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1. General Information

Reactions were set up in a nitrogen-filled glovebox unless stated otherwise. All glassware
were properly dried in an oven before use. Bulk solvents were obtained from EMD.
Anhydrous solvents (DMF, DMSO, NMP, toluene, dioxane) were obtained from Sigma-
Aldrich and were used directly without further purification. HMPA was dried over CaH2
followed by distillation and stored under N2 in 4 A molecular sieves. Deuterated solvents
were purchased from Cambridge Isotope. 9-BBN (0.50 M solution in THF), B-methoxy-
9-BBN (1.0 M solution in hexanes) and B-Br-9-BBN (1.0 M Solution in CH2Cl2) were
obtained in SureSeal bottles from Sigma-Aldrich. Aryl halides and olefins were
purchased from Acros, Sigma-Aldrich, Oakwood, TCI-America, Matrix and Alfa-Aesar.
Cul (99.999%) was procured from Sigma-Aldrich. 0-Allyloxyiodobenzene was
synthesized following a literature procedure.! 'H, *C, 'F and ''"B NMR spectra were
recorded on a Bruker instrument (300, 75, 282, and 96 MHz, respectively) and internally
referenced to the residual solvent signals of CDCI3 for 'H and '*C NMR at 7.26 and 77.16
ppm, respectively, CsFs for '°F NMR at —164.9 ppm, and boric acid for ''B NMR at 36.0
ppm. NMR chemical shifts and the coupling constants (J) for 'H, 1*C, ’F and ''B NMR
are reported in parts per million (ppm) and in Hertz, respectively. The following
conventions are used for multiplicities: s, singlet; d, doublet; t, triplet; m, multiplet; dd,
doublet of doublet. High resolution mass and NMR spectra of new compounds were
recorded at the Mass Spectrometry and NMR Facilities, Department of Chemistry and
Chemical Biology, University of New Mexico (UNM). X-ray diffraction was performed
on Bruker Kappa APEX II CCD diffractometer at the Department of Chemistry and
Chemical Biology, UNM.

2. Experimental Section

2.1. Generation of B-alkyl-9-BBN Reagents

In an oven-dried 15 mL pressure tube, olefin (1.5 mmol) was added to a solution of 9-
BBN in THF (3 mL, 0.5 M in THF). The pressure tube was tightly capped and heated at

60 °C for 2 hours. The reaction mixture was then cooled to room temperature and the

! Molander, G. A.; Harring, L. S. J. Org. Chem. 1990, 55, 6171
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solvent was removed under vacuum. The B-alkyl-9-BBN generated in situ was directly

used for subsequent reactions without further purification.

2.2. Procedure for Screening Reaction Conditions

B-(2-phenylpropyl)-9-BBN (36.0 mg, 0.15 mmol), 1-chloro-4-iodobenzene (23.8 mg,
0.10 mmol), LiOtBu (12 mg, 0.15 mmol) or other bases (0.15 mmol), and Cul (1.9 mg,
0.010 mmol) were weighed in a 1-dram vial and dissolved in HMPA or other solvents
(0.5 mL). The vial was then tightly capped and placed in a hotplate pre-heated to 80 °C
with vigorous stirring. After 48 h, the reaction mixture was cooled to room temperature,
20 pL of pyrene (0.010 mmol, 0.5 M stock solution) as an internal standard was added,
diluted with EtOAc (1 mL) and filtered through a short pad of silica gel in a pipette. The

reaction mixture was then analyzed by GC.

2.3. General Procedure for Tables 2 and 3

In an oven-dried 15 mL pressure tube, B-alkyl-9-BBN reagent (1.5 — 2.0 mmol), aryl
iodide (1.0 mmol), LiOtBu (120.0 mg, 1.5 mmol) or K3POs (636 mg, 3 mmol) with 20
pL water and Cul (19 mg, 0.10 mmol) were weighed and dissolved in HMPA or DMF (5
mL). The pressure vessel was then tightly capped and placed in an oil bath pre-heated to
60 — 120 °C with vigorous stirring. After 12-48 h, the reaction mixture was cooled to
room temperature, diluted with ethyl acetate (15 mL) and washed with H,O (5 mL x 3).
The aqueous fraction was extracted back with ethyl acetate (5 mL x 3) and combined
with the first ethyl acetate fraction. The combined ethyl acetate fraction was dried over
Na,SO, and the solvent was removed in a rotary evaporator. The non-heterocyclic
products were purified by silica gel column chromatography using hexanes as an eluting
solvent. Heterocyclic products were purified by silica gel column chromatography using

10-20% ethyl acetate/hexanes.

2.4. Characterization data for compounds

L,
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1-Chloro-4-(2-phenylpropyl)benzene (3):* Reaction was conducted in 10.0 mmol scale in
HMPA at 120 °C for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base.
The title compound 3 was obtained as yellow oil (1684 mg, 73%) after purification by
silica gel column chromatography. 'H NMR (300 MHz, CDCl3) & 1.28 (d, J = 6.0 Hz,
3H), 2.76-2.83 (m, 1H), 2.89-3.06 (m, 2H), 7.01 (dd, J= 6.0 Hz, 3.0 Hz, 2H), 7.17-7.24
(m, 5H), 7.29-7.34 (m, 2H); *C NMR (75 MHz, CDCls3) § 21.3, 41.9, 44.5, 126.3, 127.2,
128.3, 128.5, 130.6, 131.7, 139.3, 146.5; GCMS (m/z) 230.1.

1-Methyl-2-(2-phenylpropyl)benzene (5): Reaction was conducted in 5.0 mmol scale in
HMPA at 120 °C for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base.
The title compound 5 was obtained as colorless oil (747 mg, 71%) after purification by
silica gel column chromatography. '"H NMR (300 MHz, CDCIs) 6 1.33 (d, J = 6.0 Hz,
3H), 2.32 (s, 3H), 2.80-2.87 (m, 1H), 2.95-3.08 (m, 2H), 7.05-7.18 (m, 4H), 7.22-7.26
(m, 3H), 7.31-7.35 (m, 2H); *C NMR (75 MHz, CDCl3) § 19.6, 21.2, 40.8, 42.5, 125.7,
126.1, 126.2, 127.1, 128.4, 130.2, 130.3, 136.3, 139.2, 147.3; IR (neat) cm™' 2958, 1510,
1243, 1035; HRMS (TOF) Calcd for CisHis (M") 210.1409, found 210.1416.

O CHj

6
Propane-1,2-diyldibenzene (6):*> Reaction was conducted in 5.0 mmol scale in HMPA at
120 °C for 24 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base. The title
compound 6 was obtained as yellow oil (716 mg, 73%) after purification by silica gel
column chromatography. '"H NMR (300 MHz, CDCl3) § 1.29 (d, J = 6.0 Hz, 3H), 2.78-
2.86 (m, 1H), 2.97-3.09 (m, 2H), 7.12-7.15 (m, 2H), 7.21-7.35 (m, 8H); '3C NMR (75

2 Kita, Y.; Hida, S.; Higashihara, K.; Jena, H. S.; Higashida, K.; Mashima, K. Angew. Chem. Int. Ed. 2016,
55, 8299.
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MHz, CDCl3) § 21.3, 42.0, 45.2, 126.0, 126.1, 127.2, 128.2, 128.4, 129.3, 140.9, 147.1;
GCMS (m/z) 196.1.

7
1-Fluoro-4-(2-phenylpropyl)benzene (7): Reaction was conducted in 5.0 mmol scale in
HMPA at 120 °C for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base.
The title compound 7 was obtained as yellow oil (621 mg, 58%) after purification by
silica gel column chromatography. '"H NMR (300 MHz, CDCI3) § 1.26 (d, J = 6.0 Hz,
3H), 2.74-2.81 (m, 1H), 2.87-3.01 (m, 2H), 6.89-6.94 (m, 2H), 6.99-7.03 (m, 2H), 7.15-
7.22 (m, 3H), 7.26-7.31 (m, 2H); '*C NMR (75 MHz,CDCl3) § 21.3, 42.1, 44.3, 114.9 (d,
Jcr = 79.0 Hz), 126.2, 127.2, 128.5, 130.6 (d, Jcr = 28.2 Hz), 136.5 (d, Jcr = 11.3 Hz),
146.7, 159.8, 163.1; '’F NMR (282 MHz, CDCI3) & -116.1; IR (neat) cm™ 2930, 1602,
1508, 1452, 1219, 1157, 1014; HRMS (TOF) Caled for CisHisF (M") 214.1158, found
214.1148.

(T
FsC 3

8

1-(2-Phenylpropyl)-4-(trifluoromethyl)benzene (8): Reaction was conducted in HMPA at
120 °C for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base. The title
compound 8 was obtained as colorless oil (214 mg, 81%) after purification by silica gel
column chromatography. '"H NMR (300 MHz, CDCl3) 6 1.27 (d, J = 6.0 Hz, 3H), 2.81-
2.91 (m, 1H), 2.95-3.06 (m, 2H), 7.15-7.23 (m, 5H), 7.26-7.32 (m, 2H), 7.48 (d, J = 6.0
Hz, 2H); *C NMR (75 MHz, CDCl3) 8 21.4, 41.8, 44.9, 125.1 (q, Jcr = 16.9 Hz), 126.4,
127.1, 128.6, 129.5, 145.0, 146.3; "F NMR (282 MHz, CDCls) § -60.7; IR (neat) cm’!
2948, 1322, 1112, 1066; HRMS (TOF) Caled for CisHisF3 (M") 264.1126, found
264.1139.
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9

1-Methyl-4-(2-phenylpropyl)benzene (9): Reaction was conducted in HMPA at 120 °C
for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base. The title compound
9 was obtained as yellow oil (164 mg, 78%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCls) & 1.26 (d, J = 6.0 Hz, 3H), 2.33 (s, 3H),
2.71-2.81 (m, 1H), 2.92-3.07 (m, 2H), 7.00-7.09 (m, 4H), 7.18-7.24 (m, 3H), 7.28-7.34
(m, 2H); *C NMR (75 MHz, CDCl3) § 21.2, 21.3, 42.0, 44.7, 126.1, 127.2, 128.4, 128.9,
129.2, 135.4, 137.9, 147.3; IR (neat) cm™' 2921, 1515, 1451; HRMS (TOF) Calcd for
CisHis (M") 210.1409, found 210.1408.

(7
MeO ©

10

1-Methoxy-4-(2-phenylpropyl)benzene (10):* Reaction was conducted in HMPA at 120
°C for 48 h with 2.0 equiv of alkylboron reagent using LiOtBu as a base. The title
compound 10 was obtained as yellow oil (179 mg, 79%) after purification by silica gel
column chromatography. '"H NMR (300 MHz, CDCl3) & 1.26 (d, J = 6.0 Hz, 3H), 2.70-
2.77 (m, 1H), 2.88-3.04 (m, 2H), 3.79(s, 3H), 6.81 (d, J = 9.0 Hz, 2H), 7.1 (d, J = 6.0 Hz,
2H), 7.18-7.22 (m, 3H), 7.27-7.33 (m, 2H); '*C NMR (75 MHz, CDCl3) § 21.2, 42.2,
443, 55.3, 113.6, 126.1, 127.2, 128.4, 130.2, 133.0, 147.2, 157.9; HRMS (APCI) Calcd
for C16H190 (MH)" 227.1436, found 227.1431.

Me I

11

3Too, P. C.; Chan, G. H.; Tnay, Y. L.; Hirao, H.; Chiba, S. Angew. Chem. Int. Ed. 2016, 55, 3719.
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1-Methyl-4-phenethylbenzene (11):* Reaction was conducted in HMPA at 120 °C for 48
h with 2.0 equiv of alkylboron reagent using LiOtBu as a base. The title compound 11
was obtained as yellow oil (100 mg, 51%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) & 2.36 (s, 3H), 2.93, (s, 4H), 7.13 (s, 4H),
7.21-7.25 (m, 3H), 7.30-7.35 (m, 2H); *C NMR (75 MHz, CDCl3) § 21.2, 37.7, 38.2,
126.0, 128.4, 128.6, 129.2, 135.5, 138.9, 142.1; GCMS (m/z) 196.1.

o

12

Methyl(4-(3-phenoxypropyl)phenyl)sulfane (12): Reaction was conducted in HMPA at
120 °C for 48 h with 1.5 equiv of alkylboron reagent using K3POas as a base. The title
compound 12 was obtained as white solid (173 mg, 67%) after purification by silica gel
column chromatography.'"H NMR (300 MHz, CDCls) § 2.05-2.14 (m, 2H), 2.48 (s, 3H),
2.80 (t, J =7.5Hz, 2H), 3.97 (t, J =6.0 Hz, 2H), 6.90-6.98 (m, 3H), 7.14-7.33 (m,
6H); 1*C NMR (75 MHz, CDCl3) § 16.4, 31.0, 31.7, 66.7, 114.6, 120.7, 127.3, 129.2,
129.6, 135.6, 138.8, 159.1; IR (neat) cm™ 2918, 1489, 1238, 1174, 1042; HRMS (ESI)
Calcd for CisH1sNaOS (MNa)* 281.0976, found 281.0974.

O OMe
Me I

13
1-Methoxy-4-(4-methylphenethyl)benzene (13): Reaction was conducted in HMPA at
120°C for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base. The title
compound 13 was obtained as yellow oil (104 mg, 46%) after purification by silica gel
column chromatography. 'H NMR (300 MHz, CDCls) & 2.32 (s, 3H), 2.85 (s, 4H), 3.79
(s, 3H), 6.80-6.85 (m, 2H), 7.08 (s, SH), 7.12 (s, 1H); 3C NMR (75 MHz, CDCl3) § 21.2,
37.3, 37.9, 55.4, 113.9, 128.5, 129.1, 129.5, 134.2, 135.4, 138.9, 157.9; IR (neat) cm

4 Kantam, M. L.; Chakravarti, R.; Chintareddy, V. R.; Sreedhar, B.; Bhargava, S. Adv. Syn. Catal. 2008,
350, 2544.
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2918, 1509, 1241, 1030; HRMS (APCI) Calcd for CisHivO (MH)" 227.1436, found
227.1438.

: T
MeS

14

Methyl(4-(4-methylphenethyl)phenyl)sulfane (14): Reaction was conducted in HMPA at
120 °C for 48 h with 2.0 equiv of alkylboron reagent using LiOtBu as a base. The title
compound 14 was obtained as yellow oil (172 mg, 71%) after purification by silica gel
column chromatography. '"H NMR (300 MHz, CDCl3) & 2.38 (s, 3H), 2.52 (s, 3H), 2.91
(s, 4H), 7.13 (s, 4H), 7.17 (s, 2H), 7.23 (s, 1H), 7.26 (s, 1H); *C NMR (75 MHz,
CDCl3) § 16.4, 21.2, 37.5, 37.6, 127.2, 128.4, 129.1, 135.5, 138.6, 139.1; IR (neat) cm'
2916, 2850, 1419, 1091; HRMS (APCI) Calcd for CisHioS (MH)" 243.1207, found
243.1212.

