0377.

2,8-dichloro-13H-indazolo[1,2-b]phthalazine-6,11,13-trione  (2k):
Following the general procedure 2.1, the reaction was carried out by
heating a mixture of 2-phenyl-2,3-dihydrophthalazine-1,4-dione 1k
(76 mg, 0.25 mmol), sulfoxonium ylide A (49 mg, 0.25 mmol),
[RuCly(p-cymene)], (8 mg, 5 mol%) and Cu(OAc),.H,O (50 mg,
0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C for 6 h under air to afford
the title compound. The product was purified by flash column
chromatography on silica gel (10% EtOAc in hexane); 67% yield
(pale yellow solid, 56 mg); mp 231-233 °C. 'H NMR (400 MHz,
DMSO-de) 6 8.41 (dd, J = 8.8, 1.8 Hz, 1H), 8.27 (dd, J = 8.4, 5.4
Hz, 1H), 8.21 (d, /= 3.9 Hz, 1H), 8.06-8.01 (m, 2H), 7.96-7.93 (m,
1H). *C NMR (100 MHz, DMSO-de) 8 156.9, 154.6, 153.3, 141.0,
140.5, 137.7,137.2, 137.1, 135.7, 135.3, 128.0, 127.6, 124.8, 118.6,
117.9. HRMS Caled (ESI) m/z for C;sH;CI,N,O3: [M+H]"
313.0380, found: 313.0377.

10H,12 H-indazolo|[1,2-a]indazole-10,12-dione (4a)3: Following the
general procedure 2.2, the reaction was carried out by heating a
mixture of 3a (52 mg, 0.25 mmol), sulfoxonium ylide A (49 mg,
0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and
Cu(OAc),.H,0 (50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 75% yield (pale yellow solid, 44 mg); mp 192-195 °C.
'H NMR (400 MHz, CDCl;) & 7.98 (d, J = 7.4 Hz, 2H), 7.78-7.75
(m, 2H), 7.51 (d, J = 8.2 Hz, 2H), 7.30-7.27 (m, 2H). *C NMR
(100 MHz, CDCls) & 157.3, 141.7, 135.9, 126.8, 123.7, 120.8,
110.5. HRMS Calcd (ESI) m/z for C4HoN,O,: [M+H]" 237.0664,
found: 237.0668.




2-methyl-10H,12H-indazolo|[1,2-a]indazole-10,12-dione (4b):
Following the general procedure 2.2, the reaction was carried out by
heating a mixture of 3b (56 mg, 0.25 mmol), sulfoxonium ylide A
(49 mg, 0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and
Cu(OAc),.H,0 (50 mg, 0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 72% yield (pale yellow solid, 45 mg); mp 214-216 °C.
'H NMR (400 MHz, CDCl3) & 7.93 (d, J = 7.9 Hz, 1H), 7.76-7.69
(m, 2H), 7.55 (dd, J = 8.5, 1.7 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H),
7.38 (d, J= 8.4 Hz, 1H), 7.26-7.22 (m, 1H), 2.42 (s, 3H). °C NMR
(100 MHz, CDCls) & 157.6, 142.1, 140.3, 137.3, 136.0, 134.0,
126.8, 126.5, 123.6, 121.0, 120.8, 110.6, 110.5, 21.1. HRMS Calcd
(ESI) m/z for C;sH;1N2O,: [M+H]" 251.0821, found: 251.0817.

