Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

Supporting Information

Click-Alkynylation of N- and P- Nucleophiles by Oxidative
Cross-Coupling with Alkynylcopper Reagents:
A General Synthesis of Ynamides and Alkynylphosphonates

Kévin Jouvin, Jérémy Heimburger and Gwilherm Evano”

Institut Lavoisier de Versailles, UMR CNRS 8180
Université de Versailles Saint-Quentin en Yvelines
45, avenue des Etats-Unis
78035 Versailles Cedex
France

GeNEral INTOrMAtION ...

Experimental Procedures and Characterization Data:
for Unreported Starting Materials ............oooveiiiiiiieie et

Experimental Procedures and Characterization Data:
fOr AlKYNYICOPPET REAGENTS ...ttt bbbttt bbb

Experimental Procedures and Characterization Data:
Ynamides from AlKynylCOPPEr REAGENTS .........cciviiiiiiiie it

Experimental Procedures and Characterization Data:
Complex Ynamides and AlKynylphoSphonates ..o

TH AN 230 NIMIR SPECIIA. ...



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

Click-Alkynylation of N- and P- Nucleophiles by Oxidative Cross-Coupling with Alkynylcopper Reagents

General Information

All solvents were reagent grade. Dimethylformamide, acetonitrile and N,N,N’.N’-
tetramethylethylenediamine were freshly distilled from calcium hydride. THF and toluene were
freshly distilled from sodium/benzophenone under argon. All other reagents were used as

supplied.

Reactions were magnetically stirred. Flash chromatography was performed with silica gel
60 (particle size 35-70 um) supplied by SDS. Yields refer to chromatographically and

spectroscopically pure compounds.

Proton NMR spectra were recorded using an internal deuterium lock at ambient
temperature on a Bruker 300 MHz spectrometer. Internal references of &y 7.26 was used for
CDCls. Data are presented as follows: chemical shift (in ppm on the ¢'scale relative to orums = 0),
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, quint. = quintuplet, hept. = heptuplet,
m = multiplet, br. = broad, app. = apparent), coupling constant (J/Hz) and integration.
Resonances that are either partially or fully obscured are denoted obscured (obs.). Carbon-13
NMR spectra were recorded at 75 MHz. Internal references of 6¢c 77.16 was used for CDCls.
Phosphorus-31 NMR spectra were recorded at 121 MHz.

Optical rotations were recorded on a Perkin Elmer 341 polarimeter at 365 or 589 nm and

reported as follows: [o] 23, or [a] 2°, concentration (c in g/100 mL), and solvent. Melting points

were recorded on a Buchi B-545. Infrared spectra were recorded on a Nicolet iS 10 (SMART
iITR diamond ATR) spectrophotometer. High-resolution mass-spectra were obtained on a Waters
Xevo Qtof spectrometer. Elemental analyses were obtained by combustion analysis (for C,H,N)

and by inductively coupled plasma atomic emission spectroscopy (for Cu).
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Experimental Procedures and Characterization Data
for Unreported Starting materials

HN

2-Azaspiro[4.4]non-7-en-1-one. A 100 mL round bottom flask was charged with 3,3-
diallylpyrrolidin-2-one (800 mg, 4.8 mmol). The flask was fitted with a condenser, evacuated
under high vacuum and backfilled with argon. Dry and degassed toluene (50 mL) and
benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro-(tricyclohexylphos-
phine)ruthenium (Grubbs’ second generation catalyst, 75 mg, 0.09 mmol) were successively
added and the resulting purple reaction mixture was refluxed overnight. The reaction mixture
was cooled to rt, concentrated and directly purified by flash chromatography over silica gel
(EtOAC) to give the desired spirocyclic lactam (660 mg, 4.8 mmol, quant.) as a greyish solid.
Mp: 133 °C; *H NMR (300 MHz, CDCls): §7.08 (br. s, 1H), 5.64 (s, 2H), 3.31 (t, J = 6.7 Hz,
2H), 2.80 (d, J = 14.6 Hz, 2H), 2.29 (d, J = 14.5 Hz, 2H), 2.08 (t, J = 6.6 Hz, 2H); *C NMR (75
MHz, CDClg): 6 183.5, 128.6, 49.0, 43.3, 39.6, 38.0; IR (ATR) vmax 3180, 3057, 2907, 2166,
2016, 1677, 1436, 1369, 1294, 1223, 801, 671, 632 cm™; ESIMS (positive mode): 138.1;
ESIHRMS m/z calcd for CgH1,NO [M+H]" 138.0919, found 138.0918.

)\; 0
BuO._ J\/\
LEs

(S)-5-[(1-tert-Butoxy-4-methyl-1-oxopentan-2-yl)amino]-5-oxopent-1-yne. To a solution of
(S)-leucine tert-butyl ester hydrochloride (2.4 g, 10.5 mmol) and pent-4-ynoic acid (981 mg, 10.0
mmol) in DMF (30 mL) was added 1-hydroxybenzotriazole (HOBt, 1.5 g, 11.1 mmol). 1-(3-
Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDC, 1.9 g, 10.0 mmol) and
N-methyl-morpholine (1.4 mL, 12.7 mmol) were next added at 0 °C and the solution was stirred

for 16 hours while progressively warmed to rt. The yellow reaction mixture was quenched with
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water and diluted with ethyl acetate. The aqueous layer was extracted with ethyl acetate and the
combined organic layers were successively washed with a 1M HCI aqueous solution, 1M NaOH
aqueous solution and brine, dried over MgSO,, filtered and concentrated to give the desired
leucine derivative (2.6 g, 9.8 mmol, 99%) as a pale yellow oil which can be used in the next step

without further purification. [o] 2%, +16 (¢ 1.5, CHCl3); "H NMR (300 MHz, CDCls): §6.52 (br.
d, J = 8.3 Hz, 1H), 4.45 (dt, J = 8.7 and 5.4 Hz, 1H), 2.46-2.30 (m, 4H), 1.89 (t, J = 2.3 Hz, 1H),
1.66-1.39 (m, 3H), 1.36 (s, 9H), 0.83 (d, J = 6.3 Hz, 6H); *C NMR (75 MHz, CDCls): 5§172.6,
170.6, 82.9, 81.8, 69.2, 51.2, 41.8, 35.0, 27.9, 24.8, 22.7, 22.0, 14.7; IR (ATR) Vmax 3306, 2955,
2128, 1740, 1645, 1547, 1369, 1247, 1140, 845, 746, 632 cm™; ESIMS (positive mode): 290.2,

234.1, 212.1, 166.1, 132.1; ESIHRMS m/z calcd for CisHsNOsNa [M+Na]*™ 290.1732, found
290.1742.

)\/\)\/ﬁi

(R)-3-(3,7-Dimethyloct-6-enamido)prop-1-yne. To a solution of (R)-citronellic acid (1.0 g, 5.9
mmol) in THF (15 mL) were successively added N-methylmorpholine (770 uL, 7.0 mmol) and,
after 5 minutes, isobutylchloroformate (775 pL, 7.0 mmol) at -78 °C. The resulting white slurry
was stirred at -78 °C for 5 minutes and propargylamine (970 uL, 14.1 mmol) was slowly added.
The reaction mixture was then warmed to rt over 1 hour and quenched by addition of a 1M HCI
aqueous solution. The aqueous layer was extracted with ethyl acetate, combined organic layers
were successively washed with 1M NaOH and brine, dried over MgSO,, filtered and
concentrated. The crude residue was purified by flash chromatography over silica gel
(EtOAc/petroleum ether: 2/8) to give the desired amide (954 mg, 4.6 mmol, 78%) as a white
solid. Mp: 57 °C; [a]Z 0 (c 0.5, CHCls); *H NMR (300 MHz, CDCls): §6.03 (br. s, 1H), 5.05
(t, J = 7.1 Hz, 1H), 4.02 (dd, J = 5.3 and 2.5 Hz, 2H), 2.25-2.16 (m, 2H), 2.02-1.91 (m, 4H), 1.65
(s, 3H), 1.57 (s, 3H), 1.38-1.28 (m, 1H), 1.23-1.13 (m, 1H), 0.91 (d, J = 6.2 Hz, 3H); *C NMR
(75 MHz, CDCls): 6172.5, 131.6, 124.4,79.8, 71.5, 44.2, 37.0, 30.5, 29.1, 25.8, 25.5, 19.6, 17.7;
IR (ATR) vmax 3290, 2967, 2904, 2182, 2020, 1637, 1535, 1448, 1373, 1262, 1223, 1065, 896,
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682, 655, 608 cm™; ESIMS (positive mode): 209.2, 208.2, 153.1; ESIHRMS m/z calcd for
C13H2NO [M+H]" 208.1701, found 208.1703.

é\o/ﬁgn/

PN

(1R,3R,4S)-Menthoxyacetic acid propargylamide. To a solution of (1R,3R,4S)-menthoxyacetic
acid (2.1 g, 10.0 mmol) in THF (25 mL) were successively added N-methylmorpholine (1.3 mL,
12.0 mmol) and, after 5 minutes, isobutylchloroformate (1.6 mL, 12.0 mmol) at -78 °C. The
resulting white slurry was stirred at -78 °C for 5 minutes and propargylamine (1.6 mL, 24.0
mmol) was slowly added. The reaction mixture was then warmed to rt over 1 hour and quenched
by addition of a 1M HCI aqueous solution. The aqueous layer was extracted with ethyl acetate,
combined organic layers were successively washed with 1M NaOH and brine, dried over
MgSQ,, filtered and concentrated. The crude residue was purified by flash chromatography over
silica gel (EtOAc/petroleum ether: 1/9) to give the desired amide (1.9 g, 7.6 mmol, 76%) as a
colorless oil. [o] % -83 (¢ 1.2, CHCI3); "H NMR (300 MHz, CDCl5): §6.76 (br. s, 1H), 4.00 (A
of AB syst., J = 2.9 Hz, 1H), 3.98 (B of AB syst., J = 2.9 Hz, 1H), 3.98 (A’ of A’B’ syst., J =
15.2 Hz, 1H), 3.78 (B’ of A’B’ syst., J = 15.2 Hz, 1H), 3.05 (td, J = 10.6 and 4.1 Hz, 1H), 2.17
(t, J = 2.5 Hz, 1H), 2.03 (hept d, J = 7.0 and 2.7 Hz, 1H), 1.98-1.93 (m, 1H), 1.59-1.52 (m, 2H),
1.32-1.15 (m, 2H), 0.96-0.71 (obs. m, 3H), 0.82 (d, J = 7.0 Hz, 6H), 0.68 (d, J = 7.0 Hz, 3H); °C
NMR (75 MHz, CDCls3): 6170.0, 80.4, 79.3, 71.4, 67.6, 47.9, 40.0, 34.2, 31.3, 28.3, 25.9, 23.1,
22.1, 20.8, 16.1; IR (ATR) vmax 3432, 3314, 2955, 2915, 2872, 2135, 1665, 1511, 1448, 1239,
1105, 655 cm™; ESIMS (positive mode): 252.2, 114.1; ESIHRMS m/z calcd for CisHyNO,
[M+H]" 252.1964, found 252.1961.
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Experimental Procedures and Characterization Data
for Alkynylcopper Reagents

General procedure for the synthesis of alkynylcopper reagents:

e Method A using copper iodide in aqueous ammonia and ethanol. To a solution of
copper iodide (3.8 g, 20.0 mmol ) in a mixture of ammonium hydroxide (28% NHj3 solution, 50
mL) and ethanol (30 mL) was added the alkyne (10.0 mmol) dropwise. The deep blue reaction
mixture was stirred overnight at room temperature under argon and the yellow precipitate was
collected by filtration and successively washed with ammonium hydroxide (10% NH3 solution,
3x50 mL), water (3x50 mL), ethanol (3x50 mL), and diethyl ether (3x50 mL). The bright yellow
solid was then dried under high vacuum overnight to afford the desired polymeric alkynylcopper

reagent which was used without further purification.

e Method B using copper iodide and potassium carbonate in DMF. To a suspension of
copper iodide (762 mg, 4.0 mmol) in DMF (15 mL) was added a solution of the alkyne (4.0
mmol) in DMF (5 mL) via cannula and under argon. Finely powdered potassium carbonate (1.1
g, 8.0 mmol) was then added at rt and the resulting slurry was stirred under argon for 2 hours,
slowly turning into a bright yellow and thick suspension of copper acetylide which was then
collected by filtration and successively washed with ammonium hydroxide (10% NH; solution,
2x10 mL), water (2x10 mL), absolute ethanol (2x10 mL), and diethyl ether (2x10 mL). The
bright yellow solid was then dried under high vacuum overnight to afford the desired polymeric

alkynylcopper reagent.

\_\_\—CU

Oct-1-yn-1-ylcopper. This compound was obtained according to method A; Yield: 66%. Anal.
Calcd for CgH;3Cu: C, 55.63; H, 7.59; Cu, 36.79. Found: C, 55.31; H, 7.29; Cu, 36.609.
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_\;Cu

Pent-1-yn-1-ylcopper. This compound was obtained according to method A; Yield: 66%. Anal.
Calcd for CsH;Cu: C, 45.96; H, 5.40; Cu, 47.94. Found: C, 45.36; H, 5.26; Cu, 48.64.

N

(5-Methylhex-1-yn-1-yl)copper. This compound was obtained according to method A; Yield:
64%. Anal. Calcd for C;H;:Cu: C, 52.97; H, 6.99; Cu, 40.04. Found: C, 52.95; H, 6.73; Cu,
40.08.

HO

(4-Hydroxybut-1-yn-1-yl)copper. This compound was obtained according to method A; Yield:
28%. Anal. Calcd for C4HsCuO: C, 36.22; H, 3.80; Cu, 47.91. Found: C, 35.92; H, 3.62; Cu,
48.15.

J—=—cu

(3-Methylbut-3-en-1-yn-1-yl)copper. This compound was obtained according to method A;
Yield: 12%. Anal. Calcd for CsHsCu: C, 46.68; H, 3.92: Cu, 49.40. Found: C, 46.67; H, 3.86;
Cu, 48.31.

(=

(Phenylethynyl)copper. This compound, which is also commercially available, was obtained
according to method A; Yield: 59%. Anal. Calcd for CgHsCu: C, 58.35; H, 3.06; Cu, 38.59.
Found: C, 58.02; H, 3.08; Cu, 37.99.
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[(4-tert-Butylphenyl)ethynyl]copper. This compound was obtained according to method A,
Yield: 43%. Anal. Calcd for C1,H13Cu: C, 65.28; H, 5.94; Cu, 28.78. Found: C, 64.28; H, 5.84;
Cu, 28.01.

O@%Cu
/

[(4-Methoxyphenyl)ethynyl]copper. This compound was obtained according to method A;
Yield: 38%. Anal. Calcd for CoH;CuO: C, 55.52; H, 3.62; Cu, 32.64. Found: C, 55.45; H, 3.57;
Cu, 31.86.

Br@%Cu

[(4-Bromophenyl)ethynyl]copper. This compound was obtained according to method A; Yield:
57%. Anal. Calcd for CgH4BrCu: C, 39.45; H, 1.66; Cu, 26.09. Found: C, 40.34; H, 1.76; Cu,
25.19.

O

'BuO

[(tert-Butoxycarbonyl)ethynyl]copper. This compound was obtained according to method A,
Yield: 62%. Anal. Calcd for C;HyCuO,: C, 44.56; H, 4.81; Cu, 33.68. Found: C, 44.79; H, 4.67;
Cu, 33.21.
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(Ferrocenylethynyl)copper. This compound was obtained according to method A; Yield: 97%.
Anal. Calcd for C;,HgCuFe: C, 52.87; H, 3.33; Cu, 23.31. Found: C, 53.02; H, 3.18; Cu, 22.97.

(S)-{5-[(1-tert-Butoxy-4-methyl-1-oxopentan-2-yl)amino]-5-oxopent-1-yn-1-yl}copper. This
compound was obtained according to method B; Yield: 91%. Anal. Calcd for C;15H24CuNOs3: C,
54.61; H, 7.33; Cu, 19.26; N, 4.25. Found: C, 54.82; H, 7.15; Cu, 18.94; N, 3.99.

)\/\)\)(1
b N

Cu

(R)-[3-(3,7-Dimethyloct-6-enamido)prop-1-yn-1-ylJcopper. This compound was obtained
according to method B; Yield: 94%. Anal. Calcd for C13H2CuNO: C, 57.86; H, 7.47; Cu, 23.55;
N, 5.19. Found: C, 57.76; H, 7.25; Cu, 23.25; N, 5.37.

O/\\O g
ey

N

Cu

[(2,3,5,6,8,9,11,12-Octahydrobenzo[b][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)ethynyl]
copper. This compound has been previously reported.>

I Vasilevsky, S. F.; Krivenko, O. L. ; Gorelik, V. R.; Alabugin, I. V. Tetrahedron 2008, 64, 8307.
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Cu
H
. O/YN\/
/:\ o

(1R,3R,4S)-[(Menthoxyacetamido)prop-1-yn-1-yl]jcopper. This compound was obtained
according to method B; Yield: 76%. Anal. Calcd for CysH24CuNO,: C, 57.39; H, 7.71; Cu,
20.24; N, 4.46. Found: C, 57.33; H, 7.63; Cu, 20.01; N, 4.51.

Cu
H
BocHN N/

o)
(S)-{3-[2-(tert-Butoxycarbonylamino)-3-phenylpropanamido]-prop-1-yn-1-yl}copper. This
compound was obtained according to method B; Yield: 86%. Anal. Calcd for C,7H2;CuN,0O3: C,
55.95; H, 5.80; Cu, 17.41; N, 7.68. Found: C, 56.08; H, 6.02; Cu, 16.99; N, 7.75.
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Experimental Procedures and Characterization Data:

Ynamides from Alkynylcopper Reagents

General procedure for the synthesis of ynamides from alkynylcopper reagents.

A 5 mL round bottom flask was successively charged with the nitrogen nucleophile (8.0 mmol),
the alkynylcopper reagent (2.0 mmol) and acetonitrile (4 mL). The resulting bright yellow slurry
was then treated with N,N,N’,N’-tetramethylethylenediamine (300 pL, 2.0 mmol) and the
reaction mixture was vigorously stirred at room temperature and under an atmosphere of oxygen
(balloon). After complete disappearance of the alkynylcopper reagent (complete dissolution to a
deep blue homogeneous reaction mixture: typically 24-48h), the crude reaction mixture was
concentrated under vacuum and the residue was finally purified by flash chromatography over

silica gel to afford the desired ynamide.

(0]

Hy3Co—= Né

7a

1-(Oct-1-yn-1-yl)pyrrolidin-2-one 7a. This compound has been previously reported.>* Yield:
93% (92% on a 1.9 g scale).

7b

3-(Oct-1-yn-1-yl)oxazolidin-2-one 7b. This compound has been previously reported.>® Yield:
86% (91% on a 2.0 g scale).