O Me

Me
15

1-1sopropyl-2-(4-phenylbutyl)benzene (15): Reaction was conducted in HMPA at 120 °C
for 48 h with 1.5 equiv of alkylboron reagent using LiOtBu as a base. The title compound
15 was obtained as yellow oil (103 mg, 41%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) 6 1.22 (dd, J = 6.0 Hz, 3.0 Hz, 6H), 1.58-
1.76 (m, 4H), 2.67 (t, J = 7.5 Hz, 4H), 3.09-3.19 (m, 1H), 7.11-7.30 (m, 9H); *C NMR
(75 MHz, CDCls3) 6 24.2, 28.7, 31.5, 31.6, 33.0, 36.0, 125.4, 125.6, 125.8, 126.3, 128.4,
128.6, 129.5, 139.4, 142.7, 146.6; IR (neat) cm™ 2929, 1489, 1453, 1032; HRMS (TOF)
Calcd for Ci9H24 (M) 252.1878, found 252.1898.
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Me

16

1-Butylnaphthalene (16):°> Reaction was conducted in HMPA at 120 °C for 48 h with 1.5
equiv of alkylboron reagent using KsPOs4 as a base. The title compound 16 was obtained
as yellow oil (108 mg, 59%) after purification by silica gel column chromatography. 'H
NMR (300 MHz, CDCI3) 6 0.99 (t, J = 7.5 Hz, 3H), 1.42-1.54 (m, 2H), 1.71-1.81 (m,
2H), 3.09 (t, J = 7.5 Hz, 2H), 7.33-7.43 (m, 2H), 7.47-7.53 (m, 2H), 7.72 (d, J = 9.0 Hz,
1H), 7.85-7.88 (m, 1H), 8.05-8.09 (m, 1H); *C NMR (75 MHz, CDCl3) § 14.2, 23.0,
33.0, 33.2, 124.1, 125.5, 125.7, 125.8, 126.0, 126.5, 128.9, 132.1, 134.0, 139.1; HRMS
(APPI) Calcd for Ci14His (M)" 184.1252, found 184.1259.

e
o

CF,
17

1-(3-Phenoxypropyl)-3,5-bis(trifluoromethyl)benzene (17): Reaction was conducted in
HMPA at 80 °C for 36 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The
title compound 17 was obtained as yellow oil (281 mg, 81%) after purification by silica
gel column chromatography. 'H NMR (300 MHz, CDCl3) § 2.11-2.20 (m, 2H), 2.98 (t, J
= 7.5 Hz, 2H), 4.01 (t, J = 6.0 Hz, 2H), 6.88-6.99 (m, 3H), 7.27-7.33 (m, 2H), 7.68 (s,
2H), 7.73 (s, 1H); *C NMR (75 MHz, CDCl3) § 30.7, 32.3, 66.5, 114.6, 120.2 (t, Jcr =
14.1 Hz), 121.1, 121.8, 125.4, 128.8, 129.7, 131.6 (q, Jcr = 124.1 Hz), 144.2, 158.9;
YFNMR (282 MHz, CDCl3) & -61.3; IR (neat) cm! 2925, 1601, 1275, 1124; HRMS
(APPI) Calcd for C17H14FsO (M)* 348.0949, found 348.0948.

5 Agrawal, T.; Cook, S. P. Org. Lett. 2013, 15, 96.
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CF4
18

1-(4-Phenylbutyl)-3,5-bis(trifluoromethyl)benzene (18):* Reaction was conducted in
HMPA at 80 °C for 48 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The
title compound 18 was obtained as yellow oil (273 mg, 79%) after purification by silica
gel column chromatography. 'H NMR (300 MHz, CDCl3) § 1.70-1.75 (m, 4H), 2.69 (t, J
= 6.0 Hz, 2H), 2.78 (t, J = 7.5 Hz, 2H), 7.19-7.24 (m, 3H), 7.29-7.35 (m, 2H), 7.63 (s,
2H), 7.73 (s, 1H); '3C NMR (75 MHz, CDCl3) § 30.7, 31.0, 35.6, 35.8, 120.0 ( t, Jcr =
14.1 Hz), 121.8, 125.4, 126.0, 128.5, 128.6, 131.5 (q, Jcr = 124.1 Hz), 142.2, 145.0;
F NMR (282 MHz, CDCls) § -61.3; HRMS (APCI) Calcd for CisHisFs (M) 346.1156,
found 346.1157.

F3C\©/\/\

CF,

@)

19

1-(3-(4-Methoxyphenoxy)propyl)-3,5-bis(trifluoromethyl)benzene  (19): Reaction was
conducted in HMPA at 80 °C for 48 h with 1.5 equiv of alkylboron reagent using KsPO4
as a base. The title compound 19 was obtained as colorless oil (310 mg, 82%) after
purification by silica gel column chromatography. 'H NMR (300 MHz, CDCls) § 2.08-
2.17 (m, 2H), 2.96 (t,J = 7.5 Hz, 2H), 3.78 (s, 3H), 3.95 (t, J = 6.0 Hz, 2H), 6.84 (s, 4H),
7.67 (s, 2H), 7.73 (s, 1H); *C NMR (75 MHz, CDCl3) § 30.8, 32.3, 55.9, 67.3, 114.9,
115.6, 120.2 (br d, Jcr = 16.9 Hz), 125.4, 128.8, 131.8 (q, Jcr = 126.9 Hz), 144.3, 153.0,
154.1; YFNMR (282 MHz, CDCl3) & —61.2; IR (neat) cm™ 2927, 1508, 1276, 1126;
HRMS (ESI) Calcd for Ci1sH17FsO2 (MH)* 379.1133, found 379.1141.

¢ Bair, J. S.; Schramm, Y.; Sergeev, A. G.; Clot, E.; Eisenstein, O.; Hartwig, J. F. J. Am. Chem. Soc. 2014,
136, 13098.
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1-(4-(4-Chlorophenethyl)phenyl)ethan-1-one (20): Reaction was conducted in HMPA at
100°C for 24 h with 1.5 equiv of alkylboron reagent using K3POs as a base. The title
compound 20 was obtained as light yellow solid (111 mg, 43%) after purification by
silica gel column chromatography. 'H NMR (300 MHz, CDCl3) & 2.57 (s, 3H), 2.86-2.98
(m, 4H), 7.05 (d, J = 9.0 Hz, 2H), 7.20-7.24 (m, 4H), 7.87 (d, J= 6.0 Hz, 2H); *C NMR
(75 MHz, CDCl3) & 26.6, 36.7, 37.7, 128.5, 128.6, 128.8, 129.9, 131.9, 135.3, 139.5,
147.0, 197.8; IR (neat) cm™ 2916, 1674, 1360, 1264, 1090; HRMS (ESI) Calcd for
Ci6H16>>C10 (MH)" 259.0890, found 259.0881.

48
MeO O

0
21

Methyl 4-(4-chlorophenethyl)benzoate (21): Reaction was conducted in HMPA at 100 °C
for 48 h with 1.5 equiv of alkylboron reagent using K3POs4 as a base. The title compound
21 was obtained as white solid (140 mg, 51%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) & 2.88-2.97 (m, 4H), 3.90 (s, 3H), 7.05 (d,
J =9.0 Hz, 2H), 7.18-7.24 (m, 4H), 7.95 (d, J =9.0 Hz, 2H); *C NMR (75 MHz,
CDCl3) 6 36.9, 37.9, 52.2, 128.2, 128.6, 128.7, 129.9, 130.0, 132.0, 139.6, 146.8, 167.2;
IR (neat) cm™ 2922, 1711, 1507, 1279, 1096; HRMS (ESI) Calcd for CisHi6**ClO2
(MH)" 275.0839, found 275.0834.

‘ OMe
NC I
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22

4-(4-Methoxyphenethyl)benzonitrile (22):” Reaction was conducted in HMPA at 100 °C
for 48 h with 1.5 equiv of alkylboron reagent using K3POs as a base. The title compound
22 was obtained as yellow oil (182 mg, 77%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCls) § 2.83-2.98 (m, 4H), 3.79 (s, 3H), 6.79-
6.84 (m, 2H), 7.01-7.06 (m, 2H), 7.21 (s, 1H), 7.24 (s, 1H), 7.53-7.56 (m, 2H); *C NMR
(75 MHz, CDCl) 6 36.5, 38.3, 55.4, 109.9, 113.9, 119.2, 129.5, 132.2, 132.8, 1474,
158.1; HRMS (ESI) Calcd for CisH16NO (MH)" 238.1232, found 238.1227.

Br
23
1-Bromo-3-phenethylbenzene (23):® Reaction was conducted in HMPA at 100 °C for 48 h
with 1.5 equiv of alkylboron reagent using K3POs as a base. The title compound 23 was
obtained as yellow oil (184 mg, 71%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) § 2.92 (s, 4H), 7.09-7.26 (m, 5H), 7.29-
7.37 (m, 4H); *C NMR (75 MHz, CDCI3) § 37.7, 37.8, 122.5, 126.2, 127.3, 128.5,
129.2, 130.0, 131.6, 141.3, 144.2; GCMS (m/z) 260.0.

/@/\/\O
NC

24
4-(3-Phenoxypropyl)benzonitrile (24): Reaction was conducted in HMPA at 100 °C for
48 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound 24
was obtained as colorless oil (211 mg, 89%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) § 2.06-2.17 (m, 2H), 2.89 (t, J = 7.5 Hz,
2H), 3.96 (t, J =6.0 Hz, 2H), 6.8 (d, J = 6.0 Hz, 2H), 6.95 (t, J =7.5 Hz, 1H), 7.27-7.33

" Molander, G. A.; Sandrock, D. L. Org. Lett. 2009, 11, 2369.
8 Gole, B.; Sanyal, U.; Banerjee, R.; Mukherjee, P. S. Inorg. Chem. 2016, 55, 2345.
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(m, 4H), 7.58 (d, J = 9.0 Hz, 2H); '*C NMR (75 MHz, CDCL) & 30.5, 32.6, 66.4, 110.0,
114.6, 119.2, 120.9, 129.5, 129.6, 132.4, 147.4, 158.9; IR (neat) cm™' 2928, 2227, 1733,
1600, 1496, 1241, 1042; HRMS (ESI) Calcd for CisHisNO (MH)* 238.1232, found
238.1226.

25

2-Chloro-4-(4-phenylbutyl)pyridine (25): Reaction was conducted in HMPA at 80 °C for
24 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound 25
was obtained as yellow oil (174 mg, 71%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCl3) § 1.64-1.69 (m, 4H), 2.58-2.68 (m, 4H),
7.00 (d, J = 6.0 Hz, 1H), 7.13-7.22 (m, 4H), 7.26-7.31 (m, 2H), 8.25 (d, J = 6.0 Hz, 1H);
3C NMR (75 MHz, CDCl3) § 29.7, 30.9, 34.9, 35.7, 122.8, 124.2, 126.0, 128.5, 142.0
149.5, 151.7, 154.9; IR (neat) cm™ 2932, 1591, 1545, 1385, 1085; HRMS (ESI) Calcd for
CisH17°°CIN (MH)" 246.1050, found 246.1046.

Cl

I
N

X
=
26
2-Chloro-4-phenethylpyridine (26): Reaction was conducted in HMPA at 100 °C for 48 h
with 1.5 equiv of alkylboron reagent using K3PO4 as a base. The title compound 26 was
obtained as colorless solid (172 mg, 79%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) § 2.92 (s, 4H), 6.99 (dd, J = 6.0 Hz, 3.0
Hz, 1H), 7.12-7.15 (m, 3H), 7.19-7.32 (m, 3H), 8.25 (d, J = 6.0 Hz, 1H); '*C NMR (75
MHz, CDCl3) 6 36.5, 36.9, 122.9, 124.4, 126.6, 128.5, 128.7, 140.3, 149.6, 151.8, 154.0;
IR (neat) cm™ 2932, 1591, 1546, 1385, 1085; HRMS (ESI) Calcd for Ci3Hi13**CIN (MH)

©218.0737, found 218.0739.
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27

2-Chloro-4-(3-phenylpropyl)pyridine (27): Reaction was conducted in HMPA at 80 °C
for 48 h with 1.5 equiv of alkylboron reagent using K3POs4 as a base. The title compound
27 was obtained as yellow oil (169 mg, 73%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCls) & 1.91-2.02 ( m, 2H), 2.60-2.69 (m, 4H),
7.03 (dd, J = 6.0 Hz, 3.0 Hz, 1H), 7.15-7.23 (m, 4H), 7.27-7.33 (m, 2H), 8.26 (d, J = 6.0
Hz, 1H); *C NMR (75 MHz, CDCI3) & 31.6, 34.4, 35.3, 122.8, 124.3, 126.2, 128.5,
128.6, 141.4, 149.6, 151.7, 154.7; IR (neat) cm™ 2931, 1591, 1545, 1385, 1085; HRMS
(ESI) Calcd for C14Hi5*CIN (MH)" 232.0893, found 232.0895.

Me

X

cl N
28

7-Chloro-4-octylquinoline (28):° Reaction was conducted in HMPA at 80 °C for 24 h
with 1.5 equiv of alkylboron reagent using K3POs4 as a base. The title compound 28 was
obtained as yellow oil (242 mg, 88%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCl3) § 0.88 (t, J = 7.5 Hz, 3H), 1.26-1.43 (m,
10H), 1.68-1.78 (m, 2H), 3.03 (t, J = 7.5 Hz, 2H), 7.22 (d, J = 3.0 Hz, 1H), 7.50 (dd, J =
9.0 Hz, 3.0 Hz, 1H), 7.97 (d, J = 9.0 Hz, 1H) 8.09 (s, 1H), 8.79 (d, J = 3.0 Hz, 1H); 1*C
NMR (75 MHz, CDCIl3) & 14.2, 22.8, 29.3, 29.5, 29.8, 30.2, 31.9, 32.2, 121.0, 125.1,
126.1, 127.2, 129.2, 134.9, 149.0, 151.3; HRMS (ESI) Caled for Ci7H23*>CIN (MH)"
276.1519, found 276.1515.

sehe
—
Cl N

29

% Shrestha, B.; Thapa, S.; Gurung, S. K.; Pike, R. A. S.; Giri, R. J. Org. Chem. 2016, 81, 787.
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7-Chloro-4-(4-methylphenethyl)quinoline (29): Reaction was conducted in HMPA at 80
°C for 48 h with 1.5 equiv of alkylboron reagent using K3sPOs as a base. The title
compound 29 was obtained as white solid (188 mg, 67%) after purification by silica gel
column chromatography. '"H NMR (300 MHz, CDCl3) § 2.34 (s, 3H), 3.01 (t, J = 7.5 Hz,
2H), 3.34 (t, J = 7.5 Hz, 2H), 7.06-7.13 (m, 4H), 7.17 (d, J = 3.0 Hz, 1H), 7.51 (dd, J =
9.0 Hz, 3.0 Hz, 1H), 7.99 (d, J = 9.0 Hz, 1H), 8.13 (d, J = 3.0 Hz, 1H), 8.78 (d, J = 6.0
Hz, 1H); C NMR (75 MHz,CDCl3) § 21.2, 34.2, 35.8, 121.2, 125.0, 126.0, 127.5, 128.3,
129.3, 129.4, 135.0, 136.1, 137.7, 147.8, 149.0, 151.4; IR (neat) cm™ 2919, 1598, 1515,
1417, 1095; HRMS (ESI) Calcd for CisHi7>>CIN (MH)" 282.1050, found 282.1046.

Me

>N
=
30

1-Octylisoquinoline (30):° Reaction was conducted in HMPA at 80 °C for 24 h with 1.5
equiv of alkylboron reagent using KsPOs4 as a base. The title compound 30 was obtained
as yellow oil (205 mg, 85%) after purification by silica gel column chromatography. 'H
NMR (300 MHz, CDCIs) 6 0.87 (t, J = 6.0 Hz, 3H), 1.25-1.32 (m, 8H), 1.42-1.52 (m,
2H), 1.80-1.91 (m, 2H), 3.28 (t, J = 9.0 Hz, 2H), 7.47 (d, J = 6.0 Hz, 1H), 7.53-7.66 (m,
2H), 7.78 (d, J = 6.0 Hz, 1H), 8.15 (dd, J =9.0 Hz, 3.0 Hz, 1H), 8.42 (d, J = 6.0 Hz, 1H);
13C NMR (75 MHz, CDCls) § 14.2, 22.8, 29.4, 29.6, 29.9, 30.0, 32.0, 35.7, 119.2, 125.5,
127.0, 127.5, 129.8, 136.4, 142.0, 162.6; HRMS (ESI) Calcd for Ci7H2aN (MH)"
242.1909, found 242.1907.

