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Experimental Section.

General: Reactions were run in flame-dried glassware under an atmosphere of argon, with septa
dried over P,Os. Methylene chloride was purified by passage over activated alumina, through an
Innovative Technologies Solvent Drying system. Thin-layer chromatography (TLC) was performed
using Whatman silica gel 60 A F254 plates (250 um) with F-254 fluorescent indicator and visualized
by UV fluorescence quenching, ceric ammonium molybdate or potassium permanganate staining.
SiliCycle SiliaFlash P60 silica gel (particle size 40—-63 um) was used for flash chromatography.
NMR spectra were measured on Bruker DRX and DMX spectrometers at 500 MHz for 'H spectra
and 125 MHz for *C spectra and calibrated from either TMS (8 = 0 for 'H) or residual CHCl; (8 =
7.26 for 'H and & = 77.0 for *C). '’F NMR spectra were measured on a Bruker DRX spectrometer at
470 MHz using external calibration with fluorobenzene (6 = -113.15). Mass spectral analysis was
measured on Agilent technologies 6224 TOF LC/MS. Infrared spectra were recorded on a Nicolet
6700 FT-IR spectrometer and are reported in frequency of absorption (cm™) using NaBr salt plates
using a thin film.

Materials: Distilled reagents were sealed under an inert atmosphere and stored in a freezer. All other
reagents were stored in a desiccator.
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Preparation of 1,2-Diazines
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The previously known 1,2-diazines 21', 22!, 23!, 24% 25', 267, 27", 28" were prepared according to

reported procedures.
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Compound 30 was prepared by modifying a procedure reported by Wegner and co-workers'. n-BuLi
(2.00 ml, 3.20 mmol, 1.6 M in hexane, 1.07 equiv) was added dropwise under nitrogen to a stirred
solution of bis(2-methoxyethyl)amine (0.49 mL, 3.30 mmol, 1.10 equiv) in a mixture of anhydrous
hexanes (10 ml) and THF (2.5 ml) at —25 °C. After the addition, the mixture was stirred at —25 °C for
30 min to form the lithium amide. A solution of 6-(trifluoromethyl)pyridine-2-carboxaldehyde 29
(525.3 mg, 3.00 mmol, 1.00 equiv) in THF (2 mL) was added dropwise over a period of 30 min at
—25 °C. The reaction mixture was stirred at -20 °C for 45 min and additional n-BuLi (2.80 ml, 4.50
mmol, 1.6 M in hexane, 1.50 equiv) was added at -20 °C. The reaction mixture was then stirred for
another 2 h at the same temperature. After cooling to —78 °C, THF (3 ml) and DMF (0.70 ml, 9.0
mmol, 3.00 equiv) were added, and the resulting mixture was stirred for 10 min. It was then allowed
to warm to 0 °C and stirred for 1.5 h. The reaction was quenched with a solution of NH,Cl (0.48 g,
9.0 mmol, 3.00 equiv) and N,H4*H,0 (0.70 ml, 11.5 mmol, 80% in H,0, 3.80 equiv) in H,O (3 ml).
The reaction was allowed to warm to room temperature and stirred overnight. It was then diluted
with ethyl acetate (10 ml) and the two phases were partitioned. The aqueous phase was extracted
with ethyl acetate (3 x 15 ml), and the combined organic layers were dried over MgSQOy,, filtered and
thoroughly concentrated in vacuo to remove DMF. Purification by two successive flash column
chromatographies over SiO, (first with 1:2 acetone:hexanes and second with ethyl acetate as eluent)
afforded product 30 (401 mg, 67% yield) as a pale yellow solid.

30: "H NMR (500 MHz, CDCl3) § 9.95 (s, 1H), 9.74 (s, 1H), 8.59 (d, J = 8.5 Hz, 1H), 8.21 (d, J =
8.5 Hz, 1H)

! Kessler, S. N., Wegner, H. A. Org. Lett. 2012, 14, 3268.
2 Tirkmen, Y. E.; Montavon, T. J.; Kozmin, S. A.; Rawal, V. H. J. Am. Chem. Soc. 2012, 134, 9062.
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BC NMR (125 MHz, CDCl;) § 154.2, 153.9, 152.8, 150.4, 140.8, 137.0, 123.46, 123.44, 122.4,
121.6,119.4

F NMR (470 MHz, CDCl;) § -68.1
HRMS (ESI) calcd for CsHsF3N;™ (M+H)": 200.0430, Found: 200.0428
R;0.30-0.40 (ethyl acetate)

Melting Point 147-148 °C
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Compound 32 was prepared by modifying a procedure reported by Wegner and co-workers'. n-BuLi
(4.00 ml, 6.40 mmol, 1.6 M in hexane, 1.07 equiv) was added dropwise under nitrogen to a stirred
solution of bis(2-methoxyethyl)amine (0.98 mL, 6.60 mmol, 1.10 equiv) in a mixture of anhydrous
hexanes (10 ml) and THF (6 ml) at —25 °C. After the addition, the mixture was stirred at —25 °C for
30 min to form the lithium amide. A solution of 4-pyridinecarboxaldehyde 31 (643 mg, 6.00 mmol,
1.00 equiv) in THF (5 mL) was added dropwise over a period of 1 hour at —25 °C. The reaction
mixture was stirred for 45 min and additional #-BuLi (5.60 ml, 9.00 mmol, 1.6 M in hexane, 1.50
equiv) was added at —25 °C. The reaction mixture was then stirred for another 2 h at the same
temperature. After cooling to —78 °C, THF (5 ml) and DMF (1.40 ml, 18.0 mmol, 3.00 equiv) were
added, and the resulting mixture was stirred for 10 min. It was then allowed to warm to 0 °C and
stirred for 1.5 h. The reaction was quenched with a solution of NH4Cl (0.96 g, 18.0 mmol, 3.00
equiv) and N,H4*H,O (0.70 ml, 11.5 mmol, 80% in H,O, 1.90 equiv) in HO (5 ml). The reaction
was allowed to warm to room temperature and stirred overnight. It was then diluted with ethyl
acetate (15 ml) and the two phases were partitioned. The aqueous phase was extracted with ethyl
acetate (3 x 20 ml), and the combined organic layers were dried over MgSQ,, filtered and
concentrated in vacuo. Purification by flash column chromatography over SiO, (3:1-20:1
EtOAc:hexanes) afforded product 32 (208 mg, 26% yield) as a pale yellow solid.

32: '"H NMR (500 MHz, CDCl3) § 9.70 (s, 1H), 9.68 (s, 1H), 9.51 (s, 1H), 9.10 (d, J = 5.8 Hz, 1H),
7.82 (d, J= 5.8 Hz, 1H)

BC NMR (125 MHz, CDCl3) § 151.3, 150.43, 150.42, 149.6, 128.7, 120.5, 117.9
HRMS (ESI) caled for C;HgN;™ (M+H)": 132.0556, Found: 132.0556
R 0.25-0.35 (10% methanol in ethyl acetate)

Melting Point 168 °C
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Preparation of Siloxy Alkynes

OTLF: IIPS OTIPS OTIPS
2 33 34 35
Siloxy alkynes 2°, 33%, 34* and 35° were prepared according to reported procedures.

General procedure 1 for the cycloaddition reaction of 1,2-diazines and siloxy alkynes catalyzed
by Cu(MeCN)4PF6

Tetrakis(acetonitrile)copper(I) hexafluorophosphate, Cu(MeCN),PF; (typically 0.1 equiv) and 1,2-
diazine (1.0 equiv) were added to a a flame-dried test-tube or a round-bottomed flask equipped with a
stir bar. The test-tube/round-bottom flask is then subjected to vacuum, flushed with argon, sealed
with a septum, and connected to an argon balloon to maintain positive argon pressure throughout the
remainder of the experiment. A stock solution of 2,2"-bipyridine (0.075-0.15 equiv) in CH,Cl, was
then used to add 2,2"-bipyridine via a syringe, followed by the addition of remaining CH,Cl,. This
mixture was allowed to stir for 15 minutes before the addition of recently distilled siloxy alkyne (1.5-
2.0 equiv) using a syringe, and the reaction monitored by thin-layer chromatography (TLC). After
consumption of 1,2-diazine, the reaction was quenched by passing the reaction mixture through a
plug of silica (washing with CH,Cl,), and was concentrated under reduced pressure. The excess
unreacted siloxy alkyne was removed by Kugelrohr distillation, and the purified product was
obtained by flash column chromatography.

General procedure 2 for the cycloaddition reaction of 1,2-diazines and siloxy alkynes catalyzed

Bis(triphenylphosphine)nickel dicarbonyl, Ni(CO),(PPhs), (typically 0.1 equiv) and 1,2-diazine were
added to a flame-dried test-tube equipped with a stir bar. This test-tube was then subjected to
vacuum, flushed with argon, sealed with a septum, and connected to an argon balloon to maintain
positive argon pressure throughout the remainder of the experiment. CH,Cl, was added by a syringe
and the mixture was allowed to stir for 15 minutes before the addition of freshly distilled siloxy
alkyne (1.5-2.0 equiv) using another syringe. After complete consumption of 1,2-diazine (as
monitored by TLC), the reaction was quenched by passing the reaction mixture through a plug of
silica (washing with hexanes), and was concentrated under reduced pressure. The excess unreacted
siloxy alkyne was removed by Kugelrohr distillation, and the purified product was obtained by flash
column chromatography.

3 Shubinets, V., Schramm, M. P., Kozmin, S. A. Org. Synth. 2010, 87, 253.
4 Montavon, T. J., Li, J., Cabrera-Pardo, J. R., Mrksich, M., Kozmin, S. A. Nat. Chem. 2012, 4, 45.
5 Sun, J., Keller, V. A., Meyer, S. T., Kozmin, S. A. Adv. Synth. Catal. 2010, 352, 839.
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OO OTIPS

3
(3-butyl-naphth-2-yloxy)triisopropylsilane 3

General procedure 1 was employed for the cycloaddition of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0
equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a catalyst
combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1 equiv)
and 2,2'-bipyridine (5.86 mg, 0.0375 mmol, 0.075 equiv) in 1.0 mL of CH,Cl,. The reaction was
quenched after a period of 4 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded compound 3 (143 mg, 80%) as a colorless oil.

General procedure 2 was employed for the cycloaddition of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0
equiv) and I-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 1.0 mL of
CH,Cl,. The reaction was quenched after a period of 24 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded compound 3 (143 mg, 80%) as a colorless
oil.

"H NMR (500 MHz, CDCl3) § 7.69 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.34
(dt, J=8.1, 1.2, Hz, 1H), 7.28 (dt, J = 7.5, 1.2 Hz, 1H), 7.09 (s, 1H), 2.77 (t, J = 7.8 Hz, 2H), 1.68-
1.63 (m, 2H), 1.44-1.37 (m, 5H), 1.15 (d, J = 7.5 Hz, 18H), 0.95 (t, J= 7.3 Hz ,3H)

BC NMR (125 MHz, CDCl3) § 153.0, 135.0, 133.2, 129.0, 128.2, 127.0, 126.0, 125.1, 123.4, 112.4,
32.2,31.2,22.8,18.1, 14.1, 13.1

HRMS (ESI) caled for C,3H3;,0Si" (M+H)": 357.2608, Found: 357.2605
IR (film): 2945, 2867, 1499, 1466, 1258, 1180, 929, 882, 862, 744, 685 cm”!

