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(I)  General remarks

Toluene and THF were purified by an Innovative Technology Pure Solv. Device (activated
alumina column containing a copper catalyst and molecular sieves) and degassed.
Chromatographic purifications were conducted using Merck silica gel Si 60 (40-63 um) and
TLC were performed on silica gel 60-F,s4 plates (0.1 mm) with UV or KMnOy detection. 'H,
B¢, *'P NMR spectra were recorded on a BRUKER AVANCE IIT 400 or 500 spectrometer.
"B NMR spectrum was obtained on a 500 spectrometer. 'H and >C NMR chemical shifts are
reported in ppm using the residual peak of chloroform-d (7.26 and 77.16 ppm) or
tetrahydrofurane-ds (3.58 and 67.40 ppm) as internal standard. *'P and ''B NMR chemical
shifts are reported relative to respectively H3;PO4 (85%) and BF;.Et,O used as eternal
references. Coupling constants are reported in Hertz (Hz). Abbreviations are used as follows:
s = singulet, d = doublet, t = triplet, quint = quintuplet, sext = sextuplet, m = multiplet, br =
broad. High Resolution Mass Spectrometry was performed on a Varian MAT 311
spectrometer. IR spectra were recorded on Spectrum One Perkin Elmer spectrometer and only

the strongest or structurally most important peaks are listed.

(IT)  Synthesis of alkynylphosphines 3

(a) General procedure

In a Schlenk tube, flushed with nitrogen, copper iodide (14.3 mg, 0.075 mmol, 10 mol%),
1,10-phenanthroline (13.5 mg, 0.075 mmol, 10 mol%) and degassed dry toluene (2 mL) were
introduced. After 20 min of stirring at rt, phosphine-borane 1 (0.75 mmol, 1 equiv.), K,CO3
(207 mg, 1.5 mmol, 2 equiv.) or KsPO4 (318 mg, 1.5 mmol, 2 equiv.), degassed dry toluene (7
mL) and a solution of 1-bromoalkyne 2 (0.75 mmol, 1 equiv.) in toluene (3 mL) were
successively added. The reaction mixture was flushed with nitrogen prior to thermal heating
at 40 °C or 60 °C overnight or until complete conversion of 1 (see Table 2). After cooling to
rt, the reaction mixture was filtered over celite with toluene as the eluent. The filtrate was
concentrated under reduced pressure and the residue was purified by silica gel column

chromatography with pentane/toluene as the eluent.
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(b) Characterization data

Hex-1-ynyldiphenylphosphine borane (3a)

BH3 C,sHy,BP
b M = 280.16 g.mol!
Ph” | -
PN colorless oil
n-Bu R, = 0.35 (pentane/toluene: 6/4)

Yield: 74% (155 mg).

'H NMR (400 MHz, CDCl;) & 7.82-7.76 (m, 4 H), 7.50—7.41 (m, 6 H), 2.47 (td, *Jup = 3.2
Hz, *Juu = 7.2 Hz, 2 H), 1.63 (quint, *Jyy = 7.2 Hz, 2 H), 1.46 (sext, *Juy = 7.2 Hz, 2 H), 0.94
(t, *Jun = 7.3 Hz, 3 H), 1.70-0.60 (m, 3 H).

BC NMR (100 MHz, CDCls) & 132.0 (d, “Jcp = 11.0 Hz), 131.5 (d, “Jep = 2.5 Hz), 129.9 (d,
'Jep = 63.7 Hz), 128.9 (d, *Jep = 10.9 Hz), 112.9 (d, *Jep = 17.2 Hz), 70.0 (d, 'Jep = 113.9
Hz), 30.0 (d, *Jep = 1.4 Hz), 22.1, 20.0 (d, *Jep = 2.4 Hz), 13.6.

3'P NMR (162 MHz, CDCls) & 4.4—4.0 (m).

"B NMR (160 MHz, CDCl3) § —35.0 to —40.0 (m).

IR (neat): 2387, 2196, 1437, 1106, 1054, 732, 691 cm™".

HRMS (ESI) Calcd for CsH,,BNaP [M+Na]": 303.1449. Found: 303.1448.

Dodec-1-ynyldiphenylphosphine borane (3b)

I13H3 C,,H;,BP
P M =364.25 g.mol’!
|

PN colorless oil

(CH3)g-CH3 Ry = 0.38 (pentane/toluene: 6/4)

Yield: 69% (189 mg).

'H NMR (400 MHz, CDCl;) & 7.81-7.76 (m, 4 H), 7.50—7.41 (m, 6 H), 2.46 (td, *Jup = 3.2
Hz, *Jun = 7.2 Hz, 2 H), 1.64 (quint, *Juy = 7.2 Hz, 2 H), 1.44-1.26 (m, 14 H), 0.88 (t, *Jiy =
6.8 Hz, 3 H), 1.50-0.70 (m, 3 H).

C NMR (100 MHz, CDCl3) & 132.0 (d, *Jep = 11.1 Hz), 131.5 (d, *Jep = 2.5 Hz), 129.9 (d,
'Jep = 63.7 Hz), 128.9 (d, *Jep = 10.9 Hz), 113.0 (d, 2Jcp = 17.3 Hz), 70.1 (d, 'Jep = 113.8
Hz), 32.0, 29.7, 29.6, 29.4, 29.1, 29.0, 28.0, 22.8, 20.3 (d, *Jep = 2.4 Hz), 14.3.

3P NMR (162 MHz, CDCl3) & 4.1-3.8 (m).

"B NMR (160 MHz, CDCl5) § —35.0 to —39.0 (m).

IR (neat): 2924, 2854, 2390, 2197, 1437, 1107, 1054, 733, 690 cm™".
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HRMS (ESI) Calcd for Co4H34BNaP [M+Na]: 387.2389 Found: 387.2387.

(Triisopropylsilyl)ethynyldiphenylphosphine borane (3¢)

BH, C,;H4,BPSi
5 M = 380.23 g.mol!
Ph” IIDN colorless oil
TIPS Ry = 0.35 (pentane/toluene: 6/4)

Yield: 55% (157 mg, containing 10% of free phosphine).

'H NMR (400 MHz, CDCl3) § 7.84—7.79 (m, 4 H), 7.51-7.42 (m, 6 H), 1.20—1.10 (m, 21 H),
1.70-0.70 (m, 3H).

3C NMR (100 MHz, CDCl5) & 132.0 (d, 2Jcp = 11.0 Hz), 131.5 (d, *Jop = 2.5 Hz), 129.5 (d,
Jep = 62.9 Hz), 129.0 (d, *Jep = 10.9 Hz), 117.3 (d, *Jep = 7.2 Hz), 97.3 (d, 'Jep = 93.4 Hz),
18.7, 11.2.

P NMR (162 MHz, CDCl3) § 5.0—4.7 (m).

"B NMR (160 MHz, CDCl3) & —35.0 to —39.0 (m).

IR (neat): 2945, 2866, 2393, 2346, 1462, 1437, 1103, 1057, 997, 882, 797, 733, 682 cm™".
HRMS (ESI) Calcd for C,3H34BNaSiP [M+Na]": 403.2158. Found: 403.2160.

(Phenyl)ethynyldiphenylphosphine borane (3d)

BH; CyoH 3BP
/F’, M =300.12 g.mol™!
Ph I'l’h % colorless oil
Ph R, = 0.34 (pentane/toluene: 6/4)

Yield: 69% (148 mg).

'H NMR (400 MHz, CDCl;) & 7.89-7.84 (m, 4 H), 7.61-7.59 (m, 2 H), 7.54-7.36 (m, 9 H),
1.80-0.80 (m, 3 H).

3C NMR (100 MHz, CDCl5) & 132.6 (d, *Jcp = 1.5 Hz), 132.1 (d, %Jep = 11.1 Hz), 131.7 (d,
“Jep = 2.5 Hz), 130.6, 129.4 (d, 'Jep = 63.5 Hz), 129.1 (d, *Jep = 11.0 Hz), 128.7, 120.7 (d,
3Jep = 3.2 Hz), 108.8 (d, Jep = 16.8 Hz), 78.8 (d, 'Jep = 108.6 Hz).