3
N
e
=
31

N-(3-(isoquinolin-1-yl)propyl)aniline (31): Reaction was conducted in HMPA at 80 °C
for 48 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound

31 was obtained as white solid (165 mg, 63%) after purification by silica gel column
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chromatography. 'H NMR (300 MHz, CDCl3) § 2.18-2.28 (m, 2H), 3.28 (t, J = 7.5 Hz,
2H), 3.43 (t, J = 7.5 Hz, 2H), 3.97 (s, 1H), 6.63 (d, J = 9.0 Hz, 2H), 6.69 (t, J = 7.5 Hz,
1H), 7.17 (t, J = 9.0 Hz, 2H), 7.52-7.60 (m, 2H), 7.64-7.70 (m, 1H), 7.83 (d, J = 9.0 Hz,
1H), 8.14 (d, J = 9.0 Hz, 1H), 845 (d, J = 6.0 Hz, 1H); 3C NMR (75 MHz,
CDCl) 6 28.7, 32.7, 43.7, 112.9, 117.2, 119.5, 125.2, 127.1, 127.2, 127.5, 129.3, 130.0,
136.3, 141.9, 148.5, 161.3; IR (neat) cm™ 3735, 3628, 2924, 2308, 1457, 1010; HRMS
(ESI) Calcd for Ci1sHi9N2 (MH)™ 263.1548, found 263.1547.

A
=

32

1-Phenethylisoquinoline (32):!° Reaction was conducted in HMPA at 80°C for 48 h with
1.5 equiv of alkylboron reagent using K3sPOs as a base. The title compound 32 was
obtained as yellow oil (215 mg, 92%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCI3) § 3.19-3.24 (m, 2H), 3.59-3.64 (m, 2H),
7.24 (t, J = 6.5 Hz, 1H), 7.33 (d, J = 6.0 Hz, 4H), 7.54 (d, J = 6.0 Hz, 1H), 7.60 (dd, J=
6.0 Hz, 3.0Hz, 1H), 7.65-7.70 (m, 1H), 7.83 (d, J = 6.0 Hz, 1H), 8.16 (d, J = 6.0 Hz, 1H),
8.49 (d, J = 6.0 Hz, 1H); '3*C NMR (75 MHz, CDCl3) § 35.6, 37.4, 119.5, 125.2, 126.2,
127.0, 127.2, 127.5, 128.5, 128.6,128.6, 129.9, 136.4, 142.0, 161.1; HRMS (ESI) Calcd
for C17Hi1sN (MH)" 234.1283, found 234.1280.

33
1-(Hex-5-en-1-yl)isoquinoline (33):!! Reaction was conducted in HMPA at 80 °C for 48
h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound 33 was
obtained as yellow oil (173 mg, 82%) after purification by silica gel column

chromatography. 'H NMR (300 MHz, CDCl3) § 1.53-1.63 (m, 2H), 1.83-1.94 (m, 2H),

10 Tang, R.-J.; Kang, L.; Yang, L. Adv. Synth. Catal. 2015, 357, 2055.
' Gisby, G. P.; Sammes, P. G.; Watt, R. A. J. Chem. Soc., Perkin Trans. 1 1982, 249.
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2.14 (q, J = 7.5 Hz, 2H), 3.30 (t, = 7.5 Hz, 2H), 4.92-5.05 (m, 2H), 5.75-5.89 (m, 1H),
7.49 (d, J = 6.0 Hz, 1H), 7.55-7.67 (m, 2H), 7.80 (d, J = 9.0 Hz, 1H), 8.15 (d, J = 9.0 Hz,
1H), 8.43 (d, J = 6.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) § 29.2, 29.3, 33.8, 35.5, 114.6,
119.3, 125.4, 127.0, 127.5, 129.9, 136.4, 138.9, 142.0, 162.3; HRMS (ESI) Calcd for
CisHisN (MH)* 212.1439, found 212.1441.

Cl N

I
N~ Me

34

2-Chloro-4-(2-phenylpropyl)pyridine (34): Reaction was conducted in HMPA at 100 °C
for 24 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound
34 was obtained as colorless oil (164 mg, 71%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCls3) § 1.29 (d, J = 6.0 Hz, 3H), 2.76-2.92 (m,
2H), 2.96-3.07 (m, 1H), 6.86 (dd, J = 6.0 Hz, 3.0 Hz, 1H), 7.02 (s, 1H), 7.10-7.14 (m,
2H), 7.17-7.23 (m, 1H), 7.25-7.31 (m, 2H), 8.19 (d, J = 6.0 Hz, 1H); *C NMR (75 MHz,
CDCl3) 0 21.6, 41.1, 44.0, 123.4, 124.9, 126.7, 127.0, 128.7, 145.3, 149.3, 151.5, 153.2;
IR (neat) cm™ 2963, 1591, 1385, 1086; HRMS (ESI) Caled for Ci4His*CIN (MH)"
232.0893, found 232.0888.

S

[N/ Me

35
2-(2-Phenylpropyl)pyrazine (35): Reaction was conducted in DMF at 80 °C for 24 h with
1.5 equiv of alkylboron reagent using K3PO4 as a base. The title compound 35 was
obtained as yellow oil (137 mg, 69%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCI3)8 1.31 (d, J = 6.0 Hz, 3H), 3.01-3.10 (m,
2H), 3.23-3.35 (m, 1H), 7.15-7.19 (m, 3H), 7.24-7.29 (m, 2H), 8.20 (s, 1H), 8.35 (d, J =
2.4 Hz, 1H), 8.49 (t, J = 3.0 Hz, 1H); *C NMR (75 MHz, CDCl3) § 21.6, 40.3, 44.3,
126.5, 127.0, 128.6, 142.3, 144.2, 145.3, 145.9, 156.4; IR (neat) cm™' 2923, 2854, 1454,
1403, 1017; HRMS (ESI) Calcd for C13HsN2 (MH)™ 199.1235, found 199.1233.
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36
5-Bromo-2-(4-phenylbutyl)pyrimidine (36): Reaction was conducted in DMF at 60 °C for
24 h with 1.5 equiv of alkylboron reagent using K3PO4 as a base. The title compound 36
was obtained as colorless oil (119 mg, 41%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCl3) § 1.67-1.75 (m, 2H), 1.81-1.92 (m, 2H),
2.66 (t,J = 7.5 Hz, 2H), 2.95 (t, J = 7.5 Hz, 2H), 7.15-7.19 (m, 3H), 7.24-7.30 (m, 2H),
8.69 (s, 2H); *CNMR (75 MHz, CDCls) § 28.3, 31.2, 35.8, 38.7, 117.7, 125.8, 128.4,
128.5, 142.4, 157.7, 169.7; IR (neat) cm™ 2930, 1537, 1421, 1116, 1010; HRMS (ESI)
Calcd for C14H16BrN2 (MH)* 291.0497, found 291.0500.
o
T C
~

Cl N
37

7-Chloro-4-(3-phenoxypropyl)quinoline (37): Reaction was conducted in DMF at 100°C
for 24 h with 1.5 equiv of alkylboron reagent using KsPOs as a base. The title compound
37 was obtained as yellow oil (199 mg, 67%) after purification by silica gel column
chromatography. 'H NMR (300 MHz, CDCls) § 2.17-2.26 ( m, 2H), 3.26 (t, J = 7.5 Hz,
2H), 4.02 (t, J = 6.0 Hz, 2H), 6.90-7.00 (m, 3H), 7.24-7.33 (m, 3H), 7.48 (dd, J = 9.0 Hz,
3.0 Hz, 1H), 8.00 (d, J =9.0 Hz, 1H), 8.12 (d, J =3.0 Hz, 1H), 8.79 (d, J = 6.0 Hz, 1H);
13C NMR (75 MHz, CDCls) § 28.6, 29.7, 66.5, 114.6, 121.0, 121.3, 125.1, 126.1, 127.5,
129.2, 129.6, 135.1, 147.9, 148.9, 151.3, 158.8; IR (neat) cm™ 2930, 1584, 1496, 1238,
1055; HRMS (ESI) Calcd for C1sHi7*>CINO (MH)* 298.0999, found 298.0993.

Me

\

Cl N
38
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4-Butyl-7-chloroquinoline (38): Reaction was conducted in DMF at 100 °C for 24 h with
1.5 equiv of alkylboron reagent using K3PO4 as a base. The title compound 38 was
obtained as white solid (156 mg, 71%) after purification by silica gel column
chromatography. '"H NMR (300 MHz, CDCI3) § 0.95 (t, J = 6.0 Hz, 3H), 1.36-1.48 (m,
2H), 1.64-1.74 (m, 2H), 2.99 (t, J = 6.0 Hz, 2H), 7.18 (d, J = 3.0 Hz, 1H), 7.45 (dd, J =
9.0 Hz, 3.0 Hz, 1H), 7.92 (d, J = 9.0 Hz, 1H), 8.07 (d, J = 3.0 Hz, 1H), 8.76 (d, J = 3.0
Hz, 1H); *C NMR (75 MHz, CDCl3) § 14.0, 22.8, 31.9, 32.2, 121.0, 125.1, 126.1, 127.2,
129.2, 134.8, 148.9, 151.3; IR (neat) cm™ 2929; 1590, 1458, 1278, 1091; HRMS (ESI)
Caled for C13Hi15>>CIN (MH)* 220.0893, found 220.0895.

Me

SN

=

39
1-Butylisoquinoline (39):° Reaction was conducted in DMF at 80 °C for 12 h with 1.5
equiv of alkylboron reagent using KsPOs4 as a base. The title compound 39 was obtained
as yellow oil (167 mg, 90%) after purification by silica gel column chromatography. 'H
NMR (300 MHz, CDCI3) 6 0.98 (t, J = 9.0 Hz, 3H), 1.43-1.56 (m, 2H), 1.79-1.90 (m,
2H), 3.29 (t, J = 9.0 Hz, 2H), 7.48 (d, J = 6.0 Hz, 1H), 7.54-7.65 (m, 2H), 7.66 (d, J =
3.0 Hz, 1H), 8.15 (d, J = 6.0 Hz, 1H), 8.43 (d, J = 6.0 Hz, 1H); 3*C NMR (75 MHz,
CDCbh) 6 14.1, 23.1, 32.0, 35.4, 119.2, 125.5, 126.9, 127.5, 129.8, 136.4, 142.1, 162.5;
HRMS (ESI) Calcd for C13HisN (MH)"™ 186.1283, found 186.128]1.

2.5. Synthesis of B-nButyl-9-BBN (43)*2

Br\ n—Bl{
B B
. n-Bu-Li Pentane o
RT,1h
43

12 Medina, J. R.; Cruz, G.; Cabrera, C. R.; Soderquist, J. A. J. Org. Chem. 2003, 68, 4631.
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nButyllithium (1.0 mmol, 0.625 mL from a 1.6 M solution in hexanes) was added
dropwise to a solution of B-Br-9-BBN (1.0 mL from a 1.0 M solution in CH2Cl2) in
pentane (1 mL) at room temperature. Immediately after the addition, lithium bromide
precipitated as white solid. After stirring for 1 h, the reaction mixture was filtered through
Celite. Solvent was removed under vacuum to obtain the title compound 43 as a colorless
oil (170 mg, 96%). "H NMR (300 MHz, CDCl3) § 0.91 (t, J = 7.5 Hz, 3H), 1.19-1.27 (m,
3H), 1.29-1.40 (m, 4H), 1.43-1.52 (m, 2H), 1.66-1.72 (m, 6H), 1.81-1.88 (m, 5H); 1*C
NMR (75 MHz, CDCl3) § 14.3, 23.4,26.1, 26.9, 31.1, 33.3; /B NMR (96 MHz, CDCl3)
5 103.6.

2.6. Synthesis of Lithium B-di-nbutyl-9-BBN (41)*3

n-Bu\ n-Bu\ ©
B —n-Bu
B
¢ nBuli —rentane o
R.T,1hr ﬁx Li@

To a solution of B-nbutyl-9-BBN 43 (178 mg, 1.0 mmol) in pentane (3 mL), nBuLi (1.0
mmol, 0.625 mL from a 1.6 M solution in hexanes) was added dropwise at room
temperature. Immediately after the addition, a white solid precipitated out of the solution.
After stirring for 1 h, the suspension was filtered through a frit funnel and the residue was
washed with pentane (2 mL X 3). The residue was then dried under vacuum to obtain the
title compound 41 as a white solid (220 mg, 91%). 'H NMR (300 MHz, DMSO) & 0.04-
0.10 (m, 6H),0.79 (t, J = 6.0 Hz, 6H), 0.89-1.00 (m, 4H), 1.08-1.19 (m, 4H), 1.23-1.41
(m, 6H), 1.57-1.75 (m, 2H), 1.80-1.92 (m, 4H); 3*C NMR (75 MHz, DMSO) § 14.9, 23.9
(q, Jsc = 52.8 Hz), 26.8 (q, Jsc = 49.0 Hz), 27.0, 28.1 (apparent d, Jsc = 3.8 Hz), 29.2,
32.9; "B NMR (96 MHz, DMSO) § -2.50.

2.7. Synthesis of Lithium B-di-nbutyl-9-BBN (41)+2(12-Crown-4) Complex

13 Kramer, G. W.; Brown, H. C. J. Am. Chem. Soc. 1976, 98, 1964.
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© © _o o
n-Bu / 0\ n-Bu \ /
|‘3/n-Bu @) 0 |‘3/n-Bu EO\ /.’O:,

® X ( j Et,O N\
® .
L RT, 1h L@
(@] O iq’ \\OJ
NI o__0

(41).2(12-Crown-4)

Y

A solution of 12-Crown-4 (0.32 mL, 2.0 mmol) in diethyl ether (1 mL) was added
dropwise to a solution of lithium B-di-nbutyl-9-BBN 41 (242 mg, 1.0 mmol) in diethyl
ether (2 mL) at room temperature. After stirring for 1 h, the solvent was removed under
vacuum to obtain a white residue. The residue was washed with pentane (2 mL X 3) and
dried under vacuum to obtain the title compound (41)*2(12-Crown-4) as a white solid
(540 mg, 91%). 'H NMR (300 MHz, DMSO) & 0.04-0.09 (m, 6H), 0.79 (t, J = 6.0 Hz,
6H), 0.90-1.00 (m, 4H), 1.06-1.21 (m, 4H), 1.25-1.41 (m, 6H), 1.60-1.76 (m, 2H), 1.80-
1.92 (m, 4H), 3.54 (s, 32H); *C NMR (75 MHz, DMSO) § 14.8, 23.8 (q, Jsc = 52.8 Hz),
26.7 (q, Jsc = 49.0 Hz), 27.0, 28.1 (apparent d, Jsc = 4.8 Hz), 29.2, 32.9, 69.9; !'B NMR
(96 MHz, DMSO) 6 -2.50. The title compound (41)+2(12-Crown-4) was crystallized by
slow evaporation of a pentane/THF solution of (41)¢2(12-Crown-4) under N:

atmosphere.