R 0.57 (hexanes)

OTIPS MeO OTIPS
'
MeO

4a 4b

(3-butyl-6-methoxy-naphth-2-yloxy)triisopropylsilane 4a and (3-butyl-7-methoxy-naphth-2-
yloxy)triisopropylsilane 4b:
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General procedure 1 was employed for the cycloaddition of 6-methoxy phthalazine 21 (80.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2"-bipyridine (11.7 mg, 0.075 mmol, 0.15 equiv) in 3.0 mL of CH,Cl,. The reaction was
quenched after a period of 8 h. Flash column chromatography (after Kuglerohr distillation) with 2%
EtOAc in hexanes as the eluent afforded 155 mg (80%) of a product mixture consisting of
regioisomers 4a and 4b (4a:4b = 50:50) as a pale yellow oil.

General procedure 2 was employed for the coupling of 6-methoxy phthalazine 21 (80.1 mg, 0.5
mmol, 1.0 equiv) and I-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 3.0 mL of
CH,Cl,. The reaction was quenched after a period of 24 h. Flash chromatography (after Kuglerohr
distillation) with 2% EtOAc in hexanes as the eluent afforded 144 mg (75%) of a product mixture
consisting of regioisomers 4a and 4b (4a:4b = 62:38) as a pale yellow oil.

4a: "H NMR (500 MHz, CDCL3) § 7.52 (d, J= 9 Hz, 1H), 7.47 (s, 1H), 7.06-6.99 (m, 2H), 6.97-6.92
(m, 1H), 3.88 (s, 3H), 2.76 (t, J = 8.0 Hz, 2H), 1.70-1.60 (m, 2H), 1.46-1.34 (m, 5H), 1.14 (d, J= 7.5
Hz, 18H), 0.95 (t, J = 7.5 Hz, 3H)

4b: 'H NMR (500 MHz, CDCls) § 7.58 (d, J = 8.5 Hz, 1H), 7.48 (s, 1H), 7.06-6.99 (m, 2H), 6.97-
6.92 (m, 1H), 3.90 (s, 3H), 2.73 (t, J = 8.0 Hz, 2H), 1.70-1.60 (m, 2H), 1.46-1.34 (m, SH), 1.16 (t, J =
7.5 Hz, 18H), 0.94 (t, J = 7.0 Hz, 3H)

13C NMR (125 MHz, CDCl3) § 157.4, 156.1, 153.6, 151.3, 135.3, 134.3, 132.3, 129.8, 128.5, 128.4,
128.0, 127.5, 127.1, 1245, 117.7, 115.9, 112.5, 111.8, 105.4, 104.4, 55.2 (2C), 32.32, 32.25, 31.18,
30.96,22.8 (2C), 18.14, 18.13 14.1 (2C), 13.14, 13.10

HRMS (ESI) caled for Co4Hs00,Si™ (M+H)": 387.2714, Found: 387.2715
IR (film): 2946, 2867, 1504, 1464, 1390, 1251, 883 cm’'

R¢ 0.20 (2% EtOAc in hexanes)

Cl

TIPS
TIPS OO
I :

5a Cl gy

(3-butyl-8-chloro-naphth-2-yloxy)triisopropylsilane 5a and (3-butyl-5-chloro-naphth-2-
yloxy)triisopropylsilane 5b:

General procedure 1 was employed for the cycloaddition of 5-chloro phthalazine 22 (82.3 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
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catalyst combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 1.5 mL of CH,Cl,. The reaction was
quenched after a period of 5 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 155 mg (79%) of a product mixture consisting of regioisomers Sa and
5b (5a:5b = 55:45) as a colorless oil.

General procedure 2 was employed for the coupling of 5-chloro phthalazine 22 (82.3 mg, 0.5 mmol,
1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 1.5 mL of
CH,Cl,. The reaction was quenched after a period of 24 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 145 mg (74%) of a product mixture
consisting of regioisomers 5a and 5b (5a:5b = 74:26) as a colorless oil.

S5a: "H NMR (500 MHz, CDCl3) § 7.61 (d, J = 8.5 Hz, 1H), 7.57 (s, 1H), 7.55 (s, 1H), 7.44 (dd, J =
7.5, 1.1 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 2.78 (t, J = 8.0 Hz, 2H), 1.71-1.62 (m, 2H), 1.48-1.36 (m,
5H), 1.17 (d, J= 7.5 Hz, 18H), 0.95 (t, J = 7.5 Hz, 3H)

S5b: '"H NMR (500 MHz, CDCls) § 7.98 (s, 1H), 7.55-7.52 (m, 1H), 7.364 (dd, J = 7.5, 1.1 Hz, 1H),
7.24 (t,J = 8.0 Hz, 1H), 7.10 (s, 1H), 2.82 (t, J = 8.0 Hz, 2H), 1.71-1.62 (m, 2H), 1.48-1.36 (m, 5H),
1.15 (d,J = 8.5 Hz, 18H), 0.96 (t, J = 7.3 Hz, 3H)

BC NMR (125 MHz, CDCl;) 8 154.1, 153.7, 136.4, 135.9, 134.5, 131.2, 130.7, 130.0, 129.9, 128.6,
126.1, 125.29, 125.26, 125.1, 124.9, 123.7, 123.2, 123.1, 112.7, 109.3, 32.3, 32.1, 31.4, 31.0, 22.84,
22.77,18.13, 18.10, 14.06, 14.05, 13.1, 13.0

HRMS (ESI) caled for Co3HiClOSi™ (M+H)': 391.2218, Found: 391.2225
IR (film): 2946, 2867, 1493, 1460, 1263, 1127, 882, 833, 681 cm’’

R¢ 0.74 (hexanes)

F OTIPS
OO oS

6a F 6b

(3-butyl-8-fluoro-naphth-2-yloxy)triisopropylsilane ~6a and (3-butyl-5-fluoro-naphth-2-
yloxy)triisopropylsilane 6b:

General procedure 1 was employed for the cycloaddition of 5-fluoro phthalazine 23 (74.1 mg, 0.5

mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a

catalyst combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1

equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 3.5 mL of CH,Cl,. The reaction was
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quenched after a period of 3.5 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 141.5 mg (76%) of a product mixture consisting of regioisomers 6a
and 6b (6a:6b = 50:50) as a colorless oil.

General procedure 2 was employed for the coupling of 5-chloro phthalazine 23 (74.1 mg, 0.5 mmol,
1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 3.5 mL of
CH,Cl,. The reaction was quenched after a period of 48 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 131 mg (70%) of a product mixture
consisting of regioisomers 6a and 6b (6a:6b = 67:33) as a colorless oil.

6a: "H NMR (500 MHz, CDCls) § 7.58 (s, 1H), 7.47 (d, J = 8.3 Hz, 1H), 7.33 (s, 1H), 7.21-7.15 (m,
1H), 7.01 (ddd, J = 10.9, 7.7, 0.9 Hz, 1H), 2.82-2.75 (m , 2H), 1.71-1.62 (m, 2H), 1.48-1.36 (m, SH),
1.16 (d,J= 7.5 Hz, 18H), 0.95 (t, J = 7.4 Hz, 3H)

6b: "H NMR (500 MHz, CDCl3) § 7.83 (s, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.27-7.22 (m, 1H), 7.10 (d,
J= 18 Hz, 1H), 6.94 (ddd, J= 11.1, 7.7, 0.9, 1H), 2.82-2.75 (m, 2H), 1.71-1.62 (m, 2H), 1.48-1.36
(m, SH), 1.15 (d, J= 7.5 Hz, 18H), 0.95 (t, J = 7.4 Hz, 3H)

BC NMR (125 MHz, CDCl;) 8 159.7, 158.8, 157.7, 156.8, 153.9, 153.4, 136.1, 135.6, 135.5, 135.1,
130.7, 130.6, 128.1, 128.0, 125.1, 125.0, 123.4, 123.2, 122.9, 122.8, 122.7, 122.6, 121.8, 120.9,
120.8, 119.1, 119.0, 112.2, 108.7, 108.5, 107.1, 106.9, 105.1, 32.2, 32.1, 31.3, 31.2, 22.8, 18.1, 14.1,
13.1, 13.0

6a: ’F NMR (470 MHz, CDCl3) § -125.0

6b: ’F NMR (470 MHz, CDCl;) § -124.1

HRMS (ESI) calcd for: Co3sH3gFOSi™ (M+H)": 375.2514, Found: 375.2495

IR (film): 2946, 2868, 1607, 1497, 1457, 1262, 1211, 1150, 908, 883, 866, 685 cm™

R¢ 0.56 (hexanes)

OO OTIPS

; V

(3-cyclopropyl-naphth-2-yloxy)triisopropylsilane 7

General procedure 1 was employed for the cycloaddition of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0
equiv) and 2-cyclopropyl-1-(triisopropylsiloxy)ethyne 33 (238 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
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equiv) and 2,2’-bipyridine (5.86 mg, 0.0375 mmol, 0.075 equiv) in 1.3 mL of CH,Cl,. The reaction
was quenched after a period of 2.5 h. Flash column chromatography (after Kuglerohr distillation)
with hexanes as the eluent afforded 124 mg (73%) of compound 7 as a colorless oil.

General procedure 2 was employed for the coupling of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0 equiv)
and 2-cyclopropyl-1-(triisopropylsiloxy)ethyne 33 (238 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 1.3 mL of
CH,Cl,. The reaction was quenched after a period of 48 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 150 mg (88%) of compound 7 as a
colorless oil.

'H NMR (500 MHz, CDCl3) § 7.65 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.37-7.23 (m, 3H),
7.11 (s, 1H), 2.33-2.25 (m, 1H), 1.41 (septet, J = 7.5 Hz, 3H), 1.16 (d, J = 7.5 Hz, 18H), 1.02-0.94
(m, 2H), 0.79-0.71 (m, 2H)

BC NMR (125 MHz, CDCl3) § 153.8, 135.9, 132.9, 129.1, 127.0, 126.0, 125.1, 123.6, 123.4, 112.4,
18.1,13.1, 10.9, 8.0

HRMS (ESI) caled for Cy,H3;0Si" (M+H)": 341.2295, Found: 341.2295
IR (film): 2944, 2866, 1498, 1472, 1179, 930, 883, 744, 684 cm’!

Rt 0.44 (hexanes)

(3-cyclohexyl-naphth-2-yloxy)triisopropylsilane 8

General procedure 1 was employed for the cycloaddition of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0
equiv) and 2-cyclohexyl-1-(triisopropylsiloxy)ethyne 34 (281 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2’-bipyridine (5.86 mg, 0.0375 mmol, 0.075 equiv) in 1.3 mL of CH,Cl,. The reaction
was quenched after a period of 4 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 145 mg (76%) of compound 8 as a colorless oil, which solidifies upon
standing in the refrigerator to form a white solid.

General procedure 2 was employed for the coupling of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0 equiv)
and 2-cyclohexyl-1-(triisopropylsiloxy)ethyne 34 (281 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 1.3 mL of
CH,Cl,. The reaction was quenched after a period of 24 h. Flash column chromatography (after
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Kuglerohr distillation) with hexanes as the eluent afforded 158 mg (82%) of compound 8 as a
colorless oil, which solidifies upon standing in the refrigerator to form a white solid.