P NMR (162 MHz, CDCl3) § 5.0—4.7 (m).

"B NMR (160 MHz, CDCl3) & —34.0 to —39.0 (m).

IR (neat): 2388, 2177, 1489, 1437, 1105, 1053, 854, 732, 686 cm .

HRMS (ESI) Calcd for CaH sBNaP [M+Na]": 323.1137. Found: 323.1133.
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(o-anisyl)ethynyldiphenylphosphine borane (3e)

I?,H3 C,,H,,BOP
_P M = 330.13 g.mol!
Ph Ié’h \\ _ colorless oil
o-anisyl Ry = 0.34 (pentane/toluene: 4/6)

Yield: 59% (146 mg).

'H NMR (400 MHz, CDCls) § 7.96-7.90 (m, 4 H), 7.54-7.38 (m, 8 H), 6.97-6.91 (m, 2 H),
3.92 (s, 3 H), 1.77-0.77 (m, 3 H).

BC NMR (100 MHz, CDCl;) & 161.6 (d, *Jep = 1.1 Hz), 134.1 (d, “Jop = 1.6 Hz), 132.2 (d,
2Jer = 11.2 Hz), 132.1, 131.5 (d, “Jep = 2.5 Hz), 129.9 (d, 'Jep = 63.4 Hz), 128.9 (d, *Jep =
10.9 Hz), 120.6, 111.0, 110.2 (d, *Jep = 3.2 Hz), 106.0 (d, *Jcp = 17.6 Hz), 82.4 (d, 'Jep =
111.4 Hz), 56.0.

P NMR (162 MHz, CDCls) & 4.8—4.6 (m).

"B NMR (160 MHz, CDCl5) § —36.0 to —41.0 (m).

IR (neat): 2376, 2176, 1489, 1436, 1258, 1106, 1053, 1021, 867, 732, 690 cm .

HRMS (ESI) Caled for C;HypOBNaP [M+Na]™: 353.1242. Found: 353.1245.

Diethylhex-1-ynylphosphine borane (3f)

B|H3 C,oH,,BP
_P M = 184.16 g.mol!
Et |Igt % colorless oil

Ry = 0.40 (pentane/toluene: 6/4)

Yield: 60% (106 mg), obtained from 1b (100 mg, 0.96 mmol).

'H NMR (400 MHz, CDCls) & 2.34 (td, *Juy = 7.2 Hz, *Jip = 3.3 Hz, 2 H), 1.82-1.65 (m, 4
H), 1.55 (quint, *Jun = 6.8 Hz, 2 H), 1.41 (sext, *Juu = 7.0 Hz, 2 H), 1.20 (dt, *Jup = 17.6 Hz,
3Jun = 7.6 Hz, 6 H), 0.92 (t, *Jun = 7.2 Hz, 3 H), 0.96-0.12 (m, 3 H).

BC NMR (100 MHz, CDCl;) & 110.1 (d, 2Jep = 12.6 Hz), 69.9 (d, 'Jep = 95.5 Hz), 30.1 (d,
*Jer = 1.5 Hz), 22.0, 19.7 (d, *Jep = 2.3 Hz), 19.0 (d, 'Jep = 41.0 Hz), 13.6, 7.4 (d, *Jep = 3.5
Hz).

*'P NMR (162 MHz, CDCls) & 8.8 (q, 'Jps = 58.9 Hz).

"B NMR (160 MHz, CDCl3) 8 —39.2 (dq, 'Jsu = 96.0 Hz, 'Jgp = 58.9 Hz).

IR (neat): 2961, 2937, 2390, 2197, 1457, 1067, 1045, 1034, 1020, 777, 760 cm™".

HRMS (ESI) Calcd for CoH,;BNaP [M+Na]+: 207.1450. Found: 207.1459.
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Dodec-1-ynyldiethylphosphine borane (3g)

BH3 C,¢H,,BP

|
P M =268.25 g.mol’!

7
Et éN colorless oil

(CH2)g-CH3 R/ = 0.40 (pentane/toluene: 6/4)

Yield: 58% (149 mg), obtained from 1b (100 mg, 0.96 mmol).

'H NMR (400 MHz, CDCls) & 2.32 (td, “Jup = 3.2 Hz, *Jyun = 6.8 Hz, 2 H), 1.82—1.64 (m, 4
H), 1.54 (quint, *Jug = 7.2 Hz, 2 H), 1.41-1.24 (m, 14 H), 1.19 (dt, *Jup = 17.5 Hz, *Jun = 7.6
Hz, 6 H), 0.87 (t, *Jun = 7.2 Hz, 3 H), 0.90-0.10 (m, 3 H).

C NMR (100 MHz, CDCls) § 110.1 (d, 2Jcp = 12.7 Hz), 69.9 (d, 'Jep = 95.4 Hz), 32.0, 29.6,
29.5,29.4,29.1, 28.8, 28.0 (d, *Jep = 1.4 Hz), 22.8, 19.9 (d, *Jep = 2.3 Hz), 19.0 (d, 'Jep = 41
Hz), 14.2, 7.3 (d, 2Jcp = 3.5 Hz).

3P NMR (162 MHz, CDCl3) 8 9.3-8.2 (m).

"B NMR (160 MHz, CDCl3) & —39.2 (dq, 'Jsu = 96.5 Hz, 'Jgp = 58.7 Hz).

IR (neat): 2924, 2854, 2379, 2196, 1457, 1066, 1045, 1019, 777, 760 cm™".

HRMS (ESI) Calcd for C;¢H3sBNaP [M+Na]™: 291.2389. Found: 291.2390.

Diethyl(triisopropylsilyl)ethynylphosphine borane (3h)

B|H3 C,sH,,BPSi
P M = 284.23 g.mol’!
Et EN colorless oil
TIPS

Ry = 0.35 (pentane/toluene: 6/4)

Yield: 58% (158 mg), obtained from 1b (100 mg, 0.96 mmol).

'H NMR (400 MHz, CDCl3) § 1.79-1.68 (m, 4 H), 1.24 (dt, *Jyp = 17.2 Hz, *Juy = 7.6 Hz, 6
H), 1.11-1.07 (m, 21 H), 0.95-0.24 (m, 3 H).

C NMR (100 MHz, CDCls) & 114.0 (d, *Jep = 3.6 Hz), 97.8 (d, 'Jep = 76.6 Hz), 19.0 (d, 'Jep
=40.1 Hz), 18.6, 11.1, 7.4 (d, *Jep = 3.7 Hz).

3P NMR (162 MHz, CDCl3) § 10.1-9.7 (m).

"B NMR (160 MHz, CDCl3) & —39.2 (dq, 'Jsu = 95.8 Hz, 'Jgp = 55.8 Hz).

IR (neat): 2943, 2867, 2379, 2346, 1461, 1065, 1036, 1019, 997, 882, 805 cm .

HRMS (ESI) Calcd for C;sH34BNaSiP [M+Na]": 307.2158. Found: 307.2157.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Diethyl(phenyl)ethynylphosphine borane (3i)

BH; C1oH gBP
_P M =204.12 g.mol!
Et |I§t % colorless oil

Ph Ry = 0.41 (pentane/toluene: 6/4)

Yield: 59% (115 mg), obtained from 1b (100 mg, 0.96 mmol).

'H NMR (400 MHz, CDCl3) § 7.53-7.51 (m, 2 H), 7.42-7.33 (m, 3 H), 1.96-1.77 (m, 4 H),
1.29 (dt, *Jup = 17.5 Hz, *Jyy = 7.6 Hz, 6 H), 1.10-0.20 (m, 3 H).

BC NMR (100 MHz, CDCls) § 132.5 (d, *Jep = 1.6 Hz), 130.2, 128.6, 120.9 (d, *Jep = 3.1
Hz), 106.6 (d, 2Jcp = 12.0 Hz), 79.0 (d, 'Jep = 89.9 Hz), 19.0 (d, 'Jep = 40.4 Hz), 7.5 (d, 2Jcp =
3.5 Hz).