2.8. Synthesis of Lithium B-dimethoxy-9-BBN (42)

Route 1:
Q S] €]
QMe MeO_ ,nBu MeO\B,OMe nBu_  nBu
B THF B toluene/pentane ® B
+ nBuli —— Li® _— Li + Li®
RT, 1h -35°C
40 42 41
Route 2:
oM o dissolve in THF ©
yvie MeO, ,OMe and then precipitate | MeO, OMe
B MeOH B ® with pentane B @
+ LOMe —— — —> Li Li*OG
RT,1h
42 42 as THF adduct

nBuLi (1.0 mmol, 0.625 mL from a 1.6 M solution in hexanes) was added dropwise to a
solution of B-methoxy-9-BBN (1.0 mmol, 1.0 mL from a 1.0 M solution in hexanes) in
THF (2 mL). After stirring for 1 h, the solvent was removed under vacuum to obtain a
white residue. 'H and "B NMR of the white solid in DMSO-ds reveals the formation of
three compounds 40-42 (see the overlaid 'H and ''B NMR spectra below). The white
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residue was then dissolved in minimum toluene, layered with pentane and placed in a
freeze at -35 °C. Colorless crystals of the title compound 42 were formed in one week.
The title compound 42 was also synthesized independently as follows: B-methoxy-9-
BBN (1.0 mmol, 1 mL from a 1.0 M solution in hexanes) was added dropwise to a
solution of LiOMe (38 mg, 1.0 mmol) in methanol. After stirring the clear reaction
solution for 1 h, the solvent was removed under vacuum to obtain a white residue. The
residue was then dissolved in THF (2 mL) and precipitated with excess pentane. The
precipitate was washed with pentane (2 mL x 5) and dried under vacuum to obtain the
THF adduct of the title compound 42 as a white solid (177 mg, 93%). 'H NMR (300
MHz, DMSO) 6 0.36 (s, 2H), 1.26—1.34 (m, 6H), 1.65-1.77 (m, 10H), 2.88 (s, 6H), 3.57-
3.61 (m, 4H); 3C NMR (75 MHz, DMSO) § 25.1, 26.4, 32.7, 47.2, 67.0; ''B NMR (96
MHz, DMSO) & -19.0; IR (neat) cm™ 2821, 1202, 1065, 1043.

PB-4-6-THF-pent-wash-1H.1.fid
PE-4-6-THF-pent-wash-1H

Mel

B-0Me

A e
'ﬁ:L:\‘ Li —-D\_J

I r|| | f r. 42 (THF adduct dimer)
I ] 1y "

PB-3-33-1H-re.1.fid .
3-1H-s n-Butyl
PB-3-33-1H-re g-n-Butyl
?‘“—”ﬁ\ L
Gy
|

M3

PB--{-&B-}IL.J._HG |

PB-4-88-3-1H nBui OMe|
3BBN-OMe — = ——» | ABBN U —— 41 + 42
i THF, t 'nBu

., ]}- o
| " 42 1
!

i

i, 40 4

— 7 ——7————————— 77—+ ————————7———— ] ——7———

38 36 34 3.2 3.0 28 26 24 22 20 1.[8 1.}6 14 12 1.0 0.8 0.6 0.4 0.2 0.0 02 -04
1 (ppm

'"H NMR spectrum in DMSO-ds of the reaction mixture overlaid with the standard

samples of the borate complexes 41 and 42.
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"B NMR spectrum in DMSO-ds of the reaction mixture overlaid with the standard

samples of the borate complexes 41 and 42.

Reaction in HMPA and in situ formation of compounds 40-42: nBuLi (0.10 mmol,

0.062 mL from a 1.6 M solution in hexanes) was added dropwise to a solution of B-

methoxy-9-BBN (0.10 mmol, 0.10 mL from a 1.0 M solution in hexanes) in HMPA (1

mL). After stirring for 0.5 h, ''B NMR was acquired which revealed the formation of

three compounds 40-42 (see the overlaid ''B NMR spectra below).
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"B NMR spectrum in HMPA of the reaction mixture overlaid with the standard samples

of the borate complexes 41 and 42.

2.9. Reactivity of n-Butyl-9-BBN Complexes with 1-lodoisoquinoline

Reaction of n-butyl-9-BBN (43) with 1-iodoisoquinoline (Table 4, entry 1): n-butyl-9-
BBN (43) (17.8 mg, 0.10 mmol), 1-iodoisoquinoline (25.5 mg, 0.10 mmol), and Cul (1.9
mg, 0.010 mmol) were dissolved with DMF in a 1 dram vial and heated at 100 °C. After
3 h, the reaction mixture was cooled to room temperature, 20 puL of pyrene (0.010 mmol,
0.5 M stock solution) as an internal standard was added, diluted with EtOAc (1 mL) and
filtered through a short pad of silica gel in a pipette. The reaction mixture was then
analyzed by GC. The butylated product 39 was formed only in trace amounts.

Reaction of n-butyl-9-BBN (43) with 1-iodoisoquinoline (Table 4, entry 2): n-butyl-9-
BBN (43) (17.8 mg, 0.10 mmol), 1-iodoisoquinoline (25.5 mg, 0.10 mmol), LiOMe (3.8
mg, 0.10 mmol), and Cul (1.9 mg, 0.010 mmol) were dissolved with DMF in a 1 dram
vial and heated at 100 °C. After 3 h, the reaction mixture was cooled to room
temperature, 20 puL of pyrene (0.010 mmol, 0.5 M stock solution) as an internal standard

was added, diluted with EtOAc (1 mL) and filtered through a short pad of silica gel in a
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pipette. The reaction mixture was then analyzed by GC. The butylated product 39 was
formed in 94% yield.

Reaction of the complex 41 with 1-iodoisoquinoline (Table 4, entry 3): complex 41 (12.1
mg, 0.050 mmol), 1-iodoisoquinoline (25.5 mg, 0.10 mmol), and Cul (1.9 mg, 0.010
mmol) were dissolved with DMF in a 1 dram vial and heated at 100 °C. After 3 h, the
reaction mixture was cooled to room temperature, 20 uLL of pyrene (0.010 mmol, 0.5 M
stock solution) as an internal standard was added, diluted with EtOAc (1 mL) and filtered
through a short pad of silica gel in a pipette. The reaction mixture was then analyzed by
GC. The butylated product 39 was formed in 48% yield.

Reaction of the complex 41 with 1-iodoisoquinoline (Table 4, entry 4): complex 41 (24.2
mg, 0.10 mmol), 1-iodoisoquinoline (25.5 mg, 0.10 mmol), and Cul (1.9 mg, 0.010
mmol) were dissolved with DMF in a 1 dram vial and heated at 100 °C. After 3 h, the
reaction mixture was cooled to room temperature, 20 uL of pyrene (0.010 mmol, 0.5 M
stock solution) as an internal standard was added, diluted with EtOAc (1 mL) and filtered
through a short pad of silica gel in a pipette. The reaction mixture was then analyzed by
GC. The butylated product 39 was formed in 95% yield.

Reaction of the complex 41 with 1-iodoisoquinoline (Table 4, entry 5): complex 41 (12.1
mg, 0.050 mmol), 1-iodoisoquinoline (25.5 mg, 0.10 mmol), LiOMe (1.9 mg, 0.050
mmol), and Cul (1.9 mg, 0.010 mmol) were dissolved with DMF in a 1 dram vial and
heated at 100 °C. After 3 h, the reaction mixture was cooled to room temperature, 20 pL
of pyrene (0.010 mmol, 0.5 M stock solution) as an internal standard was added, diluted
with EtOAc (1 mL) and filtered through a short pad of silica gel in a pipette. The reaction
mixture was then analyzed by GC. The butylated product 39 was formed in 94% yield.
Reaction of the complexes 41 and 42 with 1-iodoisoquinoline (Table 4, entry 6): complex
41 (12.1 mg, 0.050 mmol), complex 42 (9.5 mg, 0.050 mmol), 1-iodoisoquinoline (25.5
mg, 0.10 mmol), and Cul (1.9 mg, 0.010 mmol) were dissolved with DMF in a 1 dram
vial and heated at 100 °C. After 3 h, the reaction mixture was cooled to room
temperature, 20 puL of pyrene (0.010 mmol, 0.5 M stock solution) as an internal standard
was added, diluted with EtOAc (1 mL) and filtered through a short pad of silica gel in a
pipette. The reaction mixture was then analyzed by GC. The butylated product 39 was
formed in 97% yield.
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2.10. Reaction of B-(2-Phenylpropyl)-9-BBN (1) with o-Allyloxyiodobenzene

10 mol % Cul
©i J/ LiOtBu (1.5 equiv) ©i j ©\/§

44 HMPA, 120 °C, 12 h

64% not observed
R—9-BBN (1) R = 2-phenylpropyl 46 (X = Me); 47 (X = R)

o-Allyloxyiodobenzene (260.0 mg, 1.0 mmol), LiOtBu (120 mg, 1.5 mmol), and Cul
(19.0 mg, 0.10 mmol) were weighed in a 15 mL pressure tube and dissolved in HMPA (5
mL). B-(2-Phenylpropyl)-9-BBN (1) (360.0 mg, 1.5 mmol) was then added to the
reaction mixture and tightly capped. The reaction mixture was placed in an oil bath pre-
heated to 120 °C with vigorous stirring. After 24 h, reaction mixture was cooled to room
temperature. An aliquot of the reaction mixture was analyzed by GC and GC-MS. Only
the cross-coupled product 45 was formed. The cyclized product 46 and the cyclized-
coupled product 47 were not detected.

The remainder of the reaction mixture was diluted with ethyl acetate (15 mL) and washed
with H,O (5 mL x 3). The aqueous fraction was extracted back with ethyl acetate (5 mL %
3) and combined with the first ethyl acetate fraction. The combined ethyl acetate fraction
was dried over Na,SO, and the solvent was removed in a rotary evaporator. The title
compound (45) was obtained as yellow oil (161 mg, 64%) after purification by silica gel
column chromatography using 5% ethyl acetate in hexanes. '"H NMR (300 MHz, CDCl3)
8 1.26 (d,J = 6.0Hz, 3H), 1.77 (dd, J = 6.0 Hz, 3.0Hz, 3H), 2.81-3.15 (m, 3H), 4.86 (p, J
= 6.0 Hz, 1H), 6.34 (d, J = 6.0 Hz, 1H), 6.92 (q, J = 3.0 Hz, 2H), 7.03 (d, J = 6.0 Hz,
1H), 7.12-7.31 (m, 6H); *C NMR (75 MHz, CDCl3) § 9.6, 21.1, 39.6, 40.5, 106.7, 114.8,
122.2,126.0, 127.1, 127.3, 128.4, 130.4, 131.4, 141.6, 147.6, 155.8; GCMS (m/z) 252.2.

2.11. Hammett Plot

a-Methylstyrene (1.536 g, 13.0 mmol) and 9-BBN (10 mmol, 20 mL from a 0.5 M
solution in THF) were mixed in a sealed tube, tightly capped and heated at 60 °C. After 4
h, the reaction mixture was transferred to a round-bottom flask, and subjected to high

vacuum at room temperature until THF was removed and then at 40 °C for 2 h to remove
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excess a-methylstyrene. The alkyl-9-BBN (1) thus obtained was directly used for the
following kinetic experiment.

Cul (38.0 mg, 0.20 mmol) was weighed in a 1.0 mL volumetric flask and dissolved with
HMPA to obtain a stock solution (0.20 M).

Alkyl-9-BBN (1) (480.4 mg, 2.0 mmol) was weighed in a 1.0 mL volumetric flask and
dissolved with HMPA to obtain a stock solution (2.0 M).

LiOtBu (300.2 mg, 3.75 mmol) was weighed in a 5.0 mL volumetric flask and dissolved
with HMPA by stirring with a magnetic stirrer for 8 h to obtain a stock solution (0.75 M).
Arl (5.0 mmol) was weighed in a 2.0 mL volumetric flask and dissolved with HMPA to
obtain a stock solution (2.50 M).

Cul (50 uL, 0.010 mmol), LiOtBu (200 pL, 0.150 mmol), alkyl-9-BBN (1) (50 pL, 0.10
mmol) and p-XCeHa4l (X = H, OMe, Me, F, Cl, CF3) (200 uL, 0.50 mmol) were mixed in
a 1 dram vial (total volume: 0.50 mL). The reaction mixture was then tightly capped and
placed in a hotplate pre-heated to 100 °C. A total of 6 to 9 reactions were setup for each
p-XCsHal and were stopped at 6-9 time intervals. At least a duplicate reaction was setup
for each of the data point to take an average. Product yields at different time points for
the reaction of p-XCeHa4l with alkyl-9-BBN (1) were determined by GC using pyrene as a
standard. The product yields were then plotted against the corresponding reaction times
and the slope of the linear portion of the curve (for less than 30% yield) was used to
determine the initial rates of the reactions.

The initial rates of the reactions (Kx(nitial)), 10g[KxX(initial)/KH(initia)] and o-values used to
obtain the Hammett plot are given below:

Table SI-1. Values used to Obtain the Hammett Plot

iodoarenes  Kx(nitial) (M s')  log[Kx(initiat)/ K(initial)] c

X=H 1.34 x 107 0.00 0.00
X=0OMe  0.61x107 -0.34 -0.27
X =Me 0.92 x 10? -0.16 -0.17
X=F 1.68 x 107 0.10 0.06
X=Cl 3.02 x 107 0.35 0.23
X =CF3 7.58 x 107 0.75 0.54
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Figure SI-1. The Hammett plot for the reaction of alkyl-9-BBN (1) with 5.0 equivalents
of p-XC¢H4l (X = H, OMe, Me, F, Cl, CF3). The curve depicts the result of an
unweighted least-square fit to y = a*x + b (a = +1.33, b = 3.01 x 102, R?> = 0.99).
Substituent constants (¢ values) were adopted from C. Hansch, A. Leo, R. W. Taft,
Chem. Rev. 1991, 91, 165-195.

3. X-ray Crystallographic Data for Complex 41

Table 1 Crystal data and structure refinement for complex 41.