"H NMR (500 MHz, CDCl3) & 7.71 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.59 (s, 1H), 7.34
(dt, J=17.5, 1.2 Hz, 1H), 7.27 (dt, J= 7.5, 1.2 Hz, 1H), 7.09 (s, 1H), 3.10 (br t, 1H), 1.98 (br d, 2H),
1.87 (m, 2H), 1.79 (br d, J = 13.0 Hz, 1H), 1.49-1.37 (m, 7H), 1.34-1.25 (m, 1H), 1.16 (d, J= 7.5 Hz,
18H)

BC NMR (125 MHz, CDCl3) § 152.4, 139.7, 132.8, 129.2, 127.2, 125.9, 125.2, 125.1, 123.3, 112.3,
37.5,33.5,27.2,26.5,18.2,13.1

HRMS (ESI) caled for CysH300Si" (M+H)": 383.2765, Found: 383.2771
IR (film): cm™: 2925, 2866, 2361, 1653, 1497, 1465, 1448, 1252, 1179

R 0.62 (hexanes)

(3-phenyl-naphth-2-yloxy)triisopropylsilane 9

General procedure 1 was employed for the cycloaddition of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0
equiv) and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (206 mg, 0.75 mmol, 1.5 equiv) using a catalyst
combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (1.86 mg, 0.005 mmol, 0.01
equiv) and 2,2"-bipyridine (0.78 mg, 0.005 mmol, 0.01 equiv) in 1.0 mL of CH,Cl,. Note that instead
of using a stock solution to add 2,2'-bipyridine, stock solutions were prepared to add both
Cu(MeCN)4PF¢ and 2,2"-bipyridine. The reaction was quenched after a period of 7 h. Flash column
chromatography (after Kuglerohr distillation) with hexanes as the eluent afforded 166 mg (88%) of
compound 9 as a colorless oil.

General procedure 2 was employed for the coupling of phthalazine 1 (65.1 mg, 0.5 mmol, 1.0 equiv)
and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (206 mg, 0.75 mmol, 1.5 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (16.0 mg, 0.025 mmol, 0.05 equiv) as catalyst in 1.0 mL
of CH,Cl,. The reaction was quenched after a period of 7 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 178 mg (94%) of compound 9 as a
colorless oil.

"H NMR (500 MHz, CDCl5) § 7.77 (d, J = 8.0 Hz, 1H), 7.75 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.57
(d, J= 7.5 Hz, 2H), 7.43-7.39 (m, 3H), 7.33 (dt, J= 7.7, 1.1 Hz, 2H), 7.24 (s, 1H), 1.20 (sept, J = 7.5
Hz, 3H), 0.99 (d, J = 7.5 Hz, 18H)
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BC NMR (125 MHz, CDCl;) & 151.7, 139.1, 134.9, 133.9, 129.91, 129.86, 129.1, 127.7, 127.6,
126.9,126.1, 126.0, 123.8, 113.8, 17.9, 12.9

HRMS (ESI) caled for CosHs;0Si* (M+H)™: 377.2295, Found: 377.2296
IR (film): cm™: 2944, 2866, 1462, 1437, 1201, 1179, 857, 685

R¢ 0.24 (hexanes)

O
10

(3-butylanthrac-2-yloxy)triisopropylsilane 10

General procedure 1 was employed for the cycloaddition of benzo[g]phthalazine 24 (90.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0. 10 equiv) in 2.0 mL of CH,Cl,. The reaction was
quenched after a period of 3.5 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 151 mg (74%) of compound 10 as a colorless oil.

General procedure 2 was employed for the coupling of benzo[g]phthalazine 24 (90.1 mg, 0.5 mmol,
1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 2.0 mL of
CH,Cl,. The reaction was quenched after a period of 24 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 130 mg (64%) of compound 10 as a
colorless oil.

"H NMR (500 MHz, CDCl;) & 8.24 (s, 1H), 8.17 (s, 1H), 7.90 (t, J = 8.5 Hz, 2H), 7.71 (s, 1H), 7.41-
7.31 (m, 2H), 7.22 (s, 1H), 2.81 (t, J = 7.8 Hz, 2H), 1.74-1.68 (m, 2H), 1.49-1.40 (m, 5H), 1.17 (d, J
=7.5 Hz, 18H), 0.97 (t, J = 7.3 Hz, 3H)

BC NMR (125 MHz, CDCl3) § 153.0, 136.2, 132.0, 131.5, 130.4, 128.5, 128.1, 127.8, 127.5, 125.0,
124.9,124.1,123.3,110.7,32.1, 31.4, 22.8, 18.2, 14.1, 13.1

HRMS (ESI) calcd for C;H300Si" (M+H)": 407.2765, Found: 407.2764
IR (film): 2945, 2866, 1634, 1459, 1279, 1214, 1148, 882, 739, 685 cm’!

Rt 0.42 (hexanes)
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O

11

(3-phenylanthrac-2-yloxy)triisopropylsilane 11

General procedure 1 was employed for the cycloaddition of benzo[g]phthalazine 24 (90.1 mg, 0.5
mmol, 1.0 equiv) and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (206 mg, 0.75 mmol, 1.5 equiv) using
a catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (1.86 mg, 0.005 mmol,
0.01 equiv) and 2,2'-bipyridine (0.78 mg, 0.005 mmol, 0.01 equiv) in 2.0 mL of CH,Cl,. Note that
instead of using a stock solution to add 2,2’-bipyridine, stock solutions were prepared to add both
Cu(MeCN)4PF¢ and 2,2"-bipyridine. The reaction was quenched after a period of 4 h. Flash column
chromatography (after Kuglerohr distillation) with hexanes as the eluent afforded 162 mg (76%) of
compound 11 as pale yellow oil.

General procedure 2 was employed for the coupling of benzo[g]phthalazine 24 (90.1 mg, 0.5 mmol,
1.0 equiv) and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (206 mg, 0.75 mmol, 1.5 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (16.0 mg, 0.025 mmol, 0.05 equiv) as catalyst in 2.0 mL
of CH,Cl,. The reaction was quenched after a period of 6 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 178 mg (83%) of compound 11 as pale
yellow oil.

"H NMR (500 MHz, CDCls) & 8.33 (s, 1H), 8.23 (s, 1H), 7.96-7.89 (m, 3H), 7.61 (dt, J= 7.5, 1.5 Hz,
2H), 7.45-7.31 (m, 6H), 1.24 (sept, J = 7.5 Hz, 3H), 1,00 (d, J = 7.5 Hz, 18 H)

BC NMR (125 MHz, CDCl;) 8§ 151.6, 139.0, 136.1, 132.3, 132.0, 130.61, 130.60, 129.9, 128.4,
128.2,127.7,127.6, 127.0, 126.1, 125.4, 124.4, 123.5, 112.2, 17.9, 12.9

HRMS (ESI) calcd for C,oH350Si" (M+H)+: 427.2452, Found: 427.2434
IR (film): cm’: 2944, 2866, 1457, 1436, 1211, 1175, 899, 884, 698

R¢ 0.26 (hexanes)
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(2-cyclohexylphenanthr-3-yloxy)triisopropylsilane  12a  and  (3-cyclohexylphenanthr-2-
yloxy)triisopropylsilane 12b:

General procedure 1 was employed for the cycloaddition of benzo[f]phthalazine 25 (90.1 mg, 0.5
mmol, 1.0 equiv) and 2-cyclohexyl-1-(triisopropylsiloxy)ethyne 34 (281 mg, 1.0 mmol, 2.0 equiv)
using a catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05
mmol, 0.1 equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 10.0 mL of CH,Cl,. The
reaction was quenched after a period of 14 h. Flash column chromatography (after Kuglerohr
distillation) with hexanes as the eluent afforded 152 mg (70%) of a product mixture consisting of
regioisomers 12a and 12b (12a:12b = 64:36) as a colorless oil.

General procedure 2 was employed for the coupling of benzo[f]phthalazine 25 (90.1 mg, 0.5 mmol,
1.0 equiv) and 2-cyclohexyl-1-(triisopropylsiloxy)ethyne 34 (281 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 10.0 mL
of CH,Cl,. The reaction was quenched after a period of 120 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 124 mg (57%) of a product mixture
consisting of regioisomers 12a and 12b (12a:12b = 44:56) as a colorless oil.

12a: "H NMR (500 MHz, CDCls) 6 8.63 (d, J = 8.3 Hz, 1H), 8.47 (s, 1H), 7.86-7.80 (m, 1H), 7.67-
7.47 (m, 4H), 7.18 (d, J = 1.4 Hz, 1H), 3.25-3.12 (m, 1H), 2.07-1.98 (m, 2H), 1.95-1.86 (m, 2H),
1.85-1.77 (m, 1H), 1.62-1.28 (m, 8H), 1.17 (d, 18H, J = 7.5 Hz)

12b: "H NMR (500 MHz, CDCl;) & 8.43 (d, J = 8.1, 1H), 7.99 (s, 1H), 7.86-7.80 (m, 1H), 7.67-7.47
(m, SH), 3.25-3.12 (m, 1H), 2.07-1.98 (m, 2H), 1.95-1.86 (m, 2H), 1.85-1.77 (m, 1H), 1.62-1.28 (m,
8H), 1.20 (d, J= 7.5 Hz, 18H)

BC NMR (125 MHz, CDCl;) 8 153.0, 152.8, 139.0, 138.9, 132.0, 131.3, 131.1, 130.4, 129.6, 129.3,
128.52, 128.51, 126.9, 126.7, 126.34, 126.29, 126.26, 126.02, 125.98, 125.96, 125.3, 124.6, 124.2,
122.2,122.1, 120.5, 114.5, 109.5, 37.7, 37.4, 33.7, 33.4, 27.3, 27.2, 26.51, 26.48, 18.23, 18.18, 13.2
20)

HRMS (ESI) caled for Cy9H,0Si" (M+H)': 433.2921, Found: 433.2921
IR (film): 2866, 2851, 2361, 2339, 1498, 1461, 1265, 1222, 999, 879, 743, 684, 668 cm’!

Rt 0.34 (hexanes)

OTIPS
O‘O OTIPS + OO

13a 13b
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(2-butylphenanthr-3-yloxy)triisopropylsilane 13a and (3-butylphenanthr-2-
yloxy)triisopropylsilane 13b:

General procedure 1 was employed for the cycloaddition of benzo[f]phthalazine 25 (90.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2'-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 10.0 mL of CH,Cl,. The reaction was
quenched after a period of 14 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 145 mg (71%) of a product mixture consisting of regioisomers 13a
and 13b (13a:13b = 73:27) as a colorless oil.

General procedure 2 was employed for the coupling of benzo[f]phthalazine 25 (90.1 mg, 0.5 mmol,
1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 10.0 mL
of CH,Cl,. The reaction was quenched after a period of 120 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 159 mg (78%) of a product mixture
consisting of regioisomers 13a and 13b (13a:13b = 40:60) as a colorless oil.

13a: "H NMR (500 MHz, CDCl3) & 8.58 (d, J = 8.0 Hz, 1H), 8.41 (s, 1H), 7.80-7.77 (m, 1H), 7.62-
7.43 (m, 4H), 7.19 (s, 1H), 2.88 (t, J = 7.9 Hz, 2H), 1.77-1.66 (m, 2H), 1.51-1.35 (m, 5H), 1.154 (d, J
=7.5 Hz, 18H), 0.97 (t, J = 7.5 Hz, 3H)

13b: '"H NMR (500 MHz, CDCLy) & 8.44 (d, J = 8.0 Hz, 1H), 8.00 (s,1H), 7.82-7.78 (m, 1H), 7.62-
7.43 (m, 5H), 2.814 (t, J = 7.9 Hz, 2H), 1.77-1.66 (m, 2H), 1.51-1.35 (m, 5H), 1.186 (d, J = 7.5 Hz,
18H), 0.96 (t, J = 7.5 Hz, 3H)

BC NMR (125 MHz, CDCl3) § 153.6, 153.4, 134.22, 134.20, 132.0, 131.7, 131.1, 130.3, 129.69,
129.68, 129.3, 128.55, 128.49, 126.8, 126.5, 126.32, 126.29, 126.05, 126.0, 125.3, 124.58, 124.57,
124.3, 123.9, 122.2, 122.1, 114.6, 109.5, 32.6, 32.3, 31.6, 30.9, 22.9, 22.8, 18.19, 18.15, 14.13,
14.11,13.18, 13.14

HRMS (ESI) caled for C,7H300Si" (M+H)": 407.2765, Found: 407.2753
IR (film): 2945, 2866, 1499, 1460, 1274, 1224, 1152, 999, 882, 866, 742, 646 cm’!