3'P NMR (162 MHz, CDCl5) & 10.4-10.0 (m).

"B NMR (160 MHz, CDCl3) & —39.2 (dq, 'Jsu = 96.7 Hz, 'Jpg = 56.2 Hz).

IR (neat): 2379, 2336, 2178, 1489, 1065, 1034, 1020, 850, 755, 688 cm™".

HRMS (ESI) Calcd for CoH sBNaP [M+Na]": 227.1137. Found: 227.1137.

Hex-1-ynylmethylphenylphosphine borane (3j)

BH; C,;H,oBP
Me/Ff “ M =218.14 g.mol™!
PN colorless oil
n-Bu

R/ = 0.42 (pentane/toluene: 6/4)

Yield: 50% (82 mg).

'H NMR (400 MHz, CDCl;) & 7.86-7.81 (m, 2 H), 7.52—7.45 (m, 3 H), 2.39 (td, *Jyp = 3.2
Hz, *Jyn = 7.1 Hz, 2 H), 1.70 (d, *Jyp = 10.5 Hz, 3 H), 1.59 (quint, *Jyuy = 7.0 Hz, 2 H), 1.43
(sext, *Juy = 7.2 Hz, 2 H), 0.93 (t, *Jun = 7.3 Hz, 3 H), 1.40-0.50 (m, 3 H).

BC NMR (100 MHz, CDCls) & 131.6 (d, *Jop = 2.5 Hz), 131.3 (d, *Jep = 10.8 Hz), 129.9 (d,
'Jep = 62.8 Hz), 128.9 (d, *Jep = 10.8 Hz), 110.9 (d, *Jep = 16.4 Hz), 71.1 (d, 'Jep = 106.9
Hz), 29.9 (d, *Jep = 1.5 Hz), 22.1, 19.8 (d, *Jep = 2.4 Hz), 16.1 (d, 'Jep = 44 Hz), 13.6.

3P NMR (162 MHz, CDCl3) § —4.4 to —4.9 (m).

"B NMR (160 MHz, CDCl3) & —36.8 (dq, 'Jsu = 96.7 Hz, 'Jpg = 54.7 Hz).

IR (neat): 2379, 2354, 2197, 1438, 1110, 1058, 909, 894, 742, 691 cm™".

HRMS (ESI) Calcd for Ci3Ha0BNaP [M+Na]™: 241.1293. Found: 241.1293.
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(Phenyl)ethynylmethylphenylphosphine borane (3k)

B|H3 C,sH,,BP
F M =238.11 g.mol"!
Me Ph% Ph colorless oil

R/ = 0.40 (pentane/toluene: 6/4)

Yield: 52% (93 mg).

'H NMR (400 MHz, CDCl;) § 7.96-7.90 (m, 2 H), 7.57-7.34 (m, 8 H), 1.83 (d, 2Jup = 10.4
Hz, 3 H), 1.50-0.60 (m, 3 H).

BC NMR (100 MHz, CDCl;) & 132.4 (d, “Jop = 1.7 Hz), 131.8 (d, “Jcp = 2.6 Hz), 131.4 (d,
2Jep = 10.9 Hz), 130.4, 129.2 (d, 'Jep = 62.5 Hz), 129.0 (d, *Jep = 10.8 Hz), 128.6, 120.6 (d,
3Jer =3.2 Hz), 107.0 (d, *Jep = 15.9 Hz), 79.9 (d, 'Jep = 101.4 Hz), 15.7 (d, 'Jep = 43.8 Hz).
3P NMR (162 MHz, CDCl3) § -3.5 to —3.9 (m).

"B NMR (160 MHz, CDCl3) & —36.8 (dq, 'Jsu = 95.9 Hz, 'Jpg = 52.0 Hz).

IR (neat): 2373, 2178, 1488, 1437, 1110, 1057, 895, 741, 687 cm™".

HRMS (ESI) Calcd for C;sH;sBNaP [M+Na]+: 261.0980. Found: 261.0987.

(III) Formation of complex [Ph,P(BH;)Cuphen] and Reaction with 1-

bromohexyne 2a

In a Schlenk tube, flushed with nitrogen, diphenylphosphine-borane 1a (60 mg, 0.30
mmol, 1 equiv.) in degassed dry THF (0.5 mL) was cooled to —78 °C. n-BuLi (0.130 mL, 0.33
mmol, 1.1 equiv., 2.5 M solution in hexane) was then slowly added and the mixture was
stirred at this temperature for 20 min before allowing the temperature to reach 0 °C. The
resulting solution of Ph,P(BH3)Li (8, = -31.0 ppm) was slowly added to a suspension of Cul
(57 mg, 0.30 mmol, 1 equiv.) in degassed dry toluene (1 mL) at 0 °C. After 20 min of stirring
at 0 °C, a solution of 1,10-phenanthroline (54 mg, 0.30 mmol, 1 equiv.) in a mixture of
degassed dry toluene (0.5 mL) and THF (0.3 mL) was added. The reaction medium turned red
instantly, indicating the formation of [Ph,P(BH3)Cuphen] complex (8, = —22.0 ppm). After 20
min at 0 °C, a pre-cooled solution of 1-bromohexyne 2a (70 mg, 0.43 mmol, 1.4 equiv.) in
degassed dry toluene (0.5 mL) was slowly added and the reaction mixture was subsequently
heated to 40 °C. After 2 hours, the spectrum showed the signal of the corresponding

alkynylphosphine 3a (6, = 5.0 ppm), alongside with a broad signal (3, = —33.1 to —35.7 ppm)
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assigned to [Ph,PHCuXphen] complexes (X = I, Br) and a signal corresponding to 1a (9, =
1.4 ppm), probably resulting from a partial hydrolysis of the copper phosphide
[Ph,P(BH;3)Cuphen].

NMR data for [Ph,P(BH3)Cuphen]:

'H NMR (500 MHz, THF—ds) & 8.80 (br, 2 H), 8.26 (br, 2 H), 7.64—7.57 (m, 8 H), 6.97 (br, 6
H), (signal of BHj3 is hidden in the base line).

3C NMR (125 MHz, THF—ds) & 150.3, 144.3 (d br, 'Jep = 16.3 Hz), 144.0, 137.2 (br), 134.6
(br), 129.6, 127.6 (d br, *Jep = 5.5 Hz), 127.3, 126.7, 125.3.

3'P NMR (202 MHz, THF—ds) 8 —21.8 (br).

"B NMR (160 MHz, THF—dg) & —31.0 (br).
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(IV) NMR Spectra
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W
W
W

0.21953173
o 119852
400.1316005 MHz
2763
161.9755930 MHz
EM
Q
15.00 Hz
Q
1.40

ebl108p2-500
10

1

20091117

20.01

spect

S mm PABBO BBE-
z

65536

<oCl3

256

1
32051.261 Hz
0.489064 Hz
1.0224116 sec
362
15.600 usec
6.50 usec
295.0 K
1.00000000 sec

7.50 usec

0.00 dB
86.66007896 W
160.4615792 MHz

160.4615790 MH=z

a
3.00 Hz

[
0.40
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7.812

MOTHOMNAONINNOO O O NS T OOONERNONME O @ N eh109p2
WO N@EWWLW T Mo D MO TME OO TNO NN 00 11
L O T o e SO S S S S AD WO MO WO WO S S S ) O O @D 00 e g
ol el el 2 o e S o St o ] e ol NN A A A AA A A A O OO 20091118
12.18