Empirical formula C32HesBL10Os
Formula weight 594.58
Temperature/K 99(2)
Crystal system monoclinic
Space group P2i/n

a/A 10.6111(3)
b/A 22.4729(6)
c/A 14.5760(4)
o/° 90

p/e 92.672(2)
v/° 90
Volume/A3 3472.03(17)
V4 4

pcalcg/CIl’l3 1.138
p/mm! 0.078
F(000) 1312.0
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Crystal size/mm® 0.841 x 0.315 x 0.216
Radiation MoKa (A =0.71073)

20 range for data collection/°3.334 to 55.016

Index ranges -13<h<12,-29<k<29,-18<1<18
Reflections collected 33894

Independent reflections 7967 [Rint = 0.0277]
Data/restraints/parameters ~ 7967/0/454
Goodness-of-fit on F? 1.044

Final R indexes [[>=2c (I)] Ri=0.0476, wR2=0.1224
Final R indexes [all data] R1=0.0599, wR2>=0.1304
Largest diff. peak/hole / ¢ A2 0.661/-0.313

Table 2. Atomic coordinates and equivalent isotropic atomic displacement parameters
(A?) for 41. U(eq) is defined as one third of the trace of the orthogonalized Uj tensor.

x/a y/b zlc U(eq)
Lil 0.2285(2) 0.87839(11) 0.64336(17) 0.0213(5)
Bl 0.77364(13) 0.63346(6) 0.65648(10) 0.0124(3)
Cl 0.70466(12) 0.66246(6) 0.56294(9) 0.0152(3)
C2 0.56306(12) 0.64733(6) 0.55709(9) 0.0177(3)
C3 0.49108(12) 0.66703(6) 0.64118(9) 0.0168(3)
C4 0.56008(11) 0.65543(6) 0.73491(9) 0.0142(3)
C5 0.70279(11) 0.66834(6) 0.73955(8) 0.0120(2)
C6 0.73247(12) 0.73525(6) 0.73718(9) 0.0161(3)
C7 0.69778(13) 0.76581(6) 0.64465(10) 0.0194(3)
C8 0.72949(13) 0.72998(6) 0.55833(9) 0.0188(3)
C9 0.92681(12) 0.64689(6) 0.65863(9) 0.0142(3)
C10 0.00177(12) 0.63294(6) 0.74843(9) 0.0147(3)
Cl11 0.14354(12) 0.64338(6) 0.74390(9) 0.0150(3)
Cl12 0.21950(12) 0.62877(7) 0.83224(10) 0.0199(3)
Cl13 0.74887(12) 0.56106(6) 0.66290(9) 0.0148(3)
Cl4 0.79739(13) 0.52294(6) 0.58480(10) 0.0192(3)
C15 0.75079(14) 0.45881(6) 0.58324(10) 0.0228(3)
Cl16 0.80677(19) 0.42072(8) 0.50923(12) 0.0354(4)
Cl17 0.0721(4) 0.80070(15) 0.7721(3) 0.0231(8)
C18 0.0275(4) 0.86106(19) 0.7971(3) 0.0246(8)
C19 0.0335(3) 0.96052(14) 0.7402(3) 0.0295(8)
C20 0.1511(5) 0.9861(2) 0.7789(3) 0.0269(10)
C21 0.3749(5) 0.9776(2) 0.7579(4) 0.0270(10)
C22 0.4134(3) 0.92275(15) 0.8072(3) 0.0278(9)
C23 0.4134(3) 0.81784(18) 0.7832(3) 0.0214(7)
C24 0.2912(4) 0.79769(16) 0.8178(3) 0.0216(7)
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CI7A
CI8A
CI9A
C20A
C21A
C22A
C23A
C24A
C25
C26
C27
C28
C29
C30
C31
C32
01
02
O3
04
05
06
o7
08

x/a
0.1195(3)
0.0103(3)
0.0621(3)
0.1304(5)
0.3462(5)
0.4550(3)
0.4088(3)
0.3359(3)
0.24388(15)
0.12662(15)
0.98669(14)
0.04871(15)
0.21401(17)
0.32984(15)
0.47240(13)
0.40837(14)
0.20753(9)
0.04792(10)
0.25012(10)
0.40996(10)
0.33107(10)
0.07881(10)
0.12374(10)
0.38170(10)

y/b
0.80968(13)
0.84106(17)
0.94353(14)
0.9940(2)
0.9758(2)
0.93862(13)
0.84251(16)
0.78768(14)
0.75805(6)
0.78226(7)
0.86442(8)
0.91367(7)
0.98516(7)
0.95318(7)
0.87888(7)
0.82226(7)
0.80289(4)
0.89766(4)
0.97363(5)
0.87748(4)
0.80518(5)
0.82480(5)
0.94476(5)
0.92487(5)

zlc
0.8123(2)
0.7634(3)
0.7923(2)
0.7449(3)
0.7906(3)
0.7577(2)
0.8169(2)
0.7866(2)
0.54220(10)
0.49555(10)
0.51351(11)
0.46428(11)
0.49214(11)
0.46384(10)
0.52480(11)
0.49535(10)
0.74531(7)
0.72320(7)
0.71825(7)
0.73950(7)
0.56748(7)
0.55665(7)
0.53098(7)
0.54373(7)

U(eq)
0.0183(6)
0.0202(7)
0.0191(7)
0.0235(10)
0.0231(9)
0.0207(7)
0.0182(6)
0.0181(7)
0.0233(3)
0.0251(3)
0.0286(4)
0.0272(3)
0.0290(4)
0.0259(3)
0.0245(3)
0.0241(3)
0.0201(2)
0.0217(2)
0.0223(2)
0.0213(2)
0.0218(2)
0.0235(2)
0.0253(2)
0.0257(2)

Table 3 Anisotropic Displacement Parameters (A?) for complex 41. The Anisotropic
displacement factor exponent takes the form: -2n°[h*a*?U11+2hka*b*U12+...].

Lil
B1
Cl1
C2
C3
C4
G5
C6
c7
C8
C9

C10

Ull U22 U33

0.0238(12) 0.0229(12) 0.0173(12)
0.0128(6)  0.0150(7)  0.0097(6)
0.0158(6)  0.0206(7)  0.0093(6)
0.0177(6)  0.0241(7)  0.0110(6)
0.0118(6)  0.0243(7)  0.0141(6)
0.0127(6)  0.0190(6)  0.0110(6)
0.0117(6)  0.0148(6)  0.0094(6)
0.0170(6)  0.0165(6)  0.0149(6)
0.0217(7)  0.0159(6)  0.0205(7)
0.0184(6)  0.0226(7)  0.0155(6)
0.0140(6)  0.0167(6)  0.0123(6)
0.0122(6)  0.0177(6)  0.0144(6)
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U23 U13 Ul12
0.0002(9)  0.0023(9)  0.0012(9)
0.0010(5)  0.0019(5)  0.0014(5)
0.0009(5)  0.0021(5)  0.0038(5)
-0.0003(5) -0.0023(5)  0.0030(5)
0.0001(5)  -0.0012(5)  0.0024(5)
0.0002(5)  0.0024(5)  0.0017(5)
0.0010(4)  0.0004(4)  0.0013(4)
-0.0007(5)  0.0011(5)  0.0014(5)
0.0044(5)  0.0012(5)  0.0019(5)
0.0080(5)  0.0026(5)  0.0038(5)
0.0020(5)  0.0030(5)  0.0018(5)
0.0024(5)  0.0029(5)  0.0017(5)



Cl1
Cl12
C13
Cl14
CI15
Clé6
C17
CI8
C19
C20
C21
C22
C23
C24
CI7A
CI8A
CI9A
C20A
C21A
C22A
C23A
C24A
C25
C26
C27
C28
C29
C30
C31
C32
01
02
O3
04
05
06
07
08

0.0130(6)
0.0138(6)
0.0161(6)
0.0239(7)
0.0263(7)

0.0568(11)

0.0248(18)

0.0307(19)

0.0333(17)

0.038(2)
0.029(2)
0.0296(17)
0.0248(17)
0.030(2)

0.0236(15)

0.0212(15)

0.0251(15)

0.035(2)
0.032(2)

0.0218(14)

0.0226(14)

0.0218(17)
0.0391(8)
0.0311(8)
0.0175(7)
0.0288(8)

0.0492(10)
0.0344(8)
0.0167(6)
0.0252(7)
0.0270(5)
0.0288(5)
0.0257(5)
0.0271(5)
0.0254(5)
0.0272(5)
0.0312(6)
0.0291(5)

0.0160(6)
0.0247(7)
0.0166(6)
0.0180(7)
0.0199(7)
0.0235(8)

0.0206(17)

0.021(2)

0.0246(16)

0.018(2)

0.0211(19)

0.0255(17)

0.0217(18)

0.0192(17)

0.0217(14)

0.0245(19)

0.0219(15)

0.0170(19)

0.0199(17)

0.0225(14)

0.0192(16)

0.0192(15)
0.0154(7)
0.0250(8)

0.0487(10)
0.0333(8)
0.0169(7)
0.0244(8)
0.0371(9)
0.0304(8)
0.0218(5)
0.0202(5)
0.0244(5)
0.0207(5)
0.0273(5)
0.0304(6)
0.0300(6)
0.0319(6)

Table 4 Bond Lengths (A) for complex 41.

Lil-O1
Lil-06

2.273(3)
2.320(3)

0.0161(6)  0.0002(5)
0.0209(7)  0.0017(6)
0.0117(6)  -0.0004(5)
0.0159(7)  -0.0017(5)
0.0225(7)  -0.0057(6)
0.0264(9)  -0.0090(7)
0.025(2)  0.0032(14)
0.023(2)  0.0035(15)
0.031(2)  -0.0025(14)
0.026(3)  -0.0038(19)
0.031(3)  -0.007(2)
0.027(2)  -0.0056(14)
0.0173(18)  0.0017(14)
0.0151(17)  0.0038(13)
0.0097(14) 0.0011(11)
0.0156(17) -0.0014(13)
0.0108(15) -0.0001(12)
0.0192)  0.0032(18)
0.017(2)  -0.0070(17)
0.0176(15) 0.0012(11)
0.0126(15)  0.0008(12)
0.0135(16)  0.0026(12)
0.0154(7)  -0.0012(5)
0.0189(7)  -0.0038(6)
0.0191(7)  -0.0011(7)
0.0189(7)  -0.0017(6)
0.0207(7)  0.0021(6)
0.0189(7)  0.0043(6)
0.0202(7)  0.0016(6)
0.0171(7)  0.0016(6)
0.0117(5)  -0.0002(4)
0.0165(5)  -0.0003(4)
0.0168(5)  0.0005(4)
0.0159(5)  -0.0016(4)
0.0129(5)  -0.0002(4)
0.0128(5)  -0.0011(4)
0.0147(5)  -0.0033(4)
0.0162(5)  0.0005(4)
Lil-05
Lil-04
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0.0025(5)  -0.0006(5)
-0.0007(5)  0.0002(5)
0.0017(5)  0.0013(5)
0.0041(5)  0.0025(5)
0.0022(6)  -0.0001(6)
0.0074(8)  0.0034(7)
0.0121(15) -0.0040(14)
0.0139(16)  0.0029(15)
0.0092(14)  0.0103(13)
0.0102)  0.0047(16)
-0.002(2)  -0.0046(16)
-0.0086(15) -0.0032(13)
-0.0044(13)  0.0058(15)
-0.0009(15)  0.0011(14)
0.0032(12) -0.0047(11)
0.0072(12) -0.0062(14)
0.0050(12)  0.0097(12)
0.005(2)  0.0107(15)
-0.0015(16) -0.0020(15)
-0.0005(11) -0.0097(11)
-0.0018(11)  0.0026(12)
0.0020(12)  0.0088(13)
0.0022(6)  -0.0009(6)
-0.0003(6)  -0.0038(6)
-0.0038(5)  0.0055(6)
-0.0056(6)  0.0093(6)
0.0009(7)  0.0065(7)
0.0023(6)  -0.0012(6)
0.0045(5)  0.0019(6)
0.0051(6)  0.0087(6)
0.0045(4)  0.0019(4)
0.0058(4)  0.0005(4)
0.0016(4)  0.0028(4)
-0.0012(4)  0.0017(4)
0.0014(4)  0.0051(4)
-0.0013(4)  0.0010(4)
0.0012(4)  0.0064(4)
0.0011(4)  0.0007(4)
2.286(3)
2.328(3)



Lil-O2
Lil-O7
B1-Cl
B1-C9
Cl1-C2
Cl-H1A
C2-H2A
C3-C4
C3-H3B
C4-H4A
C5-Cé6
Co6-C7
C6-H6B
C7-H7A
C8-H8A
C9-C10
C9-H9B
C10-HI0A
C11-C12
CI11-HI11B
C12-HI12B
C13-Cl14
C13-HI13B
Cl14-H14A
C15-Cl16
C15-HI15B
Cl6-H16B
C17-C18
C17-H17A
C18-02
C18-H18B
C19-C20
C19-H19B
C20-H20A
C21-03
C21-H21A
C22-04
C22-H22B
C23-C24

2.329(3)
2.444(3)
1.6512(18)
1.6520(18)
1.5390(18)
1.0

0.99
1.5417(17)
0.99

0.99
1.5371(18)
1.5427(18)
0.99

0.99

0.99
1.5320(17)
0.99

0.99
1.5226(18)
0.99

0.98
1.5328(18)
0.99

0.99
1.520(2)
0.99

0.98
1.488(5)
0.99
1.380(4)
0.99
1.463(7)
0.99

0.99
1.423(6)
0.99
1.416(3)
0.99
1.484(5)

Lil-O3
Lil-O8
B1-C13
B1-C5
CI1-C8
C2-C3
C2-H2B
C3-H3A
C4-C5
C4-H4B
C5-HSA
C6-H6A
C7-C8
C7-H7B
C8-H8B
C9-H9A
C10-C11
C10-H10B
CI11-HI11A
CI12-HI12A
C12-H12C
C13-HI3A
C14-C15
Cl14-H14B
C15-HI5A
Cl16-H16A
Cl6-H16C
C17-01
C17-H17B
C18-HI8A
C19-02
CI19-HI9A
C20-03
C20-H20B
C21-C22
C21-H21B
C22-H22A
C23-04
C23-H23A

SI-32

2.409(3)
2.462(3)
1.6516(19)
1.6524(18)
1.5420(19)
1.5393(18)
0.99

0.99
1.5402(17)
0.99

1.0

0.99
1.544(2)
0.99

0.99

0.99
1.5269(17)
0.99

0.99

0.98

0.98

0.99
1.523(2)
0.99

0.99

0.98

0.98
1.508(3)
0.99

0.99
1.444(3)
0.99
1.431(5)
0.99
1.475(7)
0.99

0.99
1.484(4)
0.99



C23-H23B
C24-H24A
CI17A-01
CI17A-H17C
CI8A-O2
C18A-H18D
CI9A-C20A
C19A-H19D
C20A-H20C
C21A-03
C21A-H21C
C22A-04
C22A-H22D
C23A-C24A
C23A-H23D
C24A-H24C
C25-05
C25-H25A
C26-06
C26-H26B
C27-C28
C27-H27B
C28-H28A
C29-07
C29-H29A
C30-08
C30-H30B
C31-C32
C31-H31B
C32-H32A

Table 5 Bond Angles (°) for complex 41.

O1-Lil1-O5
05-Li1-O6
05-Li1-O4
O1-Li1-O2
06-Li1-02
O1-Li1-O3
06-Li1-03

0.99
0.99
1.391(3)
0.99
1.464(4)
0.99
1.527(6)
0.99

0.99
1.433(5)
0.99
1.475(3)
0.99
1.510(5)
0.99

0.99
1.4429(18)
0.99
1.4166(18)
0.99
1.489(2)
0.99

0.99
1.454(2)
0.99
1.4155(18)
0.99
1.496(2)
0.99

0.99

80.94(9)
72.08(8)

83.45(9)
72.79(8)
79.06(8)
112.15(10)
139.14(12)

C24-01
C24-H24B
CI7A-C18A
C17A-H17D
CI8A-H18C
CI9A-02
CI9A-H19C
C20A-03
C20A-H20D
C21A-C22A
C21A-H21D
C22A-H22C
C23A-04
C23A-H23C
C24A-01
C24A-H24D
C25-C26
C25-H25B
C26-H26A
C27-06
C27-H27A
C28-07
C28-H28B
C29-C30
C29-H29B
C30-H30A
C31-08
C31-H31A
C32-05
C32-H32B

O1-Li1-O6
O1-Lil1-O4
06-Li1-O04
05-Li1-02
04-Li1-02
05-Li1-03
04-Li1-03

SI-33

1.353(3)
0.99
1.507(5)
0.99

0.99
1.444(3)
0.99
1.422(6)
0.99
1.520(6)
0.99

0.99
1.376(3)
0.99
1.503(3)
0.99
1.492(2)
0.99

0.99
1.4444(18)
0.99
1.4124(18)
0.99
1.498(2)
0.99

0.99
1.4474(18)
0.99
1.4164(17)
0.99

83.29(9)
72.75(8)

148.14(12)
142.85(12)
112.18(10)
145.22(12)
71.12(8)



02-Lil1-03
0O5-Lil-O07
04-Li1-O7
O3-Lil-O7
05-Li1-08
04-Li1-08
0O3-Li1-08
CI1-B1-C13
C13-B1-C9
C13-B1-C5
C2-C1-C8
C8-C1-Bl1
C8-C1-H1A
CI1-C2-C3
C3-C2-H2A
C3-C2-H2B
C2-C3-C4
C4-C3-H3A
C4-C3-H3B
C5-C4-C3
C3-C4-H4A
C3-C4-H4B
Co6-C5-C4
C4-C5-Bl
C4-C5-H5A
C5-Co6-C7
C7-C6-H6A
C7-C6-H6B
C6-C7-C8
C8-C7-H7A
C8-C7-H7B
CI1-C8-C7
C7-C8-H8A
C7-C8-H8B
C10-C9-B1
B1-C9-H9A
B1-C9-H9B
C11-C10-C9
C9-C10-H10A