52 \Wei, L-L; Mulder, J. A.; Xiong, H.; Zificsak, C. A.; Douglas, C. J.; Hsung, R. P. Tetrahedron 2001, 57, 459.
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_}
10a

1-(Pent-1-yn-1-yl)pyrrolidin-2-one 10a. Yield: 84% (82% on a 12.4 g scale). Pale yellow oil;
'H NMR (300 MHz, CDCls): §3.60 (t, J = 7.5 Hz, 2H), 2.36 (t, J = 8.1 Hz, 2H), 2.25 (t, J = 7.2
Hz, 2H), 1.54-1.43 (m, 2H), 1.53-1.46 (m, 2H), 0.92 (t, J = 7.2 Hz, 3H); **C NMR (75 MHz,
CDCly): 6176.1, 72.4, 71.5, 50.1, 29.6, 22.3, 20.5, 18.6, 13.4; IR (ATR) vmax 2963, 2261, 1716,
1390, 1298, 1211, 1089, 639 cm™; ESIMS (positive mode): 152.1, 124.1; ESIHRMS m/z calcd
for CoH14sNO [M+H]" 152.1076, found 152.1075.

o
_ 9
10b

3-(Pent-1-yn-1-yl)oxazolidin-2-one 10b. Yield: 71%. Yellow oil; *H NMR (300 MHz, CDCls):
54.37 (t, 3 = 8.0 Hz, 2H), 3.83 (t, J = 7.0 Hz, 2H), 2.21 (t, J = 7.1 Hz, 2H), 1.48 (tq, J = 7.3 and
7.2 Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H); *C NMR (75 MHz, CDCls): & 156.7, 70.7, 70.2, 63.0,
47.0, 22.1, 20.2, 13.4; IR (ATR) vmax 2963, 2257, 1756, 1409, 1215, 1117, 1034 cm™; ESIMS
(positive mode): 154.1, 140.0, 129.0, 114.0, 110.1; ESIHRMS m/z calcd for CgH1,NO, [M+H]*
154.0868, found 154.0863.

~

1-(5-Methylhex-1-yn-1-yl)pyrrolidin-2-one 11a. Yield: 70%. Yellow oil; *"H NMR (300 MHz,
CDCls): 63.57 (t, J = 7.0 Hz, 2H), 2.33 (t, J = 9.0 Hz, 2H), 2.25 (t, J = 8.0 Hz, 2H), 2.06-1.95

3 Jouvin, K.; Couty, F.; Evano, G. Org. Lett. 2010, 12, 3272.
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(m, 2H), 1.66-1.55 (m, 1H), 1.40-1.27 (m, 2H), 0.80 (d, J = 6.6 Hz, 6H); *C NMR (75 MHz,
CDCls): 6176.6, 73.1, 71.7, 50.6, 38.3, 30.0, 27.7, 22.6, 19.1, 17.0; IR (ATR) vmax 2963, 2252,
1716, 1460, 1393, 1290, 1215, 1081 cm™; ESIMS (positive mode): 180.1, 149.0, 125.1, 124.1;
ESIHRMS m/z calcd for C1;H1gNO [M+H]" 180.1386, found 180.1388.

— >\o

11b

3-(5-Methylhex-1-yn-1-yl)oxazolidin-2-one 11b. Yield: 50%. Colorless oil; *H NMR (300
MHz, CDCls): §4.37 (t, J = 7.9 Hz, 2H), 3.81 (t, J = 8.2 Hz, 2H), 2.24 (t, J = 7.4 Hz, 2H), 1.66-
1.55 (app. sept., J = 6.7 Hz, 1H), 1.40-1.32 (dt, J = 7.4 and 7.1 Hz, 2H), 0.82 (d, J = 7.5 Hz, 6H);
B3C NMR (75 MHz, CDCls): §156.7, 71.1, 70.0, 62.9, 47.0, 37.7, 27.1, 22.1, 16.3; IR (ATR)
vmax 2957, 2923, 2864, 2272, 1760, 1480, 1412, 1203, 1105, 1030, 750 cm™; ESIMS (positive
mode): 182.1, 129.0, 126.1; ESIHRMS m/z calcd for CyoHisNO, [M+H]" 182.1181, found
182.1176.

(@]
HO— i\j
——N
12a

1-(4-Hydroxybut-1-yn-1-yl)pyrrolidin-2-one 12a. Yield: 68%. Yellow solid; Mp: 58 °C; ‘H
NMR (300 MHz, CDCls): §3.66 (t, J = 6.4 Hz, 2H), 3.60 (t, J = 7.1 Hz, 2H), 3.53 (br. s, 1H),
2.52 (t,J = 6.9 Hz, 2H), 2.36 (t, J = 7.2 Hz, 2H), 2.05 (tt, J = 7.5 and 7.5 Hz, 2H); 3C NMR (75
MHz, CDCl3): 6176.9, 72.7, 70.0, 61.1, 50.1, 29.8, 23.1, 18.8; IR (ATR) vmax 3428, 2963, 2896,
2257, 1700, 1397, 1219, 1046 cm™; ESIMS (positive mode): 154.1, 149.0; ESIHRMS m/z calcd
for CgH1.NO, [M+H]" 154.0865, found 154.0868.
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12b

3-(4-Hydroxybut-1-yn-1-yl)oxazolidin-2-one 12b. Yield: 57%. Pale orange oil; *H NMR (300
MHz, CDCl3): §4.31 (t, J = 6.6 Hz, 2H), 3.79 (t, J = 7.8 Hz, 2H), 3.69 (br. s, 1H), 3.57 (t, J = 6.6
Hz, 2H), 2.42 (t, J = 6.3 Hz, 2H); **C NMR (75 MHz, CDCls): § 157.0, 71.0, 68.1, 63.2, 60.6,
46.7, 22.4; IR (ATR) vmax 3412, 2959, 2904, 2268, 1744, 1416, 1203, 1034 cm™; ESIMS

(positive mode): 178.0, 173.0, 149.0; ESIHRMS m/z calcd for C;H1oNOs [M+H]" 178.0480,
found 178.0485.

=

1-(3-Methylbut-3-en-1-yn-1-yl)pyrrolidin-2-one 13a. Yield: 38%. Orange oil; *H NMR (300
MHz, CDCl3): §5.21 (br. s, 1H), 5.13 (br. s, 1H), 3.64 (t, J = 10.5 Hz, 2H), 2.40 (t, J = 8.0 Hz,
2H), 2.10 (tt, J = 7.5 and 7.5 Hz, 2H), 1.87 (s, 3H); *C NMR (75 MHz, CDCl): 5176.2, 126.5,
120.8, 80.1, 74.3, 50.6, 30.1, 24.1, 19.2; IR (ATR) vmax 2959, 2927, 2249, 1767, 1677, 1412,
1191, 1065, 730, 639 cm™; ESIMS (positive mode): 150.1; ESIHRMS m/z calcd for CoH1,NO
[M+H]" 150.0920, found 150.0919.

(@]
13b

3-(3-Methylbut-3-en-1-yn-1-yl)oxazolidin-2-one 13b. Yield: 43%. Sticky colorless oil; *H
NMR (300 MHz, CDCls): 65.20 (br. s, 1H), 5.14 (br. s, 1H), 4.40 (t, J = 9.0 Hz, 2H), 3.89 (t,J =
8.1 Hz, 2H), 1.85 (s, 3H); *C NMR (75 MHz, CDCls): §156.2, 125.8, 121.2, 78.5, 72.5, 63.3,
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47.2, 23.6; IR (ATR) vmax 2982, 2237, 1755, 1428, 1231, 1109, 1030 cmt: ESIMS (positive
mode): 152.1, 151.1, 150.8, 148.5, 147.2; ESIHRMS m/z calcd for CgH1oNO, [M+H]" 152.0712,
found 152.0702.

o)
D=
14a
1-(Phenylethynyl)pyrrolidin-2-one 14a. This compound has been previously reported.>* Yield:
76%.

0]
=3
14b

3-(Phenylethynyl)oxazolidin-2-one 14b. This compound has been previously reported® Yield:
58% (60% on a 2.2 g scale).

o]

|/\ :N%j

15a

1-[(4-tert-Butylphenyl)ethynyl]pyrrolidin-2-one 15a. Yield: 50%. Sticky colorless oil; H
NMR (300 MHz, CDCls): §7.39 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 3.78 (t, J = 7.2
Hz, 2H), 2.49 (t, J = 8.1 Hz, 2H), 2.17 (tt, J = 7.7 Hz, 2H), 1.31 (s, 9H); °C NMR (75 MHz,
CDCl3): 6176.4, 151.8, 132.4, 125.9, 120.1, 80.4, 73.3, 50.9, 35.4, 31.8, 30.4, 18.9; IR (ATR)

4 Jouvin, K.; Couty, F.; Evano, G. Org. Lett. 2010, 12, 3272.
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vmax 3677, 2947, 2896, 2241, 1712, 1401, 1231, 1069 cm™; ESIMS (positive mode): 242.2,
241.1, 226.1, 140.0; ESIHRMS m/z calcd for C1gH2oNO [M+H]" 242.1548, found 242.1545.

O
}/\:Né)

15b

3-[(4-tert-Butylphenyl)ethynyl]oxazolidin-2-one 15b. This compound has been previously
reported.>® Yield: 37%.

(@)
o-Oy=il ]
/

16a

1-[(4-Methoxyphenyl)ethynyl]pyrrolidin-2-one 16a. This compound has been previously
reported.>® Yield: 96%.

0]
16b

3-[(4-Methoxyphenyl)ethynyl]oxazolidin-2-one 16b. This compound has been previously
reported.>” Yield: 80%.

*° Dooleweerdt, K.; Birkedal, H.; Skrydstrup, T.; Ruhland, T. J. Org. Chem. 2008, 73, 9447.
6 Coste, A.; Karthikeyan, G.; Couty, F.; Evano, G. Angew. Chem. Int. Ed. 2009, 48, 4381.
" Hamada, T.; Ye, X.; Stahl, S. S. J. Am. Chem. Soc. 2008, 130, 833.
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(e}
Br@%Né
17a

1-[(4-Bromophenyl)ethynyl]pyrrolidin-2-one 17a. Yield: 61%. White solid; Mp: 88 °C; 'H
NMR (300 MHz, CDCls): §7.38 (d, J = 10.2 Hz, 2H), 7,25 (d, J = 9.0 Hz, 2H), 3.72 (t, J = 7.2
Hz, 2H), 2.43 (t, J = 8.4 Hz, 2H), 2.18-2.07 (m, 2H); *C NMR (75 MHz, CDCl5): &5 176.1,
133.2, 131.8, 122.3, 121.9, 81.8, 72.0, 50.3, 30.0, 19.2; IR (ATR) vmax 2986, 2900, 2237, 1720,

1400, 1207, 1144, 1073 cm™; ESIMS (positive mode): 266.0, 263.0, 187.0, 173.0, 149.0, 129.0,
111.0; ESIHRMS m/z calcd for C15H1:BrNO [M+H]" 264.0029, found 264.0024.

a 4
Br — N\j

17b
3-[(4-Bromophenyl)ethynyl]oxazolidin-2-one 17b. Yield: 58%. White solid; Mp: 154 °C; *H
NMR (300 MHz, CDCl3): 67.39 (d, J = 8.4 Hz, 2H), 7,24 (d, J = 8.7 Hz, 2H), 4.45 (t, J = 7.8
Hz, 2H), 3.96 (t, J = 8.1 Hz, 2H); *C NMR (75 MHz, CDCls): § 156.1, 133.2, 131.8, 122.7,
121.5, 80.3, 70.6, 63.4, 47.2; IR (ATR) vmax 2982, 2904, 2241, 1740, 1397, 1239, 1065 cm™;

ESIMS (positive mode): 266.0, 265.0, 224.0, 187.0, 173.0, 149.0, 140.0; ESIHRMS m/z calcd
for C11HoBrNO, [M+H]" 265.9817, found 265.9821.

o)
ass
18a
1-[(2-Tolyl)ethynyl]pyrrolidin-2-one 18a. Yield: 55%. White solid; Mp: 93 °C; *H NMR (300
MHz, CDCls): §7.40 (d, J = 7.3 Hz, 1H), 7,19-7.17 (m, 2H), 7.15-7.08 (m, 1H), 3.78 (t, J = 7.1

Hz, 2H), 2.48 (t, J = 7.7 Hz, 2H), 2.44 (s, 3H), 2.17 (app. quint., J = 7.7 Hz, 2H); *C NMR (75
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MHz, CDCls): 6 175.8, 139.8, 131.6, 129.4, 127.9, 125.5, 122.5, 84.4, 71.6, 50.3, 29.8, 20.9,
18.9; IR (ATR) vma 2989, 2897, 2235, 1707, 1393, 1221, 1110, 1062, 761 cm™; ESIMS
(positive mode): 222.1, 200.1, 201.1, 129.0; ESIHRMS m/z calcd for Ci3HiuNO [M+H]"
200.1075, found 200.1075.

O
as'e
18b

3-[(2-Tolyl)ethynyl]oxazolidin-2-one 18b. Yield: 59%. White solid; Mp: 104 °C; *H NMR (300
MHz, CDClg): §7.39 (d, J = 7.4 Hz, 1H), 7,21-7.18 (m, 2H), 7,16-7.09 (m, 1H), 4.46 (t, J = 8.0
Hz, 2H), 3.98 (t, J = 8.0 Hz, 2H), 2.43 (s, 3H); *C NMR (75 MHz, CDCls): & 156.0, 139.9,
131.6, 129.5, 128.2, 125.6, 122.0, 82.9, 70.1, 63.1, 47.2, 20.8; IR (ATR) vmax 2993, 2909, 2247,
1746, 1473, 1446, 1404, 1209, 1194, 1110, 1025, 746 cm™; ESIMS (positive mode): 224.1,
202.1, 149.0, 129.0; ESIHRMS m/z calcd for C1,H;1,NO, [M+H]" 202.0868, found 202.0866.

OMe o)
aumg
19a
1-[(2-Methoxyphenyl)ethynyl]pyrrolidin-2-one 19a. Yield: 62%. White solid; Mp: 95 °C; *H
NMR (300 MHz, CDCl3): 67.41 (dd, J=7.5 and 1.6 Hz, 1H), 7,25 (td, J = 7.9 and 1.7 Hz, 1H),
6.90-6.83 (M, 2H), 3.85 (s, 3H), 3.78 (t, J = 7.1 Hz, 2H), 2.45 (t, J = 7.7 Hz, 2H), 2.14 (app.
quint., J = 7.7 Hz, 2H); *3C NMR (75 MHz, CDCls): §175.8, 159.8, 133.7, 129.5, 120.4, 111.7,
110.5, 84.1, 68.7, 55.8, 50.2, 29.7, 18.9; IR (ATR) vmax 2970, 2901, 2243, 1711, 1397, 1247,

1117, 1012, 754 cm™; ESIMS (positive mode): 238.1, 216.1, 213.1, 131.1; ESIHRMS m/z calcd
for C13H14sNO, [M+H]" 216.1025, found 216.1026.
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OMe O
19b
3-[(2-Methoxyphenyl)ethynyl]oxazolidin-2-one 19b. Yield: 75%. Yellow solid; Mp: 87 °C; *H
NMR (300 MHz, CDCl3): §7.39 (dd, J = 7.5 and 1.7 Hz, 1H), 7,26 (td, J = 7.9 and 1.7 Hz, 1H),
6.87 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 4.42 (t, J = 7.6 Hz, 2H), 3.96 (t, J = 7.6 Hz,
2H), 3.83 (s, 3H); *C NMR (75 MHz, CDCls): §159.9, 156.0, 133.7, 129.8, 120.4, 111.2, 110.6,
82.6, 67.3, 63.2, 55.7, 47.1; IR (ATR) vmax 2917, 2832, 2254, 1757, 1596, 1569, 1492, 1408,

1250, 1188, 1163, 1112, 1071, 1018, 746 cm™: ESIMS (positive mode): 435.2, 240.1, 218.1,
174.1, 146.1, 131.1; ESIHRMS m/z calcd for C1oH1o,NO3 [M+H]" 218.0817, found 218.0816.

0]
O]

Hmcﬁ%N\/K/CI

21

5-(Chloromethyl)-3-(oct-1-yn-1-yl)oxazolidin-2-one 21. Yield: 71%. Colorless oil; *H NMR
(300 MHz, CDCly): & 4.84-4.76 (m, 1H), 3.93 (A of ABX syst, J = 9.0 and 9.0 Hz, 1H), 3.73-
3.65 (M, 3H), 2.24 (t, J = 7.0 Hz, 2H), 1.47 (app quint., J = 7.4 Hz, 2H), 1.37-1.20 (m, 6H), 0.84
(t, J = 6.6 Hz, 3H); *C NMR (75 MHz, CDCls): §155.5, 72.5, 71.4, 69.5, 49.6, 44.4, 31.3, 28.7,
28.5,22.5,18.3, 14.0; IR (ATR) vinax 2967, 2927, 2268, 1764, 1420, 1223, 1113, 1050, 742 cm™;
ESIMS (positive mode): 301.1, 244.1, 183.0, 142.0, 111.0; ESIHRMS m/z calcd for
C12H19CINO; [M+H]" 244.1104, found 244.1109.
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Y
0]
H13CB%N\)

22

(S)-4-Methyl-3-(oct-1-yn-1-yl)oxazolidin-2-one 22. This compound has been previously
reported.>® Yield: 61%.

S

H13CG%N\}
T ”Ph
23

(4S,5R)-4-Methyl-3-(oct-1-yn-1-yl)-5-phenyloxazolidin-2-one 23. Yield: 72%. Sticky colorless
oil; [a] 2 -6 (c 1.0, CHCI3); 'H NMR (300 MHz, CDCls): 6 7.39-7.34 (m, 3H), 7.27-7.23 (m,
2H), 5.68 (d, J = 8.1 Hz, 1H), 4.29 (dg, J = 8.1 and 6.6 Hz, 1H), 2.31 (t, J = 6.9 Hz, 2H), 1.57-
1.47 (m, 2H), 1.41-1.26 (m, 6H), 0.90 (t, J = 6.6 Hz, 3H), 0.87 (t, J = 6.6 Hz, 3H); *C NMR (75
MHz, CDCls): 5156.1, 134.2, 128.9, 128.7, 126.0, 79.5, 72.3, 69.1, 58.1, 31.3, 28.8, 28.6, 22.6,
18.5, 14.8, 14.0; IR (ATR) vmax 2931, 2253, 1760, 1405, 1188, 1125 cm™; ESIMS (positive
mode): 286.2, 242.2, 215.2, 172.1, 118.1; ESIHRMS m/z calcd for CigHu4NO, [M+H]"
286.1807, found 286.1809.

H13CS%N

Ph
24

(R)-3-(Oct-1-yn-1-yl)-4-phenyloxazolidin-2-one 24. This compound has been previously
reported.>® Yield: 28%.