2-isopropyl-10H,12H-indazolo[1,2-a]indazole-10,12-dione (4¢):
Following the general procedure 2.2, the reaction was carried out by
heating a mixture of 3¢ (63 mg, 0.25 mmol), sulfoxonium ylide A
(49 mg, 0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and
Cu(OAc),.H,0 (50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 68% yield (pale yellow solid, 47 mg); mp 241-244 °C.
'H NMR (400 MHz, CDCl;) § 7.96-7.94 (m, 1H), 7.83 (d, J= 1.8
Hz, 1H), 7.75-7.71 (m, 1H), 7.61 (dd, J = 8.5, 1.8 Hz, 1H), 7.48—
7.40 (m, 2H), 7.25-7.22 (m, 1H), 2.99 (septet, J = 8.0 Hz, 1H), 1.27
(d, J = 8.0 Hz, 6H). *C NMR (100 MHz, CDCl3) & 157.8, 157.7,
145.3, 142.2, 140.6, 136.0, 135.3, 126.9, 123.9, 123.7, 121.1, 120.9,
110.7, 33.7, 24.1.
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2-chloro-10H,12 H-indazolo[1,2-a]indazole-10,12-dione 4d):
Following the general procedure 2.2, the reaction was carried out by
heating a mixture of 3d (61 mg, 0.25 mmol), sulfoxonium ylide A
(49 mg, 0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and
Cu(OAc),.H,0 (50 mg, 0.25 mmol) in ‘"AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 62% yield (pale yellow solid, 42 mg); mp 225-228 °C.
'H NMR (400 MHz, CDCl;) & 8.03-7.96 (m, 2H), 7.80-7.70 (m,
2H), 7.47 (t, J = 8.6 Hz, 2H), 7.31-7.30 (d, J = 4.6 Hz, 1H). "°C
NMR (100 MHz, CDCl;) & 156.3, 152.1, 146.2, 136.3, 127.2,
126.6, 124.2, 111.8, 110.6. HRMS Caled (ESI) m/z for
C14HgCIN,O,: [M+H]" 271.0274, found: 271.0276.

4e Cl

1-chloro-10H,12 H-indazolo[1,2-a]indazole-10,12-dione (4e):
Following the general procedure 2.2, the reaction was carried out by
heating a mixture of 3e (61 mg, 0.25 mmol), sulfoxonium ylide A
(49 mg, 0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and
Cu(OAc),.H,0 (50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 54% yield (pale yellow solid, 37 mg); mp 232-234 °C.
'H NMR (500 MHz, CDCl3) & 8.00 (d, J= 8.0 Hz, 1H), 7.92 (d, J =
8.0 Hz, 1H), 7.80 (t, J = 7.0 Hz, 1H), 7.51 (s, 1H), 7.50 (d, J = 8.5
Hz, 1H), 7.33 (t, J= 7.5 Hz, 1H), 7.22-7.26 (m, 1H). *C NMR (100
MHz, CDCl;) & 157.1, 156.5, 141.5, 136.2, 135.5, 131.4, 130.1,
128.6, 127.9, 127.1, 124.5, 124.3, 110.9, 110.7. HRMS Calcd (ESI)
m/z for C14HgCIN,O,: [M+H]" 271.0274, found: 271.0272.

1,2-dimethyl-10H,12H-indazolo[1,2-a]indazole-10,12-dione  (4f):
Following the general procedure 2.2, the reaction was carried out by
heating a mixture of 3f (56 mg, 0.25 mmol), sulfoxonium ylide A
(49 mg, 0.25 mmol), [RuCly(p-cymene)], (8 mg, 5 mol%) and

10




Cu(OAc),.H,O (50 mg, 0.25 mmol) in ‘AmOH (4.0 mL) at 100 °C
for 6 h under air to afford the title compound. The product was
purified by flash column chromatography on silica gel (10% EtOAc
in hexane); 60% yield (pale yellow solid, 40 mg); mp 183-186 °C.
'H NMR (400 MHz, CDCl3) & 7.95 (d, J = 7.8 Hz, 1H), 7.75-7.66
(m, 2H), 7.48 (d, J = 8.2 Hz, 1H), 7.24-7.21 (m, 2H), 2.44 (s, 3H),
2.32 (s, 3H). °C NMR (100 MHz, CDCl3) & 158.3, 157.8, 147.0,
142.1, 135.9, 133.3, 126.8, 126.6, 123.5, 111.3, 110.7, 21.6, 19.8.
HRMS Calcd (ESI) m/z for C1H3N,0,: [M+H]" 265.0977, found:
265.0971.