70.81(8)
109.08(10)
138.28(12)
78.00(8)
71.20(8)
78.96(8)
80.73(8)
111.72(10)
109.75(10)
110.29(10)
112.55(11)
110.75(11)
107.6
114.31(11)
108.7
108.7
115.10(10)
108.5
108.5
115.62(10)
108.4
108.4
112.66(10)
111.01(10)
107.5
114.49(11)
108.6
108.6
115.34(11)
108.4
108.4
115.69(11)
108.4
108.4
116.74(10)
108.1
108.1
113.88(11)
108.8

O1-Lil1-O7
06-Li1-07
02-Li1-O7
O1-Lil1-O8
06-Li1-08
02-Li1-O8
O7-Li1-08
CI1-B1-C9
CI-B1-C5
C9-B1-C5
C2-CI1-Bl
C2-CI-H1A
B1-CI1-H1A
C1-C2-H2A
C1-C2-H2B
H2A-C2-H2B
C2-C3-H3A
C2-C3-H3B
H3A-C3-H3B
C5-C4-H4A
C5-C4-H4B
H4A-C4-H4B
C6-C5-Bl
C6-C5-H5A
B1-C5-H5A
C5-C6-HO6A
C5-C6-H6B
H6A-C6-H6B
Co6-C7-H7A
Co6-C7-H7B
H7A-C7-H7B
C1-C8-H8A
C1-C8-H8B
H8A-C8-H8B
C10-C9-H9A
C10-C9-H9B
H9A-C9-H9B

C11-C10-H10A

C11-C10-H10B

SI-34

146.95(12)
70.93(8)
82.08(8)
142.16(12)
110.67(10)
142.86(12)
68.78(7)
109.96(10)
102.62(10)
112.36(10)
110.64(10)
107.6
107.6
108.7
108.7
107.6
108.5
108.5
107.5
108.4
108.4
107.4
110.29(10)
107.5
107.5
108.6
108.6
107.6
108.4
108.4
107.5
108.4
108.4
107.4
108.1
108.1
107.3
108.8
108.8



C9-C10-H10B
C12-C11-C10
C10-C11-H11A
C10-C11-H11B
C11-C12-H12A
HI12A-C12-HI2B
HI12A-C12-H12C
C14-C13-B1
B1-C13-HI3A
B1-C13-H13B
C15-C14-C13
C13-C14-H14A
C13-C14-H14B
Cl16-C15-C14
C14-C15-H15A
C14-C15-H15B
C15-C16-H16A
H16A-C16-H16B
HI16A-C16-H16C
C18-C17-01
O1-C17-H17A
O1-C17-H17B
02-C18-C17
C17-C18-H18A
C17-C18-H18B
02-C19-C20
C20-C19-H19A
C20-C19-H19B
03-C20-C19
C19-C20-H20A
C19-C20-H20B
03-C21-C22
C22-C21-H21A
C22-C21-H21B
04-C22-C21
C21-C22-H22A
C21-C22-H22B
04-C23-C24
C24-C23-H23A

108.8
114.46(11)
108.6
108.6
109.5
109.5
109.5
116.66(11)
108.1
108.1
114.82(12)
108.6
108.6
113.96(13)
108.8
108.8
109.5
109.5
109.5
110.6(3)
109.5
109.5
106.8(3)
110.4
110.4
110.8(3)
109.5
109.5
108.8(3)
109.9
109.9
112.1(4)
109.2
109.2
105.3(3)
110.7
110.7
114.7(3)
108.6

HI10A-C10-H10B
C12-C11-H11A
C12-C11-H11B
HI11A-C11-H11B
C11-C12-H12B
C11-C12-H12C
H12B-C12-H12C
C14-C13-H13A
C14-C13-H13B
HI13A-C13-H13B
C15-C14-H14A
C15-C14-H14B
H14A-C14-H14B
Cl16-C15-H15A
C16-C15-H15B
HI5A-C15-H15B
C15-Cl16-H16B
C15-Cl6-H16C
H16B-Cl6-H16C
C18-C17-H17A
C18-C17-H17B
H17A-C17-H17B
02-C18-H18A
02-C18-H18B
HI18A-C18-H18B
02-C19-H19A
02-C19-H19B
HI9A-C19-H19B
03-C20-H20A
03-C20-H20B
H20A-C20-H20B
03-C21-H21A
03-C21-H21B
H21A-C21-H21B
04-C22-H22A
04-C22-H22B
H22A-C22-H22B
04-C23-H23A
04-C23-H23B

SI-35

107.7
108.6
108.6
107.6
109.5
109.5
109.5
108.1
108.1
107.3
108.6
108.6
107.5
108.8
108.8
107.7
109.5
109.5
109.5
109.5
109.5
108.1
110.4
110.4
108.6
109.5
109.5
108.1
109.9
109.9
108.3
109.2
109.2
107.9
110.7
110.7
108.8
108.6
108.6



C24-C23-H23B
01-C24-C23
C23-C24-H24A
(C23-C24-H24B
O1-C17A-C18A
CI8A-C17A-H17C
C18A-C17A-H17D
02-CI8A-C17A
CI17A-C18A-HI8C
C17A-C18A-H18D
02-CI19A-C20A
C20A-C19A-HI9C
C20A-C19A-H19D
03-C20A-C19A
CI9A-C20A-H20C
C19A-C20A-H20D
03-C21A-C22A
C22A-C21A-H21C
C22A-C21A-H21D
04-C22A-C21A
C21A-C22A-H22C
C21A-C22A-H22D
04-C23A-C24A
C24A-C23A-H23C
C24A-C23A-H23D
O1-C24A-C23A
C23A-C24A-H24C
C23A-C24A-H24D
05-C25-C26
C26-C25-H25A
C26-C25-H25B
06-C26-C25
C25-C26-H26A
C25-C26-H26B
06-C27-C28
C28-C27-H27A
C28-C27-H27B
07-C28-C27
C27-C28-H28A

108.6
105.1(3)
110.7
110.7
104.3(3)
110.9
110.9
112.2(3)
109.2
109.2
104.5(3)
110.8
110.8
109.5(3)
109.8
109.8
105.9(3)
110.5
110.5
108.9(3)
109.9
109.9
104.5(3)
110.9
110.9
112.0(2)
109.2
109.2
111.09(12)
109.4
109.4
105.96(12)
110.5
110.5
111.26(12)
109.4
109.4
106.47(12)
110.4

H23A-C23-H23B
0O1-C24-H24A
0O1-C24-H24B
H24A-C24-H24B
O1-C17A-H17C
O1-C17A-H17D
H17C-C17A-H17D
02-C18A-H18C
02-C18A-H18D
H18C-C18A-H18D
02-C19A-H19C
02-C19A-H19D
HI19C-C19A-H19D
03-C20A-H20C
03-C20A-H20D
H20C-C20A-H20D
03-C21A-H21C
03-C21A-H21D
H21C-C21A-H21D
04-C22A-H22C
04-C22A-H22D
H22C-C22A-H22D
04-C23A-H23C
04-C23A-H23D
H23C-C23A-H23D
O1-C24A-H24C
0O1-C24A-H24D
H24C-C24A-H24D
05-C25-H25A
05-C25-H25B
H25A-C25-H25B
06-C26-H26A
06-C26-H26B
H26A-C26-H26B
06-C27-H27A
06-C27-H27B
H27A-C27-H27B
07-C28-H28A
07-C28-H28B

SI-36

107.6
110.7
110.7
108.8
110.9
110.9
108.9
109.2
109.2
107.9
110.8
110.8
108.9
109.8
109.8
108.2
110.5
110.5
108.7
109.9
109.9
108.3
110.9
110.9
108.9
109.2
109.2
107.9
109.4
109.4
108.0
110.5
110.5
108.7
109.4
109.4
108.0
110.4
110.4



C27-C28-H28B 110.4 H28A-C28-H28B
07-C29-C30 111.81(12) 07-C29-H29A
C30-C29-H29A 109.3 07-C29-H29B
C30-C29-H29B 109.3 H29A-C29-H29B
08-C30-C29 106.35(12) 08-C30-H30A
C29-C30-H30A 110.5 08-C30-H30B
C29-C30-H30B 110.5 H30A-C30-H30B
08-C31-C32 111.41(12) 0O8-C31-H31A
C32-C31-H31A 109.3 08-C31-H31B
C32-C31-H31B 109.3 H31A-C31-H31B
05-C32-C31 106.76(12) 05-C32-H32A
C31-C32-H32A 110.4 05-C32-H32B
C31-C32-H32B 110.4 H32A-C32-H32B
C17A-01-C24A 111.7(2) C24-01-C17
C24-01-Lil 119.61(17) C17A-0O1-Lil
C24A-01-Lil 108.47(16) C17-01-Lil
C18-02-C19 115.3(3) CI19A-02-C18A
C18-02-Lil 116.23(17) C19-02-Lil
CI19A-02-Lil 114.82(15) CI18A-02-Lil
C21-03-C20 115.7(3) C20A-03-C21A
C20A-03-Lil 110.0(2) C21-03-Lil
C20-03-Lil 113.4(2) C21A-03-Lil
C23A-04-C22A 113.6(2) C22-04-C23
C23A-04-Lil 117.39(15) C22-04-Lil
C22A-04-Lil 110.62(14) C23-04-Lil
C32-05-C25 113.33(11) C32-05-Lil
C25-05-Lil 109.74(10) C26-06-C27
C26-06-Lil 115.88(11) C27-06-Lil
C28-07-C29 113.66(12) C28-07-Lil
C29-07-Lil 110.78(10) C30-08-C31
C30-08-Lil 115.71(11) C31-08-Lil
Table 6 Torsion Angles (°) for complex 41.

C13-B1-C1-C2 54.68(14) C9-B1-C1-C2
C5-B1-C1-C2 -63.46(13) C13-B1-C1-C8
C9-B1-C1-C8 -57.69(13) C5-B1-C1-C8
C8-C1-C2-C3 -68.08(14) B1-C1-C2-C3
C1-C2-C3-C4 -42.51(16) C2-C3-C4-C5
C3-C4-C5-Co6 71.60(14) C3-C4-C5-B1

SI-37

108.6
109.3
109.3
107.9
110.5
110.5
108.6
109.3
109.3
108.0
110.4
110.4
108.6
113.2(3)
117.80(15)
108.49(16)
111.32)
111.34(16)
106.54(16)
113.7(3)
107.92)
114.4(2)
110.52)
114.00(16)
105.64(16)
118.00(11)
113.41(11)
110.45(11)
112.56(11)
113.61(11)
105.82(10)

176.80(11)
-179.81(10)
62.05(12)
56.41(15)
40.86(16)
-52.66(14)



CI1-B1-C5-Cé6
C9-B1-C5-C6
C13-B1-C5-C4
C4-C5-C6-C7
C5-C6-C7-C8
B1-C1-C8-C7
CI1-B1-C9-C10
C5-B1-C9-C10
C9-C10-C11-C12
C9-B1-C13-C14
B1-C13-C14-C15
01-C17-C18-02
03-C21-C22-04
O1-C17A-C18A-02
03-C21A-C22A-04
05-C25-C26-06
07-C29-C30-08
C23-C24-01-C17
CI8A-C17A-0O1-C24A
C23A-C24A-0O1-C17A
C18-C17-01-C24
C17-C18-02-C19
C20-C19-02-C18
C20A-C19A-02-C18A
CI17A-C18A-02-C19A
CI9A-C20A-03-C21A
C22-C21-03-C20
C19-C20-03-C21
C22A-C21A-0O3-C20A
C24A-C23A-04-C22A
C21-C22-04-C23
C21A-C22A-04-C23A
C24-C23-04-C22
C31-C32-05-C25
C26-C25-05-C32
C25-C26-06-C27
C28-C27-06-C26
C27-C28-07-C29
C30-C29-07-C28

-64.29(12)
53.77(13)
-57.84(13)
-68.47(14)
-41.44(16)
-52.28(15)
169.42(11)
55.79(15)
-179.09(11)
-61.62(14)
-168.62(11)
55.4(5)
61.9(5)
-57.4(4)
-59.2(4)
-55.30(15)
-58.33(16)
-164.3(3)
164.4(3)
-84.5(3)
86.9(4)
-168.6(3)
86.2(4)
167.03)
-77.6(3)
-83.0(4)
82.8(4)
-160.2(3)
166.0(3)
168.7(3)
-165.0(3)
-82.7(3)
78.5(4)
168.22(11)
-84.64(15)
163.65(12)
-81.61(16)
166.01(12)
-81.03(16)

C13-B1-C5-C6
C1-B1-C5-C4
C9-B1-C5-C4
B1-C5-C6-C7
C2-C1-C8-C7
C6-C7-C8-Cl1
C13-B1-C9-C10
B1-C9-C10-Cl11
CI1-B1-C13-C14
C5-B1-C13-C14
C13-C14-C15-C16
02-C19-C20-03
04-C23-C24-01
02-C19A-C20A-03
04-C23A-C24A-01
06-C27-C28-07
08-C31-C32-05
C23-C24-01-Lil
CI8A-C17A-0O1-Lil
C23A-C24A-0Ol1-Lil
C18-C17-O1-Lil
C17-C18-02-Lil
C20-C19-0O2-Lil
C20A-C19A-02-Lil
C17A-C18A-02-Lil
CI9A-C20A-03-Lil
C22-C21-03-Lil
C19-C20-03-Lil
C22A-C21A-03-Lil
C24A-C23A-04-Lil
C21-C22-04-Lil
C21A-C22A-04-Lil
(C24-C23-04-Lil
C31-C32-05-Lil
C26-C25-05-Lil
C25-C26-06-Lil
C28-C27-06-Lil
C27-C28-0O7-Lil
C30-C29-07-Lil
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176.56(10)
61.31(12)
179.37(10)
56.19(14)
72.15(14)
39.61(16)
-67.30(14)
177.01(11)
60.62(14)
174.07(11)
-176.16(13)
55.7(4)
53.3(5)
-61.3(4)
-55.5(4)
-60.08(16)
-58.44(15)
-34.4(4)
37.9(3)
46.9(3)
-48.4(4)
-35.6(4)
-49.0(4)
45.9(3)
48.3(3)
46.8(4)
_45.4(4)
-34.8(4)
38.4(4)
37.5(3)
-46.2(4)
51.8(3)
_45.2(4)
37.99(15)
49.62(14)
34.36(15)
50.39(15)
39.04(15)
46.87(15)



C29-C30-08-C31 163.61(12) C29-C30-0O8-Lil 40.89(16)
C32-C31-08-C30 -79.61(15) C32-C31-08-Lil 48.41(14)

Table 7 Hydrogen Atom Coordinates and Isotropic Displacement Parameters (A?) for
complex 41.

x/a y/b zlc U(eq)

H1A 0.7436 0.6437 0.5088 0.018
H2A 0.5534 0.6038 0.5496 0.021
H2B 0.5239 0.6665 0.5016 0.021
H3A 0.4090 0.6461 0.6399 0.02

H3B 0.4734 0.7102 0.6357 0.02

H4A 0.5202 0.6801 0.7817 0.017
H4B 0.5473 0.6132 0.7516 0.017
H5A 0.7384 0.6524 0.7993 0.014
H6A 0.8238 0.7409 0.7516 0.019
H6B 0.6863 0.7553 0.7860 0.019
H7A 0.7423 0.8045 0.6431 0.023
H7B 0.6061 0.7743 0.6418 0.023
H8A 0.6796 0.7464 0.5051 0.023
H8B 0.8197 0.7362 0.5467 0.023
HO9A 0.9636 0.6236 0.6089 0.017
H9B 0.9390 0.6895 0.6443 0.017
HI10A 0.9692 0.6580 0.7980 0.018
H10B 0.9873 0.5908 0.7649 0.018
HI11A 1.1756 0.6189 0.6936 0.018
H11B 1.1579 0.6856 0.7283 0.018
HI12A 1.3095 0.6345 0.8227 0.03