NP e e W - -
PROBHD S mm QNP 1H/13

PULPROG zg30

D 65536

QLVENT €DC13

Hz
Hz
sec
BHj 1
FI‘ usec
- Usec
Ph ﬁl& 235.0 K
(CHg)g-CH3 1.00000000 sec
3b -
=zm===== CHANNEL [l s=======
1H
12.00 usec
-1.00 dB
15.25798988 W
400.1324710 MHz
32768
400.1300225 MHz
EM
Q
0.30 Hz
0
1.00
T T T T T T T T T T 1
] 8 7 6 5 4 3 2 1 0 ppm
IJ =+ ]-— <) e [e2
@ S o bor| B | I
o (& o oll [@] |3
| =
E2B88z3asd e cwe mo o HAME =b109p2
SREREREE s S35 B8 & EXPNO 10
PR EE o s el "‘3; g o BRACNO il
s i o B fafai FE2 R3 b4 Dies. bl
\ ///‘ v \/ \/ INSTRUM spect
PROBED 5 mm QNP 18/13
BULEROG zgpa3l
TD 65536
SOLVERT coCly
ns 1023
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
A 1.2583412 s=c
BHE 2050
!P 19.200 usec
- .00 usec
En FI'N 295.0 K
- D1 3.00000000 sec
(CHa)gCHy D11 0.03000000 s2c
3b o0 1
CHANNEL fl m=mmm===
13¢
8.30 usec
-2.00 dB

58.36251068 W
100.6238364 ME:

CHANNEL £2
walt

100,00 usec
-1.00 dB

17.42 dB
15.25798988 W
0.21853173 W
0.12119852
400.1316005
81 131072
aF 100.6127649 MHz
WoH EM
55E [
LB 1.00 Hz
cB D
FC 1.40

T T T T T T T T T T T T T T T
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

BH;

P 20
P ﬁ;SSR\ G

(CHz)g-CH3
3b

CPDPRGZ
NUC2
PCPD2
PL2
PL12
FL13
PL2W
FL12W
PL13W
SFP02

80 60 40 20 0

WAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
BULPROG

-36.941

?H3 DE

P TE
Ph F"h\‘\

3b

(CHa)g-CH3

-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 ppm

eb099p2

20020617
8.54

spec
5 mm QNP 1H/13
2g9pg30

65536

€pe13

64

2
64102.563
0.978127
0.5112308
2050
7.800

B.00 u

295.0
2.00000000
0.03000000

CHANNEL £1 =
3R

B.80

0

25.06862640
161.9674942

CHANNEL f2 =
waltzlé

1B

.00
og

.42

0.12119852
400.13160058
2763
161.9755930
EM

15.00

Q

1.40

eb109p28
10

1

20021117
18.2B

spect

5 mm PABBO BB-
=g

65536

€DC13

256

4
32051.281
0.4892064

1.0224116 s

.00
86.660079%96
160.4615792

2768
160.4615790 ¥
EM

o
4.00
o
0.20

usec
usec
K
sec
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AW N NOOLCrMANTOUNOTONS OO O NHWWOWM e NAME eblllp2
OO O OOMM M OWIW WSS o o0 OV OO M- D WY OOy EXPNO 1
(ool ol e Ea B To TR A LS SRS U U U I L s R U R S R e A A A A A AAO PROCHO 1
=== == (=== F= [~ [~ [~ [~ [~ = [~ [~ = [~ [= [~ (=~ P e i ot Date_ 200212
. i Time 21.13
W INSTRUM spect
PROBHD 5 mm QWP 1H/13
BULPROG 2g30
D 65536
SOLVENT €DC13
NS 16
s 2
BWH 8223.685 Hz
FIDRES 0.125483 Hz
BHy 20 3.9846387 sec
P G 30.5
Ph* 1 oW 50.800 usec
S DE £.00 usec
TIPS TE 295.0 K
Dl 1.00000000 sec
3% D0 1
PLL ~1.00 dB
PLIW 15.25798988 W
5701 400.1324710 MHz
5T 32768
SF 400.1300215 MHz
oW EM
sSB 0
LB 0.30 Hz
GB o
BC 1.00
T T T T T T T T T T 1
9 8 6 5 4 3 2 1 0 ppm
8‘5 L
2 % o
-+ | O =
o~
BLEEERES 2R 2z z ¥ A ebilip2
........ 35 faa-4 5 & EXPNO 10
e - / ! i
SBRwSRR8 55 o & o 1
i L A G e o 58 = = SEgasT
NV \/ | e
spect
SROBED 5 mm QNE 1RH/13
SULPROG 290930
0 65536
¥ CDCl3
1024
BHj 2
A 26041.666 Hz
- 0.397364 Hz
Ph rﬂ.& 1.2583412
TIPS
3c
Pl 8.20 usec
PL1 -2.00 dB
PLINW 58.36251068 W
5FOL 100.6238364 MHz
CHANNEL £2 =
waltzl6
1B
100.00 usec
~1.00 db
17.42 dB
17.42 dB
15.25798988 W
0.21953173 W
0.21953173 0
400.1316005 MHz
131072
100.6127578 MHz
EM
Q
1.00 Hz
0
1.40
| m A ;

T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Hz
Hz
sec

usec
usec

=

sec
sec

Hz
sec

usec
usec

usec
dB

=

MHz

MHz

NAME ebllip2
EXPNO 12
PROCNO 1
Date_ 20091221
Time 21.16
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2gpg30
D 65536
SOLVENT DC13
NS 64
D8 2
SWH 64102.563
FIDRES 0.978127
EHﬁ 10 0.5112308
BG 2050
Ph’ﬁ\ oW 7.800
h TPS DE 8.00
TE 295.0
Dl 2.00000000
3c D1l 0.03000000
TDO 1
==== CHANNEL fl ====
NUCL 318
Pl B.60Q
PLL 0.00
PLLW 25.06862640
SFOL 161.9674342
= = CHANNEL £2 =
CPDPRGZ waltz16
NUC2 1H
POEDZ 100.00
PLZ -1.00
PL12 17.42
PL13 17.42
PL2W 15.25798588
PLL2W 0.21953173
PLL3W 0.21953173
SFO2 400.1316005
sL 32768
SF 161.9755930
WD EM
8B Q
LB 15.00
GB [
c 1.40
T T T T T T T T
80 60 40 20 0 -20 -40 -60
= HAME ebl132pa
o EXPNO 10
P PROCNG 1
w0 Date_ 20091117
™y Time 12.38
! INSTRUM spect
PROBHD 5 mm BABBO BE-
PULEROG zg
™D 65536
SOLVENT CpCl3
HS 256
DS 1
SWH 32051.281
FIDRES 0.489064
i) 1.0224116
@HJ RG 362
P bW 156523
1 DE i
Eh pN TE 295,
TIPS Dl 1.00¢000000
DO 1
3c ======== CHANNEL fl s=======
NUcl 118
Bl 7.50
PL1 0.00
PL1W 86.66007996
sFo1 160.4615792
5L 32768
i 160.4615790
WDW EM
58B 0
LB 4.00
cB 0
BC 0.10
st
T T T T T T T T T T
-5 -10 -15 -20 -25 =30 -35 -40 -45 =50 -55 ppm
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OWOoOVAVOYWANN HYNACINOYNY AN OYANOWVOWw-H o = o~ eb71lpbis
OM-OYNWNLMO AN A A0 OO0 OIS ey O 0w = = 20
0 60 00 €0 G0 00 00 00 WO N I N NI NN N N T P T L L L L T T T T ) )0 07 10 o 1.
S A R OO TR S O B 5 K 20108507
spect
PROBHD
PULPROG
™0
SOLVENT
NS
Ds
SWH
FIDRES
BH, a0
ﬁ RG
- oW
PR Sy DE ¢
Ph TE 295.2 ¥
D1 1.00000000 sec
3d TDO 1
CHANNEL f1 =
18
12.00 usec
-1.00 dB
15.25798988 W
400.1324710 MHz
32768
400.1300219 MHz
EM
0
0.30 Hz
0
1.00
I
T T T T T T T T T T T T
12 11 10 9 7 6 5 4 3 2 1 ppm

&g B, ebTlpbis2
a7 Tadan 10
i g 3
28 T &
ca i 20100608
16.54

spect

PROBHD S mm QNP 1H/13

PULPROG
D
SOLVENT
NS
2
BH; 26041.666
b 0.397364
- 1.2583412
Ph TS 2050
Ph 19.200 usec
8.00 usec
3d 295.2 K