% Yao0, B.; Liang, Z.; Niu, T.; Zhang, Y. J. Org. Chem. 2009, 74, 4630.
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Y
(0]
H13CG%N\;

s

(S)-4-iso-Butyl-3-(oct-1-yn-1-yl)oxazolidin-2-one 25. Yield: 20%. Pale yellow oil; [o] 2> +49 (c
0.8, CHCl5); *H NMR (300 MHz, CDCl3): & 4.51-4.43 (m, 1H), 4.01-3.95 (m, 2H), 2.31 (t, J =
6.9 Hz, 2H), 1.92-1.83 (m, 1H), 1.79-1.70 (m, 1H), 1.57-1.47 (m, 2H), 1.44-1.24 (m, 7H), 0.96
(d, J = 6.7 Hz, 3H), 0.94 (d, J = 6.5 Hz, 3H), 0.82 (t, J = 6.8 Hz, 3H); *C NMR (75 MHz,
CDCl3): 6156.4, 72.5, 69.2, 69.1, 56.3, 41.9, 31.3, 28.7, 28.5, 24.5, 23.1, 22.6, 22.2, 18.5, 14.1,
IR (ATR) vma 2963, 2923, 2864, 2264, 1771, 1468, 1409, 1196, 1109, 750 cm™; ESIMS
(positive mode): 252.2, 196.1, 144.1; ESIHRMS m/z calcd for CisHsNO, [M+H]" 252.1964,
found 252.1965.

O

Hi3Cg——N
26

3,3-Diallyl-1-(oct-1-yn-1-yl)pyrrolidin-2-one 26. Yield: 82%. Colorless oil; *"H NMR (300
MHz, CDCls): §5.63-5.50 (m, 2H), 4.97-4.92 (m, 4H), 3.31 (t, J = 7.1 Hz, 2H), 2.21 (dd, J =
13.8 and 6.6, 2H), 2.19 (t, J = 6.1 Hz, 2H), 2.03 (dd, J = 13.7 and 8.3 Hz, 2H), 1.82 (t, J = 7.3
Hz, 2H), 1.36 (app. quint., J = 7.1 Hz, 2H), 1.27-1.10 (m, 6H), 0.72 (t, J = 6.7 Hz, 3H); °C
NMR (75 MHz, CDCls): 6 178.3, 132.9, 118.8, 71.8, 71.4, 47.0, 46.4, 41.1, 31.1, 28.6, 28.3,
27.2, 22.2, 18.3, 13.8; IR (ATR) vma 2959, 2935, 2261, 1712, 1397, 1219, 1085, 912 cm™;
ESIMS (positive mode): 547.4, 296.2, 274.2, 204.1; ESIHRMS m/z calcd for C1gH2sNO [M+H]"
274.2171, found 274.2173.

9 Frederick, M. O.; Mulder, J. A.; Tracey, M. R.; Hsung, R. P.; Huang, J.; Kurtz, K. C. M.; Shen, L.; Douglas, C. J.
J. Am. Chem. Soc. 2003, 125, 2368.
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Experimental Procedures and Characterization Data:

Alkynylphosphonates from Alkynylcopper Reagents

General procedure for the synthesis of alkynylphosphonates from alkynylcopper reagents.

A 5 mL round bottom flask was successively charged with dialkylphosphite (8.0 mmol), the
alkynylcopper reagent (2.0 mmol) and DMF (4 mL ). The resulting bright yellow slurry was then
treated with N-methylimidazole (315 pL, 4.0 mmol) and the reaction mixture was vigorously
stirred at room temperature and under an atmosphere of oxygen (balloon). After complete
disappearance of the alkynylcopper reagent (complete dissolution to a deep blue homogeneous
reaction mixture: typically 12-24h), the reaction was diluted with an aqueous mixture of
saturated ammonium chloride and 28% ammonium hydroxide (1:1 solution) and extracted with
diethyl ether. Combined organic layers were washed with brine, dried over MgSO, and
concentrated. The crude residue was finally purified by flash chromatography over silica gel to

give the desired alkynylphosphonate.

H1aCo—=—P—-O/Pr
o'Pr
30
Diisopropyl (oct-1-yn-1-yl)phosphonate 30. Yield: 85% (91% on a 2.5 g scale). Colorless oil,
'H NMR (300 MHz, CDCl3): §4.51-4.34 (m, 2H), 2.01 (dt, J = 6.6 Hz and Jy.» = 4.8 Hz, 2H),
1.25 (tt, J = 7.8 and 7.2 Hz, 2H), 1.11-0.96 (m, 6H), 1.02 (d, J = 6.6 Hz, 12H), 0.56 (t, J = 6.3
Hz, 3H); *C NMR (75 MHz, CDCls): §102.5 (d, Jc.p = 52.5 Hz), 71.5 (d, Jc.p = 300.0 Hz), 71.0
(d, Je.p = 22.5 Hz), 30.7, 28.1, 27.0, 23.4 (d, Jc.p = 4.5 Hz), 23.2 (d, Jcp = 4.9 Hz), 22.1, 18.8,
13.5; 3'P NMR (121 MHz, CDCls): & -8.6; IR (ATR) vmax 2979, 2213, 1377, 1257, 983 cm’™;
ESIMS (positive mode): 275.2, 191.1, 110.0; ESIHRMS m/z calcd for Ci4H20sP [M+H]"
275.1776, found 275.1778.
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AL:—gfo’Pr
O'Pr
31
Diisopropyl (pent-1-yn-1-yl)phosphonate 31. Yield: 86% (92% on a 16.0 g scale). Colorless
oil; *"H NMR (300 MHz, CDCls): §4.67-4.60 (m, 2H), 2.24 (dt, J = 6.9 Hz and Jup = 4.2 Hz,
2H), 1.53 (tq, J = 7.5 and 7.2 Hz, 2H), 1.28 (d, J = 7.2 Hz, 12H), 0.93 (t, J = 6.6 Hz, 3H); *°C
NMR (75 MHz, CDCls): §102.1 (d, Jc.p = 52.5 Hz), 72.2 (d, Jc.p = 300.0 Hz), 72.0 (d, Jc.p = 5.3
Hz), 24.4 (d, Jc.p = 4.5 Hz), 23.7 (d, Jc.p = 4.8 Hz), 21.3, 21.2, 13.3; P NMR (121 MHz,
CDCly): 6 -8.7; IR (ATR) vmax 2982, 2205, 1385, 1255, 981 cm™; ESIMS (positive mode):
233.1, 191.1, 149.0; ESIHRMS m/z calcd for C11H2,03P [M+H]* 233.1307, found 233.1305.

>—\_9 .
——P-O'Pr
O'Pr
32
Diisopropyl (5-methylhex-1-yn-1-yl)phosphonate 32 Yield: 96%. Pale yellow oil; *H NMR
(300 MHz, CDCls): §4.67-4.60 (m, 2H), 2.26 (dt, J = 6.3 Hz and Ju.p = 4.5 Hz, 2H), 1.61 (app.
sept., J = 6.6 Hz, 1H), 1.39 (dt, J = 7.2 and 6.9 Hz, 2H), 1.28 (d, J = 6.3 Hz, 12H), 0.82 (d, J =
6.6 Hz, 6H); *C NMR (75 MHz, CDCls): §102.3 (d, Jcp = 52.5 Hz), 72.0 (d, Jc.p = 6.0 Hz),
71.9 (d, Jc-p = 300.0 Hz), 36.4, 27.4, 24.0 (d, Jc-p = 4.5 Hz), 23.7 (d, Jcp = 4.8 Hz), 22.2, 17.4;
'P NMR (121 MHz, CDCly): 5-8.7; IR (ATR) vimax 2982, 2197, 1381, 1257, 984 cm™; ESIMS
(positive mode): 261.2, 219.1, 177.1; ESIHRMS m/z calcd for Cy3H03P [M+H]" 261.1620,
found 261.1621.
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HO_\%EfO’Pr
O'Pr
33
Diisopropy! (4-hydroxybut-1-yn-1-yl)phosphonate 33. Yield: 35%. Pale yellow oil; *H NMR
(300 MHz, CDCl3): 54.68-4.61 (m, 2H), 3.72 (t, J = 6.6 Hz, 2H), 2.55 (td, J = 6.3 Hz and Jup =
1.8 Hz, 2H), 1.30 (d, J = 6.0 Hz, 12H); *C NMR (75 MHz, CDCl3): §100.0 (d, Jcp = 53.3 Hz),
73.0 (d, Jc-p = 300.0 Hz), 72.6 (d, Jc-p = 6.0 HZz), 60.0, 24.0 (d, Jcp = 4.5 HZ), 23.7 (d, Jcp = 4.9
Hz), 23.7; 3P NMR (121 MHz, CDClg): 6-8.7; IR (ATR) vmax 3405, 2986, 2197, 1381, 1241,
984 cm™; ESIMS (positive mode): 235.1, 151.0, 133.0, 121.0; ESIHRMS m/z calcd for
C1oH2003P [M+H]" 235.1099, found 235.1100.

Q @
§%I?—O"Pr
‘BuO O'Pr
34

Diisopropy! (tert-butoxycarbonylethynyl)phosphonate 34. Yield: 48%. Orange-brown oil; *H
NMR (300 MHz, CDCls): 54.67-4.60 (m, 2H), 1.38 (s, 9H), 1.26 (d, J = 6.3 Hz, 12H); *C NMR
(75 MHz, CDCls): §150.6, 87.4 (d, Jc.p = 45.8 Hz), 85.4, 74.0 (d, Jc.p = 285.0 Hz), 73.4 (d, Jcp
= 5.3 Hz), 28.0, 23.9 (d, Jc.p = 4.5 Hz), 23.6 (d, Jc.p = 4.9 Hz); *'P NMR (121 MHz, CDCly): & -
11.6; IR (ATR) vmax 2975, 1708, 1369, 1255, 1151, 983 cm™; ESIMS (positive mode): 291.1,
257.1, 193.0, 151.0; ESIHRMS m/z calcd for C13H240sP [M+H]* 291.1361, found 291.1359.

O

>%I$—O’Pr

O'Pr
35
Diisopropyl (3-methylbut-3-en-1-yn-1-yl)phosphonate 35. Yield: 88%. Pale yellow oil; *H
NMR (300 MHz, CDCls): §5.45 (br. s, 1H), 5.39 (br. s, 1H), 4.67-4.59 (m, 2H), 1.81 (s, 3H),
1.26 (d, J = 6.3 Hz, 12H); **C NMR (75 MHz, CDCl,): §127.5, 124.5, 99.3 (d, Jc.p = 51.8 Hz),
78.8 (d, Jc.p = 300.0 Hz), 72.2 (d, Jc.p = 6.0 Hz), 23.9 (d, Jcp = 4.5 HZ), 23.7 (d, Jcp = 4.8 HZ),
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22.1; *'P NMR (121 MHz, CDCls): 6 -8.6; IR (ATR) vimnax 2979, 2182, 1377, 1258, 983 cm™;
ESIMS (positive mode): 231.1, 189.1, 147.0; ESIHRMS m/z calcd for Ci1H»0sP [M+H]
231.1150, found 231.1145.

O

|1 .
@%E—O’Pr

O'Pr
36
Diisopropy! (phenylethynyl)phosphonate 36. This compound has been previously reported.>*
Yield: 71% (97% on a 2.6 g scale).

O

OO%H—ofPr
/ 1

O'Pr
37
Diisopropyl [(4-methoxyphenyl)ethynyl]phosphonate 37. Yield: 58%. Pale yellow oil; 'H
NMR (300 MHz, CDCls): §7.45 (d, J = 9.0 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 4.80-4.72 (m,
2H), 3.79 (s, 3H), 1.37 (d, J = 6.0 Hz, 12H); 3C NMR (75 MHz, CDCl5): §161.6, 134.5, 114.5,
111.9, 99.0 (d, Je.p = 52.5 Hz), 79.2 (d, Jcp = 247.5 Hz), 72.1 (d, Jc.p = 5.3 Hz), 55.4, 24.1 (d,
Jcp=4.5Hz),23.9(d, Jcp = 4.9 Hz); 3P NMR (121 MHz, CDCl3): 6-8.1; IR (ATR) vimax 2975,
2186, 1507, 1251, 981 cm™; ESIMS (positive mode): 297.1, 255.1, 213.0; ESIHRMS m/z calcd
for C15H2,03P [M+H]" 297.1256, found 297.1259.

519 Gao, Y.; Wang, G.; Chen, L.; Xu, P.; Zhao, Y.; Zhou, Y.; Han, L.-B. J. Am. Chem. Soc. 2009, 131, 7956.
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| Q
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Diisopropy! [(4-tert-butylphenyl)ethynyl]phosphonate 38. Yield: 56%. Pale yellow solid; Mp:
65 °C; *H NMR (300 MHz, CDCls): §7.47 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.7 Hz, 2H), 4.84-
4.73 (m, 2H), 1.38 (d, J = 6.0 Hz, 12H), 1.29 (s, 9H); **C NMR (75 MHz, CDCls): & 154.5,
132.6, 125.9, 117.0, 98.9 (d, Jcp = 53.3 Hz), 79.6 (d, Jc-p = 292.5 Hz), 72.5 (d, Jcp = 6.0 Hz),
35.3, 31.3, 24.2 (d, Jcp = 4.5 Hz), 23.9 (d, Jc.p = 4.8 Hz); *'P NMR (121 MHz, CDCls): 5-8.1;
IR (ATR) Vimax 2967, 2178, 1255, 990 cm™; ESIMS (positive mode): 323.2, 281.1, 239.1, 149.0;
ESIHRMS m/z calcd for C1gH2303P [M+H]" 323.1776, found 323.1774.

OMe

0
=——P-O'Pr

O'Pr
39

Diisopropyl [(2-methoxyphenyl)ethynyl]phosphonate 39. Yield: 93%. Yellow solid; Mp: 49
°C; 'H NMR (300 MHz, CDCls): & 7.40-7.28 (m, 2H), 6.90-6.79 (m, 2H), 4.80-4.68 (m, 2H),
3.77 (s, 3H), 1.33 (d, J = 6.1 Hz, 6H), 1.32 (d, J = 5.9 Hz, 6H); **C NMR (75 MHz, CDCl3): §
161.4 (d, Jcp = 1.7 Hz), 134.1, 132.1, 120.3, 110.7, 109.0 (d, Jc-p = 5.6 Hz), 95.4 (d, Jc.p = 53.0
Hz), 83.4 (d, Jc.p = 296.1 Hz), 72.1 (d, Jc.p = 5.6 Hz), 55.6, 23.8 (d, Jc.p = 4.5 Hz), 23.5 (d, Jc-p
= 4.8 Hz); 3P NMR (121 MHz, CDCl3): §-8.2 (t, J = 9.0 Hz); IR (ATR) vinax 2978, 2181, 1596,
1485, 1259, 1245, 1160, 983, 888, 854, 747 cm’*; ESIMS (positive mode): 319.1, 297.1, 213.0;
ESIHRMS m/z calcd for Ci5H2,04P [M+H]" 297.1256, found 297.1257.
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H13C6%||D_OM9
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40

Dimethyl (oct-1-yn-1-yl)phosphonate 40. Yield: 65%. Colorless oil; *H NMR (300 MHz,
CDCls): §3.46 (d, Ju.p = 12.3 Hz, 6H), 2.07 (dt, J = 6.3 Hz and Jup = 4.8 Hz, 2H), 1.28 (tt, J =
7.8 and 6.9 Hz, 2H), 1.14-0.97 (m, 6H), 0.59 (t, J = 6.6 Hz, 3H); °C NMR (75 MHz, CDCl): &
103.8 (d, Jc-p = 51.8 Hz), 68.6 (d, Jcp = 300.0 Hz), 52.7 (d, Jc-» = 6.0 Hz), 30.6, 28.0, 27.0, 22.1,
18.8, 13.6; *P NMR (121 MHz, CDCl3): ¢ -3.2; IR (ATR) vmax 2951, 2201, 1456, 1264,
1026 cm™; ESIMS (positive mode): 219.1, 173.0, 112.0; ESIHRMS m/z calcd for CyoH2003P
[M+H]* 219.1150, found 219.1147.

11
H13CG%?_OEt
OEt
41

Diethyl (oct-1-yn-1-yl)phosphonate 41. This compound has been previously reported.>!* Yield:
83% (96% on a 2.4 g scale).

Q
Hy3Ce——=— IID—O”Bu
O"Bu

42

Dibutyl (oct-1-yn-1-yl)phosphonate 42. Yield: 87%. Colorless oil; *H NMR (300 MHz,
CDCls3): 3.99 (td, J = 6.6 Hz and Jy.p = 6.6 Hz, 4H), 2.26 (dt, J = 6.0 Hz and Jy.p = 4.5 Hz, 2H),
1.65-1.56 (m, 4H), 1.55-1.45 (m, 2H), 1.41-1.28 (m, 6H), 1.26-1.18 (m, 4H), 0.86 (t, J = 7.3 Hz,
3H), 0.83 (t, J = 7.2 Hz, 3H), 0.81 (t, J = 7.0 Hz, 3H); **C NMR (75 MHz, CDCls): §103.1 (d,
Jep = 52.5 Hz), 70.3 (d, Je.p = 292.5 Hz), 66.5 (d, Jc.p = 5.3 Hz), 32.1 (d, Jcp = 7.0 Hz), 31.1,
28.3,27.3,22.4,19.1, 18.7, 13.9, 13.5;31P NMR (121 MHz, CDCl3): 6-3.4; IR (ATR) vmax 2959,

S Mavel, G.; Favelier R. J. Chim. Phys. 1967, 64, 627.
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2201, 1247, 1020 cm™; ESIMS (positive mode): 303.2, 247.1, 191.1; ESIHRMS m/z calcd for
C16H3,03P [M+H]" 303.2089, found 303.2090.

H13CG%'FI'>—OBn
OBn
43
Dibenzyl (oct-1-yn-1-yl)phosphonate 43. Yield: 37%. Colorless oil; *H NMR (300 MHz,
CDCl3): 7.30-7.20 (m, 10H), 4.99 (d, Jy.p= 8.7 Hz, 4H), 2.20 (dt, J = 6.3 Hz and Ju.p = 4.5 Hz,
2H), 1.43 (tt, J = 7.5 and 6.6 Hz, 2H), 1.30-1.13 (m, 6H), 0.81 (t, J = 6.6 Hz, 3H); *C NMR (75
MHz, CDCls): §135.7, 128.5, 127.6, 127.0, 104.4 (d, Jc.p = 53.3 Hz), 70.3 (d, Jc.p = 292.5 Hz),
68.3 (d, Jc.p = 5.3 Hz), 31.2, 28.5, 27.3, 22.4, 19.2, 14.0.*'P NMR (121 MHz, CDCl3): §-5.5; IR
(ATR) vmax 2923, 2205, 1452, 1260, 990 cm™; ESIMS (positive mode): 371.18, 275.2, 191.1,
110.0; ESIHRMS m/z calcd for CoH2g03P [M+H]" 371.1776, found 371.1774.