R 0.41 (hexanes)

OO OTIPS

14
(3-butyl-6,7-dimethylnaphth-2-yloxy)triisopropylsilane 14
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General procedure 1 was employed for the cycloaddition of 6,7-dimethylphthalazine 26 (79.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0. 10 equiv) in 6.0 mL of CH,Cl,. The reaction was
quenched after a period of 12 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 143 mg (74%) of compound 14 as a colorless oil.

General procedure 2 was employed for the coupling of 6,7dimethylphthalazine 26 (79.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 6.0 mL of
CH,Cl,. The reaction was quenched after a period of 48 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 146 mg (76%) of compound 14 as a
colorless oil.

"H NMR (500 MHz, CDCls) § 7.44 (s, 2H), 7.39 (s, 1H), 7.00 (s, 1H), 2.74 (t, J = 7.8 Hz, 2H), 2.37
(s, 3H), 2.36 (s, 3H), 1.67-1.61 (m, 2H), 1.44-1.34 (m, 5H), 1.14 (d, J= 7.5 Hz, 18H), 0.94 (t, J= 7.5
Hz, 3H)

BC NMR (125 MHz, CDCl3) § 152.4, 134.6, 133.9, 132.7, 132.0, 127.9, 127.2, 126.5, 125.7, 111.6,
32.3,31.1,22.7,20.1, 20.0, 18.1, 14.1, 13.1

HRMS (ESI) caled for CysH,0Si" (M+H)': 385.2921, Found: 385.2918
IR (film): 2944, 2867, 1498, 1466, 1372, 1253, 1208, 1146, 905, 882 cm”!

R¢ 0.56 (hexanes)

OTIPS
OO . O O OTIPS

15a 15b

(3-butyl-6-phenyl-naphth-2-yloxy)triisopropylsilane 15a and (3-butyl-7-phenyl-naphth-2-
yloxy)triisopropylsilane 15b:

General procedure 1 was employed for the cycloaddition of 6-phenyl phthalazine 27 (103.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using a
catalyst combination of tetrakis(acetonitrile)copper(l) hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1
equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 8.0 mL of CH,Cl,. The reaction was
quenched after a period of 7 h. Flash column chromatography (after Kuglerohr distillation) with
hexanes as the eluent afforded 156 mg (72%) of a product mixture consisting of regioisomers 15a
and 15b (15a:15b = 60:40) as a colorless oil.
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General procedure 2 was employed for the coupling of 6-phenyl phthalazine 27 (103.1 mg, 0.5
mmol, 1.0 equiv) and 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) using
bis(triphenylphosphine)nickel(0) dicarbonyl (32.0 mg, 0.05 mmol, 0.1 equiv) as catalyst in 8.0 mL of
CH,Cl,. The reaction was quenched after a period of 96 h. Flash column chromatography (after
Kuglerohr distillation) with hexanes as the eluent afforded 46 mg (21%) of a product mixture
consisting of regioisomers 15a and 15b (15a:15b = 50:50) as a colorless oil.

15a: "H NMR (500 MHz, CDCLy) & 7.91 (s, 1H), 7.79-7.53 (m, 5H), 7.49-7.42 (m, 2H), 7.38-7.31
(m, 1H), 7.12 (s, 1H), 2.84-2.76 (m, 2H), 1.73-1.63 (m, 2H), 1.50-1.38 (m, SH), 1.16 (d, J= 7.5 Hz,
18H), 0.96 (t, J = 7.4 Hz, 3H)

15b: 'H NMR (500 MHz, CDCls) § 7.83 (s, 1H), 7.79-7.53 (m, SH), 7.49-7.42 (m, 2H), 7.38-7.31
(m, 1H), 7.16 (m, 1H), 2.84-2.76 (m, 2H), 1.73-1.63 (m, 2H), 1.50-1.38 (m, 5H), 1.16 (d, J= 7.5 Hz,
18H), 0.96 (t, J = 7.4 Hz, 3H)

BC NMR (125 MHz, CDCly) § 153.4, 153.2, 141.56, 141.52, 137.9, 136.3, 135.5, 135.2, 133.5,
132.4, 129.3, 128.74, 128.71, 128.6, 128.3, 128.0, 127.5, 127.4, 127.2, 127.1, 126.9, 126.6, 125.0,
124.9, 124.1, 123.2, 112.7, 112.2, 32.23, 32.22 31.2 (2C), 22.8 (2C), 18.2 (2C), 14.1 (2C), 13.1 (2C)

HRMS (ESI) caled for CpoH,0Si" (M+H)": 433.2921, Found: 433.2910
IR (film): 2946, 2867, 1466, 1253, 1217, 884, 696 cm’!

Rt 0.34 (hexanes)

16a 16b

(7-butyl-6-quinolyloxy)-triisopropylsilane 16a and (6-butyl-7-quinolyloxy)-triisopropylsilane
16b

Tetrakis(acetonitrile)copper(I) hexafluorophosphate, Cu(MeCN)4PFs (18.6 mg, 0.05 mmol, 0.1
equiv) and pyrido[2,3-d]pyridazine 28 (65.6 mg, 0.5 mmol, 1.0 equiv) were added to a a flame-dried
test-tube equipped with a stir bar. This test-tube was subjected to vacuum, flushed with argon, sealed
with a septum, and connected to an argon balloon to maintain positive argon pressure throughout the
remainder of the experiment. A stock solution (0.4 mL) of 2,2"-bipyridine in anhydrous 1,2-
dichloroethane was then used to add 2,2'-bipyridine (11.7 mg, 0.075 mmol, 0.15 equiv) via a syringe,
followed by the addition of another 0.6 mL of anhydrous 1,2-dichloroethane. The test-tube was
transferred to an oil bath at about 85 °C for 1,2-dichloroethane to undergo reflux over the sides of the
test-tube. The reaction mixture was then allowed to stir for 15 minutes before the addition of freshly
distilled 1-(triisopropylsiloxy)-1-hexyne 2 (254 mg, 1.0 mmol, 2.0 equiv) with a syringe. After 48 h,
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heating was discontinued to cool the reaction mixture to room temperature. The catalyst was
separated by passing it through a plug of silica (washing with CH,Cl,), thus quenching the reaction.
The mixture was consequently concentrated and the excess unreacted siloxy alkyne removed by
Kugelrohr distillation. By using a 10% ethyl acetate in hexanes solvent mixture as an eluent, flash
column chromatography (after Kuglerohr distillation) afforded 74 mg (41%) of a product mixture
consisting of 16a and 16b (16a:16b = 55:45).

16a: 'H NMR (500 MHz, CDCl3) § 8.72 (dd, J = 4.3, 1.7 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.85 (s,
1H), 7.28-7.24 (m, 1H), 7.032 (s, 1H), 2.82 (t, J = 7.8 Hz, 2H), 1.73-1.63 (m, 2H), 1.52-1.35 (m, SH),
1.16 (d, J= 7.5 Hz, 18H), 0.95 (t, J = 7.4 Hz, 3H)

16b: "H NMR (500 MHz, CDCLy) § 8.75 (dd, J = 4.3, 1.7 Hz, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.52 (s,
1H), 7.39 (s, 1H), 7.21 (dd, J = 4.3, 3.9, 1H), 2.80 (t, J = 7.8 Hz, 2H), 1.73-1.63 (m, 2H), 1.52-1.35
(m, 5H), 1.16 (d, J= 7.5 Hz, 18H), 0.96 (t, J = 7.4 Hz, 3H)

BC NMR (125 MHz, CDCl3) § 156.2, 153.3, 149.2, 147.6, 144.2, 139.2, 136.1, 135.2, 134.2, 129.3,
127.8,127.4,123.7, 120.3, 118.8, 117.7, 113.4, 111.5, 32.0, 31.8, 31.1, 31.0, 22.7, 22.6, 18.04, 18.03
13.97,13.95 13.03, 12.99

HRMS (ESI) caled for C,H3¢NOSi™ (M+H)": 358.2561, Found: 358.2570
IR (film): 2945, 2866, 1498, 1462, 1271, 1223, 908, 882, 865, 742, 683, 645 cm’!

R;0.40-0.45 (1:3 ethyl acetate:hexanes)

= QTIPS N OTIPS
+
NS
FsC~ °N FaC
17a 17b

7-cyclopropyl-2-(trifluoromethyl)-6-(triisopropylsiloxy)quinoline 17a and 6-cyclopropyl-2-
(trifluoromethyl)-7-(triisopropylsiloxy)quinoline 17b

General procedure 1 was employed for the cycloaddition of 2-(trifluoromethyl)-pyrido[2,3-
d]pyridazine 30 (99.6 mg, 0.5 mmol, 1.0 equiv) and 2-cyclopropyl-1-(triisopropylsiloxy)ethyne 33
(238 mg, 1.0 mmol, 2.0 equiv) using a catalyst combination of tetrakis(acetonitrile)copper(I)
hexafluorophosphate (18.6 mg, 0.05 mmol, 0.1 equiv) and 2,2'-bipyridine (7.8 mg, 0.05 mmol, 0.10
equiv) in 1.0 mL of CH,Cl,. The reaction was quenched after a period of 6 h. Flash column
chromatography (after Kuglerohr distillation) with 2% EtOAc in hexanes solvent mixture as the
eluent afforded 132 mg (64%) of a product mixture consisting of regioisomers 17a and 17b (17a:17b
= 55:45) as pale yellow oil.
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Catalysis by AgNTf,: Silver bis(trifluoromethanesulfonyl)imide, AgNTf; (9.3 mg, 0.025 mmol,
0.05 equiv) and 2-(trifluoromethyl)-pyrido[2,3-d]pyridazine 30 (99.6 mg, 0.5 mmol, 1.0 equiv) were
added to a flame-dried test-tube equipped with a stir bar. The test-tube is then subjected to vacuum,
flushed with N,, sealed with a septum, and positive N, pressure throughout the remainder of the
experiment. 2,2'-bipyridine (3.90 mg, 0.025 mmol, 0.05 equiv) in CH,ClI, (0.2 mL) was added via a
syringe, followed by the addition of 0.8 mL of CH,Cl,. This mixture was allowed to stir for 15
minutes before the addition of 2-cyclopropyl-1-(triisopropylsiloxy)ethyne 33 (238 mg, 1.0 mmol, 2.0
equiv) using a syringe, and the reaction monitored by thin-layer chromatography (TLC). After 2
hours, the reaction was quenched by passing the reaction mixture through a plug of silica (washing
with CH,Cl,), and was concentrated under reduced pressure. Flash column chromatography (after
Kuglerohr distillation to remove unreacted siloxy alkyne) with 2% ethyl acetate in hexanes as the
eluent afforded 145 mg (71%) of a product mixture consisting of regioisomers 17a and 17b (17a:17b
=67:33) as pale yellow oil.

17a: "H NMR (500 MHz, CDCls) § 8.14-8.08 (m, 1H), 7.64 (s, 1H), 7.58 (d, J = 8.5Hz, 1H), 7.11 (s,
1H), 2.40-2.30 (m, 1H), 1.42 (septet, J = 7.5 Hz, 3H), 1.16 (d, J = 7.5 Hz, 18H), 1.14-1.04 (m, 2H),
0.88-0.83 (m, 2H)

17b: "H NMR (500 MHz, CDCLy) & 8.14-8.08 (m, 1H), 7.53 (d, J = 8.5 Hz, 1H), 7.45 (s, 1H), 7.30
(s, 1H), 2.40-2.30 (m, 1H), 1.48 (septet, J = 7.5 Hz, 3H), 1.16 (d, J = 7.5 Hz, 18H), 1.14-1.04 (m,
2H), 0.81-0.76 (m, 2H)

BC NMR (125 MHz, CDCl;) 8 158.0, 155.7, 147.5, 147.1, 146.9, 145.6, 143.4, 142.5, 139.8, 136.5,
135.6, 128.31, 128.30, 125.2, 124.5, 122.9, 122.7, 122.6, 120.77, 120.76, 115.89, 115.87, 114.44,
114.42,113.95,113.94,111.2, 18.01, 17.97, 13.06, 13.02, 11.0, 10.8, 9.2, 8.4

17a: ’F NMR (470 MHz, CDCl;) § -67.3

17b: ’F NMR (470 MHz, CDCl3) § -67.3

HRMS (ESI) caled for Cy,H3,FsNOSi™ (M+H)"™: 410.2122, Found: 410.2118
IR (film): 2947, 2869, 1473, 1334, 1229, 1183, 1090, 883 cm’!