3.00000000 sec
0.03000000 sec

CHANNEL f1

NUC1 13C
Pl 8.20 usec
PL1 -2.00 dB
PL1W 58.36251068 W
SFOL 100.6238364 MHz
CHANNEL f2 =

CPDPRG2 waltzl
ucz 1H
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02 400.1316005 MHz
51 131072
SF 100.6127640 MHz
HoW EM
S5 0
LB 1.00 Hz
GE 0
BC 1.40

! “.L . i

T T T T T T T T T i T T T T

T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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BH;

PR,

Ph

NAME
EXPNO
PROCNG
Date_
Time
INSTRUM
EROBHD
BULPRCG
D
SOLVENT
NS

DE

SWH

m======= CHANNEL £

NUC1
Pl
PL1
PL1W
SFO1

-36.721

MAME
EXPNO
PROCNO
Date_

ime
INSTRUM
PROBHD
EULEROG
D
SOLVENT
RES

D8

SWH

-5 -10 -15 -20 -25 -30 =35 -40

-45

-50 -55 ppm

eb7lpbis
12

1
20100604
8.40
spect
1H/13
2930
65536
CDhC13
64

S mm QNP

4
64102.563 Hz
0.978127 Hz
0.5112308 sec
2050
7.800 usec
B.00 usec

295.2 K
2.00000000 sec
1

£l mewm———
31P
B.60 usec
0.00 dB

25.06862640 W
i 9674942 MHz
32768

161.9755930 MHz
EM

0
15.00 Hz
0

1.40

eh71pbisB
10

20100617

17.46

spect

S mm PABBO BBE-
z

65536

<oCl3

256

4
32051.281 Hz
0.489064 Hz
1.0224116

CHANNEL f1
11B

7.50 usec
86.66007596
160.4615792
32768
160.4615790

=

MHz

MHz
a

1.00 Hz

[
1.40
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SOITOOAINODONANNODOVANDYDNIINTMNAODOOMOS AR OMOAINOMN ANTNAO NAME ebegf2bis
NOOMONHAHOOOO OO~ OLYNINTITTTITMOMNAOCONRNREENWOTTONNAN b
f= RN o BT o TS S S RS S VRS RS (T U M R (R R I o T o B g RSN W W R e = 0 A =) SEG?ISO 11
P~ [~ F~ [~ [~ [~ [~ [~ [~ [~ [~ [~~~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~~~ [~ [~ \0\W.0 W0 WwwWw.\wm Date. 20100403
— L S SO A I N [ T e 1| ime_ 2.53
pem———— e TNSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2930
D 65536
SOLVENT <oCl3
NS 16
DS H
SWH 8223.685 Hz
FIDRES 0.125483 Hz
20 3.9846387 sec
RG 161
DW 60,800 usec
DE 8.00 usec
BH3 E 295.2 K
_P. OMe Dl0 1.00000000 sec
! D! 1
P b
=====m== CHANNEL fl ========
NUC1 1
3e Pl 12.00 usec
PL1 -1.00 dB
PLIW 15.25798988 W
SFOL 400.1324710¢ MH=z
SL 32768
SF 400.1300221 MHz
wDW EM
SSB Q
LB 0.30 Hz
GB Q
PC 1.00
Ui | IR SN |
T T T T T T T T T T T 1
12 " 10 9 8 7 6 5 4 3 2 1 0 ppm
] |
o« - [v] - o«
s L | O &1 -
< |g| | ] wr
AmemABrEmeEn memoa @ HAME ebcgfibis
L reiiakel sua i, TR Ao ol E i EXPNO 10
ARERNERRLE8S S28E3 ] = PROCNO 1
& - Date_ 20100403
Time 2.52
TNSTRUM spact
PROBHD 5 mm ONP 1H/13
PULERCG 2gpg30
D 65536
SOLVENT €DC13
HS 1024
08 z
SWH 26041.666 Hz
FIDRES 0.397364 Hz
A 1.2583412 sec
RG 2050
bW 19.200 usec
BH3 DE 8.00 usec
T L o 3. connnnon o
D . sec
Ph S D11 0.02000000 sec
D0 1
3e = CHANNEL £
BL1 -2.00 dB
BLLW SB.36251068 W
sral 100.6238364 MHz
= CHANNEL £2 =
CPDERGZ waltzl6
HUC2
BOEDZ 100.00 usec
PL2Z -1.00 dB
BL12 17.42 dB
PL13 17.42 dB
PL2W 15.25798988 W
PL12W 0.21953173 W
PL12W 0.21953173 W
sFo2 400.1316005 MHz
sI 131072
SF 100.6127611 MHz
WDH EM
3B 0
LB 1.00 Hz
GB 0
ED 1.40
. Il e, L
T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications

This journal is (c) The Royal Society of Chemistry 2011

BHs
P OMe
P oSy
3e
T T T T T T T T
80 60 40 20 0 -20 =40 -60 -80 ppm
™
o
=
oy
)
BH;
P oMe
P b
3e
T T T T T T T T T T T T 1§ T T
25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 ppm

EB212P3
11

1
20100427
10,27

10.2
STRUM spect
PROBHD 5 mm QNP 1H/13
PULEROG zgpg30
D 65536
SOLVENT CDC13
NS 64
Dg 2
SWH 64102.563 Hz
FIDRES 0.978127 He
0.5112308 sec
RG 2050
oW 7.B00 usec
DE 8.00 usec
1E 295.2 K
oL 2.00000000 sec
pll 0.03000000 sec
™a 1
———————— CHANNEL f1
NUCL
Pl
EL1 .00 4B
BLIW 25.06862640 W
SFOL 161.9674942 MHz
= = CHANNEL £2 =
CPDPRGZ2 waltz
NUC2
BCPD2 100.00
PL2 -1.00
PL12 17.42
PL13 17.42 dB
PL2W 15.25798988 w
PL12W 0.21953173 W
PL13W 0.21953173 W
SFO2 400.1316005 MHz
5L 32768
SF 161.9755930 MHz
WoW EM
&sB 0
LB 10.00 Hz
GB 0
BC 1.40

5 mm

BULPROG zg

o 65536
SOLVENT €Del13

NS 256

Dg 4

SWH 32051.281 Hz
FIDRES 0.489064 Hz
20 1.0224116 sec
RG 362

D 15.600 usec
DE 6.50 usec
TE 295.6 K
bl 1.00000000 sec
0O 1

= CHANNEL f1

HUC1 11B

Pl 7.50 usec
BL1 0.00 dB
PL1W 86.66007996 W
SFOL1 160.4615792 MHz
ST 32768

5F 160.4615790 MHz
WDW EM
33B 1]

LB 1.00 Hz
GB o

EC 1.40
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NAME eh154p2
EXPNC 21
PROCNO L
Date_ 20091222
Time 16.45
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
D 65536
SOLVENT cDCl3
NS 16
D5 2
SWH 8223.685 H
FIDRES 0.125483 Hz
20 3.9846387 ssc
RG 161
E,H3 oW 60.800 usec
’_1, DE 8.00 usec
- TE 295.0 K
Et "EN D1 1.00000000 ssc
n-Bu TDO 1
CHANNEL f1
a6 ncl 14
Pl 12.00 usec
PLL -1.00 dB
eLIW 15.25798988 W
3FQL 400.1324710 MHz
5 32769
SF 400.1300247 MHz
WDW EM
3SB 0
LB 0.30 Hz
GB ]
eC 1.00
e
T T T T T T T T
7 5 4 3 2 1 0 -1 ppm
By
{ o
B e
o ItiNIN @l o
a5 moo se onmoo o ebl5dp2
B 285 Fh Sdmec o oo 2
B FE8 58 ERB8ZE8 84 9
S o g 2 i mE 1
a3 sRE |8 FazEEL oo 20091222
= 16.43
\ // v INSTRUK spect
PROBHD 5 mm QNP 1H/13
PULPROG 2gpg30
™ 65536
SOLVENT CDC13
NS 1024
2
26041.666 Hz
0.397364 Hz
I?Hg 1.2583412 sec
e 5
o 19.200 usec
E EN 8.00 usec
n-Bu 295.0 K
3.00000000 sec
3 0.03000000 sec
CHANNEL f1
13c
8.20
-2.00
58.36251068
100.6238364
= CHANNEL f2
CPDPRG2 waltzlg
Nuc2 18
2CPD2 100.00 usec
PL2 -1.00 dB
PL12 17.42 dB
PL13 17.42 dB
PL2W 15.25798988 W
PL12W 0.21953173 W
PL13W 0.21953173 W
FO2 400.1316005 MHz
131072
100.6127599 MHz
EM
0
1.00 Hz
0
1.40
A
T T T T T T T T T T T T T
120 110 100 20 80 70 60 50 40 30 20 10 ppm
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80 60 40 20 0 -20 -40

o0 oo
O O [~ OY O AD
(=R RN RN
oo O
(e ot R s AT
[ R .