References

1. (a) R. Prakash, B. R. Bora, R. C. Boruah and S. Gogoi, Org. Lett. 2018, 20, 2297-2300;
(b) K. Gogoi, B. R. Bora, G. Borah, B. Sarma and S. Gogoi, Chem. Commun. 2021, 57,
1388—1391.

2. P. Karishma, A. Gogia, S. K. Mandal and R. Sakhuja, Adv. Synth. Catal. 2021, 363, 762—
775.

3. Z.Wang, B. Yu, Y. Cui, X. Sun and W. Bao, Chin. J. Chem. 2011, 29, 2769-2774.

11



9L
VA A
8b'L
057
€8/
€87,
8L
8L
;8L
6L
6L
€671
6L 1
6L |
6L |
S6'¢ 7
6L
16 W

162
908~
8087
758
b8/

vr'8
b8 ]

6v'8 1
058
15°8 ]
15°8 1
7581
858 ]
098

S_307

2633

00T
JEOT
Es0
Roo*
10T
01
Aot

f1 (ppm)

12



2639 NN 4PNN22333R853% ol s
S_307 VWM OO B DD O N OO N B

-t R R R Ba B Ra R s R R R

VN ESSES V

|
2a

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

f1 (ppm)

File Edit View Process Help

8| =lejE| 8| M o) :

Single Mass Analysis :
Tolerance = 100.0 mDa / DBE: min = -1.6, max = 50.0
Element prediction. Off
Humber of isotope peaks used for i-FIT = L
Monolsatopic Mass, Even Electron lons
431 formuia(e) evaluated with 135 results within limits (all F&sus (Up1o 1000) for sach mass)
Elements Used -
Mass mDs | PPM | DBE | Formuls FIT | i-FT Nomn | FitCont% | C | H | N | © -
265.0608 125 CI5 HO N2 O3 2113 5540 039 TR R e
55  Ho Nid O 265 10719 000 514
2550586 135 €11 H5 N8 O w87 28902 555 u o3 8 1
2650632 05 G HI3 N4 010 w4 e 036 3 B o4 w0
250573 85 C10 H9 N4 05 nms 305 470 w9 4 s
2650645 45 C4 HB NB 06 123 7087 008 4 9 8
2650653 165 HHO w4 B2 002 0 9 1 -
03082022_111_11940
PS-307_03082022_015 305 (2.836) AH2 (A;30000.0.556 38 1. TOF NS ES+
20424008
100-
%
266.0532
% 840975 1320238 455 5399 222207 264.9094 | 2070443 3383498 355 105y agsorio $771558  sosogso  ssyiase  ssraor2 657.4260  700525317128540 _ 777.3455 55453 776185 Sonlese eTa20ss
30 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 30 400 420 440 450 430 500 520 S40 S50 580 600 620 ©40 ©60 680 700 720 740 760 780 800 £20 840 960 30 900 630 940 060 030
o iy press £l

13



0S'C—

PS_332

2691

=00'€

790'T
10T
R90°z

Feze

f1 (ppm)

TE0T — I

T6'SL

oL

0T'STT — —
€THCT

[a a4y /

81'8¢C1T W 3
AR 14}

89°€ET
9TPET ~

96'9€1

PLTST ~
0T'vST
0bLST

bl

39874.1.fid

39874
PS-332

00°9€T 7 —_—
099¢1 \

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

00

f1 (ppm)

14



File Edt View Process Heip

o] belF| 8 M 8l X

Single Mass Analysis B
Tolerance = 100.0 mDa / DBE: min = -1.5, max = 50.0
Elsment prediction: OF
MNumber of isotope peaks used for iFIT =3 £
Monoisotopic Mass, Even Electron lons
483 formuta(e) evalualed with 142 results witnin imits (ail results (up to 1000) for each mass)
Elements Used: -
H N
12
u 10
7 M
5 4 10
7 8 1
u 8 6
i1 4 5 -
1. TOF S ES
47264008
e 2790767
%-
1280.0785
2870577
2 279.0122] 3010503 g 57 525
70.9202 99,3455 048p 1923102 2350871 g 7 79,0285 421189 145 1709 453 0857 3252001 555 gegr 570 1710 644 1427 5955628 7515100 72187 gagooes 8835878 9237037 9635518
T y T T e e e T T
80 80 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 480 500 520 540 560 £80 D 640 550 680 700 720 740 750 7BO 800 820 840 860 880 900 920 940 950 980