R¢ 0.5-0.6 (5% ethyl acetate in hexanes)
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NS
N

Q0 TIC
18a 18b

(7-phenyl-6-quinolyloxy)-triisopropylsilane 18a and (6-phenyl-7-quinolyloxy)-triisopropylsilane
18b

General procedure 1 was employed for the cycloaddition of pyrido[2,3-d]pyridazine 28 (65.6 mg, 0.5
mmol, 1.0 equiv) and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (275 mg, 1.0 mmol, 2.0 equiv) using
a catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol,
0.1 equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 1.0 mL of CH,Cl,. The reaction
was quenched after a period of 6 h. Flash column chromatography (after Kuglerohr distillation) with
5-20% EtOAc in hexanes solvent mixture as the eluent afforded 140 mg (74%) of a product mixture
consisting of regioisomers 18a and 18b (18a:18b = 73:27) as pale brown oil.

18a: 'H NMR (500 MHz, CDCl3) § 8.77 (dd, J = 4.0, 1.5 Hz, 1H), 8.06 (s, 1H), 8.00 (d, J = 8.5 Hz,
1H), 7.63-7.33 (m, 5H), 7.30 (q, J = 4.2 Hz, 1H), 7.19 (s, 1H), 1.20 (septet, J = 7.5 Hz, 3H), 0.9 (d,
J=17.5Hz, 18H)

18b: "H NMR (500 MHz, CDCl;) & 8.82 (dd, J = 4.0, 1.5 Hz, 1H), 8.09-8.04 (m, 1H), 7.70 (s, 1H),
7.63-7.33 (m, 6H), 7.24 (q, J = 4.2 Hz, 1H), 1.28 (septet, J = 7.5 Hz, 3H) 1.00 (d, J = 7.0 Hz, 18H)

BC NMR (125 MHz, CDCl;) 8§ 154.9, 152.0, 150.3, 149.0, 148.4, 144.3, 138.4, 138.3, 135.8, 135.5,
134.1, 131.1, 129.8, 129.76, 129.74, 129.1, 128.5, 127.78, 127.76, 127.3, 127.2, 123.6, 121.0, 119.2,
115.1, 113.1, 17.78, 17.75, 12.81, 12.80

HRMS (ESI) calcd for C4H3,NOSi™ (M+H)': 378.2248, Found: 378.2248
IR (film): 2945, 2867, 1479, 1458, 1436, 1329, 1229, 932, 882, 868, 767, 698 cm’!

R;0.51-0.60 (1:3 ethyl acetate:hexanes)

_ OTIPS > OTIPS

O I
19a 19b

(7-phenyl-6-isoquinolyloxy)-triisopropylsilane 19a and (6-phenyl-7-isoquinolyloxy)-
triisopropylsilane 19b
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General procedure 1 was employed for the cycloaddition of pyrido[3,4-d]pyridazine 32 (65.6 mg, 0.5
mmol, 1.0 equiv) and 2-phenyl-1-(triisopropylsiloxy)ethyne 35 (275 mg, 1.0 mmol, 2.0 equiv) using
a catalyst combination of tetrakis(acetonitrile)copper(I) hexafluorophosphate (18.6 mg, 0.05 mmol,
0.1 equiv) and 2,2"-bipyridine (7.8 mg, 0.05 mmol, 0.10 equiv) in 1.0 mL of CH,Cl,. The reaction
was quenched after a period of 6 h. Flash chromatography (after Kuglerohr distillation) with 5-20%
ethyl acetate in hexanes solvent mixture as the eluent afforded 127 mg (67%) of a product mixture
consisting of regioisomers 19a and 19b (19a:19b = 54:46) as pale yellow oil.

19a: "H NMR (500 MHz, CDCl3) § 9.13 (s, 1H), 8.43 (d, J = 6.0 Hz, 1H), 7.87 (s, 1H), 7.57-7.53
(m, 2H), 7.50 (d, J = 6.0 Hz), 7.45-7.41 (m, 2H), 7.39-7.35 (m, 1H), 7.17 (s, 1H), 1.32-1.20 (m, 3H),
0.99 (d, J=7.5 Hz, 18H)

19b: "H NMR (500 MHz, CDCls) § 9.11 (s, 1H), 8.41 (d, J= 5.0 Hz, 1H), 7.74 (s, 1H), 7.58 (d, J =
5.5 Hz, 1H), 7.57-7.53 (m, 2H), 7.45-7.41 (m, 2H), 7.40-7.35 (m, 1H), 7.32 (s, 1H), 7.31-7.19 (m,
3H), 0.99 (d, J= 7.5 Hz, 18H)

13C NMR (125 MHz, CDCl;) & 155.5, 152.7, 151.8, 150.6, 143.0, 141.4, 139.7, 138.11, 138.09,
136.7, 136.5, 131.2, 129.7, 129.6, 128.4, 127.83, 127.82, 127.5, 127.3, 112.9, 112.0, 17.74, 17.72,
12.8 (2C)

HRMS (ESI) caled for Co4H;,NOSi* (M+H)': 378.2248, Found: 378.2245
IR (film): 2943, 2866, 1625, 1487, 1459, 1413, 1263, 1216, 1206, 883, 854, 697, 687, 644 cm’!

R;0.20-0.30 (1:3 ethyl acetate:hexanes)

Copper-Catalyzed Formal [2+2] Cycloaddition Reaction of Siloxy Alkynes and Cyclohexenone

OTIPS O

o)
I ﬁj Cu(MeCN),PF (5 mol%) Tipso_ N
N
CHQC'Q, rt, 75 min
2

H
20

An oven-dried test-tube fitted with a septum was charged with 1-(triisopropylsiloxy)-1-hexyne 2
(153.0 mg, 0.6 mmol, 1.2 equiv) and 3.0 mL of anhydrous CH,Cl; in an inert atmosphere. Neat
cyclohexenone (48 pL, 0.5 mmol, 1.0 equiv) was added followed by the addition of Cu(MeCN)4PF¢
(9.3 mg, 0.025 mmol, 0.05 equiv) dissolved in 1.0 mL of CH,Cl, (using a stock solution). The
resulting clear light yellow solution is stirred at room temperature under nitrogen for 75 minutes. The
mixture was then passed through a plug of silica and washed with CH,Cl, in order to remove the
catalyst. The mixture was purified by flash column chromatography (after Kuglerohr distillation),
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using 2-5% ethyl acetate in hexanes solvent mixture as eluent to afford the 130 mg (74%) of the
product 20 as colorless oil. Spectral data is consistent with that reported earlier.®

20: "H NMR (500 MHz, CDCl;) & 3.38 (s, 1H), 2.81 (s, 1H), 2.56-2.50 (m, 1H), 2.14-2.09 (m, 2H),
1.92-1.86 (m, 3H), 1.68-1.61 (m, 1H), 1.59-1.54 (m, 1H), 1.43-1.31 (m, 4H), 1.15-1.10 (m, 3H), 1.08
(d, J=7.0 Hz, 18H), 0.91 (t, J = 7.0 Hz, 3H)

BC NMR (125 MHz, CDCl3) 211.5, 138.3, 122.1, 58.0, 40.1, 34.8, 29.6, 25.1, 24.8, 23.3, 18.1, 17.9,
14.2,13.0

HRMS (ESI) caled for C5;H300,Si" (M+H)"™: 351.2714, Found: 351.2708
IR (film): 2943, 2868, 1699, 1465, 1283, 1255, 1001, 884, 687, 668 cm™
R¢~ 0.4 (15:85 ethyl acetate:hexanes)

Evaluation of Other Metal Catalysts

Apart from the Ag(I), Cu(I) and Ni(0) complexes discussed, various other metal salts were evaluated
for their ability to catalyze the formal [4+2] cycloaddition reaction. For every equivalent of
phthalazine, 1.5 equivalents of 1-siloxyhexyne along with a 10 mol % loading of the metal salt were
employed. The following yields were determined by 1H NMR using 1,3,5-trimethoxybenzene as an
internal standard. Though the hydrate of Mn(OAc); catalyzed the reaction, the reaction was slower
and lower yielding than the isoelectronic Cu(I) and Ni(0) complexes, and was hence not pursued
further.

OTIPS

N ‘ ‘ Metal OO OTIPS
| +
~-N CH20|2, rt

24 h
1 2 3

Metal Salt Yield (%)
Sc(OTH)s

MnBr;,
MI’I(OAC)3‘2H20
FeClz

F6C13
CO(BF4)2.6H20
NiCl,

ZnBr,
CdCl,.2H,0
CI'C12

CI'C13

LiBr

[\S)

SO PR DO ODODODONO W

6 Sweis, R. F.; Schramm, M. P.; Kozmin, S. A. J. Am. Chem. Soc. 2004, 126, 7442.
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C6C13
Yb(OTH);
La(OTf)3
ZI‘CI4(THF)2
In(OTH)s
Bi(OTf);

S OO O OO

Evaluation of Cu(Il) salts and changing the nucleophilicity of the anion:

OTIPS Gy catalyst (5 mol %)

Sy bipy (5 mol %) OO OTIPS
_N CH,Cly, rt

24 h
1 2 3

Catalyst (mol %) Yield
CuOT{ (5) 34%
Cu(1,10-phenanthroline)(PPh;)Br (5) NR
Cul (5) NR
CuBr.(CH3),S (5) NR
CuCl (5) 5%
Cu(OT1), (5) 16%
Cu(hexafluoroacetylacetonate), (5) 4%
Cu(MeCN),OTTf (5) 38%
Cu(MeCN)4PF (5) 49%

Evaluation of Other Azadienes

The following azadienes (36-40) reported in literature were evaluated with Cu(I) and Ni(0) based
methodology developed in this publication. However, no conversion to the corresponding addition

product was observed.