O

H13Ce—— P'O
O\%
44

5,5-Dimethyl-2-(oct-1-yn-1-yl)-1,3,2-dioxaphosphinane 2-oxide 44. This compound has been

previously reported.>*? Yield: 39%.

12 Sajna, K. V.; Srinivas, V.; Kumara Swamy, K. C. Adv. Synth. Catal. 2010, 352, 3069.
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Experimental Procedures and Characterization Data:

Complex Ynamides and Alkynylphosphonates

45

2-(Oct-1-yn-1-yl)-2-azaspiro[4.4]non-7-en-1-one 45. Yield: 80%. Colorless oil; *H NMR (300
MHz, CDCls): §5.63 (s, 2H), 3.58 (t, J = 6.7 Hz, 2H), 2.84 (d, J = 14.7 Hz, 2H), 2.32 (t, J = 7.0
Hz, 2H), 2.28 (d, J = 14.8 Hz, 2H), 2.05 (t, J = 6.8 Hz, 2H), 1.54 (app. quint., J = 7.9 Hz, 2H),
1.41-1.22 (m, 6H), 0.88 (t, J = 6.7 Hz, 3H); *C NMR (75 MHz, CDCls): §180.4, 128.3, 72.3,
72.0, 48.9, 47.5, 43.7, 36.0, 31.4, 29.0, 28.7, 22.6, 18.7, 14.2; IR (ATR) vmax 2923, 2260, 1724,
1393, 1298, 1207, 1038, 671 cm™; ESIMS (positive mode): 491.4, 268.2, 246.2, 176.1, 138.1;
ESIHRMS m/z calcd for C1H24NO [M+H]" 246.1858, found 246.1857.

%
& o

46

1-(Ferrocenylethynyl)pyrrolidin-2-one 46. Yield: 87%. Bright orange solid; Mp: 129 °C; 'H
NMR (300 MHz, CDCls): 54.39 (s, 2H), 4.18 (s, 5H), 4.15 (s, 2H), 3.67 (t, J = 7.1 Hz, 2H), 2.40
(t, J = 8.0 Hz, 2H), 2.08 (app. quint., J = 7.5 Hz, 2H); *C NMR (75 MHz, CDCl3): 5175.8, 76.4,
71.7,71.0, 70.0, 68.7, 64.3, 50.1, 29.7, 18.7; IR (ATR) vmax 2979, 2892, 2241, 1712, 1385, 1219,

1061, 817 cm™; ESIMS (positive mode): 294.1, 293.1; ESIHRMS m/z calcd for CigHisNOFe
[M]* 293.0503, found 293.0506.
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(S)-5-[(1-tert-Butoxy-4-methyl-1-oxopentan-2-yl)amino]-5-0xo-1-(2-oxopyrrolidin-1-yl)-
pent-1-yne 47. Yield: 90%. Brown oil; [a] 2°-3 (¢ 0.9, CHCI5); *H NMR (300 MHz, CDCly): &

6.14 (br. d, J = 8.1 Hz, 1H), 4.51 (dt, J = 11.9 and 6.3 Hz, 1H), 3.62 (t, J = 7.1 Hz, 2H), 2.65 (t, J
= 7.0 Hz, 2H), 2.43 (t, J = 7.1 Hz, 2H), 2.39 (t, J = 8.2 Hz, 2H), 2.08 (app. quint., J = 7.5 Hz,
2H), 1.69-1.46 (m, 3H), 1.43 (s, 9H), 0.91 (d, J = 6.2 Hz, 6H); **C NMR (75 MHz, CDCls): &
176.0, 172.2, 170.7, 81.4, 72.2, 70.9, 51.1, 49.7, 41.5, 35.5, 29.4, 27.8, 24.7, 22.6, 21.9, 18.5,
14.9; IR (ATR) vmax 3294, 2967, 2908, 2363, 1724, 1665, 1535, 1373, 1255, 1144, 1065, 730
cm™*; ESIMS (positive mode): 723.4, 374.2, 373.2, 351.2, 295.2, 182.1; ESIHRMS m/z calcd for
C1oH31N,04 [M+H]" 351.2284, found 351.2286.

0]
)\/\J\)‘L O
N
H/\%
48

(R)-3-(3,7-Dimethyloct-6-enamido)-1-(2-oxopyrrolidin-1-yl)-prop-1-yne 48. Yield: 84%.
White solid; Mp: 84 °C; [a] 2-1 (c 0.9, CHCly); 'H NMR (300 MHz, CDCls): 66.43 (br. t, J =
4.7 Hz, 1H), 4.95 (br. t, J = 5.9 Hz, 1H), 4.06 (d, J = 5.2 Hz, 2H), 3.54 (t, J = 7.1 Hz, 2H), 2.29
(t, J =7.9 Hz, 2H), 2.09 (app. quint, J = 9.3 Hz, 1H), 2.00 (app. quint., J = 7.6 Hz, 2H), 1.93-
1.81 (m, 4H), 1.54 (s, 3H), 1.46 (s, 3H), 1.28-1.19 (m, 1H), 1.12-1.02 (m, 1H), 0.80 (d, J = 6.1
Hz, 3H); *C NMR (75 MHz, CDCls): §176.3, 172.2, 131.1, 124.2, 73.8, 68.6, 49.7, 43.8, 36.7,
30.2,29.4, 29.0, 25.5, 25.3, 19.3, 18.6, 17.5; IR (ATR) vmax 3278, 2967, 2900, 2261, 1728, 1649,
1535, 1401, 1223, 1069, 888, 730 cm™; ESIMS (positive mode): 313.2, 291.2, 140.1; ESIHRMS
m/z calcd for C17H27N,0, [M+H]" 291.2073, found 291.2076.
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Fe O'Pr
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49

(0]
S 9
"=O'Pr

Diisopropyl (ferrocenylethynyl)phosphonate 49. Yield: 71%. Orange-brown solid; Mp: 47 °C;
'H NMR (300 MHz, CDCls): 4.65-4.58 (m, 2H), 4.38 (app. t, J = 1.8 Hz, 2H), 4.14 (t, J = 1.9
Hz, 2H), 4.07 (s, 5H), 1.25 (d, J = 6.3 Hz, 6H), 1.24 (d, J = 6.3 Hz, 6H); *C NMR (75 MHz,
CDCls): 599.4 (d, Jcp = 54.5 Hz), 76.0 (d, Jc.p = 300.6 Hz), 72.1 (d, Jc.p = 1.6 Hz), 71.6 (d, Jc.p
= 5.5 Hz), 70.0, 69.8, 59.9 (d, Jc.p = 5.7 Hz), 23.6 (d, Jc.p = 4.5 Hz), 23.4 (d, Jc.p = 4.8 Hz). P
NMR (121 MHz, CDCls): §-8.0; IR (ATR) vmax 2982, 2896, 2158, 1385, 1255, 1058, 983, 927,
793 cm™; ESIMS (positive mode): 398.1, 397.1, 375.1, 374.1, 333.0, 291.0; ESIHRMS m/z calcd
for C1gH2303PFe [M]* 374.0734, found 374.0732.
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Diisopropy! [(2,3,5,6,8,9,11,12-octahydrobenzo[b][1,4,7,10,13]pentaoxacyclopentadecin-15-
yl)ethynyl]phosphonate 50. Yield: 34%. Colorless oil; *H NMR (300 MHz, CDCl5): 7.08 (dd, J
= 8.3 and 1.6 Hz, 1H), 6.94 (d, J = 1.7 Hz, 1H), 6.73 (d, J = 8.3 Hz, 1H), 4.78-4.67 (m, 2H),
4.09-4.03 (m, 4H), 3.85-3.82 (m, 4H), 3.68 (s, 8H), 1.33 (d, J = 6.2 Hz, 6H), 1.32 (d, J = 6.1 Hz,
6H); B3¢ NMR (75 MHz, CDCls): 6151.5, 148.7, 126.9, 117.3, 113.0, 111.9, 98.9 (d, Jcp = 53.3
Hz), 78.5 (d, Jc.p = 299.0 Hz), 72.2 (d, Jc.p = 5.5 Hz), 71.1, 70.4, 70.3, 69.3, 69.2, 69.0, 68.7,
24.0 (d, Jo.p = 4.5 Hz), 23.7 (d, Jcp = 4.9 Hz). *'P NMR (121 MHz, CDCls): §-7.8; IR (ATR)
vmax 2982, 2896, 2178, 1511, 1247, 1136, 987, 793, 726 cm™; ESIMS (positive mode): 480.2,
479.2, 457.2, 373.1; ESIHRMS m/z calcd for Cx,H340gP [M+H]" 457.1991, found 457.1994.
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(1R,3R,4S)-Diisopropyl (menthoxyacetamido)prop-1-yn-1-ylphosphonate 51. Yield: 76%.
Colorless oil; [0 2°-37 (c 0.8, CHCI3); *H NMR (300 MHz, CDCly): 6.79 (br. t, J = 5.4 Hz, 1H),
4.63-4.56 (m, 2H), 4.09 (A of AB syst., J = 4.2 Hz, 1H), 4.08 (B of AB syst., J = 4.2 Hz, 1H),
3.95 (A' of A'B' syst., J = 15.2 Hz, 1H), 3.74 (B' of A'B' syst., J = 15.2 Hz, 1H), 3.02 (td, J =
10.6 and 4.1 Hz, 1H), 1.99 (hept. d, J = 7.0 and 2.7 Hz, 1H), 1.94-1.88 (m, 1H), 1.55-1.48 (m,
2H), 1.31-1.10 (obs. m, 2H), 1.22 (d, J = 6.3 Hz, 12H), 0.91-0.69 (obs. m, 3H), 0.79 (d, J = 6.5
Hz, 6H), 0.65 (d, J = 7.0 Hz, 3H); *C NMR (75 MHz, CDCls): §170.0, 95.1 (d, Jc.p = 50.6 Hz),
80.2, 74.4 (d, Jc.p = 293.8 Hz), 72.2 (d, Jcp = 5.6 Hz), 67.4, 47.8, 39.8, 34.1, 31.2, 28.5 (d, Jcp =
4.5 Hz), 25.8, 23.8 (d, Jc.p = 4.3 Hz), 23.6 (d, Jc.p = 4.5 Hz), 23.0, 22.0, 20.8, 16.0. *'P NMR
(121 MHz, CDCly): §-9.9 (quint, J = 6.3 Hz); IR (ATR) vmax 2971, 2919, 2209, 1677, 1519,
1381, 1255, 1105, 983, 774 cm™; ESIMS (positive mode): 853.5, 438.2, 416.3, 374.2, 236.1,
194.0; ESIHRMS m/z calcd for C1HagNOsP [M+H]" 416.2566, found 416.2561.

O\\ _O'Pr
H P P\ .
N\/ O'Pr
BocHN
(0]
52

(S)-Diisopropyl {3-[2-(tert-Butoxycarbonylamino)-3-phenylpropanamido]-prop-1-yn-1-yl}-
phosphonate 52. Yield: 79%. Pale yellow oil; [a]2° -2 (¢ 0.9, CHCI3); *H NMR (300 MHz,
CDCly): 7.42 (br. t, J = 5.5 Hz, 1H), 7.26-7.10 (m, 5H), 5.31 (d, J = 8.1 Hz, 1H), 4.76-4.56 (m,
2H), 4.42-4.27 (br. m, 1H), 4.13-3.92 (br. m, 2H), 3.08 (A of ABX syst., J = 13.7 and 5.8 Hz,
1H), 2.89 (br. B of ABX syst., J = 13.2 and 6.4 Hz, 1H), 1.31-1.24 (m, 21H); *C NMR (75
MHz, CDCls): 6171.4, 155.3, 136.5, 129.3 128.4, 126.7, 95.9 (d, Jcp = 50.9 Hz), 77.8 (d, Jc-p =
298.0 Hz), 74.1 (d, Jc.p = 5.7 Hz), 72.4, 55.3, 38.6, 29.1 (d, Jc.p = 4.4 Hz), 28.2, 23.8 (d, Jc-p =
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4.5 Hz), 23.6 (d, Jo.p = 4.7 Hz). P NMR (121 MHz, CDCl5): 6-9.8; IR (ATR) Vinax 3278, 2986,
2217, 1681,1499, 1365, 1254, 1168, 990, 742 cm™; ESIMS (positive mode): 489.2, 467.2, 411.2,
367.2, 325.1; ESIHRMS m/z calcd for Co3H3sN206P [M+H]" 467.2311, found 467.2310.
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Supporting Information

'H and *C NMR spectra
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SF 300.1300055 MHz
WDW EM
55B a
LB 0.10 Hz
GB a
PC 1.00
1D NMR plot parameters
Ccx 20.00 cm
cy 61.05 cm
F1P .696 ppm
Fl 809.12 Hz
F2P 0.415 ppm
F2 124.46 Hz
PPMCM 0.11406 ppm/cm
HZCM 34.23280 Hz/cm

k] 8 7 ) 5 4 3 2 1 0  ppm
er E TVr ﬁ j“‘ ﬂw‘ T_r
5 = =1 5] [5]|5 o
= - < S ledl e o5
Current Data Parameters
NAME fc359100
EXPNO 51
PROCNO 1
F2 - Acquisition Parameters
Date 20110901
ime 12.28
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
65536
SOLVENT CDC13
NS 200
DS 4
SWH 17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
294.7 K
2.00000000 sec
-03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
CHANMEL f1 =
12
9.00 usec
-6.00 dB
75.4752953 MHz
———————— CHANNEL f2 ==sssaes
CPDPRG2 waltzlé
Nucz 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 d
SFO2 300.1312005 MHz
F2 - Processing parameters
51 32768
SF T5.4€77482 MHz
WO EM
55B 0
LB 1.00 Hz
GB 1]
PC 1.40
1D NMR plot parameters
cx 20.00 cm
cY 9.38 cm
F1pP 200.000 ppm
F1 15093.55 Hz
F2p -10.000 ppm
F2 =-754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41138 Hz/cm
" L "

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

Iz

Current Data Parameters
NAME

J

fc35kj618
EXENO 12
PROCNO 1
F2 - Acquisition Parameters
Date 20110901
Time
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT cDC13
NS 16
DS o
SWH 6313.131 Hz
FIDRES 0.192661 Hz
rQ 2.5952756 sec
RG 57
oW 79.200 usec
DE 6.50 usec
TE 4.5 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
———————— CHANNEL f1l ========
NUC1 1H
Pl 6€.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
s1 32768
SF 300.1300061 MH=z
WDW EM
SSE 0
LE 0.10 Hz
GB 0
PC 1.00

a 8 7 I3 5 4 3 2 1 0 ppm
¥ooH M lER & <l
= = = e | O
| - ed leal f ] lenleallSls] len
Current Data Parameters
NAME fcdekj6l8bis
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 20111115
Time 20.28
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 32768
SOLVENT cDC13
NS 2048
DS 4
SWH 18115.941 Hz
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 11585.2
DW 27.600 usec
DE 10.00 usec
TE 294.9 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1
13c
5.10 usec
-6.00 dB
75.4764278 MHz
________ CHANNEL f2 ========
CPDPRG2 waltzl6é
Nuc2 10
PCPD2 80.00 usec
PL2 -6.00 dB
PL1Z 15.80 dB
PL13 15.80 dB
S5FO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4678261 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
J PC 1.40
N o | - I |
J T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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g

Y

0]

H
N

F

Current Data Parameters

NAME £c35G101
EXPNO 22
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110901

i 10.09
INSTRUM ct
FPROBHD 5 mm BBI 1H-BB
PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 25.4
DWW 19,200 usec
DE 6.50 usec
TE 294.5 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec

NUC1

CHANNEL f1

1H
P1 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
SI 32768
SF 300.1300057 MHz
WDW EM
58B 0
LB 0.10 Hz
GB 0
PC 1.00
r T T T T T T T T
9 8 7 6 5 4 3 2 0 ppm
g = H F‘[\D\Dj 5 mr j ij
4 = g g ) I N i =
= sl = Slel=l Ll e o
Current Data Parameters
NAME fe356101
EXENO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110801
Time
INSTRUM spect
PROBHD 5 mm BRT 1H-BB
PULPROG zgpg30
T 65536
SOLVENT CDCL3
NS 2000
D5 4
B 17985.611 Hz
0.274438 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
294.7 K
2.00000000
0.03000000 s
1.89999998
0.00000000 &
0.01500000
CHANNEL f1
NUCT 13cC
Pl 9.00 usec
PL1 -6.00 dB
5F01 75.4752953 Mz
CHANNEL £2
CPDPRGZ waltzlé
HUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
5F02 300.1312005 MHz
F2 - Processing parameters
51 32768
SF T75.4677515 MHz
WOW EM
S5B 1]
LB 1.00 Hz
GB [
P 1.40
1D NMR plot parameters
Ccx 20.00 cm
cY 5.45 cm
F1P 200.000 ppm
F1 15093.55 Hz
F2P -10.000 ppm
F2 =754.68 Hz
PEMCM 10.50000 ppm/cm
L HZCM 792.41138 Hz/cm
.
r T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7a

T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60

S38

20

10 0 ppm

Current Data Parameters

NAME fclzgezBa
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date 20110325

ime 7.30
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT CDpCl3
NS 16
Ds 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
A0 2.5952756 sec
RG 35.9
bW 79.200 usec
DE 6.50 usec
TE 293.4 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL fl ==

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
5F 300.1300061 MH=z
WDW EM
S5B 0
LB 0.10 Hz
GB 0
BC 1.00
1D NMR plot parameters
CX 20.00 em
CcY 8.60 cm
F1P 10.000 ppm
F1 3001.30 Hz
F2P -0.500 ppm
F2 -150.06 Hz
PEMCM 0.52500 ppm/cm
HZCM 157.56825 Hz/cm

Current Data Parameters

NAME fclzge28a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110325
Time 7.11
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULFPROG zgpg30
TD 65536
SOLVENT CDC13

2000

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec

2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

== CHANNEL fl

77777777 CHANNEL f2 =—==—=====

CPDPRGZ waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 deB
PL12 22,00 dB
PL13 22.00 dB
SFOZ 300.1212005 MHz
FZ - Processing parameters
51 32768

SF 75.4677498 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB o

PC 1.40
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HiaCo—=—N_]
Current Data Parameters

NAME fc28ge027
EXPNO 12
PROCNO 1

7b F2 - Acquisition Parameters
Date 20110714

ime 2.31
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 128
DW 79.200 usec
DE 6.50 usec
TE 294.5 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL f1 = =

10

Pl 6.20 usec
PLL 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
51 32768

5F 300.1300049 MHz
WDW EM
SSB 0

LB 0.10 Hz
GB 0

PC 1.00

Current Data Parameters

NAME fc2B8ge27

EXPNO 10

PROCNO 1

F2 - Acguisition Parameters

Date 20110714

Time 2.12

TNSTRUM spect

PROBHD 5 mm BEBI 1H-EB

FULPROG zgpg30

TD 65536

SOLVENT CDCcl3

NS 2048

DS 4

SWH 17885.611 Hz

FIDRES 0.274439 Hz

1.8219508 sec
1824.6
27.800 usec
10.00 usec
294.6 K

2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 =
13c
9.00 usec
-6.00 dB
75.4752953 MHz

———————— CHANNEL f2 ========

1

PL13 22.00 dB
SF02 300.1312005 MHz
F2 - Processing parameters
51 32768

SF 75.4677271 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB (1]

PC 1.40

oy i I ) . " - .
v ¥ N o ™ L v

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 ppm
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)

Current Data Parameters

10a
f 5 5 7 p 5 4 3 z 1 0 ppm
T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME fclége030b
EXPNO 12
PROCNO 1
FZ - Acquisition Parameters
Date 20110408
Time 9.57
INSTRUM spect
PROBHD 5 mm BEI 1H-BE
PULPROG 2g30
TD 32768
SOLVENT cDC13
NS 15
Ds 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
aQ 2.5952756 sec
RG 80.