For Help, press F1

P Bl R e RN ENE N R R SRl - SN - R FT T o N RN I AR B - R R Rl
ARTIITIUSSITAANNARSSSE8ER858333000Rax8 8303588
50328 0 @ 06 6 % 06 B B W BB W VW PBWPBHBBBOBNNNNNNNNNNNNNNNNNNNNNNN
[ S S S A S G G S S S S S S S S W SN
e —
|

I .

T T T T T T T T T T T T T T T T T T T T T

10.0 9.5 9.0 8.5 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
f1 (ppm)

15



39811.1.fid

— o COMMNON® AN T TTN NN NMN O
SYRANVBROAGIFIERTINITASEGERAGR ~d—
39811 BO O BNT T BB BB BWB DB WWM NN T M N
EEBRLITHIRENMAIIRZRR L2 ANAISE ~ ol ©
PS-327 B e o e = R IR IR IR R PR IR R M R M R P A ~ ol ~
B e Y A NV e
o o
N F
|
N
o
2e
+
o o
N
N
o
2¢' F
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
I Elemental €

Edit View Process Help

 meE 8 M O X

Single Mass Analysis 5
Tolerance = 100 0 mDa DBE min =-15_max =500
Element prediction” Of
Humber of isotope peaks used for i FIT = 3 =
Moncisotopic Mass, Even Electron ions
2223 formusta(e) evaluated with 715 results witn limits (2l results (up t 1000 for each mass)
Elements Used i
Mass CalcMess | mDa | PPM | DBE | Formula [i-AT [+FrMom [FtConie | € [H N[O [ F] =
OS5 M55 00 00 55 GHMOIR BT 116 00 s: & & 3 3
2053 02 07 15 GHSOB ms nm 000 E B
WO 02 07 95 GHBNIG m5A 14 000 3 3 u 3
23057 02 715 OmMoE 225 84T .02 7 9 2 3 6
2830519 04 A 1 Ci5 H N2 O3 F 263 1254 0.00 15 8 2 3 1
2830508 3] 25 165 QB8 H N2 02 280 1401 0.00 B 7 2 2
23024 09 32 55 HANUOIF BT 1466 000 4 u 1 -
29 2 671) A2 oo, 1
546 2830515
9 o
N F
|
N
(0]
2e
+
* N
|
N
2¢' F
|
2840536
2829884 345 7024722 7704492 90245695
- 1320203 1700290 2191629 305.0345 508.4022 05671151 6265054 6754085 % 789 5862 872 6768.895 45337 > 9755810
80 8 100 120 140 160 180 200 220 240 250 280 300 320 340 360 3 6 500 520 550 580 600 620 540 680

"880 700 720 740 750 70 800 820 840 86D 880 900 920 940 950 980

16



0€' T~
w1

(AR

€0'€ /
S0'€ 7
AR>S w\

60°€

sz'e
691
69 |
e
A
8¢
88/ |
681
06°
0621 k
6L

262+
26
€6
6L
sz
668\

2c

0°¢
0°€

o1

80T
FET'E

0.5

1.0

1.5

2.5

4.0 3.5

4.5

5.0

7.0 6.5

7.5

9.0 8.5 8.0

9.5

f1 (ppm)