N N=N

AN N \N \N

SISO RS IAY,
/N /N O “Z S Z

36 37 38 39 40

Potential diazine precursor to N-methyl indole 41 could be prepared by employing a modification of
the methodology developed by Wagner and co-workers.! However, this highly polar diazine was
only sparingly soluble in CH,Cl,. This limited its use with the methodology described in this
publication. (Also, note that the reaction of 41 and siloxy alkyne 2 in CH,Cl, with DMSO as the co-

solvent failed to afford any transformation with Cu(I).)
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1H and 13C NMR spectra
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EXPNC -
PROCNO bt
Daze_ 201306724
_ime 14.23
ZNSTRUM soect
PROBHD b mm PATXI 1E/
PJILFROG zg

£ 59998
SOLVENT CoEl3

NS 12

L3 0
SWH 1000C.000 Hz
ELDRES 0.166677 Hx
AQ 2«08 9088 sew
RG Bl

bW 5C.000

CE 10.00

£E 292.8

Cl 6.000C0000
EJ6 &
======== CHANNEL fl ===
SEOL1 50C.13308856
NJCL1 1H

P1 .00 nasee
B €5856

iy 500. 1360277 MEz
Wo G
SSB 0

LB 0.00 Hz
CB 0

BE 1.00

) N

B L B B B B L B B I B |

10 9 8 7 6 5 4 3 2 1 0 ppm

o[ 0=
S|o|o|o|e

| N|™ ||

1.04
1
0!
0!
3
3
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NAME
ZXENO
2ROCNO
Date_
Time
INSI'RUM
2RORAD
2ULPROE
™
SOLV=NT
NS

DS

SWI1
F1DRAS
RAQ

G

DWW

DE

L'H

T T T I ) I T T j T i T ) I T T T I ) T T T

200 180 160 140 120 100 80 60 40 20 ppm

-S38-

1:¢88:158:13¢C
i

1
20.30€25
12.28
spec:
5 mm PATXT 1H/
zgde
T 78568
CDCL3
128
0
29761.804 Iz
0..66€70 Hz
2.999982¢ sec
S 9€.79
26.800 usec
10 .90 usee
298.7 K
2.00000C00 scc
0.03000C00 sec
1

CIANNCL f1
125, 7793€43 MHz
13¢
172.00 usec
B E72
125:758771387
no
0
0.00 Hz
0
1.40

MHz
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Currcnt Data Paramcters

NAVF AR AT AR
EXPNC i
PRCCNC 1

F2 - Acquisition Parametexrs
Cate_ 20131127

Tire 18.23
INSTRUM specl
PROERD 5 mm NP 1H/13
LU_PROC z

oy 59998
SO_VENT CDC_3

NS 4

Ls 0

SWH 10000.000 Hz
FIDRES 0.166672 Hz
AQ 2.9999499 sec
RGC s

LW 50.000 uscc
TR 7.50 usec
1k 294.7 K

L 10.00000000 scc
10 1
******** CHANNBL 1 ———r=—
NUCL

BL usec
BEE dB
Srel Milz
F2 - Prccessing parameters
ST 37

SE 07 MHz
WCW

gse

R 0.00 H=z
GB 0

LI 1.00

{i
| |
W 1
10 9 8 2 1 0 ppm
FOFgN 0D
[=11=]{=] o -O
||| s o o3|
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200 180 160

140

120

100

80

-S40-

60

40

20

ppm

t Data Parameters
lL.ess.2 4.1.30

1
PROCNO 1
F2 - Acquisition

Date_ 20221127
I"ime 18451

INSTRUM spect
PROE 3 mm QNP 1E/13

Parsmeters

TE 295.4
o1 2.0000C300
411 0.0300€300
150 1
CHANNEL f1
NUCL 13¢
Pl 5.50 1sea
PL1 €.00 dB
SFOL 123.7062372 MHz
CHANNEL f2
waltz16
111
9C.00 tsec
1.00 dB
21.00 dB
199.8731991 MHz
2 Srocessing pavamsters
SI €3536
SF 125.6924240 MHz
oW no
SSB
LB C.00 Ez
513 0
pc 1.40
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AN ™~ O
O O
N — O
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7,582
7.709
7.384
T=371
7+306
7.354
1.337
7.324
F= 216
7.192

BNV

2.827
2.812

2.796

NAMLD lecss.241

ZXPNO 1

2RUCNO 1

Dete. . 26130528

lire 18,57

TNSTRUM span.

2RCBHD 5 ma PATXI _H/

2ULPROG zq

TD 59998

SOLVENT cDC13

NS 12

DS 0

SWH 10C00.000

FIDRES 0.166672

AQ 2+9998499

RS 11.29

DW 50.000

DE 10.00

TR 294.0

bl 6.0C000000

TDO 1

======== ([IANNLCL fl ==

SFQO1 500.1330885

NUCL 1H

21 §.00

sL 65536

SF 500.1300468

WDW no

SSR 0

LB 0.00

GB 0

28 1.00

|
[I | | |
| |
|
A
AR N A R D D D D D B I
10 9 8 7 6 5 4 3 2 1 0 ppm
Ol-N[I|S N O ||
8|o(S|8|o|S ] of=[<|<

™| (N N

N ANJWD| ool
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152.95
6
1.
1

1£.1
1

o

g

/' NAME

e T8

T e

INSTRUM
2PROBAHAD
2UERRGE

I

NS
DS
SWH

AQ
0
DW
DE

1 . |

120

i T ) T ) T i I i

T | T T
200 180 160 140 100 80 60 40 20 0 ppm

LXENO
2ROCNO
Date_

SOLVZNT

FIDRES

l.¢ss.141.13C
i

il

2030028
2819
Speds

5 mm DPATXI 1H/
zgde
78568
CREL3

200

0
29761.504
0.265€70
2.999982¢
L9679
16.800
10.00
235.2
2.00000C00
0.03000C00

CHANNEL fl1 ====

125.7703€43
13E

1£.00
_31e72

125, 7ETT885
no

0
0.00
0

1.40
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NAME Leoi R Bl B
EXENO il
PROCNO 4
F2 - Acquisiton Parameters
RaTe 268131267
Time 16. 58
TNSTRIV speat
| PROBED 5 mm QN 14/13
PUTPROG
03
SCLVINI
NS
DS
SWIL 10C00.0C0O _lz
ILDRMES 0.166672 .z
AQ 2489994859 sec
RCG 202
DW 50.0C0 asec
DE 1. 80 ases
Wit 204,86 X
DL 8.0C0000CO sec
TCO 1
CHANNEL f1 =
1H
12.C0 usec
2.C0 dB
£99.8740056 MHz
F2 - Processing parameters
ST 27€8
SE £99.8700566 MHz
WCW no
SSB 0
LB 9., 60 Ha
GRBR 0
| I BC 1.co
I[ | '
BELT M
L 4
L B B L B I L L B B I R R IR |
10 0 8 7 6 5 4 3 2 1 0 ppm

1.00
1.01
3.01
2.00
6.11
3.29
18.03
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1
1

Current Data Paramctcrs

| | | |
200 180 160 140 120

T
100

80

60 40 20 ppm

CIANNEZ £2 =

NAVE 1.¢88.215.13¢

EXPNC 1

PRCCNO i,

F2 - Acquisiticn Parameters

Date_ 20131202

Time 17.18

INSTRUM Fpesl

PROBHC & mm QNP 1H/13

Lu_PROC zgdc

hsl 142854

SO_VENT CECl3

NS 128

s 0

SHH 27777.777 Hz

FIDRES 0.194119 Hz

AQ 2.5714221 sec

RE 10321

LW 18.000 uscc

TF 7.50 usec

TE 295.1 K

L1 2.00000000 scc

d1l 0.03000000 sec

TCO i
CIIANNEZ f£1

NUC1l 1sc

Pl 8.50 uscc

B, 0.00 dB

SFOL 25.7062372 MHz

CPDPREZ waltzl6
NUC2 1H
beppz 90.00 usec
P2 1.00 dB
2212 21.00 dB
sko2 4332.8734391 MHz
F2 - Processing parameters
SL £5536

SF 125. 6924276 MHz
WDW no
SSE 0

"R 0.00 Hz
cB 0

PC 1.10
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12a 12b

(General Procedure 1)

NAME
EX2NC
PROCNOC
Date_
1Time
TNSTRUM
PROBHD
PULPRCG
TD
SOLVENT
NS

DS

SWH
FIDRES
pite;

RG

DW

DE

TR

Dl

TDO

s 1

10 9 7 6 5 4 3 2

0.65
1.00
0.64
1.00
2.03
2.01
1.04

18.08

1 0 ppm

1:¢88:298 sLest
il

il

2913 111

16.0¢8

apact

5 mr. PATXI 1H/
&g

59998

epzl3

ik

c

10000.00C =

0.166672
2.999949¢9
238 .38

50.00¢C

10.0C us

2960 %

8.0000000¢C
all

CIIANNEL f1
500:1330885
1H

8.0C

65536
500.130024¢C
no

¢

B:0€ =

o]
398
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12a 12b

(General Procedure 2)

3.232
B 209
3.182
3.160

/
S
\
£
X
Ve
S

NAME l.ess . 208
EX2NO L
FROCND 1
Date_ 20132115
Time L5853
TNSTRUM spect
FPROBHD 5 mm PAIXL 1H/
FUTPROC ]
TD 58998
SOLVENT ELalz
NS l
DS c
SWH 10000.00C Hz
I'IDRLS 0.166672 Iz
pite] 2.9999498 sec
RG 15.84
W 50.00C uscc
DE 10.0C usec
TR 285.7 K
Dl 8.0000000C sec
TDO 1
======== CHANNEL fl ===
SFOl 500.13350885
NEEL 111
Pl 8.0C usec
5L 6553¢€
SF 500.130029¢€ MEz
WDw no
583 (¢
LB 0.0C Hz

| CR 6
P —+ 00

1|
|
A L
A
R B I M IR LA IR I I L I I |
10 9 8 7 6 5 4 3 2 1 0 ppm

38| (388 | e 813|=|5|

oO|0| [O|o|=| (© ~— NN ™|
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+
12a 12b

0N M
N O

NDWIS AN O NS
DO NONN AW
O DN <
NN NN NN N

o~
A A A e

©

S pe B 00 (@
24 3t

BN S N

bl il Utk ) ©
MMM ON NN A

e

=l NAME 1. ess 208130
—— NNV 1
PROCNC L

Date_ 201811

Time 8.1L7

INSTRUM speek

PROBHD L5 mr QNP 1H/13

PULPROG zgdc

I 142854

SCLVLENT eBol2

NS 256

DS C

SWH BTFTE.T7

FLDRES 0.1944c¢

A 257142271

RS 9185..2

DW 16.00C

DE i o

dii 3 2553

D1 2.0000000¢C

di1 0.0300000C

TDO i
T BHANNEL. £1, =

NUC1 1.3¢

P1 8.50C

PLI 0.0C

SFO1 T - PERIT2
======== CHANNEL f2 ====

CPDPRG2 waltzle

NUC2 11

BGED2 90.0C

EL2 = .00

BL12 2..08

BreZ 499.8734991

ST 65536

Sk 125.6924334

WDW no

585 C

IR 0.0C

GB €

I ‘ pC g

l | ‘hﬂ ‘ 1
i I i I T I i I " I j I j I i T j I
200 180 160 140 120 100 80 40 20 ppm

Hz

sce

aAsec
uses

sec

see

dz
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13a

(General Procedure 1)

NAME 1088 180, T6Bt
EXPNO ;i
PROCNO 1
Date_ 20130829
Time 133
TNSTRUM spact.
PROB:D L mm PATXI 1H/
PULPROG (5]
TD 595998
SOLV=ENT ope_3
NS il
I8 9
SWE 200C0.000 Hz
EIDRES 0.166672 Hz
AQ 2.9899499 set
RG 692
oW £ED.000 usce
JFE 10.09 usec
TF 236:2 B
L &.00C00000 sec
TDO 1
======== (C[IANNLL Z]1 ========
SFol 500.1330885 MHz
NUC1 i1
Bl 8.00 usec
8L 65536
SE 500.1200837 MHz
WDW no
SSB 0
LB 0«00 Hz
GB 3]
BC 1.090
|
|
1 | |
|
I | P! ! Lo
| h | -
L AL

R B B B B B B B B I L I L

10 9 8 7 6 5 4 3 2 1 0 ppm
23 (X{5[3| 2 g (g
OO Or|<||O (3] NI-D‘I:(')
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OTIPS

(General Procedure 2)
OMO PO HONHODMNF N N> AW O M~ MPAAMOO O™ QWM
COFN AT NN ®© A~ OMJdO0OONHN O LW WM™ WO
O N <P P <O O0WWIINHAN A WOV OFTNH OO DD
W W EISISTHS TSI I% NN NNANNA A A A A A OO OO OO