A\

HAME ebl54p2
EXPNO 22
PROCNO 1
Date 20091222
Time 16.49
INSTRUM spect
PROBHD 5 mm QNE 1H/13
PULPROG zgpg30
D 65536
SOLVENT CDC13
N3 64
D5 2
EWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5112308 sec
RG 2050
bw 7.800 usec
DE B.00 usec
TE 295.0 K
D1 2.00000000 sec
D1l 0.03000000 sec
Do E
CHANNEL £1 =
31P
B.60 usec

25.06862640 W
161.9674942 MHz

CHANNEL £2
waltz

100.00 usec
-1.00 4B
17.42 dB
17.42 dB
15.25798988 W
0.21953173 W
0.21953173 W

400.1216005 MHz
32768

[4}
1.40
ebl53p28
10
1
20100625
19.01
INSTRUM spect
BROBHD 5 mm PABBO BB-
EBULEROG zg
0 65536
SOLVENT CDC13
NS 512
Ds 4
SWH 32051.281 Hez
FIDRES
aQ 1
RG
DK
DE LSeC
T 295.2 K
D1 1.00000000 sec
Do > 4
==== CHANNEL f
NUC1
Pl
BL1 0.00 dB
PL1W 86.66007996 W
SFO1 160.4615782 p
5T 32768
SF 160.4615790 ¥
WDW EM
SEB 0
LB 10.00 Hz
GB
BC 1.40
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W ONNSIOVSIOC OO0 AN ANNNT ORI AN OO AN~ =D g EB149P2-02-04
N FONACON QN TOONGSOENE-D SN0 SO0 A0S INGYTO0H0 10
(] MO NCCEEEEE POV ONNONNMMOO NN NN A A A A0 MY ;ROCNG ‘1
- NN NN NN A A AAAA A A A A A A AAA A A A A AAAAA A A A A A OO OO OO O Date. 20100402
-- = = T —— Time 5.52
INSTRUM spect
PROBHD 5 mm QNP 1H/13
BULPRDG 2g30
65536
SOLVENT cpCl3
NS 16
Ds 2
SWH 8223.685
FIDRES 0.125483
AQ 3.98463B7 s
BHy RG 28,
i 60.800
Et’?\ DE .00
Et H H TE 295.2
{CHz)gCHy D1 1.06000000
39 DO 1
CHANNEL f1 =
1H
12.00
~1.00
15.25798088
100.1324710
32768
400.1300228
EM
0
0.30
0
1.00
T T T T T T T T T T T
7 6 5 4 3 0 -1 -2 -3 ppm
o
@
o
e mom o e ne T e e m @ o HAME EB149P2-02-04
na ©22 23 Bt b frge i T s
i ohs o SE b agaErTar dhne EXPNO 20
s HE A eRbuncesenaedes e SAEN
35 Ced oo doloaon oo o g . PROCNG 1
ge P AZRAARRRNARABE Tt 20100402
V v Wi g, T
INSTRUM spect
PROBHD 5 mm QNE 1H/13
BULEROG 2gpg30
0 65536
SOLVENT CDCl3
s 1022
DS &2
suH 26041.666
FIDRES 0.397364
aQ 1.2583412
RG 2050
I‘E‘H;, D 19.200
_P. DE 8.00
| TE 295.2
= E& o1 3.00000000
(CHz)e-CH3 D11 0.03000000
sg TDO 1
CHANNEL f1 =
13¢
8.20
-2.00
58.36251068
100. 6238364
CHANNEL £2 =
waltzlé
1H
100,00
~1.00
17.42
17.42
15.25798988
0.21953173
0.21953173
400.1316005
131072
1006127628 b
EM
0
1.00
0
1.40
T T T T T T T T T ¥ T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

usec
usec
K

sec

Hz
Hz
sec

usec
usec

sec
sec
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dB

W
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M Spr
PROBHD 5 mm QNP 1H/13
PULPROG 2gpg30
D 65536
SOLVENT CoCl3
NS 64
DS H
SWH 64102.563 Hz
FIDRES 0.978127 Hz
BH; 20 c
'5 RG
o DW
Et é& DE R
L TE 295.0 K
(CHa)e-CH, D1 2.00000000 sec
39 D1l 0.03000000 sec
DO 1
CHANNEL f£1
31B
8.60 usec
0.00 dB
25.06862640 W
161.9674942 MHz
s======= CHANNEL f2 ========
CPDPRGZ waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 -1.00 dB
PL12 17.42 dB
PL13 17.42 dB
PL2W 15.25798888 W
PL12W 21953173 W
PLL3W 0.21953173 W
SFO2 400.1316005 MHz
ST 32768
3K 161.9755930 MH=z
] E
8B Q
LB 1.00 Hz
GB [
eC 1.40
T T T T T T T T T
80 60 40 20 0 -20 -40 -60 -80 ppm
gaehgn i
owVwoMWwA 1
DWW DO 20100625
0 Mmoo 18.20
| spect
\ // PROBHD 5 mm PABBO BE-
PULPROG zg
D 65536
SOLVENT CDCl3
NS
DS
SWH 32051.
FIDRES 0.489064 Hz
20 1.0224116 sec
RG 362
DW 15.600 usec
DE 6.50 usec
?HS TE 295.2 K
Et’P DlG 1.00000000 sec
| D! 1
EN
(CH2)g-CHy s=m==mm= CHANNEL fl ========
g NUC1 11B
5 7.50 usec
PLL 0.00 dB
PL1W 86.66007896 W
SFOL 160.4615792 MHz
SI 7
SF 160.4615790 MHz
wDW EM
SSB Q
LB 3.00 Hz
GB Q
PC 0.50
r T T T T T T T T T T
-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 ppm
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DOV NS A O IN O O [ S D D 00 N WO = 0 ) SN S WO O Y 1N O o) o 1y BAME ehldtp

s} NN O ® oo \O (el ] @~ oy NN ANO RO OWNE My m  EXPNO
o 0 00 00 D @wr~r~rHr~r-r P e ry Rl [ S HO OO OO WA PROCNO 1
% . Date. 20091222
- 5 Time 15.26
INSTRUM apect

PROBHD 5 mm QWP 1H/13

PULPROG
2
8223.685 Hz
0.125483 Hz
& sec
usec
BH; .00 usec
P. 295.0 K
-4 1.00000000 sec
SRS 1
TIPS
======== CHANNEL fl ========
3h HUCL 18
Bl 12.00 usec
BL1 1.00 dB
PL1W 15.25798988 W
SFOL 400.1324710 MHz
sI 32768
SF 400.1300235 MHz
WDW EM
558 0
LB 0.30 Hz
GB 0
c 1.00
e |
T T T T T T T T T T
T 6 5 4 3 2 1 0 -1 -2 ppm
o =11 (o]
o) oS o
1 ™~
ER= . - - NAME ebl45p
& o i A e tas PROCNO 1
jabs 25 RRR B8 ok Date_ 20091222
Time 15.21
v \/ \I/ \V | v INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT cpe13
NS 1024
DS 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
20 1.2583412 sec
RG 2050
DW 19.200
DE g.00
BH3 TE 295.0
B o1 3.00000000
D11 0.03000000
DO 1