17



bt mowvwonNnoNOUM—AOMT NN ~N O — o~ —
39954 B M BN T RSB NGO a4 < <
O TOMMOHOMHONNNNN =~ NN O <+ <+
PS-333 oA o A o H o NN N ) ~
Lk A.L o A |
v » "
T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
Eemental
File ©dt View Process Help
SeE 8 M g ¥
Single Mass Analysis -
Tolerance = 100.0mDa / DBE" min=-15, max=50.0
Element prediction: OF
Humber of isctope peaks used for iFIT = 3
Monoisotapic Mass, Even Elacron lons
591 formula(e) evaluated with 168 results witin imits (al resulls (up o 1000) for sach mass) £
Elements Used: vl
Mass Colc Mass | mDa | PPM | 0BE | Formuis T | AT o | P Cont % A z
1079 3071083 04 125 Ci18 HI5 4653 7622 005 18 15
3071074 05 05 €2 HI5 N10 08 w8 7099 [ 2 15
w7108 09 55 C3 HIl Ni4 O 614 3885 251 31
3071100 =22 05 <6 HIS N4 010 655 7947 oo 6 19
wra0se 23 135 Cid HIL N8 O €35 580 02 ¥
Jorans s &5 C7 5 N8 08 640 344 018 71
W 37 85 C13 HIS M4 05 650 735% 008 BB -
03082022_111_11844
) AN2 (A6 30000.0 556 36,0001 1
o 071078
% |
08 1078 0
307.0287.] 3150870
622014 1479922 190 0801 2210567 pyg 0709 2089675.] [ 3170833 avassy 03162 goqggs S92400 SN O1U2TY gaszaen  srreem TisasmsTS3VTd reaseen ezasezs  werais owasses $PO007 ggognen
v e T o T Ty T T "o T T . - . P ooty ™ iz
60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 450 480 SO0 520 540 560 580 600 620 640 660 68O VOO V20 740 750 780 80O 820 B840 850 880 900 920 940 G60 980

18



40754.1fid - RRRILLRIRRGaalIRE SR
40754 BB®B BB ONNNNNNNNNN NN
PS-330 e ———— N PR \/
N
N
2d
I |
£ & da
o oo - O o o
- N L]
T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

File Edn View Process Help

u e 8| M| O x|
Single Mass Analysis

Taleranc 00 0 mDa
Element pradiction. OF

Number of isotope peaks used for i-FIT =
lonalsotopic Wass, Even Electron lans
535 Tormula(e) evaluzied with 165 fesuRs within s (allFeS4AS {up 16 1000) for e3ch Mass)
Elements Usod

DBE min = -15, max

Fit Cont % o
5 3
23008 05 17 03 62 7493 006 110 0 8
o1 08 27 5S W35 478 058 2 9w
oss 22 5 85 W1 53% 002 5 0 4w
mows 24 82 1S M52 630 01 3 9 8 1
Mo 35 48 45 M55 6729 012 & 13 8 &
wom6 37 128 85 367 7985 003 2 13 4 s -
19082022_119_12063
5.330_1 _004 351 (3,059} AMZ (4300000
= 2030023
»
|zgs4.0508
07 1454
o125 1050028 1950405 2220812240089 2030200 12950020 m?uaae.l’-“"*” appgzas $931007 SE72740 5072190822 9473 013880 7a3s0ry  TA184 gaseer 00483 8357067 0678753,9823148
T W0 125 150 175 20 225 20 215 N0 W5 0 W5 400 425 s 25 %0 800 625 650 675 700 725 750 775 000 625 €0 &5 900 925 950 975 1000

19



6v°L
6v°L
18°L
18°L
€5,

p—

J

At
70T
ng
Tz
Ao

Z00'T

f1 (ppm)

=5=%t
66'6E
0c'ob

ST'6E
9€'6E
L5'6E

34

TT9TT ~
10211
87'€CT
6v°€CT Y
92T \
ze'sen
12921
66'9C1
PHTET
9T'LET
9'LET
95'LET
98'8ET

YC8ST —
W'E9T —

8062
SG_66

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

20



File Edit View Process Help

B wieE & M o x|

Single Mass Anal;
Tolerance = 100.0 mDa /
Element prediction: OFf
Humber of isotope peaks used for i-FIT = 3

Monoisotepic Mass, Even Electron lons

2223 formuta(a) evaluated with 715 resUts within imits (all fasults (up 15-1000) for sach mass)