DW 79.200 usec
DE 6.50 usec
TE 294.2 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL f1 = =
10
6.20 usec
0.00
300.1328512 MHz
F2 - Processing parameters
sI 32768
sF 300.1300063 MHz
WDW
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME fcldge030b

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date 20110408

Time 1.25

INSTRUM spect

PROBHD 5 mm BBI 1H-BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 1024

DS 4

SWH 17885.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec

RG 1625.5

DW 27.800 usec

DE 10.00 usec

TE 294.2 K

D1 2.00000000 sec

dll 0.03000000 sec

DELTA 1.89999998 sec

MCREST 0.00000000 sec

MCWRK 0.01500000 sec

CHANNEL f1
-6.00
75.4752953

CHANNEL £2

CPDPRG2 waltzl6

NUC2 1H

PCPD2 80.00 usec

PL2 0.00 dB

PL12 22.00 dB

PL13 22.00 dB

SFO2 300.1312005 MHz

F2 - Processing parameters

51 32768

SF 75.4677320 MHz

WDW EM

8S5B 0

LB 1.00 Hz

GB 0

PC 1.40
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_\—>LO

10b

9 8 7 6 5 4 3 2 1 0 ppm
= ” = “
-
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Current Data Parameters

NAME FC12GE029B
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date 20110326
Time 14.09
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 35.9

DW 79.200 usec
DE 6.50 usec
TE 293.7 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL f1 = =

10

6.20

0.00 dB
300.1328512

usec

SFOL MHz
F2 - Processing parameters
51 32768
S5F 300.1300057 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME FC12GE028B
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20110326
Time 13.50
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 2048

Ds 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

DW 27.800 usec
DE 10.00 usec
TE 293.8 K
D1 2.00000000 sec
dl1l 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

13cC
Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
== CHANNEL f2 ===
CPDPRGZ waltzlé
NUCZ 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF02 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4677430 MHz
WDW EM
SSB Q
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters

NAME fcldge03ic
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date 20110408
Time 5.21
INSTRUM spect
PROBHD 5 mm BBI 1H-BEB
PULPROG 2g30
TD 32768
cpcl3
16

o
6313.131 Hz
0.192661 Hz

2.5952756 sec

.3
79.200 usec
6.50 usec

1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ==
10
6.20 usec
0.00 dB
300.1328512 MHz

F2 - Processing parameters
51 32768
SF 300.1300063 MHz
WDW EM
SSB Q
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME fcldge030c
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110408
Time 9.02
INSTRUM spect
PROBHD 5 mm BBI 1H-EB
PULPROG zgpg30
65536
CDC13
1024

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
294.2 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1

9.00 usec
-6.00 dB
75.4752953 MHz

77777777 CHANNEL f2 ========

CPDPRGZ2 waltzle
NuC2 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
51 32768

SF 75.4677347 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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—_ b
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Current Data Parameters

NAME fcl3ige29d
EXPNO 22

1 1 b PROCNO 1
F2 - Acquisition Parameters
Date 20110330
Time 6.12
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULFPROG 2930
TD 32768
SOLVENT ©DCl3
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 40.3
DW 79.200 usec
DE 6.50 usec
TE 293.5 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

Pl 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
5I 32768

SF 300.1300059 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB o

PC 1.00

9 8 7 6 H a 3 2 1 0 ppm

Current Data Parameters

NAME fcl3ge29d
EXPNO 20
PROCNO 1

F2 - Acguisition Parameters
Date 20110330
Time 5.54
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 2000

Ds 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
y:Xo] 1.8219508 sec

1625.5
27.800 usec
10.00 usec

293.6 K

2.00000000 sec
0.03000000 sec
.89999998 sec
.00000000 sec
-01500000 sec

com

CHANNEL f1 =
13cC
9.00 usec
-6.00 dB
75.4752853 MHz

******** CHANNEL f2 ========

CPDPRG2 waltzlé
NUCz2 1H
PCPDZ 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 75.4677353 MHz
WDW EM
558 0
LB 1.00 Hz
GB (1]

l PC 1.40

L

T T T T T T T T T T
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC21GE030T
EXPNO

12a PROCNO 1
F2 - Acquisition Parameters
Date 20110525
ime 18.37
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2930
TD 32768
SOLVENT cpel3

16

o
6313.131 Hz
0.192661 Hz
2.5952756 sec
64
79.200 usec
6.50 usec
294.0 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ==

6.20 usec
0.00 dB
300.1328512 MHz

F2 - Processing parameters
51 32768
5F 300.1300057 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB o
PC 1.00

il

Current Data Parameters

NAME FC21GE030I
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20110525
Time 19.46
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 10z4

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

Dw 27.800 usec
DE 10.00 usec
TE 294.3 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL fl ===

13c
9.00 usec
-6.00 dB
75.4752953 MHz
77777777 CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 75.4677336 MHz
WDW EM
SSB 4]
LB 1.00 Hz
GB a
PC 1.40
" " L] | l

T T T T T T T T T
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Current Data Parameters

NAME FC16JHA3C
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date 20110424

Time 1.52
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 35

DW 79.200 usec
DE 6.50 usec
TE 294.3 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL f1 = =

10

6.20

0.00 dB
300.1328512

usec

SFOL MHz
F2 - Processing parameters
51 32768
5F 300.1300059 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME FC16JH43C
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20110424

Time 3.00
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 10z4

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

Dw 27.800 usec
DE 10.00 usec
TE 294.4 K

Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
= == CHANNEL fl ===

NUC1 13c

Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
77777777 CHANNEL f2 ========
CPDPRG2 waltzlﬁ

NUC2

PCPD2 80. 00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677616 MHz
WDW EM

SSB 4]

LB 1.00 Hz
GB a

PC 1.40
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Current Data
NAME

Parameters
fclageO30d
20

EXPNO
PROCNO 1
13a F2 - Acquisition Parameters
Date_ 20110411
Time 12.38
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2q30
™ 32768
SOLVENT che13
s 16
DS o
SWH 6313.131 Hz
FIDRES 0.192661 Hz
a0 2.5952756 sec
RG 80.6
oW 79.200 usec
DE 6.50 usec
TE 294.1 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

1
Pl 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
ST 32768

s5F 300.1300057 MHz
WDW

SSB o

LB 0.10 Hz
GB 0

BC 1.00

usec
usec
K
sec
sec
sec
sec

sec

usec
dB
MHz

MHz

MHz

Hz

1 _— _ (k,_k__}kﬁ_g,&
r T T T T T T T T T
9 8 7 & 5 4 3 2 1 0 ppm
[ | = = e =
=l | il il led
Current Data Parameters
NAME fcldge0d30d
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110408
Time 13.33
INSTRUM spect
PROBHD mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT Cpcl3
NS 1500
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 1625.5
DwW 27.800
DE 10.00
TE 294.4
D1 Z.00000000
dll 0.03000000
DELTA 1.895999998
MCREST 0.00000000
MCWRK 0.01500000
== CHANNEL fl =
13c
9.00
-6.00
75.4752953
== = CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00
PL2 0.00
PL12 22.00
PL13 22.00
SFO2 300.1312005
F2 - Processing parameters
SI 32768
SF 75.4677364
WDW EM
55B 0
LB 1.00
GB ()
J PC 1.40
T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 1e0 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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(@]
.

13b

T
1 0 ppm

T T T T T T T

S47

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

T T T 1
20 10 0 ppm

Current Data Parameters
NAME FCLEJH43A

EXPNO 10
PROCHO 1

F2 - Acquisition Parameters
Date_ 20110424
Time 5.39
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30

T 32768
SOLVENT cpcl3

NS 16

DS [

SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 57

DW 79.200 usec
DE 6.50 usec
TE 294.1 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

== CHANNEL f1 ==
1

P1 6.20 usec
PLL 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
ST 32768

SF 300.1300059 MHz
WDW

S8B a

LB 0.10 Hz
GB 0

PC 1.00

Current Data Parameters

NAME FCleJH43A
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date 20110424
Time 6.48
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS q
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1448.2

DW 27.800 usec
DE 10.00 usec
TE 294.3 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
******** CHANNEL f2 ========
CPDPRGZ waltzlé

NUCZ2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768

SF 75.4677364 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB t]

PC 1.40
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::: é Current Data Parameters

NAME focligeD30a
EXPNO 12
14 FPROCNO 1
a F2 - Acquisition Parameters
Date_ 20110408
Time 6.07
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
32768
SOLVENT cpCl3
NS 16
DS 0
SWH ©313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 287.4
oW 79.200 usec
DE 6.50 usec
TE 294.1 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
———————— CHANBEL fl ========
NUC1 1H
P1 6.20 usec
PLL 0.00 dB
SFO1 300.1328512 MHz

sing parameters
32768
300.1300097 MHz
EM
Q
0.10 Hz
0

1.00

s 8 7 6 5 4 3 2 1 0 ppm

Current Data Parameters

NAME fcldge030a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110408
Time 5.48
NSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
™D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
DW 27.800 usec
DE 10.00 usec
TE 294.3 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL fl ——=
13c
9.00 usec
-6.00 dB

75.4752653 MHz

******** CHANNEL f2 ========

CPDPRGZ waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF0Z 300.1312005 MH=z
F2 - Processing parameters
51 32768
SF 75.4677271 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0

L PC 1.40

A Ao " - RO - Nl
T T

T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 ppm
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0]
.

Current Data Parameters
NAME

fc26g020PhOxa
EXPNO 1
PROCNO 1
14b F2 - Acquisition Parameters

Date_ 20090625
Time 16.57
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
T 32768
SOLVENT cpel3
16

DS

0
6313.131 Hz
0.192661 Hz
2.5952756 sec
228.1
79.200 usec
6.50 usec
296.2 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

= CHANNEL £1 == =

6.70 usec
—-6.00 dB

300.1328512 MHz

F2 - Processing parameters

ST 32768

sF 300.1300211 MHz

wWDW

S5S5B 0

LB 0.10 Hz

GB 0

PC 1.00

Current Data Parameters

NAME fc26g020PhOxa
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20080625
Time 17.16
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 382
Ds 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 16384
DW 27.800 usec
DE 10.00 usec
TE 296.1 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
£1
-6.00
75.4752953
= CHANNEL f2 ==
CPDPRGZ2 waltzlé
NUCZ 1H
PCPD2 80.00 usec
PL2 -6.00 dB
PL1Z 15.80 dB
PL13 15.80 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4677490 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
o l It L .

T T T T T T T T T T T T T T T T T T T T 1
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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T T T T T T T T T
190 180 170 160 150 140 130 120 110 1

90 80 70 60

S50

50

Current Data Parameters

NAME FC15GE030f
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20110412

Time 5.24
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2930

D 32768
SOLVENT CDCL13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 181

DW 79.200 usec
DE 6.50 usec
TE 293.7 K

D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
———————— CHANNEL f1 ========
NUCL 1H

Pl 6.20 usec
PL1 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
51 32768

SF 300.1300061 MHz
WDW EM

5B 0

LB 0.10 Hz
GB 0

PC 1.00

Current Data Parameters

NAME FC15GE030£
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20110412
Time 6.32
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT CcDC13
NS 1024
Ds 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8218508 sec
RG 1625.5
bW 27.800 usec
DE 10.00 usec
TE 283.8 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
———————— CHANNEL f1 ========
NUC1 13C
Pl 9.00 usec
PL1 -6.00 dB
SFOL1 75.4752953 MHz
== CHANNEL f2 ==
CPDPRGZ2 waltzl6
Nucz 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
sI 32768
SF 75.4677260 MHz
WDW EM
58B
LB 1.00 Hz
GB o
PC 1.40




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

Click-Alkynylation of N- and P- Nucleophiles by Oxidative Cross-Coupling with Alkynylcopper Reagents

(e}
\//_\\_Né)

Current Data Parameters

NAME FC16JHA3B
EXPNO
15b PROCNO 1
F2 - Acquisition Parameters
Date_ 20110424
ime 3.45
INSTRUM spect
PROEHD 5 mm BRI 1H-BB
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 35.9
oW 79.200 usec
DE 6.50 usec
TE 294.2 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL f1 = =
10
6.20 usec
0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
sI 32768
5F 300.1300057 MHz
WDW EM
SSBE o
LB 0.10 Hz
GB 0
BC 1.00
r T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
ﬁ é} %ﬁ Fﬁ Fﬁ
=151 =1 = o
il oa oo o
Current Data Parameters
NAME FC16JH43B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 20110424
Time 4.52
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT cpcl3
NS 10z4
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
Dw 27.800 usec
DE 10.00 usec
TE 294.4 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL fl ===
13c
9.00 usec
-6.00 dB
75.4752953 MHz
= CHANNEL £2 =
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 75.4677539 MHz
WDW EM
SSB 4]
LB 1.00 Hz
GB 0
PC 1.40
L

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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/ Current Data Parameters

NAME fc28ge030g

EXPNO 30

16a PROCNO 1
F2 - Acquisition Parameters

Date 20110714

ime 5.29

INSTRUM spect

PROBHD 5 mm BBI 1H-BB

PULPROG 2930

TD 32768

SOLVENT cpel3

16

o
6313.131 Hz
0.192661 Hz
2.5952756 sec
645.1
79.200 usec
6.50 usec
294.4 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ==

6.20 usec
0.00 dB
300.1328512 MHz

F2 - Processing parameters
51 32768
5F 300.1300061 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB o
PC 1.00

________________________ ﬁ N TR

Current Data Parameters

NAME fc28ge030g
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110714
Time 5.10
TNSTRUM spect
PROBHD 5 mm BBI 1H-BE
FULPROG zgpg30
TD 65536
SOLVENT CDCcl3

2048

4
17885.611 Hz
0.274439 Hz
1.8219508 sec
1824.6
27.800 usec

284.5 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

CHANMNEL f1 =

13c
9.00 usec
-6.00 dB
75.4752953 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF02 300.1312005 MHz
F2 - Processing parameters
51 32768
SF 75.4708455 MHzZ
WDW EM
SSB 0
LB 1.00 Hz
GB (1]
PC 1.40
| .

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 ppm
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o}
Mo
AN
Current Data Parameters

/

NAME FC16JHA3E
EXPNO
16b PROCNO 1
F2 - Acquisition Parameters
Date 20110423
ime 20.55
INSTRUM spect
PROEHD 5 mm BRI 1H-BB
PULPROG zg30
TD 32768
SOLVENT ©Dol3
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 45.3
oW 79.200 usec
DE 6.50 usec
TE 294.5 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL f1 = =
10
6.20 usec
0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
sI 32768
5F 300.1300015 MHz
WDW EM
SSBE o
LB 0.10 Hz
GB 0
BC 1.00
r T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
A - QH
o kN =1 =11
| i lai S
Current Data Parameters
NAME FCl16JH43E
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110423
Time 22.04
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 10z4
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
Dw 27.800 usec
DE 10.00 usec
TE 294.6 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL fl ===

13c
9.00 usec
-6.00 dB
75.4752953 MHz
77777777 CHANNEL 2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 75.4677446 MHz
WDW EM
SSB 4]
LB 1.00 Hz
GB 0
PC 1.40

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

NAME FC15GE030E
EXPNC 20
PROCNO 1

17a
F2 - Acquisition Parameters
Date_ 20110417
Time 17.53
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT ©DCl3
NS 16
Ds 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 181
D 79.200 usec
DE 6.50 usec
TE 293.5 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 6.20 usec
PL1 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
SI 32768
SF 300.1300063 MHz
WDW EM
58B 0
LB 0.10 Hz
GB o
BC 1.00
LJ \J A La AL .
r T T T T T T T T T T
a a 7 (3 5 4 3 2 1 0 ppm
] G =3 S| o
ilea o cal ea
Current Data Parameters
NAME FC15GE030E
EXPNO 21
PROCNO 1
F2 - Acquisition Parameters
Date 20110417
Time 19.00
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 10z4
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
Dw 27.800 usec
DE 10.00 usec
TE 293.8 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL fl ===
13c
9.00 usec
-6.00 dB
75.4752953 MHz
———————— CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 75.4677287 MHz
WDW EM
SSB 4]
LB 1.00 Hz
GB a
[ PC 1.40

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

o
.