= CHANNEL f1 =
13C
B.20 usec
-2.00 dB
58.36251068 W
100.6238364 MHz

CHANNEL £2 =
waltzlg
1H
100.00 usec
-1.00 dB
17.42

17.42 dB

15.25798988 W

.21953172

0.21953 ¥

400.1316005 MHz
131072

100.6127572 MHz
M

1.00 Hz

Seso

1.4

T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

spect

PULBROG

TD
SOLVENT
N5

BH, s

P.
Et”1 RG
E!\"\:\ bW
TIPS DE u
3h 1B 295.0 K
s
s

o1 2.000000DD
D11l 0.03000000

CHANNEL f1 =
3
a.60

0.00
25.06862640
161.9674942

s======= CHANNEL f2 .
CPDPRG2 waltzlé
HUC2
PCPD2 100,00 c
FL2 -1.00 d
PL12 17.42
PL13 7.42 @
PL2W 15.25798988
PL12W 0.21953173
PL13W
SFO2
SI
SE
WOW E
5B 0
LB 1.00 Hz
GB 0
PC 1.40
i | " I
) | | i i i 3
T T T T T T T T T
80 60 40 20 0 -20 -40 -60 -80 ppm

N A O A ebl4SpB
|t ol 5 18 st & R 3§ :IU
OO OOy '.I
s oo e s W} 20091117
Lot Iat T ot B ot B o RS o 19.15
[ INSTRUM spect
FROBHD 5 mm PABBO BR-
BULEROG
D
SOLVENT
NS
DS 4
SWH 32051.281 Hz
BH- FIDRES 0.489064 Hz
il ag 1.0224116 sec
_P. RG 362
Et é:$§§\ oW
TIPS o
3h
Pl 7.50 usec
BLL 0.00 dB
BLLW 86.66007996 W
5F01 160.4615792 MHz
S1 32768
SF 160.4615790 MHz
WDW EM
SSB 0
1B 3.00 Hz
GE 0
FC 0.40
R e . b




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

MAME ehlddp
EXPNO z1
PROCNO 1
Date_ 20091221
Time 22.35
INSTRUM spect
PROBHD S mm QNP 1H/13
PULPROG zg30
65536

€DC13

16

2
8223.685 Hz
0.125483 Hz

3.98463B7 sec

287
BH; 60.800 usec
lé 8.00 usec
R 295.0 K
Et E& 1.00000000 sec
Ph 1
3i NNEL fl s=smmmm=
400.1324710 MHz
32768
400.1300251 MHz
EK
0
0.30 Hz
Q
1.00
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
g3 4 &8 e
-] «© =1 «
P ¥ P | o
EBmd HS 28 o eblédp
SERE B8 88 g o 55
Gngs &4 S o =0 RS 1
b oe 3z (s Date 20091221
/ Time 22.34
INSTRUM spect
BROBHD 5 mm ONP 1H/13
BULEROG 29pg30
™ 65536
SOLVENT cbels3
NS 1024
DS 2
SWH 26041.666 He
FIDRES 0.397363 Hz
aQ 1.2583412 sec
E.'H3 RG 2050
P. DK 19.200 usec
Et” \\ DE §.00 usec
Et Bh 18 295.0 K
D1 3.00000000 sec
3 pil 0.03000000 sec
D0 1

CHANNEL f1 =
13C

-2.00 dB
58.36251068 W
100.6238364 MHz

CHANNEL f2 =
waltz

100.00 usec
-1.00 dB
17.42 dB
17.42 dB

15.25798988 W
0.21953173 W
.21953173 W

T T T T T il T T b | T T b |

T [ §
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

HAME ebld4p
2 EXPNO £
; BROCNG 1
Date 20091221
Time 22,39
INSTRUM spect
BROBHD 5 mm QNP 1H/13
PULPROG zgpg30
65536
SOLVENT €nci3
N 64
ps 2
SWH £4102.563 Hz
FIDRES 0.978127 Hz
BH;, aQ 0.5112308 sec
I{’ EG 2050
- oW 7.800 usec
Et é& DB 8.00 usec
Ph TE 295.0 K
DL 2.00000000 sec
3 pl1 0.03000000 sec
D0 1

= CHANNEL £l =

PL1 .00 dB
PLIW 25.06862640 W
sFO1 161.9674942 MHz
= CHRNNEL £2
CPDPRG2 waltz
Nucz
PCPD2 100.

PLZ -1.
PL12 17
PL13 17.42 dB
PLZW 15.25798988 W
PL12R 0.21953173 W
BL13W 0.21953173 W
SFO2 400.1316005 MHz
ST 32768
SF 161.9755930 MHz
WDW EM
55B [
LB 15.00 Hz
GB 0
BC 1.40
T T T T T T T T T
80 60 40 20 0 -20 -40 -60 -80 ppm
pinfal s NAME ebla4ps
Seane ERotHO !
@ wo oo Date 20091117
Mmoo e Time 20.48
[ R R INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG zg
D 65536
SOLVENT cDe13
NS 256
DS 4
SWH 32051.281 Hz
FIDRES 0.489064 Hz
20 1.0224116 sec
BH; G 362
ﬁ oW 15.600 usec
- DE 6.50 usec
Et IIEt{\ TE 295.0 K
Ph Dl 1.00000000 sec
DO 1
3i
=== CHANNEL fl ==s=s===
11B
el 7.50 usec
PLL 0.00 B
PLLW §6.66007996 W
SFO1 160.4615792 MHz
5T 327
SF 160.461579C MHz
wDW EM
SSB [
LB 1.00 Hz
GB [
PG 1.40




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

HE A AP AP A O THNOYTONOTVWODOOO T ATHNOOOMANRN OO AM O yame cacglipsi
WO AO A DO DO-ONW (OND-~ 10O OO=COWN TS TNND TN O Phpyy 10
VHREEVDONVNIALINITILAINTILNAONE VLN DNDOOIALITONNS ooy i
“ 4+ + e & = & e s+ s+ s & 4 & a4 & w & s s+ = & s &+ + a4 & 4 & s & w = s s+ s+ & s 2+ & s & =« « =« + PROCN
RN NN A AAAAAAAAAA A A A A A OO OO Date_

W ;%ﬁﬁﬁﬁiw WH/ TN TR

spect
QNP 1H/13

PROBHD 5 mm
PULPROG zg30
TD 65536
SOLVENT cDC13
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.98463B7 sec
RG 161
DW 60.800 usec
BH, DE B.00 usec
F\D TE 295.2 K
1 1.00000000 sec
Me” D
RS . DO i
HEs ====ee== CHANNEL f] ====—==-
3 HUCL 1H
Pl 12.00 usec
PL1 L. dB
PLLW 15.25798988 W
SFO1 400.1324710 MHz
5T 32768
8F 400.1300219 MHz
WDW EM
SEB [
LB 0.30 Hz
G 0
BC 1,00
T T T T T T T T T T 1
9 8 T 6 - | a4 3 2 0 ppm
) )
@ (= a (383 =
| | L Moo o
SCORETRRS IR T oy e ARG MAME CACG14p8
ARAOO8RAR A =Bt 55 RIEBER B
e . . TRl 5@ o e EXPNO 10
SRRARLEAS g Sl ds Sa oo o PROCNG 1
gooaagasy ] EERER 28 235882 Date 20100612
Ny A Y AW/
INSTRUM spect
PROBHD 5 mm QNP 1H/13
BULPRCG zgpg30
D 65536
SOLVENT 1
NS
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG z050
BH; D 19.200 usec
E" DE 8.00 usec
- TE 295.2 K
Me &’N L 3.00000000 sec
n-Bu D1l 0.03000000 sec
TDO 1

CHANMEL £

CPDPRGZ

Nuc2

BCEDZ

PL2

BL12 7.