‘\N

A

NF== I RS Z

Current Dates Parameters
NAME 1+ e8%:187 «aillmbed
EXPNO
PROCNC iy
2 - Acquisition “arameters
Date_ 20131122
Time .81
INSTRUM speet
PROBED 5 mur. PATXI 134/
I PULPRGG zg
e 58998
SOLVENT ChELA
NS 8
D3 4]
SWH 16000.000 Hz
F-ORES C.16€672 Hz
AQ 2.999%001 scc
RG 15.08
DW 50.000. uses
DE 1C.00 usec
TE 265.7 K
D= 5.C000C000 sec
TCO ol
SFOL1
NuCl
P 2.00 usee
| PLW1 —2~199098981 W
‘ ‘ F2 — Processing parameters
e 65536
SE 500.130C275 MHz
WEW no
| SSB 0
| | | LB 0 Ez
. I|||I GB 0
f\ NJ pC 1.00
i |
S I I I I I IR I I I I I |
10 9 8 7 6 5 4 3 2 1 0 ppm
Q] ([0 (@ (= =[O0l
S| | e(ew (S < Of ™|
olr| | oo |© N N < t [y

-S49-
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13a

OTIPS
13b

153. 61

T
200 180

T | |
160 140 120

NAME lueesn. 187 136
ZXPNO 1
2ROCNO L
Date_ 20231121
Time 9.54
TNSTRUM sSp
2ROBHD Z mm ONP 1H/13
2UTPROG zgda
TD 142854
SOLVENT ZDEl3
NS 256
DS 0
SWH ZATP 41T He
TICRES 0.29444595 Iz
fite} 2B 114221 see
R Fo0E.2
DW " 8.600 usce
DE 7.50 usec
TF 785.86 K
D1 2.00000C00 sec
<l 0.03000C00 sec
TDC nE
======== CHANNEL [l ===
NUC1 L3¢
Pl 8.50 wsee
5T 0.00 4B
SFO1 125.7062372 NHz
=====——= CHANNFT, f2 ========
CPDPRG2 waltzlé
NUC2 TH
2CPDZ 90.00 usec
e L00 @B
Bl 21.00 dB
SI'o2 499.8734991 Mz
ST 65836
SF 125.6924303 MHz
WDW no
588 0
B 0.00 H=z
GB 0
e 1.40
T j I " I T
60 40 20 ppm

-S50-
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[colNep I eN] O PF N> OO TN
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NAME logss. 137
ZXPNO L
2ROCNO 1
Date_ 20.3052¢<
| Time 1.8 .42
TNSTRUM specn
2ROBAD E mm PALXL 1H/
SUTPROC 7.9
TD 59698
SOLVZENT LDELR
NS 1.2
DS 0
SWH 10000.C00 Huz
SLEIRTS 0..66ET2 Iz
Jite] 299958495 sec
RG 189.08
DW 536490 usee
DE 10.00 usec
TR 2395.4 K
D1 6.00000C00 sec
TDC 1
======== CHANNEL fl ========
SFO1 500.1330885 MHz
NUC1 LIT
B 8.00 usec
8L 62536
SF 500.1300274¢ MHz
WDW no
S8R 0
* LB 0.00 Hz
aB 0
24 1,90
I !
|
I |
| I I I I I I I I I I I I
10 9 8 7 6 5 4 3 2 1 0 ppm

<
S
-

2.05
1.00
2.09
6.41
217
30
18.03
3.22
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14

W =
N

.60

¢ 0 T~ % e
NN A A=

N2

LX2NC
PROCNO
Date
Time
LNSTRUM
FROBHD
PULPROG
™
SCLVENT
NS

£s

SWI
FIDRES
AQ

™ m

3 e

| | | | |
200 180 160 140 120 100 80 60 40 20 0 ppm

1.888.13713¢C

201230524
18:59
spect

5 mm PATXT 1F/
zgdc
178568
CDCL3
150
0
29761.904 Iz
0.1€6670 Hz
2.9099924 sec
196:79
16800 iisec
10.00 usec
29649 K
2.000C0000 scc
0.030C0000 sec

CIIANNEL fl ====
125.77€36413 ME
15@
11.00 usec
121072
125.7577342 MEz
ro
0
0.00 Hz
0

1.40
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(General Procedure 1)
A~ OINWOOWOONNHXXONMTOWMOHWWOWAHLOSTM® ~ — WO WWNM™ O A
CONNMCEOAONWWNHHWWOY PO IO A @ O% s = T~ sy s
ANV OVWOOWOWWOWOBDHWMmWO<PSs s o] o > = O <P OO0
P P P P PP P [ DS P P I PP b P P e I e e NN N 44 dJooco

TS e—— N

Fa
74
\

Current Data Paremeters
NAME l.gss . 15).q
ZXPNO 1
I 2ROCNO e
22 = Acguisition Parameters
Datao_ 20740423
Time l6.2¢
INSTRUM spect
2ROBHD 5 mm PATXI 1H/
2ULPROG zqg
TD 59898
SOLVENT EpEl3
NS 8
DS 0
SWH 10000.C00 H=z
ZFIDRES 0.266€72 Hz
AQ 299908601 see
R EY o il
DW 50.C00 usec
DE 10.90 usec
TE 298 7T K
D1 5.00000C00 sec
TDC s
======== (I[IANNLL fl ========
SFC1 500.1330€85 MHEz
NUC1 1H
=] 8.00 usea
2°W1 L« LY9Y985L W
| =2 - Processing parametzers
SI 6hE36
SF 500.1300168 MHz
WDW no
| | 3S8B C
| i I LB 5 He
GB C
(YR ﬁ ! }LJ 2c 1.90
lm L “ “ A b A
10 9 8 6 5 4 3 2 1 0 ppm
[=4 SN
S S|o|K|S
N ANON™M
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S e e it
15a

15b
(General Procedure 2)

AN OMATNRNON®MI™S OO ~ N O S~ OO
ONWOWINANHOWWIO) P O N O A o o~ P~ P [ 0y s
DO OO LOOUDOOWIOS NN AA 00 [ O H DD
B el ool ol o ol ol N ol o Tl o o T o NN N A HdH O 0O

TTTeeEesse— NN e

ZXENO
2ROCNO
Date_
Timo
INSI'RUM
FROBET]
2ULPROG
D
SOLV=NT
NS

DS

SWII
ZIDR=ZS

1y |\I|]||

10 9 6 5 4 3 2 1 0 ppm
8 X8R
< ﬂ'sgzgto

l.css.152.1

e

202307_7

18.48

spect

5 mm PATXI 1H/

10000.000
0..66672
2.999p493
20.686
50.000
10.00
294.39
£.00000000

CHANNEL fl1 ====

5C0.1330885
el

B. 00

65536
5€0.1300306
no

0

0.00

0

1. B0

He;
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NAME l.gss. 157

T T T T
160 140 120 100

ZXPNO

2ROCNO

Dale 220 3

Time

INSTRUM ¢
2ROBAD E mm PAUXL 1H/
2UTPROC zgde

D _78E68
SOLV=NT cDC13

NS 300

DS 0

SWH 29761.804 Hz
TIDRES 0..66€70 Ilz
AQ 2.9999827 ses
RE 198,78

DW 26.800 Uusec
DE 10.00 usec
TR 296.1 K
Dl 2.00030C30 sec
D11 0.03000C20 sec
1DC 1

=== CHANNEL fl ===
125.7703€43
13¢
1£.00 usec
_31¢72
125.7577882 MHz
no
0
0.00 H=z
0
1.40




y OTIPS _N OTIPS
>
N AN
16b

16a

8.757
8.751
8.748
8.726
8.723
8.717
8.714
8.008
7992
7.946
7831
7+ 929
7.846
7.524
7.385
7273
7256
7.248
7.224
T 218
7208
7.199
7.032
2.837
2.821
2.812
2.806
2.797
2.7T8l
1.680
1675
1.448
1.166
1.164
1.151
1,149
0.972
0.968
0.957
0963
0.942
0.938

TN e T

/
.
§

NAME
IXENO
PROCNO
bDate
Tima
INSI'RUN
2ROBAAD
2ULPROC
TD
SOLV=NT
NS

Ds

SWH
Z'IDRZS
AQ

206G

DW

DE

i i \ R

B A I I IR I I I I I I I

10 9 8 7 6 5 4 3 2 1 0 ppm

9
(1)
5
4
4
4
0.5
2.00
2.13
5.20
18.27
3.67

LBesw 188 Jaces
i

20=.30843

17.24

specc

£ mm DATXI 1H/
29

53898

CDC13

£

0

10000.C00
0,.66672
2.9999499

37 6%,

50.€00

10.00

296, 1
£.00000C30

1

CHANNEL f1 ———

500.1330885
1H

8.00

65536
500.1300123
no

0

0.00

0

1.90

Hz
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OTIPS N
e

NS

16a 16
M P> O O™

OO N OWWOoO WD

NN LW

RO

O MOAOM™ <O WO LW <

OO <N M

L B B e e I B B e B MR |

OTIPS

o

e
N
o)

127.783

N
[Q\]
—

127.385
123.691
120.283
118.754
117.722
113.386

111.504

TN ==

1N ‘th

31.988
31.755
31.054
30.927
22.702
22.624
18.036
18.029
13.967
13.949

/
§

13.032
12.987

L
200 180 160 140

120

T

T
100

40

-S57-

NAME l.css.188.13C
EXPNO 1
PROCNO 1.
Date_ 20140423
Time 1.5 .5
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgdc
D 187496
SOLVENT CDC13
NS 128
DS 0
SWH 31250.000
FIDRES 0.166670
AQ 2.9999859
RG 2050
DW 16.000
DE 680
TE 297 .9
D1 2.00000000
D1l 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 125.7049802
NUCL1 1BC
Pl 10.00
ST 1048576
SE 125.6924179
WDW no
SSB 0
LB 0.00
GB 0
fofc: 1.40

Hz



/ OTIPS _N OTIPS
NS
FsC~ N FaC X
17a 17b

8.133
8.115
8.097
7.641
7.592
7.575
7.539
7.522
7.453
7.295
7.262
7.110
2365
2.354
1.527
1.512
1.497
1.482
1.467
1.452
1.437
1.422
1.407
1.392
1.378
1.365
1.175
1.160
1.125
1.110

)

1.086
1.070
1.051

B

Current Data Parameters

NAME L858 230
EXPNO 1
PROCNO 1

F2 - Acguisition Parameters
Date_ 20140527
Time 12.28
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

D 59998
SOLVENT CDCl3

NS 8

DS 0

SWH 10000.000 Hz
FIDRES 0.166672 Hz
AQ 2.9999001 sec
RG 30. L1

DW 50.000 usec
DE 10.00 usec
TE 295.2 K
D1l 8.00000000 sec
TDO i

—== C

HANNEL fl ========

SFol 500.1330885 MHz
NUC1 11

L 8.00 usec
PLW1 12.19999981 W
F2 - Processing parameters
8I 65536

SF 500.1300135 MHz
WDW no
SSB 0

LB 0 Hz

GB 0

PC 1.00
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w
N
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~|lo|o|o|e|s|e - o|6|v|~|o
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Current Data Parameters

NAME 2.cs8.94.t
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20140529
Time 23.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg
TD 59998
SOLVENT CDC13
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.166672 Hz
AQ 2.9999001 sec
RG 4.57
DW 50.000 usec
DE 6.50 usec
TE 296.4 K
D1 5.00000000 sec
TDO 1
======== CHANNEL fl ==
SFOl 499.8730869 MHz
NUC1 1H
P, 10.75 usec
PLWL 18.25000000 W
F2 - Processing parameters
g1 65536
SF 499.8700078 MHz
WDW no

| SEB 0

|| LB 0 Hz

| W . ! I ?c ’ 1.00
il A M '