17b

Current Data Parameters

NAME FC16JH43D
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date 20110423
Time 22.53
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 256

DW 79.200 usec
DE 6.50 usec
TE 294.4 K

Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

CHANNEL f1 = =

10
6.20

usec

0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
51 32768
5F 300.1300165 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME FC16JH43D
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20110424
Time 1.07
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS z048

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

Dw 27.800 usec
DE 10.00 usec
TE 294.5 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

CHANNEL fl ===

13c
9.00 usec
-6.00 dB
75.4752953 MHz

CHANNEL f2 ========

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677276 MHz
WDW EM
SSB 4]

LB 1.00 Hz
GB a

PC 1.40

_____ | 5 B T e
r T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
| < <
r T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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g

18a

Current Data Parameters

MAME fecaTkiT22c

EXPNO 1z

PROCNO 1

F2 - Acquisition Parameters

Date 20111125

Time

INSTRUM spect

PROBHD 5 mm QNP 1H/13

PULPROG 2930
16384

SOLVENT cpel3

NS 16

Ds 2

SW 4194.631 Hz

0.256020 Hz
1.9530228 sec

8
119.200 usec
6.50 usec
294.4
1.00000000 sec
0.00000000 sec
0.01500000 sec

=

CHANNEL f1 =

1
6.50 usec
-6.00 dB
300.1319508 MHz
F2 - Processing parameters
5I 32768
sF 300.1300059 MHz
WDW EM
558 0
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 14.59 cm
F1P 7.844 ppm
Fl 2354.35 Hz
F2p 6.808 ppm
F2 2043.15 Hz
PPMCM 0.05185 ppm/cm
HZCM 15.56033 Hz/cm

"
r T T T T T T T
9 8 7 & 5 2 1 0 ppm
o i) = e[ |
o fe= | = ENE IS
2y e lealled
Current Data Parameters
NAME fodTkj722c
EXPNO 10
PROCHO 1
F2 - Acquisition Parameters
Date_ 20111125
Time
INSTRUM spect
PROBHD 5 mm QNE 1H/13
PULPROG 2gpg30
D 32768
SOLVENT cocl3
1024
DS 4
SWH 18115.541 Hz
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 16384
DW 27.600
DE 10.00
TE 294.7
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999598
MCR 0.00000000 s
MCWRE 0.01500000
~ CHANNEL f1 — =
13c
5.10 usec
-6.00 dB
T5.4764278 MHz
77777777 CHANNEL 2 ———=—eae
CPDPRG2 waltzlé
Nuc2 1H
PCPDZ 80.00 usec
PL2 -6.00 dB
PL12 15.80 dB
PL13 15.80 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
=3 32
SF 75.46771437 MHz
WDW EM
S5EB o
1B 1.00 Hz
GB o
PC 1.40
1D NMR plot parameters
cX 20.00 cm
CcY 6.77 cm
F1P 200.000 ppm
Fl 15093.55 Hz
F2P ~10.000 ppm
F2 —754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41132 Hz/cm
.
r T T T T T T T T T T T T T T T T T T T T 1
1%0 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm
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18b

9 8 7 & 5 ppm
ol o [
HEE = ©
o
r T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm

S57

Current Data Parameters

NAME FedTkIT22E
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date 20111123
Time 13.00
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2930

16384
SOLVENT cpc13
NS 16
DS 2
SW

4194.631 Hz
0.256020 Hz
1.9530228 sec

0
119.200 usec
6.50 usec
294.4
1.00000000 sec
0.00000000 sec
0.01500000 sec

=

CHANNEL f1 =

1
6.50 usec
-6.00 dB
300.1319508 MHz
F2 - Processing parameters
5I 32768
sF 300.1300062 MHz
WDW EM
558 0
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 12.98 cm
F1P 7.803 ppm
Fl 2341.85 Hz
F2p 6.661 ppm
F2 1999.04 Hz
PPMCM 0.05711 ppm/cm
HZCM 17.14047 Hz/cm

Current Data Parameters

NAME fedTkjT22f
EXPNO 10
EROCNO 1
F2 - Acquisition Parameters
Date_ 20111123
Time 12.43
INSTRUM spect
FROBHD 5 mm QNE 1H/13
FULPROG 2qpg30
ke 32768
SOLVENT cncl3
1024
DS 4
SWH 18115.941 Hz
FIDRES 0.552855 Hz
0.9044468 sec
11585.2
2684.7 K
2.00000000 &
0.03000000 &
1.89999998
0.00000000 &
0.01500000 &
~ CHANNEL f1 —
13c
5.10 usec
-6.00 dB

15.4764278 MHz

77777777 CHANNEL f2 ===——=ee

CPDPRG2 waltzl6

NUC2 1H
PCPDZ2 80.00 usec
PL2 -6.00 dB
PL12 15.80 dB
PL13 15.80 dB
5F02 300.1312005 MHz

F2 - Processing parameters
32768

SF i5.4677475 MHz
WOW EM

SSB 0

LB 1.00 Hz

GB 0

BC 1.40

1D NMR plot parameters

€x .00 cm

cY 6.57 cm
F1P 200.000 ppm
[ 15093.55 Hz
EZP ~10.000 ppm
E2 -754.68 Hz
PEMCH 10.50000 ppm/cm
HZCH 792.41138 Hz/cm
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19a

Current Data Parameters

NAME fedTkiT22a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20111123
Time 23.43
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2930
16384
SOLVENT cpc13
NS 16
DS 2
£ 14194.631 Hz
0.256020 Hz
1.9530228 sec
181
118.200 usec
6.50 usec
294.3 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 =
1H
6.50 usec
-6.00 dB
300.1319508 MHz

MHzZ

cm
cm
ppm

Hz

ppm

Hz
ppm/cm

F2 - Processing parameters
5I 32768
sF 300.1300000
WDW EM
558 0
LB 0.10
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00
cY 9.70
F1P 10.000
Fl 3001.30
F2p -0.500
F2 -150.06
PPMCM 0.52500
HZCM 157.56825

i A
r T T T T T T T T
9 8 7 & 5 3 2 1 0 ppm
o] o Slw o] e
e <[ < 2
" Lo " .

f T T T T T T T T T T T T T T T T T T T T 1
1%0 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME focdTkii22a
EXPNO 14
PROCNO 1

Hz/cm

F2 - Acquisition Parameters

Hz
Hz

sec

usec

Date_ 20111124
Time
INSTRUM spect
PROBHD 5 mm QNE 1H/13
PULPROG 2gpg30
D 32768
SOLVENT cocl3
1024
DS 4
SWH 18115.941
FIDRES 0.552855
0.9044468
16384
27.600
10.00
294.7
2.00000000 sec
0.03000000 sec
1.89909598 sec
0.00000000 s
0.01500000
~ CHANNEL f1 —
13c
5.10
-6.00

15.4764278

dB
MHz

77777777 CHANNEL f2 ———==—ee

CPDPRG2 waltzlé
Nuc2 1H
PCPD2 80.00
PL2 -6.00
PL12 15.80
PL13 15.80
SFO2 300.1312005

SF T5.4677487
WDW EM
SSB [
LB 1.00
GB [
PC 1.40
1D NMR plot parameters
cx 20.00
cy 7.32
F1P 200.000
Fl 15083.55
F2P ~10.000
F2 ~754.68
PPMCM 10.50000
HZCM 792.41144

usec
dB
dB
dB
MHz

F2 - Processing parameters

MHz

cm
cm
ppm
Hz
ppm

iz
ppm/cm
Hz/em
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OMe

0}
Mo
=]
Current Data Parameters

MAME fedTkiT22d
EXPNO 12
19b PROCNO 1
F2 - Acquisition Parameters
Date 20111125
Time .
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2930
16384
SOLVENT cpel3
NS 16
Ds 2
SW 4194.631 Hz

0.256020 Hz
1.9530228 sec

6
119.200 usec
6.50 usec
294.4
1.00000000 sec
0.00000000 sec
0.01500000 sec

=

CHANNEL f1

1
6.50 usec
-6.00 dB
300.1319508 MHz
F2 - Processing parameters
5I 32768
sF 300.1300060 MHz
WDW EM
558 0
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 19.76 cm
F1P 7.881 ppm
Fl 2365.37 Hz
F2p 6.611 ppm
F2 1984.18 Hz
PPMCM 0.06350 ppm/cm
HZCM 19.05916 Hz/cm

9 8 7 & 5 4 3 2 1 0 ppm
oln] o > on[ea
E3 SH =] BN 1S
=l | e e

Current Data Parameters

NAME fodTkj722d

EXPNO 10

PROCHO 1

F2 - Acquisition Parameters

Date_ 20111125

Time

INSTRUM spect

PROBHD 5 mm QNE 1H/13

PULPROG 2gpg30

D 32768

SOLVENT cocl3
1024

DS 4

SWH 18115.541 Hz

FIDRES 0.552855 Hz

AQ 0.9044468 sec

RG 16384

DW 27.600

DE 10.00

TE 294.7

Dl 2.00000000 sec

dil 0.03000000 sec

DELTA 1.89909368

MCR 0.00000000 s

MCWRE 0.01500000

~ CHANNEL f1 —
13c
5.10 usec
-6.00 dB
T5.4764278 MHz

77777777 CHANNEL f2 ———==—ee

CPDPRG2 waltzl6
Nuc2 1H
PCPDZ 80.00 usec
PL2 -6.00 dB
PL12 15.80 dB
PL13 15.80 dB
SFO2 300.1312005 MHz

F2 - Processing parameters

SF T5.4677514 MHz
WDW EM

SSB [

LB 1.00 Hz

GB [

PC 1.40

1D NMR plot parameters

cx 20.00 cm
cy 8.02 cm
F1P 200.000 ppm
Fl 15093.55 Hz
F2P ~10.000 ppm
F2 —754.68 Hz
PPMCM 10.50000 ppm/cm
HZCM 792.41138 Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
1%0 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm
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Cl Current Data Parameters
NAME fc35g1068
EXPNO 12
PROCNO 1

21 F2 - Acquisition Parameters
Date_ 20110802
Time 3.52
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT cpcl3

B} 16

DS o
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 40.
oW 79.200 usec
DE 6.50 usec
TE 295.1 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

Pl 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters

ST 32768

SF 300.1300057 MHz
WDW EM

SSB 0

LB 0.10 Hz

GB [V

PC 1.00

1D NMR plot parameters

cx 20.00 cm

cy 7.86 cm
F1P 10.000 ppm
F1 3001.30 Hz
F2P -0.500 ppm
F2 —150.06 Hz
PPMCM 0.52500 ppm/cm
HZCM 157.56825 Hz/cm

| LU . U

©
@
-
@
2]
.
w
M)
,_.
o

PpPm
| oo s = =
= = = = —||= o
il e jea lea [k ed

Current Data Parameters
NAME

fo35q106B
EXPNO 10
PROCNO 1
F? - Acquisition Parameters
Date 20110802
ime 3.34
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zapg30
D 65536
SOLVENT CDC13
NS 2000
Dg 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1824.6
o 27.800 usec
DE 10.00 usec
TE 295.3 ¥
Dl .00000000 sec

2

0.03000000 sec
DELTA 1.89999998 sec

0.00000000 sec

0.01500000 sec

9.00 usec

PL1 =6.00 dB
SFO1 75.4752953 MHz
- CHANNEL 12

CPDPRGZ waltzlé
NUC2 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 aB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
51 32768

SF 75.4677487 MHz
WoW EM

S5B 0

LB 1.00 Hz
GB 0

PC 1.40

1D MMR plot parameters

CX 20.00 cm
cy 8.52 cm
F1P 200.000 ppm
F1 15093.55 Hz
F2P -10.000 ppm
F2 -754.68 Hz
PPMCM 10.50000 ppm/cm
HZCM 792.41138 Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 1e0 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S60



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

Click-Alkynylation of N- and P- Nucleophiles by Oxidative Cross-Coupling with Alkynylcopper Reagents

@)

0]
H1306%N\J

'y,

22

9 8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME £c229h075
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date 20110602
Time 22.07
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 50.8

DW 79.200 usec
DE 6.50 usec
TE 294.4 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

CHANNEL f1 = =

10
6.20 usec
0.00 dB
300.1328512 MHz

SFOL

F2 - Processing parameters
51 32768

5F 300.1300061 MHz
WDW EM
SSB 0

LB 0.10 Hz
GB 0

PC 1.00

Current Data Parameters

NAME fc22h075
EXPNO 10
PROCNO 1
FZ - Acquisition Parameters
Date 20110602
Time 21.46
INSTRUM spect
PROBHD 5 mm BBEI 1H-BB
PULPROG zgpg30
TD 65536
CDCL13
2048

CHANNEL f1

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1824.6
27.800 usec
10.00 usec
294.6 K
2.00000000 sec
0.03000000 sec
1.88999998 sec
0.00000000 sec
0.01500000 sec

13cC
9.00 usec
-6.00 dB
75.4752953 MHz

CHANNEL f2 ========

CPDPRG2 waltzlé
Nucz2 1H
PCPDZ2 B80.00 usec
PL2 0.00 dB
PL1Z2 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768

SF 75.4677303 MHz
WDW EM

55B ]

LB 1.00 Hz
GB o

PC 1.40
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Current Data Parameters

9 8 7 6 5 4 3 2 1 0 ppm

== = . !
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NAME fcl2ge28b
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date 20110325

Time 1.44
INSTRUM spect
PROBHD 5 mm BEI 1H-BB
PULPROG 2g30

TD 32768
SOLVENT CDC13

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
20 2.5952756 sec
RG 50.8

DW 79.200 usec
DE 6.50 usec
TE 293.5 K

Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

CHANNEL f1 =

10
6.20 usec
0.00 dB
300.1328512 MHz

SFOL

F2 - Processing parameters
51 32768

5F 300.1300746 MHz
WDW EM
SSB 0

LB 0.10 Hz
GB 0

PC 1.00

Current Data FParameters

NAME
EXPNO
PROCNO

fcl2ge28b
10
1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROEBHD
PULPROG
TD

SOLVENT

20110325
1.25
spect

5 mm BBI 1H-BB

zgpg30
65536
CcDC13
2000

4
17985.611
0.274439
1.8219508
1625.5
27.800

293.7
2.00000000
0.03000000
1.89999998
0.00000000
0.01500000

CHANNEL f1

13c

9.00

-6.00
75.4752953

e CHANNEL f2 ===

Hz
Hz
sec

usec
usec
K
sec
sec
sec
sec
sec

CPDPRG2 waltzlé
Nuc2 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFOZ2 300.1312005 MHz
F2 - Processing parameters
51 32768

SF 75.4677309 MHz
WDW EM
SSB 4]

LB 1.00 Hz
GB [}

PC 1.40
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10

Current Data Parameters
NAME FC12GEQZ8D

EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110326
Time
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
T 32768
SOLVENT cbel3
16

o
6313.131 Hz
0.192661 Hz

2.5952756 sec

79.200 usec
6.50 usec
293.7 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ==
1

6.20 usec

0.00
300.1328512 MHz

F2 - Processing parameters
sI 32768
SF 300.1300268 MHz
WDW EM
SS8B o
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters

NAME FC12GE028D
EXPNO

PROCNO 1

FZ - Acquisition Parameters
Date 20110326
Time 5.38
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 2048

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1448.2

Dw 27.800 usec
DE 10.00 usec
TE 293.9 K
D1 .00000000 sec

2

0.03000000 sec
DELTA 1.899%9998 sec

0

0

.00000000 sec
.01500000 sec

PL1 -6.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677260 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Hi3Ce———

N

//u.(\c\)/é

Current Data Parameters
NAME FC12GE02BE
EXPRO 12
PROCNO 1
F2 - Aoquisition Parameters
25 pate_ 20110326
Time
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
T 32768
SOLVENT cpel3
16
0
6313.131 Hz
0.192661 Hz
2.5952756 sec
161.3
79.200 usec
6.50 usec
293.7 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
= CHANNEL f1 ==
14
€.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
SF 300.1300059 MHz
WDW EM
SSB Q
LB 0.10 Hz
GE Q
PC 1.00
1D MR plot parameters
[= 2 cm
cy cm
Flp ppm
F1 Hz
F2F ppm
w2 Hz
PPMCM ppm/cm
HZCM 5.01695 Hz/cm
J R N
r T T T T T T T T T T
9 a8 7 6 5 4 3 2 1 0  ppm
| H rmm \..,hﬁr rmj
= I e~ e = RS
i - | sl eilkel Tl
Current Data Parameters
NAME FC12GEQ28E
EXPNO
PROCNO 1
F2 - Acguisition Parameters
Date_ 20110326
Time 8.22
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT Cpcl3
NS z2048
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
DW 27.800 usec
DE 10.00 usec
TE 293.8 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
== CHANNEL fl =—=
3c
9.00 usec
-6.00 dB
75.4752953 MHz
== CHANNEL f2 ===
CPDPRG2 waltzl6
NUC2 1H
PCPDZ2 80.00 usec
PL2 0.00 dB
PL1z 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
sI 32768
SF 75.4677243 MHz
WDW EM
558 0
LB 1.00 Hz
GB (]
PC 1.40
P YA bty A T el
I T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 ppm
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p—
Current Data Parameters
NAME fc35g106A
EXPNO 12
PROCNG 1
F2 - Acquisition Parameters
26 Date_ 20110901
Time z 2z
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT cpcl3
NS 16
0
6313.131 Hz
0.192661 Hz
2.5952756 sec
18
79.200 usec
6.50 usec
295.2 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 =
1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
SI 32768
5F 300.1300053 MHz
WDW EM
558 Q
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 10.18 cm
F1P 2.816 ppm
F1 845.24 Hz
F2F -0.028 ppm
F2 -8.42 Hz
PEMCM 0.14221 ppm/cm
HZCM 42.68278 Hz/cm
. » _J
r T T T T T
9 8 7 6 5 2 0 ppm
=] = o [ || o[} o
=1 = o p) £ et S| | @
i < e = P | el b ed
Current Data Parameters
NAME F3hglo6a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110901
Time 21.04
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
D 65536
SOLVENT CDC13
Ng 2000
DS a
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
oW 27.800 usec
DE 10.00 usec
TE 285.4 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.B9999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
PL1 -6.00 dB
SFOL 75.4752953 Milz
= CHANNEL f£2
waltzlé
1H
80.00 usec
0.00 dB
22.00 dB
22.00 dB
SFOZ2 300.1312005 MHz
F2 - Processing parameters
ST 32768
sF 75.4677592 Miz
WOW EM
Ss5B a
LB 1.00 Hz
GR q
rC 1.40
1D NMR plot parameters
cx 20,00 cm
cy 8.51 cm
F1p 200.000 ppm
F1 15093.55 Hz
F2P ~10.000 ppm
F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41144 Hz/cm
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC23JH085
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date 20110611
Time 21.47
INSTRUM spect
PROBHD & mm BBI 1H-BB
FULFROG Zg3D
TD 32768
SOLVENT CpeL3
16
0
6313.131 Hz
0.192661 Hz
2.5952756 sec
16
79.200 usec
6.50 usec
294.1 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 ==
1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
ST 32768
SE 300.1300051 MHz
WDW EM
555 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 12.50 cm
Flp 1.345 ppm
Fl 403.56 Hz
F2P 0.465 ppm
F2 139.62 Hz
PPMCM 0.04397 ppm/cm
HZCM 13.19710 Hz/cm

Current Data Parameters

NAME FCZ3JHO85

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters

Date 20110611

Time 22.54

INSTRUM spect

FPROEHD 5 mm BBI 1H-BB

PULPROG 2gpg30

TD 65536

SOLVENT CDC13

NS 1024

DS 4

SWH 17985.611 Hz

FIDRES 0.274439 Hz

AQ 1.8219508 sec

RG 1625.5

DW 27.800 usec

DE 10.00 usec

TE 294.4 K

D1 2.00000000 sec

dll 0.03000000 sec

DELTA 1.89999998 sec

MCREST 0.00000000 sec

MCWRK 0.01500000 sec
1

Pl 9.00 usec

PL1 -6.00 dB

SFO1 75.4752953 MHz

= CHANNEL f2 ==

CPDPRG2 waltzle
Nucz2 1H
PCPDZ2 80.00
PL2 0.00
PL12 22.00
PL13 22.00
5F02 300.1312005