PL13 17.42 dB

PL2W 15.25798988 W

PL12W 0.21953173 W

BL13W 0.21953173 W

8SFO2 400.1316005 MHz

51 131072

8F 100.6127642 MHz

WDW EM

53B Q

1B 1.00 Hz

GB Q

PC 1.40
- ol -

T i
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

T
INSTRUM
EROBHD
BULEROG
0
SOLVENT
NS

Ds

SWH
FIDRES
29

RG

DWW

DE

CPDPRGZ
HUC2
PCPD2
BL2
PL12
PL12
PL2W
BL12W
PL13W
SFO2

80 60 40 20 0

w o
W =
™~

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

=35.676
-36.889
=37.247
-37.862

N\

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

25 20 15 10 5 0o -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 ppm

= CHANNEL

=== CHANNEL f1

EB190P1-02-04
11

1

20100402

6.03

spect
5 mm QNP 1H/13
29pg30

65536

€bC13

64

2
64102.963
0.978127
0.5112308
2050

7.800

8.00

295.2
2.00000000
0.03000000
1

CHANNEL £f1

31p

8.60

.00
25.06862640
161.9674942

2 =
waltz

100.00
-1.00

17.42

17.42
15.25798988
0.21953173
0.21953173
400.1216005

161.9755930

EM
0
15.00
0

1.40

cacgl4p8B
10

spect
5 mm PABBO BE-

zg
65536
cpCl13

256

4
32051.281
0.482064
1.0224116
362
15.600
6.50
295.4
1.00000000

7.50
0.00
B86.66007996
160.4615792

327
160.4615790
M

0
1.00
Q

1.40

Hz
Hz
sec

usec
usec

sec
sec

usec
dB
W
MHz

usec

dB
dB
dB
w
W
w



7.957
7.953

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

COENENONNOT AON AN ONOIOITNRION A ONODINMNODSTO AN~ ebl191pl
MONNOCYYWNDWUNWIITMOINCNNAHFOCONAR M O 0@ W WD O T 21
MO0 N DWW DN NN N DLW D0 0 S S S S S T 000000000 0O 1
e e e e S e e el o e e R el o e S S S 20100403

e e M P T 1.31

Tinm
W e INSTRUM spect
PROBHD 5 mm QNP 1H/13

132.407

EBULEROG zg30
0 65536
SOLVENT CDC13
NS 16
03 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
aQ 3.98463B7 sec
RG 50.8
D 60.800 usec
BH; DE 8.00 usec
|5 TE 295.2 K
D1 1.00000000 sec
Me” |\
RS on DO 1
3K === CHANNEL f
-1.00 dB
15.25798988 W
400.1324710 MHz
32768
T T T T T T T T T T 1
9 8 7 6 5 a 3 2 1 0 ppm
LR i
| hole © <

29 an - NAME eb181pl
AR X 2z EXPNO 20
H4a 52 o Foogto L
il 35as S8 59 Date_ 20100403
Time 1.28
NJW v v INSTRUM spect
PROBED 5 mm QNP 1H/13
PULPROG 2gpg30
s} 65536
SOLVENT CDCL3
NS 1024
DS 2
S 26041.666 Hz
FIDRES 0.397364 Hz
20 1.2583412 sec
RG 205
oW 19.200 usec
DE §.00 usec
TE 295.2 K
BH, D1 3.00000000 ssc
P Dil 0.03000000 sec
Me” 1 DO 1
S
Ph
3k
PLL -2.00 dB
PLIW 58.36251068 W
5FO1 100.6238364 MHz
77777777 CHANNEL £2 ==
CPDPRGZ waltzlg
wvcz 10
PCPD2 100.00 usec
PL2 -1.00 dB
PL12 17.42 dB
PL13 17.42 dB
PLIW 15.25798988 W
PLLZW 0.21953173 W
PL13W 0.21953173 W
SF02 400.1316005 MHz
1 131072
SE 100.6127705 MHz
WDW EM
558 ]
LB 1.00 Hz
GB 0
pC 1.40

T T T T (iR T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

PULPROG
TD
SOLVENT

BHa

P
.
e

Ph
3k

T
80 60 40 20 0 -80 ppm

HAME
EXPNO
PROCNO
Date_
Time
INSTRUM
EROBHD
BULEROG
0
SOLVENT
NS

—35.714
=36..311
=36::.914
—-37.248
—37.855

Z~-36.656

/
X

s
SWH
FIDRES

CHANNEL £1 =

CHANNEL f2 =

= CHANNEL £

ebl91pl
22

20100403
1.34

spec
5 mm QNP 1H/13

2gpg30
55536
CDC13
64

2
64102.563 Hz
0.978127 Hz
0.5112308

2050
7.800
B.00 v
295.2 K
2.0000000¢
0.03000000

IR
B.80
0

25.06862640 W
161.9674042

waltzlg

1H

100.00
-1.00 dB

17.42 dB

17.42 dB
15.25798988 W
.219531713 W
.21953173 W
400.1316008
2763
161.9755930
EM

oo

MHz

MHz

1.00 Hz
Q

1.40

ebl91plB
10

1
20100617

16.59

spect

5 mm PABBO BB-

zg
63536
CDC13
256

4
32051.281 Hz
0.489064 Hz
1.0224118
362

0.00 &
86.66007996 W
160.4615792 MHz

32768
160.4615790 MHz
EM
0
1.00 Hz
o

1.40



—8.800

[Ph,P(BH;)Cuphen|

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

4.327

—7.646
——7.566
—6.972
Z3.504

_—B8.263
T—-g.248
_~3.580

INSTRUM
ERCBHD
EULEROG
™
SOLVENT
W5

D3

E
FIDRES
ag

RG
bW
DE

9.5

——150.344

|Ph;P(BH;)Cuphen]

9.0

.325

144
la4.

s
=

a5

1.92

143.953

8.5 8.0 6.5 6.0 5.5 5.0 4.5

4.0

ppm

10.71
10.02

WAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
BULPROG
0
SOLVENT

572

—137.197
— 134

o

150

140

T T
130 120 110 100 20

spect.
5 mm PABBO BB
2930
65536

T

16

2
10330.578
0.157632

3.1719923 s

272,
1.00000000
1

CHANNEL f1 ==

14.70

1.00
19.77305031
500.1330885
2768

7
500.1300058
EM

hl

0.30
0

1.00

eb251-P1
12

1
20100914
16.36

spect
5 mm PABBO BB-
zgpg30

63536

THF

3985

2
31230.000
0.476B37

1.00000000
0.03000000
1

CHANNEL f1 =

13

10.50

.50
64.32036591
125.7703648 @

CHANNEL f2

0.49687653

0.49667653

500.1316005

131072
125.7576726 b

EM

o

1.00

o

1.40

usec
dB
W
MHz

MHz

Hz




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

NAME eb251-!

16

20100914

6.14

spect

5 mm PABBO BE-
2g9pg30

PULPROG
™
SOLVENT
S

DS
SWH Z
FIDRES z
A0 0.4020041 sec
RG 2050
Dw 6.133
DE
- TE 272.7
[Ph;P(BH;)Cuphen] Dl 2.00000000
Dl1 0.03000000
DO &
= CHANNEL f£2 = =
waltzlé
1H
80.0
1.
17. :]
PLL3 17,00 dB
PLZW 16.07213783 W
PLLZW 0.49667653 W
PL13W 0.49667653 W
SF02 500.1325007 MHz
ST 131072
sF 202.4563350 MHz
wWow EM
558 Q
LB 1.00 Hz
GB Q
BC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
=
—
o
™
I
4
32051.281 Hz
0.489064 Hz
1.0224116 sec
0 usec
. usec
273.1 K
: 1.00000000 sec
[Ph:P(BH;)Cuphen] 0.03000000 sec
CHANNEL fl1 =
11B
7.50 usec
.00 dB
86.66007996 W
160.4615792 MHz
= CHANNEL f2 ======
waltzl
1H
100.00
1.00
18.00
20,00
19.77305031
0.39252422
0.24892795
500 16005
32768
1604615790 MHz
EM
1.00 Hz
0
1.40
T T T T T T T T T T T T T T T T T
25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 ppm




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