H12B 1.2043 0.5873 0.8494 0.03

H12C 1.1936 0.6552 0.8815 0.03

HI13A 0.7887 0.5465 0.7215 0.018
H13B 0.6569 0.5544 0.6656 0.018
H14A 0.7716 0.5419 0.5256 0.023
H14B 0.8908 0.5227 0.5898 0.023
HI15A 0.7715 0.4405 0.6439 0.027
H15B 0.6578 0.4589 0.5737 0.027
H16A 0.7733 0.3802 0.5126 0.053
H16B 0.8988 0.4198 0.5186 0.053
H16C 0.7843 0.4377 0.4487 0.053
H17A 0.0185 0.7850 0.7201 0.028
H17B 0.0645 0.7735 0.8249 0.028
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HI8A
H18B
HI9%A
HI19B
H20A
H20B
H21A
H21B
H22A
H22B
H23A
H23B
H24A
H24B
H17C
H17D
HI18C
H18D
H19C
HI19D
H20C
H20D
H21C
H21D
H22C
H22D
H23C
H23D
H24C
H24D
H25A
H25B
H26A
H26B
H27A
H27B
H28A
H28B
H29A

-0.0634
0.0750
-0.0345
0.0090
0.1417
0.1718
0.3799
0.4342
0.4995
0.3544
0.4770
0.4416
0.2969
0.2661
0.1544
0.0931
-0.0258
-0.0563
0.1127
-0.0212
0.0795
0.1415
0.3145
0.3736
0.4870
0.5248
0.3664
0.4957
0.3840
0.3265
0.2218
0.2846
0.1459
0.0644
-0.0669
-0.0684
0.1018
-0.0154
0.2384

0.8601
0.8757
0.9667
0.9810
1.0297
0.9686
1.0116
0.9854
0.9269
0.9136
0.8184
0.7884
0.7559
0.8230
0.8339
0.7705
0.8150
0.8485
0.9290
0.9569
1.0074
1.0282
0.9591
1.0173
0.9561
0.9381
0.8633
0.8320
0.7658
0.7612
0.7359
0.7299
0.8012
0.7501
0.8813
0.8417
0.8975
0.9405
1.0160
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0.8097
0.8527
0.7834
0.6819
0.7862
0.8401
0.8012
0.7088
0.8356
0.8559
0.8351
0.7380
0.8390
0.8695
0.8642
0.8359
0.7141
0.8074
0.8465
0.8122
0.6901
0.7874
0.8480
0.8022
0.7010
0.8052
0.8669
0.8388
0.7408
0.8401
0.5980
0.5006
0.4365
0.4833
0.5609
0.4695
0.4160
0.4351
0.5381

0.029
0.029
0.035
0.035
0.032
0.032
0.032
0.032
0.033
0.033
0.026
0.026
0.026
0.026
0.022
0.022
0.024
0.024
0.023
0.023
0.028
0.028
0.028
0.028
0.025
0.025
0.022
0.022
0.022
0.022
0.028
0.028
0.03

0.03

0.034
0.034
0.033
0.033
0.035



H29B
H30A
H30B
H31A
H31B
H32A
H32B

0.1738
0.3078
0.3911
0.5268
0.5270
0.3565
0.4716

1.0054
0.9234
0.9817
0.8714
0.8926
0.8285
0.7910

0.4380
0.4157
0.4394
0.5807
0.4758
0.4379
0.4844

0.035
0.031
0.031
0.029
0.029
0.029
0.029

4. X-ray Crystallographic Data for Complex 42
Table 1 Crystal data and structure refinement for complex 42.

Empirical formula C28Hs6B2L1206
Formula weight 524.22
Temperature/K 101(2)

Crystal system triclinic

Space group P-1

a/A 8.3308(4)

b/A 9.3831(5)

c/A 10.3351(5)

o/° 98.430(2)

pB/e 106.326(2)

v/° 90.671(2)
Volume/A? 765.74(7)

Z 1

Pealeg/cm’ 1.137

w/mm! 0.074

F(000) 288

Crystal size/mm? 0.536 x 0.482 % 0.429
Radiation MoKa (A =0.71073)
20 range for data collection/° 4.40 to 52.84

Index ranges -10<h<10,-11 <k<11,-8<1<12
Reflections collected 16573

Independent reflections 3134 [Rint = 0.0187]
Data/restraints/parameters ~ 3134/4/184
Goodness-of-fit on F? 1.0323

Final R indexes [[>=26 (I)] Ri1=0.0530, wR2 =0.1448
Final R indexes [all data] R1=0.0576, wR2 = 0.1492
Largest diff. peak/hole / e A 0.561/-0.448

Table 2. Atomic coordinates and equivalent isotropic atomic displacement

parameters (A2) for complex 42. U(eq) is defined as one third of the trace of the
orthogonalized Uj; tensor.

x/a y/b zlc U(eq)
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B1
01
02
O3
Lil
Cl
C2
C3
C4
(O]
C6
C7
C8
C9
C10
Cl1
Cl12
C13
CI3A
Cl4

0.47622(19)
0.65189(12)
0.41479(13)
0.86952(15)
0.6796(3)
0.35809(18)
0.4244(2)
0.4461(2)
0.5258(2)
0.45935(17)
0.27561(19)
0.14488(19)
0.17471(18)
0.7859(2)
0.4606(2)
0.9612(3)
0.1017(3)
0.0654(5)
0.1092(7)
0.9392(3)

0.57092(17)
0.59106(11)
0.41488(10)
0.77137(14)
0.6374(3)
0.66972(15)
0.82837(16)
0.88905(16)
0.78653(16)
0.62777(15)
0.60278(17)
0.66845(18)
0.64691(16)
0.5337(2)
0.30831(17)
0.7951(3)
0.9019(2)
0.9640(5)
0.9063(6)
0.8682(2)

0.30244(16)
0.39875(10)
0.28563(10)
0.66953(11)
0.5846(3)

0.37579(14)
0.40416(15)
0.27956(16)
0.18794(16)
0.15862(14)
0.07020(15)
0.13730(16)
0.28675(16)
0.35341(18)
0.1932(2)

0.81120(19)
0.8296(2)

0.7096(5)

0.6775(6)

0.6011(2)

0.0138(3)
0.0172(3)
0.0169(3)
0.0300(3)
0.0234(6)
0.0157(3)
0.0200(3)
0.0235(3)
0.0211(3)
0.0151(3)
0.0213(3)
0.0239(4)
0.0197(3)
0.0300(4)
0.0302(4)
0.0469(6)
0.0476(6)
0.0386(8)
0.0386(8)
0.0412(5)

Table 3. Anisotropic atomic displacement parameters (A?) for complex 42.

The anisotropic atomic displacement factor exponent takes the form: -2n%[ h? a™
Uii+..+2hka b Uiz ]

B1
Ol
02
03
Lil
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cll1

Un
0.0142(7)
0.0130(5)
0.0213(5)
0.0275(6)

U2z
0.0138(7)
0.0235(5)
0.0128(5)
0.0410(7)

0.0230(13) 0.0300(14)

0.0179(7)
0.0251(8)
0.0326(9)
0.0290(8)
0.0171(7)
0.0209(8)
0.0172(7)
0.0156(7)
0.0166(8)

0.0402(10) 0.0153(7) 0.0428(10)
0.0395(11) 0.0719(15) 0.0212(9)

0.0151(7)
0.0151(7)
0.0141(7)
0.0170(7)
0.0143(7)
0.0251(8)
0.0294(8)
0.0202(7)
0.0447(10)

Uss
0.0141(7)
0.0155(5)
0.0186(5)
0.0180(6)

0.0152(7)
0.0200(7)
0.0253(8)
0.0196(7)
0.0141(7)
0.0157(7)
0.0229(8)
0.0247(8)
0.0282(9)

SI-42

0.0018(6)
0.0024(4)
0.0010(4)
0.0084(5)
0.0170(12) 0.0039(10)
0.0022(5)
-0.0024(5)
0.0014(6)
0.0027(6)
0.0003(5)
0.0015(6)
0.0040(6)
0.0026(6)
0.0003(7)
-0.0022(7)
0.0113(9)

Uzs

0.0052(6)
0.0050(4)
0.0100(4)
-0.0004(5)
0.0055(10)
0.0067(5)
0.0093(6)
0.0115(7)
0.0110(6)
0.0057(5)
0.0024(6)
0.0021(6)
0.0085(6)
0.0084(7)
0.0279(8)
-0.0054(8)

Uiz
-0.0003(6)
0.0015(4)
0.0004(4)
-0.0167(5)
-0.0072(11)
0.0002(5)
0.0003(6)
-0.0019(6)
-0.0038(6)
-0.0006(5)
0.0007(6)
0.0033(6)
0.0023(5)
0.0067(7)
0.0011(7)
-0.0242(10)



Un Uz Uss Uzs Uis U2
C12 0.0451(12) 0.0393(11) 0.0417(12) 0.0010(9) -0.0114(9) -0.0113(9)
C13 0.0336(19) 0.029(2)  0.051(2)  0.0086(17) 0.0088(13) -0.0103(14)
CI3A  0.0336(19) 0.029(2) 0.051(2)  0.0086(17) 0.0088(13) -0.0103(14)
Cl4 0.0390(11) 0.0512(12) 0.0331(10) 0.0150(9) 0.0068(8) -0.0212(9)

Table 4. Bond lengths (A) for complex 42.

B1-01 1.5125(18) B1-02 1.5145(18)
BI1-C5 1.622(2) BI-Cl 1.624(2)
01-C9 1.4104(18) 01-Lil 1.854(3)
02-C10 1.4112(18) 02-Lil 1.853(3)
03-Cl11 1.431(2) 03-C14 1.438(2)
03-Lil 1.924(3) Lil-02 1.853(3)
C1-C2 1.5391(19) C1-C8 1.540(2)
Cl1-HIA 1.0 C2-C3 1.536(2)
C2-H2A 0.99 C2-H2B 0.99
C3-C4 1.538(2) C3-H3A 0.99
C3-H3B 0.99 C4-C5 1.5399(19)
C4-H4A 0.99 C4-H4B 0.99
C5-C6 1.541(2) C5-H5A 1.0

Co-C7 1.537(2) C6-H6A 0.99
C6-H6B 0.99 C7-C8 1.538(2)
C7-H7A 0.99 C7-H7B 0.99
C8-H8A 0.99 C8-H8B 0.99
C9-H9A 0.98 C9-H9B 0.98
C9-H9C 0.98 C10-HI10A 0.98
C10-H10B 0.98 C10-H10C 0.98
Cl11-C12 1.484(3) Cl1-H11A 0.99
Cl11-H11B 0.99 C12-C13 1.406(5)
C12-C13A 1.598(6) Cl12-HI2A 0.99
Cl12-H12B 0.99 C12-H13D 1.17(3)
C13-Cl14 1.480(5) C13-HI3A 0.99
C13-H13B 0.99 C13A-Cl14 1.426(5)
C13A-H13C 1.006(19) C13A-H13D 0.722(15)
Cl14-H14A 0.99 Cl14-H14B 0.99
Table 5. Bond angles (°) for complex 42.

01-B1-02 108.83(11) 01-B1-C5 113.52(11)
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02-B1-C5
02-B1-C1
C9-0O1-B1
B1-O1-Lil
C10-02-Lil
C11-03-C14
C14-03-Lil
02-Li1-03
C2-C1-C8
C8-C1-Bl1
C8-C1-H1A
C3-C2-Cl1
C1-C2-H2A
C1-C2-H2B
C2-C3-C4
C4-C3-H3A
C4-C3-H3B
C3-C4-C5
C5-C4-H4A
C5-C4-H4B
C4-C5-Cé6
C6-C5-Bl
C6-C5-H5A
C7-C6-C5
C5-C6-HO6A
C5-C6-H6B
C6-C7-C8
C8-C7-H7A
C8-C7-H7B
C7-C8-Cl
C1-C8-H8A
C1-C8-H8B
O1-C9-H9A
HO9A-C9-H9B
H9A-C9-HOC
02-C10-H10A
HI0A-C10-H10B
HI0A-C10-HI10C
03-C11-Cl12

113.42(11)
107.74(11)
119.30(11)
118.84(12)
120.42(13)
108.64(14)
125.29(13)
110.51(14)
112.99(12)
109.66(11)
108.2
115.15(12)
108.5
108.5
114.39(12)
108.7
108.7
115.45(12)
108.4
108.4
113.93(12)
108.72(11)
108.4
115.56(12)
108.4
108.4
114.42(12)
108.7
108.7
115.31(12)
108.4
108.4
109.5
109.5
109.5
109.5
109.5
109.5
107.55(16)

Ol1-B1-Cl1
C5-B1-Cl
C9-0O1-Lil
C10-02-B1
B1-0O2-Lil
C11-03-Lil
02-Li1-0O1
O1-Lil1-0O3
C2-CI-Bl1
C2-CI-H1A
B1-CI1-HI1A
C3-C2-H2A
C3-C2-H2B
H2A-C2-H2B
C2-C3-H3A
C2-C3-H3B
H3A-C3-H3B
C3-C4-H4A
C3-C4-H4B
H4A-C4-H4B
C4-C5-Bl
C4-C5-H5A
B1-C5-H5A
C7-C6-H6A
C7-C6-H6B
H6A-C6-H6B
Co6-C7-H7A
Co6-C7-H7B
H7A-C7-H7B
C7-C8-H8A
C7-C8-H8B
H8A-C8-H8B
O1-C9-H9B
O1-C9-H9C
H9B-C9-HOC
02-C10-H10B
02-C10-H10C
HI10B-C10-H10C
03-Cl11-H11A
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106.97(11)
105.97(11)
119.11(13)
120.54(11)
117.63(12)
126.03(13)
138.60(16)
110.78(13)
109.34(11)
108.2
108.2
108.5
108.5
107.5
108.7
108.7
107.6
108.4
108.4
107.5
108.91(11)
108.4
108.4
108.4
108.4
107.5
108.7
108.7
107.6
108.4
108.4
107.5
109.5
109.5
109.5
109.5
109.5
109.5
110.2



C12-C11-H11A
C12-C11-H11B
C13-C12-C11
C13-C12-H12A
C13-C12-HI12B
HI12A-C12-HI2B
C13A-C12-H13D
C12-C13-H13A
C12-C13-H13B
HI3A-C13-HI3B
C14-C13A-H13C
C14-C13A-H13D

HI13C-C13A-H13D

03-C14-C13
C13-C14-H14A
C13-C14-H14B

110.2
110.2
106.1(2)
110.5
110.5
108.7
24.5(9)
110.0
110.0
108.4
111.(3)
142.(2)
94.(4)
106.02)
110.5
110.5

03-C11-H11B
HI11A-C11-HI11B
C11-C12-C13A
C11-Cl12-H12A
C11-C12-H12B
C11-C12-H13D
C12-C13-C14
C14-C13-H13A
C14-C13-H13B
C14-C13A-C12
C12-C13A-H13C
C12-C13A-H13D
CI3A-C14-03
03-C14-H14A
03-C14-H14B
H14A-C14-H14B

Table 6. Torsion angles (°) for complex 42.