51

SF 75.4677556
WDW EM
58B 0
LB 1.00
GB 0
PC 1.40

F2 - Processing parameters
32768

MHz

Hz
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Current Data Parameters

NAME FC19KJ493E
EXPNO
PROCNO 1
F2 - Acguisition Parameters
Date_ 20110516
Time
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
™D 32768
SOLVENT CDC13
NS 16
Ds 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
45.3
79.200 usec
6.50 usec
293.3 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 = =
1H
6.20 usec
0.00 dB
300.1328512 Mz
F2 - Processing parameters
sI 32768
SF 300.1300059 MHz
WDW EM
S58B 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 12.50 em
F1P 2.363 ppm
Fl 709.35 Hz
F2P 0.765 ppm
F2 229.73 Hez
PPMCM 0.07990 ppm/cm
HECM 23.98110 Hz/cm

9 8 7 3 5 3 ppm
. AN (m
=1 = | el =
= o i fei| |
H
Current Data Parameters
NAME FC19KT493E
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date 20110516
Time 1.10
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
D 65536
SOLVENT €pcl3
NS 1024
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
DWW 27.800 usec
DE 10.00 usec
TE 293.5 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNET, f1
-6.00 dB
75.4752953 MHz
CHANNEL 2
waltzl6
1H
80.00 usec
0.00 dB
22.00 dB
22.00 dB
300.1312005 MHz
F2 - Processing parameters
51 32768
SF 75.4677309 MHz
WDW EM
558 a
LB 1.00 Hz
GB a
PC 1.40
1D NMR plot parameters
cx 20.00 cm
(&34 12.50 cm
F1P 200,000 ppm
F1 15093.55 Hz
F2p ~10.000 ppm
F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41113 Hz/cm
T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC19KJ439C
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date 20110516
Time
INSTRUM spect
PROBHD & mm BBI 1H-BB
FULFROG Zg3D
TD 32768
SOLVENT CpeL3
16
0
6313.131 Hz
0.192661 Hz
2.5952756 sec
40.3
79.200 usec
6.50 usec
3.1 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1
1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
ST 32768
SE 300.1300059 MHz
WDW EM
555 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 12.50 cm
Flp 2.443 ppm
Fl 733.35 Hz
F2P 0.640 ppm
FZ 182.13 Hz
PPMCM 0.09016 ppm/cm
HZCM 27.06114 Hz/cm

= s [ fon |t )
= - | = B
= i | [eifed o
i
Current Data Parameters
NAME FC19KIA39C
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20110516
Time 5.03
TNSTRUM spect
PROBHD 5 mm BBT 1H-BB
PULPROG zgpg30
D 65536
SOLVENT cpel3
NS 1024
Ds 1
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AD 1.8219508 sec
RG 1824
W 27.800 usec
DE 10.00 usec
TE 293.3 ¥
Dl 2.00000000 sec
di1l 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f1
9.00 usec
-6.00 di
75.4752853 MHz
CHANNEL £2
CPDPRG2 waltzlé
NUC2 1
PCPD2 80.00 usec
PL2 0.00 di
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
sI 2768
SF 75.4677309 MHz
WD EM
551 Q
LB 1.00 Hez
GB a
PC 1.40
1D NMR plot parameters
CX 20.00 om
cY m
F1P ppm
F1 Tz
F2P ppm
F2 Tz
PPMCM . ppm/cm
II I | H2CM 782.41113 Hz/cm
T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC23KJ493D

EXPNO

PROCNO 1

F2 - Acquisition Parameters

Date 20110611

Time 1.28

THSTRUM spect

PROBHD 5 mm BRI 1H-BBE

PULPROG zg30

T 32768

SOLVENT CpCl3

NS 16

DS 0

5WH 6313.131 Hz

FIDRES 0.192661 Hz

AQ 2.5952756 sec

RG 57

DW 79.200 usec

DE 6.50 usec

TE 294.1 K

DL 1.00000000 sec

MCREST 0.00000000 sec

MCWRE 0.01500000 sec
CHANNEL f1

NUCl 1H

Pl 6.20 usec

PL1 0.00 dB

5FOL 300.1328512 MHz

F2 - Processing parameters

sI 32768

5F 300.1300049 MHz

WDW EM

S5B o

LB 0.10 Hz

GB Q

PC 1.00

10 NMR pleot parameters

cX 20.00 cm

cY 12.50 cm

Flp 10.000 ppm

F1 3001.30 Hz

F2P ~0.500 ppm

F2 -150.06 Hz

PPMCHM 0.52500 ppm/cm

HZCM 157.56825 Hz/cm

Current Data Parameters

NAME FC23KT493D
EXPHO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110611
ime 5
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2gpg30
65536
SOLVENT cDnel3
5 1024
DS a
SWH 17985.611 He
FIDRES 0.274439 Hez
AQ 1.8219508 sec
RG 1625.5
Dw 27.800 usec
3 10.00 usec
3 294.3 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
******** CHANNEL f1 ===
NUC1 13C
Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz

CHANNEL [2
waltzlé
1H

80.00 usec

0.00 dB

22.00 dB

22.00 ds
300.1312005 MHz

ssing parameters
32768
15.4677293 MHz
EM
0
1.00 Hz
0

1.40

1D NMR plet parameters
cx 2

0.00 cm
12.50 cm
200.000 ppm

15093.55 Hz
-10.000 ppm
-754.68 Hz

10.50000 ppm/cm

792.41113 Hz/cm
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Current Data Parameters

34 NAME FC21JHO70
EXPNO

PROCNO 1
F2 - Acquisition Parameters
pate 20110528
Time
INSTRUM spect
PROBHD 5 mm BBT 1H-BB
PULPROG Zgiﬂ
TD 32768
SOLVENT cpels

16

0
6313.131 Hz
0.192661 Hz

2.5952756 sec
2

79.200 usec
€.50 usec
3.6 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 =

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
SF 300.1300055 MHz
WDW EM
558 Q
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 12.50 cm
F1p 1.665 ppm
Fl 499.59 Hz
F2P 0.995 ppm
F2 298.5% Hz
PPMCM 0.03349 ppm/cm
HECM 10.04991 Hz/cm

9 8 7 & 5 a 3 2 1 0 ppm
= e
Q [
o o [ed
Current Data Parameters
NAME FC21JHOT0
EXPNO 1
PROCHO 1
F2 - Acquisition Parameters
Date_ 20110528
Time 6.43
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
T 65536
SOLVENT cDel3
NS 768
DS 1
SWH 17685.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
oW 27.800 usec
DE 10.00 usec
TE 293.8 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL 1
3C
9.00 usec
-6.00 dB
75.4752953 MHz
CHANNEL f2
CPDPRGZ waltzlé
C. 10
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
5FO2 300,1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4677353 MHz
WowW EM
S5B 0
LB 1.00 Hz
GE 0
PC 1.40
1D NMR plot parameters
X 20.00 cm
cY 12.50 cm
F1P 200.000 ppm
F1 15093.55 Hz
F2P -10.000 ppm
F2 -754.68 Hz
PPMCM 10.50000 ppm/cm
J ” L kJ HZCM 792.41118% Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
35 NAME FC19KJ496A
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110513
Time 18.45
INSTRUM spect
FROBHD 5 mm BBI 1H-BBE
PULPROG zg30
D 32768
SOLVENT CDC13
N3 16
DS o
SWH 6313.131 Hz

0.192661 Hz
2.5952756 sec
35.9

79.200 usec
6.50 usec

293.
1.00000000 sec
0.00000000 sec
0.01500000 sec

= CHANNEL f1

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
sI 32768
5F 300.1300059 MHz
WDW EM
SSB 0
) 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
CX 0.00 cm
cy 12.50 cm
F1P 2.213 ppm
F1 664.16 Hz
F2P 0.928 ppm
F2 278.55 Hz
PPMCHM 0.06424 ppm/cm
HZCM 19.28017 Hz/cm

T
9 8 7 6 5 1 3 2 1 0 ppm

3
4
.00
.09

1

1

2
12.44

Current Data Parameters
NAME FC19KJ496A

EXPNO

PROCNO 1
F2 - Acquisition Parameters
Date 20110513
Time 19.53
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
D 65536
SOLVENT cDcl3
NS 1024
DS 4

17985.611 Hz
0.274439 Hz
1.8219508 sec

27.800 usec
10.00 usec
294.0 K

00000000 sec
03000000 sec
89999998 sec
00000000 sec
01500000 sec

coron

= CHANNEL f1

9.00 usec

-6.00 dB
75.4752953 MHz
CHANNEL £2
waltzl6
14
80.00 usec
0.00 dB
22.00 dB
22.00 dB
300.1312005 MHz
F2 - Processing parameters
5T 32768
5F 15.4677342 MHz
WDW EM
58B ]
LB 1.00 Hz
GRB 0
PC i.40
1D NMR plot parameters
cxX 20.00 cm
cY 12.50 cm
F1P 200.000 ppm
1 15093.55 Haz
F2P -10.000 ppm
F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41118 Hz/cm
-

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 890 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC19KJ493A
EXFNO
PROCNO 1
F2 - Acquisition Parameters
pate 20110516
Time 5.51
INSTRUM spect
PROBHD 5 mm BBT 1H-BB
PULPROG ZgED
32768
cpel3
16

= CHANNEL f1

0
6313.131 Hz
0.192661 Hz

2.5952756 sec
90.5
79.200 usec
6.50 usec
293.1 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

=]

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
sF 300.1300059 MHz
WDW EM
55B 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
54 12.50 cm
F1p 1.544 ppm
Fl 463.35 Hz
F2F 1.220 ppm
F2 366.13 Hz
PPMCM 0.01620 ppm/cm
HECM 4.86100 Hz/cm

Current Data Parameters

NAME FC19KJ493A
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 201105186
Time 7.00
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 10z4

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1824.6

Dw 27.800 usec
DE 10.00 usec
TE 293.3 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

CHANNEL f2 ========

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677276 MHz
WDW EM

SSB 4]

LB 1.00 Hz
GB a

PC 1.40
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Current Data Parameters

NAME FC19KJ493B
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date 20110514
Time 18.50
INSTRUM spect
PROBHD & mm BBI 1H-BB
FULFROG Zg3D
TD 32768
SOLVENT CpeL3
16
0
6313.131 Hz
0.192661 Hz
2.5952756 sec
64
79.200 usec
6.50 usec
293.5 K
1.00000000 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 ==
1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
ST 32768
SE 300.1300059 MHz
WDW EM
555 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cY 12.50 cm
Flp 2.316 ppm
Fl 695.19 Hz
F2P 0.995 ppm
F2 298.51 Hz
PPMCM 0.06608 ppm/cm
HZCM 19.83381 Hz/cm

Current Data Parameters

NAME FC19KJ493B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 20110514
Time 19.59
INSTRUM spect
PROBHD 5 mm BBI 1H-EB
PULPROG zgpg30
TD 65536
SOLVENT CDhC13

= CHANNEL f1 =

1024

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
293.8 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

13C
9.00 usec
-6.00 dB
75.4752953 MHz

———————— CHANNEL f2 ========

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
FL13 22.00 dB
SF0Z 300.1312005 MHz
F2 - Processing parameters
51 32768

SF 75.4677292 MHz
WDW EM

55B 0

LB 1.00 Hz
GB o

PC 1.40



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

Click-Alkynylation of N- and P- Nucleophiles by Oxidative Cross-Coupling with Alkynylcopper Reagents

O

2 — P-O'Pr

O'Pr

Current Data Parameters

38 NAME FC23JHO62
EXPNO

PROCNO 1

F2 - Acquisition Parameters
pate 20110611
Time 23.39
INSTRUM spect
PROBHD 5 mm BBT 1H-BB
PULPROG Zgiﬂ
32768
cpels
16

0
6313.131 Hz
0.192661 Hz

2.5952756 sec
8

79.200 usec
€.50 usec
294.1 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 =

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
SF 300.1300063 MHz
WDW EM
558 Q
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 12.50 cm
F1p 1.508 ppm
Fl 452.47 Hz
F2P 1.174 ppm
F2 352.32 Hz
PPMCM 0.01668 ppm/cm
HECM 5.00767 Hz/cm

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

o = e~
== = = [
i o ifan
Current Data Parameters
NAME FC23THO62
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110612
Time 0.46
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
T 65536
SOLVENT cDCl3
NS 1024
DS 1
SWH 17985.611 Hz
FIDRES 0.274439 Hz
A 1.8218508 sec
RG 1625.5
oW 27.800 usec
DE 10.00 usec
TE 294.3 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL 1
3C
9.00 usec
-6.00 dB
75.4752953 MHz
CHANNEL f2
CPDPRGZ waltzlé
HUCZ 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
5FO2 300,1312005 MHz
F2 - Processing parameters
SI 2768
SF 75.4677265 MHz
WowW EM
S5B 0
LB 1.00 Hz
GE 0
PC 1.40
1D NMR plot parameters
CX 20.00 cm
cY 12.50 cm
F1P 200.000 ppm
Fl 15093.55 Hz
F2P -10.000 ppm
F2 =754.68 Hz
PPMCM 10.50000 ppm/cm
ﬂ l HZCM 792.41113 Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

OIP[’ MAME fcdTkj723a
EXPNO 12
PROCNO 1
39 F2 - Acquisition Parameters
Date 20111125
Time 6.52
THSTRUM spec
PROBHD 5 mm QNP 1H/13
PULPROG zg30
D 16384
SOLVENT cpcld
NS 16
Ds 2
SWH 4194.631 Hz
FIDRES 0.256020 Hz
AQ 1.9530228 sec
RG 64
DW 119.200 usec
DE 6.50 usec
TE 294.3 K
DL 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL f1
NUCl 18
Pl 6.50 usec
PL1 -6.00 dB
5FOL 300.1319508 MHz
F2 - Processing parameters
sI 32768
5F 300.1300050 MHz
WDW EM
S8B 0
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameter
CX 20.00 cm
cy 21.35 cm
FlpP 7.625 ppm
F1 2288.63 Hz
F2P 4.490 ppm
F2 1347.56 Hz
PPMCHM 0.15678 ppm/cm
HZCM 47.05340 Hz/cm
m — A e
r T T T T T T T T T
9 8 7 & 5 4 3 2 1 0 ppm
o o = e -
£ & = I =
o o i o o
]
Current Data Parameters
NAME fca7kji23a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20111125
ime
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 32768
SOLVENT cocl3
NS 1024
DS 4
SWi 18115.941 Hz
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 11585.2
oW 27.600 usec
DE 10.00 usec
TE 294.6 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
CHANNEL 1 -
5.10 usec
-6.00 dB
75.4764278 MHz
-------- CHANNEL £2 ========
CPDPRG2 waltzl6
NUC2 i)
PCPDZ 80.00 usec
PLZ ~6.00 dB
PL12 15.80 dB
PL13 15.80 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
s1 32768
g 75.4677514 Milz
WO EM
558 0
LB 1.00 Hz
GB 0
Pc 1.40
1D MR plot parameters
CX 20.00 cm
cy 7.16 cm
Flp 122.085 ppm
Fl 9214.24 Hz
F2F 64.702 ppn
F2 4B82.90 Hz
PEMCM 2.86966 ppm/cm
l HZCM 216.56683 Hz/cm
A )

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 S0 80 70 &0 50 40 30 20 10 0 ppm
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Current Data Parameters
40 NAME FC25JHO97A
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110626
Time 13.38
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2g30
TD 32768
SOLVENT cpel3
NS 16
DS 0
S 6313.131 Hz

0.192661 Hz
2.5952756 sec

79.200 usec
6.50 usec

295.2 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL £1
1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
sI 32768
5F 300.1300051 MHz
WDw EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
ox 0.00 cm
cY 12.50 cm
FlP 1.449 ppm
F1 435.01 Hz
F2P 0.393 ppm
F2 118.01 Hz
PEMCM 0.05281 ppm/cm
HZCM 15.85004 Hz/cm

r T T T T T T T T T T
9 8 7 3 5 4 3 2 1 0 ppm
) > o] [
=] = =
o o4 ] (o] gl

Current Data Parameters
NAME

FC25JHO9TA
EXPNO
PROCNO 1
¥2 - Acquisition Parameters
Date 20110626
Time 14.45
INSTRUM spect
PROBHD 5 mm BBI 1H-BEB
PULPROG 2gpg30
D 65536
SOLVENT COC13
NS 1024
4

17985.611 Hz
0.274439 Hz
1.8219508 sec

27.800 usec
10.00 usec

N
©
o
w
=

2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

= CHANNEL f1

9.00 usec

-6.00
75.4752953 MHz

= = CHANNEL f2

CPDPRG2 waltzlé

NUC2 H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 00 dB
5F02 300.1312005 MHz
F2 - Processing paramelers
SI 32768

SF F5.46771550 MHz
WDW EM

S55B o

LB 1.00 Hz
GB 0

PC 1.40

1D NMR plot parameters

cX 20.00 cm
cY 12.50 cm
F1P 200,000 ppm
F1 15093.55 Hz
F2p -10.000 ppm
F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41144 Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME FC19KJ492A
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date 20110515

ime 22.06
INSTRUM spect
PROBHD 5 mm BBI 1H-EB
PULPROG zg30

TD 32768
SOLVENT cnel3

NS 16

DS 0

SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 228.1

DWW 79.200 usec
DE 6.50 usec
TE 293.4 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

Pl 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
51 32768

5F 300.1300061 MHz
WDW EM

55B a

LB 0.10 Hz
GB 0

BC 1.00

1D NMR plot parameters

CX 20.00 cm
cY 12.50 cm
F1P 1.792 ppm
F1 537.86 Hz
F2p 0.624 ppm
F2 187.38 Hz
FPMCM 0.05839 ppm/cm
HZCM 17.52399 Hz/cm

Current Data Parameters

NAME FC19KJ492A
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20110515
Time 23.15
INSTRUM spect
PROBHD 5 mm BBI 1H-BEB
PULPROG zgpg30

TD 65536
SOLVENT CpCl3

NS 1024

Ds 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

DW 27.800 usec
DE 10.00 usec
TE 293.6 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

== CHANNEL f1l ==

NucCl 13cC

Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
******** CHANNEL £2 ========
CPDPRG2 waltzlé
NUCZz2 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768

SF 75.4677249 MHz
WOW EM

55B

LB 1.00 Hz
GB a

PC 1.40
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Current Data Parameters

NAME £c30k3492b
EXPNO
PROCNO 1
F2 - Acquisition Paramet
Date 20110725
ime 10.19
INSTRUM spect
PROBHD 5 mm BBEI 1H-BB
PULPROG zg30
TD 32768
SOLVENT DMS0
NS 16
DS 0
SWH 6313.131
FIDRES 0.192661
20 2.5952756
RG 32
bW 79.200
DE 6.50
TE 294.5
D1 1.00000000
MCREST 0.00000000
MCWREK 0.01500000

== CHANNEL f1 ==

6.80
PL1 0.00
SFOL1 300.1328512
F2 - Processing paramete
5L 32768
SF 300.1300059
WOW EM
S5B 0
LB 0.10
GB 0
BC 1.00
1D NMR plot parameters
CX 20.00
cY 12.50
F1p 1.117
Fl 335.29
F2p 0.520
F2 155.95
FPMCI 0.02988
HZICM 8.96741