DBE: min=-15_max =500

Elements Used =
Calc.Mass | mDa | PPM_| DBE | Formula TNom | FitConf% | C | H | N | O] F | -
2830517 2830517 0o [} 15 COHINOIF 10795 0.00 7 9 2 3 6 E
MOSIS 02 07 55 CSHEMBOIF 0,01 E
28 125 CI5 Ha N2 03 F 742 0,00 T O 2
MWOS13 04 14 A5 G5 HD 013 1913 13505 000 5 15 3
MOSI3 04 14 95 CAHINMOI 1887 10384 000 3 03 u 3
283.0524 01 25 55 H4 N O4F 1920 13716 0.00 4 u 4 1
/056 09 B2 35 CGHUMO 1907 1238 00 6 1M 4 3

525 550

575

18082022_118_12061
PS-70_18082022002 327 (2185%) AWZ (430000 0,556 28,0 00, 1) 1: TOF NS ES+
4434006
=% 2830517
N o
l284 0531
BE1998 11127121701 1gy77an 2400342 oepon7e 3050340321008 373168 4122347 asnosos £710BH 5054128 grssenseayrans  m325320%780100 ozs7m3  74463847%0938% grogpisaansaen o007mn0.omasea0  meosezs "
e et e AR Lot ; T i
75 00 125 150 175 200 225 250 275 300 325 30 375 400 425 450 4715 s00 0 625 B3 675 700 70 775 800 823 @50 675 900 925 950 95 1000

801

2677 B8R BRRERANNRES33885555300800003333RR0000TT8
PS_347 03 03 o5 o o O 3 5 06 06 K6 W W WS B BBWB NN INNINININNNNNNNNNNNNN NN N
e G RN sl M
— e
|
L. J
T 2
3 385
N NA
T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

21



39872.1.fid Lo RRIEARNRIBIITIRINLS ol
39872 PR v SRR i Ry I B I o B
grogsdadasdsgydqegeyy NI
PS-347 R R R R e e e R INg S
B e NI Y
|
R 1Ly | ]l j . } ’ "
‘ ‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ‘ ; ‘ ‘
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10 0
f1 (ppm)

Fie Edt View

Process

B sieE & M b

Help

For Help, press 1

Single Mass Analysis -
Tolerance = 100.0mDa / DEE: min =-15, max =500
Element prediction: OF
Number of isotape peaks used for 1T = 3 L
Monoisotopic Mass, Even Eleciron lons
2223 formulate) evaluated With 715 resLlts wilhin limils ¢4l U1t (Up10 1000)for each mass)
Elements Used =
Mass Cale.Mas= | mDa | PPM__| DBE | Formuls AT | i-FTNorm |FtConf% | € | H | N | 0 | F | -
WOS6 MU 01 04 15 QHNRGR 183 720 oot 7 98 2 3 &
283.0515 01 04 55 C(5H6NSO3F3 1901 8978 oo 6 8 3 3
mOS3 03 11 95 G HINM O3 1933 12107 000 31w 3
283.0513 03 C5 HI5 013 13611 0.00 15 13
2830519 03 HE N2 08 F 10187 000 [l 2 E
3, 08 23 165 CI8 H7 N2 02 1923 120 0.00 18 7 2 2
-08 -28 55 H4 N4 O4 F 1956 14491 000 4 14 4 1 -
LS1
s 2830518
?ﬂdﬂﬁ}?
P06 amses | 1840318 210500 2620018 3050347 9531698341650, 3092303 4500050 sezosotsaezar  gerteal®30  sososot eeonste  7assors 7eszese earvost esasess V120072 ewrsrogssesume
75 100 125 150 176 200 228 280 278 300 325 350 36 400 425 450 475 500 525 680 575 600 628 650 675 700 726 750 775 800 €25 850 €75 900 9025 950 975 1000