10 9 8 7 6 5 4 3 2 1 0 ppm
F«)Fvﬂiﬁ ) o o[ 0
3[3[8[n|a|a|8 & (83558
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158.020
155.718
147.547
147.131
146.854
145.560

TSsSsSSSSSN\ee—

OTIPS

145.286
143.427
142.531
139.810

FsC

Ll

136.533

N OTIPS

-z

N

17b

N> 00N
~d O~ 0~ <N WO
[To RN TN IR~ IIES LN NN O ) WENORRNO I
O OLW << ANNN O
M ANANNNNNNNN
o A B e B e TR e B B e R B e B s |

Ll

120.757

115.886

115.867

114.440
114.421
113.950

113.935
111.172
18.011
17.972
13.058
13.015
10.978
10.808
9.159
8.430
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Current Data Parameters
NAME 2.@e885.93.C13
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140527
Time 13.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zgde
TD 187496
SOLVENT cpelL3
NS 256
DS 0
SWH 31250.000 Hz
FIDRES 0.166670 Hz
AQ 2.9999361 sec
RG 2050
DW 16.000 usec
DE 6.50 usec
TE 297.2 R
Dl 2.00000000 =
D11 0.03000000
TDO 1,
CHANNEL fl1 ==
125.7049802 MHz
136
10.00 usec

72.83999634 W

=== CHANNEL f2 ==
SF02 499.8724993 MHz
NUC2 1B
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 19.00000000 W
PLW12 0.29688001 W
F2 - Processing parameters
SI 1048576
gr 125.6924149 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.40
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Carzent Data Parameters
NAME l.ess.216
LXPNO i
FROCND 1

F2 - Acquisition Paramcters

Date 20131203

Time 16.13
INSTRIM spest

PRODBID 5 mm QNP 1II/13
UTPROG 79

D 5999
SOLVENT CDC13

N3 4

Ds 0

SWII 10000.000 Iz
FIDRKS 0.166672 4z

AQD 2.9999499 se¢

kG 16

DwW 50.000 usec

D3 7.50 usec

T= 295.0 %

D1 8.00000000 sec
'mo 1

Pl 10.00 asec
ELZ 0.00 dB
§201 489.8740056 MH7

F2 - Processing parameters

sI 32768
o2 429.8700239 MHz
WDW no
338 0
i3 0.00 Az
G2 0
L 1.00
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Current Data Farameters

NAME L.esa.Z16. 130
EXPNC 1
PROCNO 4

T Acquisition Parameters
Date 20131203
Time 16.38
INSTRUM spect
PROBHD 5 mm QNP 1E/13
LJLPROG zgdc

i) 142854
SOLVENT cpCl3

S 2020

35 0

SWH 27777. 777 Bz
FIDRES 0.124¢449 Hz
A0 2.57142271 sec
RG 12004

oW 18.090 usec
JE 7.50 usec
TE 286.6 K
21 Z.0000C220 sec
d11 C.0300CJ000 sec
™0 1

== GHANKET Z], =

8.50 usec
€.00 dg
125.70€2372 MHz

CHANKEL Z2

waltzlé
NJTZ 1H
PERD2 9C.00 usew
PT.2. 1.00 dn
PL12 21.00 dB
SFO2 439.8734991 MHz
F2 - Processirg pa-amesters
5l EE536
BF 125.6924292 MHz
wWowu no
aSB [¢]
LB C.00 Hz
GB 0
PC 1.¢40

|lJ||HlH |

| | T T |
200 180 160 140 120 100 80 60 40 20 ppm
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NAME
IXENO
2ROCNO
Date_
Time
TNSTRUM
2ROBHD
SUTPROG
D
SOLVENT
NS

LS,

SWH
TIDRES
nQ

G

DW

R B B B e B B L L I R L I R L I

8 7 6 5 4 3 2 1 0 ppm

10 9
o (2] gg

0.93
0.54
0.46
3.01
6
0.65
3
0

l.ess 232
AL

1.

20240123
11.46
spaat

E mm PAIXL 1H/
79

59888
EDELS

4

0
10000.C00
6.2.66672
Z+9998499
T3S
50.000
10.00
295.¢2
8.00000C00

CHANNEL fl ====

500.1330885
11

8.00

655345
500.1300C00
no

0

0.00

0

L.00

He
Lz
sec

usea
usec

usec

MHzZ

Hz
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Currert Cata Parameters
NAME e OEEL AR, 13T
EXPNC 1
PROCNC s

FZ? — Aoquisition Parameters
Late 20140113
Time 15..22
INSTRUM spect
PROBHD a mr ONP 1H/13
PULPROG zgdc

1D 14285¢
SOLVENT CDC13

NS 256

Ce 0

SWH 29797:797 Ha
FIDRES 0.194449 Hz
AQ 2.5714221 sec
RG 115882

CwW 18.C20 usce
CE 7.50 usee
TE 29t8.4 K
21 7.00200600 sec
dll 0.03200C20 scec
TD0 il

== CIIANNII F1 =

13¢
P 8.50 usec
Plil 0.20 d3
SFOL 125k FHBRRYE MES

= == CHANNEL [2
CEDPRG2

waltz1lé
Nuao2 1H
rCrp2 90.00 usec
PLZ 1.30 A3
PL12 21.30 d3
SFO2 499.87344891 Mz

F2 — Processirg parameters

SI 65536
SE 125.692423<4 Miz
WDW no
SS8B 0
1B B 80 Hz
cB 0
be 1.40
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NAMLE

Time

TD

NS
DS
SWH

NQ
G
DW
DE

A IS . k.

10 9 8 6 5 4 3 2 1 0 ppm

7
5| |ggEEeTe s

ZXPNO
2ROCNO
Date_
TNSTREM
2ROBHD
2UTPROG

SOLVENT

TIDRES

l.gss.232 .9poza
1
1
20240123
18.21
spean
E mm PAIXL 1H/
7
5889
oDC13
8
0
10000.C00
0..66€72
2+9999499
G I
50.€00
10.00
28E8..5
5.00000C00

CHANNEL fl ====
500.1330885
1LIL

8.00

655386
500.1300133
no

0

0.00

0

L0

Hz
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NAMDE l.ess . 232 s5pesb . 2
IXPNO 1
2ROCNO 1
Date_ 20240124

| Time LBl 7
TNSTRUM speat
2ROBHD S mm PAIXL 1H/
SUTPROG 7.
D 58898
SOLVENT CDE13
NS 8
DS 0
SWH 10000.€00 Hz
TIDRES 0..66€72 Iz
1] 29999498 see
2 1553
DW 50.600 usca
DE 10.00 usec
TF 288.5 K
Bl 5.00000C00 sec
TDHE L
======== CHANNEL fl ========
SFO1 §00.1330885 MHz
NUC1 110
2l 8.00 usec
5I 65536
SF 500.1300131 MHz
WDW no
SSB 0
LB 0.00 Hz
OB 0
2€ 1..00

: Lol I
Lkl |
L .

10 9 8 7 6 5 4 3 2 1 0 ppm
g 8?385.88 o
- ||| | |N|r|r <r93
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\\NN / V Curzent Deta Paramcters

NAME leucss223:1
EXPNO 1

| PROCNO L
F2 - Acquisizion Paramezexs
Cate_ 20131220
Time 1510
INSTUM spect
FRORAD 5 mm QNP 1H/13
FUTFROG 7.9
™ 59998
SOLV=NT CDCL3
X8 16
LS 0
SWH 100€0.000 Hz
FIDRZS 0.166672 Hz
AD 2.9999199 sec
RG 1143
CW 50.000 usec
L= /:50 usec
Ta 294.8 K
L1 8.00C00000 sec
Tbo 1
======== (HANNF]i ] ========
NUCl 1H
rl 10.00 usec
ELL 0.00 dB
SFOL 19¢.8740056 VHz
F2 — Processing paramelers
&1 32768
i) 492.8700049 MHs
WDW ne
&8B 0
L3 0.00 Hz
@e3 0
FC L. 80

L L B B B B B B I B B LR R LR |

10 9 8 7 6 5 4 3 2 ppm

1 0
o2 RSO (O [N[R]|r=| 0| ©
i ] B e B ] B B
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NAME
EXENC
PROCNO
Datc_
Time
INSTRUM
TRORBHD
TUTPROG
TD
SOTVENT
NS

ns

WLL

1 LIRS
AQ

CPDPRG2
NUC2
PCOFD2
PL2
FL12
SEC2
SI

SE
WDW
SSE
-B

GB

BQ

= CHANNEL f1. ==

20131220
g.02
spect

mm QNP 1H/13

rgda

142354

Cne1 3

128

0
28985.508 1z

1 .202904 =

285.4 K
2.0000C200 s
0.0300C000 sec

125,70 62372 MIz

CHANNEL f2 ———————

waltzlb
1H
9C.00 usec
1.00 c=
21.00 &3
492.8734991 Miz
65538
128.6823718 Milx
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Current Data Parameters

NAME 2wesBa 8951
EXPNO il
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140520

Time 14.06
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

D 59998
SOLVENT CDC13

NS 8

Ds o]

SWH 10000.000 Hz
FIDRES 0.166672 Hz
AQ 2.9999001 sec
RG 196.79

DW 50.000 usec
DE 10.00 usec
TE 294.9 K

D1 5.00000000 sec
TDO 1
======== CHANNEL f1l ===
SFOl1 500.1330885 MHz
NUC1 1

P 8.00 usec
PLW1 12.19999981 W

F2 - Processing parameters
ST 65536

SF 500.1300077 MHz
WDW no

SSB o]

LB 0 Hz

GB 0

P 1.00

XY N
|
N
30
O < 0 o <~
< OO O
A~ 00N A
)
: " Lllﬂ__L.*
[ | | | | I I | | | I |
i5 14 13 12 11 10 9 8 4 3 2 1
o|w oo
c|e e
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Current Data Parameters
NAME 2.css8.89.C_13
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140520
Time 16.13
NSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zgde
D 178568
SOLVENT CDC13
NS 256
DiE;
SWH 29761.904 Hz
FIDRES 0.166670 Hz
AQ 2.9999423 sec
RG 196.79
DW 16.800 usec
DE 10.00 usec
TE 295.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFol 125.7703643 MHz
NUC1 13C
Pl 14.00 usec
PLW1 170.00000000 W
======== CHANNEL f2 ========
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG([2 waltzlé
PCPD2 90.00 usec
PLW2 12.19999981 W
PLW12 0.20893000 W
F2 - Processing parameters
ST 131072
o 125.7577968 MHz
W no
Y e B 0
LB 0 Hz
GB 0
PC 1.40
I T
200 180 0 ppm
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\\J / \// \Y/ | Current Data Parameters
NAME 1.885.28 .58
EXPNO s
PROCKO els
2 Acquisition Parameters
Date_ 2014cC123
1'Zme 14..57
INSTRUM spect
PROBHD 5 mm PAIXL 1H/
PUTPRCC 7C
T LE9BE
SOLVENT encls
NS &
DS Q
SWH 1C000.000 Hz
B R B..lEE6672 Hz
AQ 2.99898001 see
RG LiB.£L2
DW 50.000 usec
| DE 1C.00 usec
TF 785.6 K
B 8.C000C000 sec
TEO 1
I ======== FIANNFE £l =
SEOL 500.133C885 MHz
| NUC1 i
B 2.00 usec
PLWL 1% .1.8395981 W
|
¥2 - Processing parameters
Sz 65536
Sk 500.130C030 MHz
WEW no
&8E 0
LB g Ilz
GB 0
FE. 1.00
Auu J ¥ J \ | (I N B _J____

e I I B L L L B B L B L S I

10 9 8 7 6 5 4 3 2 1 0 ppm
SERE 8

AN[r]| | -
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