Current Data Parameters

NAME FC19KJ492B
EXPNO 11
PROCNO 1
F2 - Acquisition Parame
Date 20110514
Time 10.52
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 10z4
DS 4
SWH 17985.611
FIDRES 0.274439
1.8219508

1448.2

27.800

10.00

293.5

2.00000000

0.03000000

1.89999998

0.00000000

0.01500000

CHANNEL f1 ==
13c

9.00

-6.00

75.4752953

e CHANNEL £2 ===

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00
PL2 0.00
PL12 22.00
PL13 22.00
SFO2 300.1312005
FZ2 — Processing paramet
ST 32768
SF 75.4677320
WDW EM
SSB 4]
LB 1.00
GB a
PC 1.40

ers

Hz
Hz
sec

usec
usec
K
sec
sec
sec

usec
dB
MHz

rs

MHz

Hz

ppm/cm
Hz/cm

ters

Hz
Hz
sec

usec
usec
K
sec
sec
sec
sec
sec

ers

MHz

Hz
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|
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OBn
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4 3 2 1 ppm
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Current Data Parameters

NAME FC25JH097B
EXFNO 10
PROCNO 1
F2 - Acquisition Parameters
pate 20110624
Time 16.45
INSTRUM spect
PROBHD 5 mm BBT 1H-BB
PULPROG ZgED
32768
cpel3
16

0
6313.131 Hz
0.192661 Hz

2.5952756 sec

9

35.
79.200 usec
6.5

=]
@
]
0

294.3 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

= CHANNEL f1

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
sF 300.1300302 MHz
WDW EM
55B 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cx 20.00 cm
54 12.50 cm
F1p 1.556 ppm
Fl 467.13 Hz
F2F 0.685 ppm
F2 205.69 Hz
PPMCM 0.04355 ppm/cm
HECM 13.07202 Hz/cm

Current Data Parameters

NAME FC25JH097B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 2 0624
Time 17.53
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
10z4

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
294.6 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ==
13cC
9.00 usec

———————— CHANNEL f2 ========

CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677424 MHz
WDW EM

SSB 4]

LB 1.00 Hz
GB a

PC 1.40
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Current Data Parameters

NAME £c24kj539
44 EXPNO 12
PROCHO 1
F2 - Acquisition Parameters
Date 20110617
ime 2.48
INSTRUM spect
PROBHD 5 mm BBEI 1H-BB
PULEROG 2g30
TD 32768
SOLVENT cDel3
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 22.6
DW 79.200 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
== CHANNEL f1 == =
10
1 6.20 usec
PL1 0.00 dB
SFO1 300.1328512 MHz
F2 - Processing parameters
SI 32768
SF 300.1300043 MHz
WDW EM
S5B 0
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
cxX 20.00 cm
cY 12.50 cm
F1P 1.508 ppm
F1 452.65 Hz
F2p 0.571 ppm
F2 171.48 Hz
EPMCM 0.04684 ppm/cm
HZCM 14.05832 Hz/cm
r T T T T T T T T T T
9 ] 7 6 5 4 3 2 1 0 ppm
Waf . Hm H
=1 e £ ) 1 I P
o i 1 ) (P4 [ (P4
Current Data Parameters
NAME fc24kj539
EXPNO 10
PROCNO 1
F2 - RAcquisition Parameters
Date 20110617
Time 2.3
INSTRUM spect
PROBHD 5 mm BBI 1H-EB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1824.6
27.800 usec
10.00 usec
295.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
CHANNEL f1 =
13cC
9.00 usec
-6.00 dB
75.4752953 MHz
= CHANNEL £2
CPDPRG2 waltzlé
NUCZ2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO02 300.1312005 MHz
¥F2 - Processing parameters
51 g
SF 75.46€77677 MHz
WDW EM
55B o
LB 1.00 Hz
GB o
PC 1.40
e it - A ¥,

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 SO 80 70 60 50 40 30 20 10 0 ppm
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C6H13

A

N

45

Lo

L)

Current Data Parameters

NAME fc37kje25
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20110912
Time 18.00
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30

D 32768
SOLVENT DMSO

NS 16

DS 0

SWH 6313.131 Hz
F1DRES 0.192661 Hz
AQ 2.5952756 sec
RG

DW

DE £
TE 295.1 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
-------- CHANNEL f1 ========
NUC1 1H

Pl 6.80 usec
PL1 0.00 dB
5FO1 300.1328512 MHz
F2 - Processing parameters
51 32768

SF 300.1300059 MHz
WDW

S5B 0

LB 0.10 Hz
GB 0

PC 1.00

1D NMR plot parameters

cx 20.00 cm
cy 9.66 cm
F1P 3.056 ppm
Fl 917.27 Hz
F2P 0.199 ppm
F2 59.78 Hz
PPMCM 0.14285 ppm/cm

42.87449 Hz/cm

9 8 7 6 5 3 2 1 o
- H - H[w -
= ! ! R M
e e e =l e lors
Current Data Parameters
HAME fedTki62s
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110913
Time 8.28
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
D 65536
SOLVENT CDCl3
NS 699
4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1625.5
27.800 usec
10.00 usec
294.9 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
~ CHANNEL f1
9.00 usec
-6.00 dB
75.4752953 MHz
= CHANNEL £2
CPDPRGZ waltzlé
HUC2 14
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22,00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 15.4677416 MHz
WOW EM
558 0
LB 1.00 Hz
GB a
PC 1.40
1D NMR plot parameters
cxX 20.00 cm
cy 10.02 cm
F1P 200.000 ppm
Fl 15093.55 Hz
F2p ~10.000 ppm
F2 =754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41132 Hz/cm
r T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 SO 80 70 60 50 40 30 20 10 0 ppm
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Current Data FParameters
NAME

£c35g104EN

EXPNO 12

46 PROCNO 1
F2 - Acquisition Parameters

Date 20110902

ime 17.02

TINSTRUM spect

PROBHD 5 mm BBI 1H-BEB

PULPROG zg30

™ 32768

SOLVENT cpe13

NS 16

0

1.00000000
0.00000000
0.01500000

— CHANNEL f1 =

1H
6.20 usec

0.00 dB
300.1328512 MHz

F2 - Processing parameters
sSI 32768
SF 300.1300057 MHz
WDW EM
5SB a
LB 0.10 Hz
GB [v]
PC 1.00
1D NMR plot parameters
cx 20.00 em
cY 9.65 cm
F1P 10.000 ppm
Fl 3001.30 Hz
F2p ~0.500 ppm
F2 -150.06 Hz
PPMCM 0.52500 ppm/cm
HECM 157.56825 Hz/cm
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
w.ﬁ H | s
S |ea — S
e [l e il led
Current Data Parameters
NAME £o35gl04EN
EXENO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110902
Time 16.43
TNSTRUM spect
FROBHD 5 mm BBI 1H-BB
PULPROG zgpg 30
D 65536
SOLVENT cDCl3
NS 2000
DS 4
SWH 17985.611 Hz
FTIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5
oW 27.800 usec
DE 10.00 usec
TE 295.9 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
NUCL 13C
P1 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
= CHANNEL £2
CPDPRGZ waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22,00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
51 32768
S 75.4677526 MHz
WOW EM
551 a
LB 1.00 Hz
GB a
FC 1.40
1D NMR plot parameters
cx 20.00 cm
cy cm
Flp ppm
F1 Hz
F2P ppm
F2 Hz
PEMCM ppm/cm
HZCM Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
1%0 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME fcd42kigelOdcn bis
300

EXPNO
PROCNG 1
F2 - Acquisition Parameters
Date 20111021
ime 13.36
INSTRUM
PROBHD 5 mm BBI
PULPROG

D
SOLVENT
NS

DS
SWH

2
4194 .631 Hz
0.256020 Hz
1.9530228 sec
114
119.200
6.50

usec
usec

294.9 K

sec
sec
sec

1.00000000
0.00000000
0.01500000

CHANNEL f1 =

1H
6.90 usec
0.00 dB
300.1319508 MHz
F2 - Processing parameters
5T 32768
SF 300.1300060 MHz
WDwW A
SSB o
LB 0.10 Hz
GB 0
PC 1.00

Current Data Parameters
NAME £c35g104CN
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110902
Time 18.41
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULFROG zgpg30
65536
SOLVENT cDCl3
NE 1024
D& 4
o 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1448.2
oW 27.800 usec
DE 10,00 usec
TE 296.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= CHANNEL f1

13C
9.00 usec
-6.00 dB
75.4752953 MHz
CHANNEL f2
CPDPRG2 waltzlé
HUC2 1H
PCPD2 80.00 usec
PL2 0.00 di
PL12 22,00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768

SE 75.4677548 MHz
wWow A

S8B 0

LB 1.00 Hz

GB 0

PC 1.40

1D NMR plot parameters

cx 20.00 cm

cy 11.61 cm
F1P 215.000 ppm
F1 1 57 Hz
F2P 00 ppm
P2 377.34 Hz
PPMCM 11.00000 ppm/cm
HZCM B30.14526 Hz/cm
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hd Current Data Parameters
NAME £c35g104CA
EXPNO 12

48 PROCNO 1

F2 - Acquisition Parameters

Date_ 20110901
Time 18.32
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zg30
TD 32768
SOLVENT CcDCcl13

16

a
6313.131 Hz
0.192661 Hz

2.5952756 sec
2

79.200 usec
6.50 usec

295.2 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

Q

HANNEL f1

6.20 usec
0.00 dB
300.1328512 MHz

F2 - Processing parameters

ST 32768

SF 300.1300055 MHz

WDW EM

ssB a

LB 0.10 Hz

GB a

BC 1.00

1D NMR plot parameters

CX cm

cY cm

F1E ppm

F1 Hz

F2E ppm

F2 Hz

PPMCM ppm/cm

HZCM 157.56825 Hz/cm
i L h B E—

| - = = o[ el [ feo o]l oo |
= = Y = £y = B (o B e 1 I
= i i eal il lealt | lesles A1 s

Current Data Parameters

NAME fci5g104CA
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110901
Time 18.13
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2gpg30
TD 65536
SOLVENT CDC13
NS 2000
Ds 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1824.6
DW 27.800 usec
DE 10.00 usec
TE 295.4 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1 =
13C
9.00 usec
-6.00 dB

75.4752953 MHz

CPDPRG2Z

NUc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SF02 300.1312005 MH=z
F2 - Processing parameters
51 32768

SF 75.4678816 MHz
WDW EM
S8B Q

LB 1.00 Hz
GB 0

\ | MLLLJ J|U PC 1.40

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o 9
=

T
Fe ',D‘O’Pr

i
Cb O'Pr
Current Data Parameters

NAME fc35g106EP
EXPNO 12
PROCNO 1
49 F2 - Acquisition Parameters
Date 20110903
Time 23.11
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULFROG zgiﬂ
TD 32768
SOLVENT CDC13

16

0
6313.131 Hz
0.192661 Hz

2.5952756 sec
2

79.200 usec
€.50 usec

6.3 K
1.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 =

1H
6.20 usec
0.00 dB
300.1328512 MHz
F2 - Processing parameters
51 32768
SF 300.1300053 MHz
WDW EM
558 Q
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 11.43 cm
F1p 1.445 ppm
Fl 433.60 Hz
F2P 1.074 ppm
F2 322.34 Hz
PPMCM 0.01854 ppm/cm
HECM 5.56340 Hz/cm

o
@
..
e
&
=]
w
)
—
o

Bpm

LIkl

RIS

5Ji0

Current Data Parameters

NAME fe35q106EF
EXFNO 10
FROCNO 1

F? - Acquisition Parameters
Date 20110903
Time 22.52
THNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg 30

D 65536
SOLVENT €DCl3

NS 3000

DS a

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1290.2

bW 27.800 usec
DE 10.00 usec
TE 296.5 K

D1 2.00000000 s
dll 0.03000000 s
DELTA 1.89999998 se
MCREST 0.00000000 se
MCWRK 0.01500000 =
Nuc1 13C

Pl 9.00 usec
PL1 -6.00 dB
5FO1 75.4752953 Miz
———————— CHANNEL £2 ==———eae
CPDPRGZ2 waltzl6

NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL1Z 22.00 dB
PL13 22.00 dB
5FO2 300.1312005 MHz
F2 - Processing parameters
51 32768

5F 75.4677646 MHz
WDW EM

55B 0

LB 1.00 Hz
GB 0

PC 1.40

1D NMR plot parameters

cx 20.00 cm
cy 44.06 cm
F1P 28.937 ppm
Fl 2183.83 Hz
F2P 17.637 ppm
B2 1331.02 Hz
PEMCH 0.56502 ppm/cm

” HZCM 42.64077 Hz/cm

T T T T T T T T T T T T T T T T T T T T
1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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0 .

w _O'Pr

P/

O/\\O // \O’Pr
0]

N

Current Data Parameters

q
C

NAME £c37k) 634b
EXPNO 12
(0] PROCNO 1
F2 - Acquisition Parameters
Date 20110916
50 Time .02
INSTRUM spect
PROBHD 5 mm BBI 1H-BE
PULPROG z2qg30
32768
SOLVENT cDcl3
NS 16
b8 0
swH 6313.131 Hz
FIDRES 0.192661 Hz
aQ 2.5952756 sec
RG 80.6
oW 79.200 usec
DE 6.50 usec
TE 294.1 K
b1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
******** CHANNEL fl ========
NUC1 1H
Pl 6.20 usec
PL1 0.00 dB
sFol 300.1328512 Mz
F2 - Processing parameters
81
sF 300.1300177 Miz
WDW o
sSB 0
LB 0.10 Hz
GB Q
PC 1.00
1D NMR plot parameters
cx 20.00 cm
cy 26.89 cm
F1p 4.905 ppm
F1 1472.26 Hz
F2P 3.501 ppm
Fz2 1050.62 Hz
PEMCM 0.07024 ppm/cm
HZCM 21.08218 Hz/cm

A .

9 8 7 & 5 a E} 2 1 0 ppm
AL ol KA A
o |5 [ = Slels I
=1lle RIS =l
Current Data Parameters
NAME fe37k)634b
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110916
T 644
spect
5 mm BBI 1H-BR
PULFROG 2gpa30
D 65536
SOLVENT cDC13
NS 2000
DS 1
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8216508 sec
RG
oW
DE
TE
Dl
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1
NUC1 13C
Pl 9.00 usec
PL1 -6.00 dB
SFO1 75.4752953 MHz
ffffffff CHANNEL f2 —oossees
CPDPRGZ waltzlé
NUCZ 11
PCPD2 80.00 usec
PL2 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4677438 MHz
WO E
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
1D NMR plot parameters
X 20.00 cm
cY 8.75 cm
F1P 200.000 ppm
F1 15093.55 Hz
F2P ~10.000 ppm
F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
J HZCM 792.41132 Hz/cm
e " " 4 e
o ele La

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Q oipr
H P F{
N =~  OPr
. O/\n/ Current Data Parameters
/_\

NAME fc35g106AF
EXPNO 12
() PROCNO 1
F2 - Acquisition Parameters
Date 20110904
Time 2.51
51 INSTRUM spect
PROBHD 5 mm BBI 1H-BBE
PULPROG zg30
TD 32768
SOLVENT ©DCl3
NS 16
DS 0
SWH 6313.131 Hz
FIDRES 0.192661 Hz
aQ 2.5952756 sec
RG 28.5
oW 79.200 usec
DE 6.50 usec
TE 296.2 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
NUC1 1H
Pl 6.20 usec
PL1 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
SI 32768
SF 300.1300059 MHz
WDW EM
SSB ]
LB 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
=] 20.00 cm
cy 58.28 cm
Flp 2.643 ppm
Fl 793.10 Hz
F2P 0.373 ppm
2 111.92 Hz
PPMCM 0.11348 ppm/cm
HZCM 34.05870 Hz/cm

R S | \

T T T T
3 2 1 0 ppm

H L el Lol Yoo

Al SIS RIS

Current Data Parameters

NAME £c35g106AP
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20110904
ime
TNSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
D 65536
SOLVENT cncl3
NS 3000
Dg a
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
1290.2
27.800 usec
10.00 usec
296.4 K
2.00000000 sec
0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
77777777 CHANNEL f1 ———————m
NUC1 13C
Pl 9.00 usec
PL1 -6.00
SFOL 75.4752953 MHz
CHANNEL 2
waltzl6
1H
80.00 usec
0.00 dB
22.00 dB

22.00 ds
300.1312005 MHz

ssing parameters
32768

15.4677537 MHz
EM

0
1.00 Hez
0

1.40

1D NMR plet parameters
cx 2

0.00 cm
CcY .22 cm

F1p 200.000 ppm

F1 15093.55 Hz

F2P -10.000 ppm

F2 -754.68 Hz
PEMCM 10.50000 ppm/cm
HZCM 792.41138 Hz/cm

T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

ZT

S88

NAME fc37kj634da
BOCHN EXPNO 12
PROCNO 1
O F2 - Acquisition Parameters
Date_ 20110916
Time 4.07
INSTRUM spect
PROBHD 5 mm BBI 1H-EB
52 PULPROG 2g30
TD 32768
SOLVENT cDC13
NS 16
DS ]
SWH 6313.131 Hz
FIDRES 0.192661 Hz
AQ 2.5952756 sec
RG 32
DW 79.200 usec
DE .50 usec
TE 294.1 K
Dl 1.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
= CHANNEL f1 =
1H
Pl 6.20 usec
PLL 0.00 dB
SFOL 300.1328512 MHz
F2 - Processing parameters
s1 32768
SF 300.1300053 MHz
WDW EM
SSE ]
LB 0.10 Hz
GB ]
PC 1.00
1D NMR plot parameters
[ 20.00 cm
cY 11.01 cm
F1lp 10.000 ppm
F1 3001.30 Hz
F2P -0.500 ppm
F2 -150.06 Hz
PPMCM 0.52500 ppm/cm
HZCM 157.56825 Hz/cm
T T T T T T
5 4 3 2 1 0 pepm
k| Ll b |
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Current Data Parameters
NAME fc39ki634a
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110928
Time 2.02
INSTRUM spect
PROBHD 5 mm BRI 1H-EB
PULPROG zgpg30
D 65536
SOLVENT cDel3
NS 2000
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1824.6
W 27.800 usec
DE 10.00 usec
TE 295.0 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL 1
13C
9.00 usec
-6.00 dB
75.4752953 MHz
= = CHANNEL £2
CPDPRG2 waltzl6
NUC2 1H
PCPDZ 80.00 usec
PLZ 0.00 dB
PL12 22.00 dB
PL13 22.00 dB
5F02 300.1312005 MHz
F2 - Processing parameters
s1 276
S 75.4677490 MHz
WOW EM
S5B 0
LB 1.00 Hz
GR a
PC 1.40
10 NMR plot parameters
Ccx 20.00 cm
cy
F1p
F1
F2p
F2
lL PEMCM
HZCM 176.50180 Hz/cm
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