22



09¢c—

40088.1.fid

— HT'T
_ FS0'C

— 20T

f1 (ppm)

prce—

169,
9L
i

T

TETIT

91’811 |

€CBTT

87811 1

0€°8TT |

SE'BTT |

7521

85°bCT 1

2ver ﬁ

87471

9z9t1 o ﬁ

YE9TT

95°871

29871 f

59'82T

12871

vs6er

POSET

06°SET

Sb°9ET 7

PSOPT
2N %4
£6'€ST
96°EST A
L6'PST
80°SST
8T'LST
T€°LST
£5°65T
6v'19T
SS'19T

40138.1.fid

40138
PS-365

ul | ' .,\J |

LJK Maldl )

T T T T T T T
180 170 160 150 140 130 120 110

T
190

r
00

f1 (ppm)

23



File Edit View Process

Help

| »leE &) M| 0| x|

Single Mass Analysis
Tolerance = 100.0 mDa /
Element prediction: OFf
Number of isotope peaks used for iFIT =3

Wonoisotopic Mass, Even Eleciron lons

2560 formula(e) evaluated with 827 results within limits (all results (up 1o 1000) for each mass)

DBE: min = -1.5, max = 50.0

Elements Used:

For Help, press Fl

[pem [ o8E [ Formula [iAr [i-AThNom [FitCont% | C | H | N[ O | F | B
33 15 GHINGR 55 7788 ] g 1 2 3 6
7 5 H8 B 03 73 8419 002 6 8 8 3 3
6 HIO0 N2 03 F 1610 3y
G H5 Nié 03 4 3
15 C6 M7 o1 0o 6 B
05 HIO NIO OB F 00 w0 o8 1
55 CHG NI O F 00 1 6 M 4 1 -
19082022_119_
PS-365_1908: 334 (2913)AM2 (4£30000.0,556.27.000.LS 1 1 TOF NS ES»
18900
- 2970673
2710836
. F
lag oses
& 910233 1080355 1803728 509 4930 271 0268, 319.0513 3631741384 2078 01.473.1255 537.1763569.7828 6151954 5682053 090945870, 0708 7914530 8345307  BT657TS 9235154 976 4320
50 80 100 120 140 150 180 200 220 240 260 280 300 320 340 380 3BO 400 420 440 480 4B0 SO0 520 540 560 580 €00 620 640 560 68O 700 720 74D 760 780 BO0 820 BD 860 BA0 900 820 040 960 980

BEARRRREIII]ASSRIAIRRIRNR 3
BRBEP)o7d0 0 00 00 @ 000 © ® B B NN N NN N NN ~
X PO @D@ DN NN
==\
|
2i
=NVt g
ERLEE] 8
[ERNIEEN -
T T T T r r T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

24



7088 SRS BACNIRTSRIRINSLE3 o |l « ©
BRB(P)-71 NYTY NONOWOWOONOGRMB®DWO LB N N NN s -
wn nwn TFEOOMO MO OO NNNNN— — ~ i © o~
NV N N rem—m————
/Of;@
2i
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

File Edit rocess  Help

o wleE & M o |

Single Mass Analysis -
Tolerance = 100.0 mDa / DBE min =15, max = 50.0

Element prediction: OF

Humber of isatape peaks used for 1-FIT =3

honoisctopic Mass, Even Eleciron lons

1882 formula(e) svaluated with 505 results within imits (all results (up to 1000} for sach mass)
Elements Used =

Mass Calc.Mazs | mDa | PPM | DBE | Formula [ifr [iATMorm [FitConf% | € | H | N [ © [ O] -
313.0376 3130376 00 00 15 (9 H20 05 (B 3633 24706 0.00 9 20 5 3 [

30380 04 13 125 CI6 HIO N2 O3 €1 3560 13384 0,00 T T e

330972 04 13 05 HIONOOSQ W20 2335 000 0 010 8 1

3130380 04 13 45 S HI N6 010 3678 29196 000 5 9 6 10

MWL 05 15 85 CUHIMOCR 307 1039 000 uon 12

33085 09 29 S5 CHE N 04 CI w01 2A523 000 108 41

AIWE 08 29 DS CAHI N2 OM W78 W17 000 4 1 1 -

10082022_115_11994
PS-71_10082022_02

0 (3.13614M2 (430000

6.31.000.L8 1

1004

3150334 O

3160357 W
I 3342171 4o70sa9 982047 Lg50345 545 ayse 583.0507 6371950491055 7004529 7420766 793.0053509-1780 8T385TT gop 0650 9310008 9943808,
B B T i SRR,

5 550 5 0 5

745074 105.007
o 20T T r T
50 75 100 125 150 175 200 225 250 275 300 325 350 376 400 425 450 475 500

For Help,

4 1252080 17, gogs 2301117 260.0365 3129669,

600 625 650 675 700 725 750 775 BOO 825 B850 875 900 925 950 975 1000

ress FI

25



sc—

9L
99/
997
99/
99,
89/
892
89 1
89 1
8L
S8/ 1
9
98°L
98°/ A
9\
87
8¢
8e'8
6€'8
€58
b8
]
98

T—

10333
PS 74

Cl

=90'¢

=9T'T
=ST'C

L00T
Aszz

f1 (ppm)

9T —

ET°91T —

A
bL'STT
f2a:148 “
16°0ET
LESET —
E0'8ET ~

LETPT /

E€T°8ST —
ETT9T —

16978
PB_74

Cl

T T T T T
160 130

170

T

180

110

120

140

150

190

f1 (ppm)

26



File Edit View Process Help

9 meE s M o X

Single Mass Analysis

Tolerance = 100.0 mDa / DBE: min =-15. max =500

Element prediction: Off

Humber of isotope peaks used far iFIT =3 s
Monoisotopic Mass, Even Electron lons

1882 formula(e) evaluated with 506 results within imits (all results (up to 1000) for each mass)

Elements Used

Mass [ Calc.Mass | mDa | PPM__| DBE | Formula [-FT_[i-FTNom | FitConf% | € | H | N | O [
IR0 38836 0 9 20 05 (B 216 11086 000 s 53
73030 03 10 45 C5HO MG OW 238 13171 000 s 8 6
313.0380 L0 €16 HI0 N2 03 €I 1992 85614 002 16 10 2
31305 16 05 HIONOOEC 200 10404 000 010
0 13 85 Ol M N6 O C2 1080 7358 006 nou o6
3130885 26 55 CHINMOIC 204 9776 o1 1 6 1
312087 322 05 C4HIN2 OM 227 12106 000 « o 2 o
10082022_115_11993
PS-74_10082022_020 359 (3 128)AM2 (A, 3000C 1: TOF WS ES+
1.05e+006
100 3130377
G N
315.0351
840280 109 5501 1710083 2150086227 4850 3129862.]] 3350215 3851520 4508021 49754035086100  6010883513.4237 87120 5133188 757055 7035450 8125248 8855180 0216380 0856600
T T 7 e T Vi T T T T ) T 2
75 W00 125 150 175 200 225 250 2r5 300 325 350 375 400 425 430 475 500 525 550 575 800 625 630 675 700 725 730 7/5 600 625 50 75 900 925 950 675

For Help, press FL

PYC RN SR NNSSS5 008888285308
BREB-20 06 0 06 %0 0 W 06 00 W 00 W 6 WP W WS NNNNNNNN
e e e
|

£ I

~a383co

- N
T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 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

f1 (ppm)

27



L

JEVATENS
€981~
IRZASN
SSLTT~
v0'gzr 7
EESET
bLSET 7
[49251
or°Z€T
eLLen
b5 0bT
86001
bEesT \
65°bST \

P69ST

8059
SG_70

Cl

Cl

A

Ll el

it

L)

VIRV AR

A

WU TROA Y

Al

W

T T T T T
130

T

T

-1

110

120

210 200 190 180 170 160 150 140

220

f1 (ppm)

e
=AY
oL
0SL~
w5
AN
uL-f
sLL 7

wif
66'C 7

4a

0.0

8.5 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
f1 (ppm)

9.0

28



o o o S x
2 g3 2 RN b Ng e
~ = o © Mo o maw
q 5 8 R ] RR €

I FA N

4a

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Fle Edt View Process Help

= nee g M g ¥

Single Mass Analysis B
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