02-B1-01-C9
CI1-B1-0O1-C9
C5-B1-0O1-Lil
0O1-B1-02-C10
C1-B1-02-C10
C5-B1-02-Lil
C9-01-Li1-02
C9-0O1-Li1-03
O1-B1-C1-C2
C5-B1-C1-C2
02-B1-C1-C8
C8-C1-C2-C3
CI1-C2-C3-C4
C3-C4-C5-C6
O1-B1-C5-C4
C1-B1-C5-C4
02-B1-C5-Cé6
C4-C5-Ce-C7
C5-C6-C7-C8
C2-C1-C8-C7

C14-03-C11-Cl12

72.71(16)
-171.15(13)
144.29(14)
-81.95(16)
162.40(13)
-148.08(13)
-119.3(2)
56.3(2)
59.08(14)
-62.34(14)
-59.65(14)
-68.54(16)
-43.17(19)
67.38(17)
-54.87(15)
62.24(14)
55.56(15)
-67.07(17)
-43.35(19)
69.26(16)
-4.8(3)

C5-B1-01-C9
02-B1-Ol1-Lil
C1-B1-O1-Lil
C5-B1-02-C10
O1-B1-02-Lil
C1-B1-0O2-Lil
B1-O1-Lil-0O2
B1-O1-Lil-03
02-B1-C1-C2
O1-B1-C1-C8
C5-B1-C1-C8
B1-C1-C2-C3
C2-C3-C4-C5
C3-C4-C5-B1
02-B1-C5-C4
OI1-B1-C5-Cé6
C1-B1-C5-C6
B1-C5-C6-C7
C6-C7-C8-Cl1
B1-C1-C8-C7
Li1-O03-C11-C12
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110.2
108.5
103.6(2)
110.5
110.5
121.5(11)
108.5(3)
110.0
110.0
101.4(3)
108.(3)
42.(3)
108.7(3)
110.5
110.5
108.7

-54.62(17)
-88.38(15)
27.76(17)
45.44(18)
84.54(15)
-31.11(16)
41.8(3)
-142.55(13)
175.95(11)
-176.52(11)
62.06(14)
53.88(17)
43.47(19)
-54.17(17)
-179.77(11)
-179.54(11)
-62.43(14)
54.59(16)
42.28(19)
-52.99(16)
177.24(18)



03-C11-C12-C13  14.5(3) 03-C11-C12-C13A -14.2(3)
C11-C12-C13A-

CI11-C12-C13-C14 -18.4(4) Cl4 27.9(4)
C12-C13A-C14-03 -31.94) C11-03-C14-C13A 24.7(3)
Li1-O03-C14-C13A -157.2(3) C11-03-C14-C13  -6.3(3)
Li1-O3-C14-C13  171.8(2) C12-C13-C14-03  15.7(4)

Table 7. Hydrogen atomic coordinates and isotropic atomic displacement parameters
(A?) for complex 42.

x/a y/b zlc U(eq)
HIA 0.3653 0.6375 0.4652 0.019
H2A 0.3464 0.8883 0.4422 0.024
H2B 0.5341 0.8379 0.4749 0.024
H3A 0.5166 0.9801 0.3118 0.028
H3B 0.3348 0.9126 0.2241 0.028
H4A 0.6482 0.7905 0.2316 0.025
H4B 0.5076 0.8225 0.0998 0.025
HS5A 0.5308 0.5693 0.1102 0.018
H6A 0.2645 0.6433 -0.0149 0.026
H6B 0.2492 0.4975 0.0443 0.026
H7A 0.0328 0.6249 0.0836 0.029
H7B 0.1442 0.7732 0.1332 0.029
H8A 0.1339 0.5477 0.2879 0.024
H8B 0.1065 0.7146 0.3286 0.024
HY9A 0.7778 0.5585 0.2630 0.045
H9B 0.7806 0.4285 0.3479 0.045
H9C 0.8923 0.5743 0.4178 0.045
H10A 0.5268 0.2378 0.2435 0.045
H10B 0.5274 0.3538 0.1445 0.045
H10C 0.3594 0.2594 0.1275 0.045
HI1A 1.0049 0.7036 0.8399 0.056
H11B 0.8875 0.8325 0.8672 0.056
HI2A 1.1102 0.9766 0.9099 0.057
H12B 1.2090 0.8538 0.8433 0.057
HI3A 1.1685 0.9756 0.6816 0.046
H13B 1.0211 1.0604 0.7256 0.046
H13C 1.142(6) 1.008(3) 0.672(5) 0.046
H13D 1.167(3) 0.907(3) 0.744(2) 0.046
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x/a y/b zlc U(eq)
H14A 0.8507 0.9251 0.5501 0.049
H14B 0.9924 0.8136 0.5362 0.049

5. NMR Spectra

SI-47



15000
~14000
13000
~12000
~11000
10000
—-1000

9000
~8000
~7000
—6000
~5000
4000
~3000
—2000
1000

;
IAJL__,__)«L

68'C
T6 7% = 1007
€6'T-F = Froz

CHz

669
00%
102
0t
JAYA
6T,
0ct
0ct
1L
wL
€L
€L
vl
vl
9L
6C'L
6C'L
1€L
€L
eeL
eeL
e’

I

E00C
7 a's

PB-3-50-1H.1.fid
PB-3-50-1H

-1.0

-0.5

0.0

0.5

1.0

=00¢ [

20 1.5

2.5

3.0

65 6.0 55 50 45 40 3.5
f1 (ppm)

7.0

00 |

85 80 75

9.0

0 11,5 11.0 105 10.0 9.5



PB-3-50-13C.1.fid
PB-3-50-13C

—146.49

77.58 CDCI3
77.16 CDCI3
76.73 CDCI3

—139.29

/
\

21.32

—44.46
—41.94

1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

~100

—-100

210 200 1950 180 170 160 150

—-200



14000

~13000

12000

11000

~10000

9000

~8000

~7000

~6000

~5000

4000

~3000

2000

~1000

—-1000

ET~
YeT"

«€r—

08¢
mw.m/
8T~

(8CTF
562

16'C

66'C

00°€
10°¢
£0'c
$0°€
S0
90°€
g80°c-

S0~
90°
L0
woNg
0T+
7L
Ve
€T
€T/
b
1Y
91,
avi
81,
L
wL
€L
€L
VL
sz
9z
92’
1€
€/
e/
pe ]
pes ]
mm.@
9€L

PB-3-10-Proton-re.1.fid
PB-3-10-Proton-re

ke

ke

=00¢ |

=00¢ |

00T
ooz

H\oQ¢

=00€ t

B00C

-1.0

-0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

0 11,5 11.0 105 10.0 9.5



PB-3-10-Carbon-re.1.fid afuls
PB-3-10-Carbon-re 886
- EEE R eh: 33 uht
— o NN < < o —
| I N/e=—" N \/ \/
g I
O e
b
Il
I
! |
I
A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

1500

1400

~1300

1200

1100

~1000

900

~800

~700

600

~500

400

~300

200

100

—-100




10000

9000

~8000

~7000

—6000

~5000

~4000

~3000

2000

~1000

NHNJ
e
€11
€1
b1/
ST
1221
2T LA
wL
€L
veL
sz
sz
9z,
[Tt
87,
62,
62,
1€
167
€
e/
e
cey

PB-4-25-1H-re.1.fid
PB-4-25-1H-re

CHz

L

=10€¢ [

Eo00T

Froe

E=00¢

Foos T

0.0 -05 -1.0

30 25 20 15 1.0 05

3.5

4.0

4.5

60 55 5.0
f1 (ppm)

6.5

90 85 80 75 70

10.0 9.5

11.0 10.5

.0 115



~1000

900

~800

~700

600

~500

-400
-300
-200
-100

—-100

8C'TC—

00°¢r—
6T°'Sh—

€0Ad /.9 U
€0ad 91°/L w
€10d0 85/,

PB-4-25-13C.1.fid

PB-4-25-13C

96°S¢CT
14%°14" /.
LTI~
[4414!
r'8el .\
6C'6CT
¥6'0bT —

TTirT—

CHz

1 VRO ST

-10

200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10
1 (ppm

210



40000

~35000

—30000

25000

20000

15000

~10000

~5000

STT~_
Vratd

LT
9/'C
8.'C
08¢
18°C

[8°C
mw.m/
16°C

6’
€6'C
¥6'C
¥6°C
96°C

10°€

PB-4-26-1H.1.fid
PB-4-26-1H

CHz

=00€ 1

00T

Fooz

007 |

£-00C

Eo00€ |

B00z

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



LO0STT
€291

mHNNH/
N

SH'8¢T

o o o o o
S S S S o o o o o o o o o b)
M N — S S S <) ) S S S S S =
T T T T nu_j i h i ok bl ? i A
8C'TC— WW
't —
Yy — ~Z
€10dD vL9L U
€10ad 9t’/LL w
€10ad0 85/,
g Larl
I
i
=
6L PTT~_ G
—
=

PB-4-26-13C.1.fid

PB-4-26-13C

CS°0€ET
9°0€ET V
8Y'9ET
¢S'9ET v.

69°9vT—

8'65T—
S0°€9T—

-10

200 190 180 170 160 150 140 130 120 11? ( 10()) 90 80 70 60 50 40 30 20 10
1 (ppm

210



19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

1000

PB-4-26-19F.1.fid 3
PB-4-26-19F ‘:D
E G CHz
7
) _
T y T T T T T T T T T y T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)



~25000

20000

15000

10000

~5000

ST
STZA
ST/
9T/~
e
LA
8T/
612
0z,
L
L
€Tt
9L
9L
Vol
L
67
6L
0€',
€1
€
LA
62

PB-4-27-1H.1.fid
PB-4-27-1H

CHs

Fi

LA

=00€ [

00T
Fo0¢

005 |

500
=007

3.0

-1.0

0.0 -0.5

0.5

20 15 1.0

2.5

85 80 75 70 65 6.0 55 50 45 4.0 3.5
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



PB-4-27-13C.1.fid

PB-4-27-13C 883

R®  nByend 29X 23 N

O < A ON O LN L n — M 3

NS SN NINES I3 N

\/ SN/~ N ||

Bogs
8
|
| . '

II

WWWWWWWMmeMMMNU
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

~1600

1500

~1400

1300

~1200

1100

1000

900

~800

~700

~600

~500

400

~300

200

~100

—-100

~-200



90000

~80000

~70000

—60000

~50000

~40000

~30000

20000

10000

PB-4-27-19F.1.fid S
PB-4-27-19F g
o
T T T T T T T T T T T T T T T T T T T T T
0 10 20 -30 -40 -50 -60 -70 -80  -90  -100 -110 -120 -130 -140 -150 -160 -170 -180  -190

f1 (ppm)



~9000

~8000
~7000
~6000

~5000
4000
~3000
2000
~1000

STT~_
Vit

€€7—
L2
e
€17
vLT
9T
11T
64T
08
18T
6T
¥6'C
967
162
8674
00
00°¢
20
€0
b0'E ]
50
L0°€
00,
20,
L0
60°L
81,
61,
6T,
0z'L
2L
2L
A
€z
veL
9z,
8z,
62,
622
ogz
1€
17
e
zc
€
€€
b
be-

PB-4-24-1H.1.fid
PB-4-24-1H

CHs

HaC

=00€ 1

=00€ |

Eo0T

Fooc

T-00%

F00€ [

B-00¢

7.0

30 25 20 15 10 05 00 -05 -1.0

3.5

4.0

4.5

60 55 5.0

6.5

7.5

8.5 8.0

10.0 9.5 9.0

11.0 10.5

.0 115



PB-4-24-13C.1.fid

PB-4-24-13C 888

] 8895993 2@ ¥ N @ g

T BRIZINS RN S T o oo

— e R R B I ] NN N < < NN

| N N |1 '

Hegs
9
1
|
| L

v mewwmwm
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

~1300

1200

1100

1000

900

~800

~700

600

~500

400

~300

—200

~100

—-100



~6500

~6000

~5500

~5000

4500

4000

~3500

~3000

2500

2000

1500

~1000
~500

—-500

STT~_
Vit
0T
€T
vLT
LT
88'C
06'C
76T
€6'C
¥6'C
S6'C
L6'T
66'C
z0°€
$0'€
6L€—

649
289
00z
[4A
8T,
61,
61,
0cL
0L
1L
1L
L
(444
9¢'L
LcL
8¢,
6C'L
0gL
0gL
1€L
1€L
[4 WA
€L
€L

-1H-1.1.fid
-1H-1

10

=10

N

10°€ T

o001 |

Foz

E=00€ |

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (nnm)

10.0 9.5 9.0

11.0 10.5

.0 115



1100

~1000

900

~800

~700

600

~500

400

~300

200

~100

—-100

€CTC—

IT'ecr—
9y —

€8S —

€10ad v£9L L
€0ad 91°/L w
€10ad 654,

PB-3-25-13C-1.1.fid

PB-3-25-13C-1

T19°€TT—

80°9ZT
ONNNHV
6581~
o101~
v
$0'€ET

8TLPT—

68°/ST—

he
10

=10

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



PB-3-24-Proton.3.fid R R R R R R R @
PB-3-24-Proton NNRNNNNNNRNNRNNNNNNN I PN
e R S
~120000
110000
100000

g ~90000
O ~80000
fe

11
70000
60000
50000
40000
30000
, 20000
10000
[l
- - . o
IR i i
888 8 S
N < < - --10000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
''0 11,5 11.0 105 10.0 9.5 9.0 85 8.0 7.5 70 6.5 6.0 c E5.5 ) 50 45 40 35 30 25 20 1.5 1.0 05 00 -05 -1.0
1 (ppm



PB-3-24-Carbon.3.fid 888
PB-3-9-Carbon ngs nRTS g § § e - ~8500
988 4988 CRa RIS = I
[TV N N \ 8000
7500
~7000
~6500
g L6000
G ~5500
fle 11 L
~5000
-4500
-4000
~3500
~3000
-2500
-2000
-1500
-1000
D ~500
|
-0
--500
--1000

210 200 190 180 170 160 150 140 130 120 119 , 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (hnm



~6000

~5500

~5000

4500

~4000

~3500

~3000

~2500

2000

1500

1000
~500
0

—-500

06’9
€6'9
€69
969
869

bIL
Dx/
EA/ANY

€L
'L
9L
Lt
0€L
0€L
€eL

PB-3-57-Proton-4.1.fid
PB-3-57-Proton-4

12

Mes

Feoc

F00€

E00C |

10T

25 20 15 1.0 05 00 -05 -1.0

3.0

85 80 75 70 65 6.0 55 50 45 40 35

9.0

.0 115 11.0 105 10.0 9.5



~3U00

PB-3-57-carbon-4.1.fid oo
PB-3-57-carbon-4 888
3 KRR AR R 3 © 0 T <+ ™ 1 -
o L8 AQN 8§ I RS = o -2800
— — — ~— i NN O mMmmM ~—
[V N | \/
—2600
~2400
2200
Mes
i 12 1800
~1600
~1400
—1200
II
—1000
—800
~600
| | 400
I
| L 200
J -0
—-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



PB-2-268-proton.1.fid
PB-2-268-proton

85
84
83
83
82
81
80
3.79

il Chle

13

2.85

2.32

~3600
;3400
;3200
;3000
;2800
;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800

;600

;400

—200

] 3.02—

| 4.00—

| 3.03—=

—-200

.0 115

11.0 10.5

10.0

T T T T T - T - 1 T T T T T 1
95 90 85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

3.5

0.5

0.0

-0.5

-1.0



PB-2-268-13C.1.fid
PB-2-268-13C

77.58 CDCI3
77.16 CDCI3
76.74 CDCI3

157.94
113.86
55.39

_-37.90

N-37.30

e
/
A
128
/
L

21.16

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30
1 (ppm

20

10

-10

;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

~100

—-100

—-200



PB-3-56-proton8.1.fid 9aNm
NNNN

—20000
PB-3-56-proton8 -

—2.91
—2.52
—2.38

19000
-18000
-17000
;16000
-15000
Mle -14000

G g -13000

MeS -12000

14
11000

~10000
;9000
;8000
;7000
;6000
;5000
;4000
' ;3000
;2000

~1000

N
—
>
T

o

A"
7

—-1000

1.02
1 1.01
2.00

0 115 11.0 105 100 95 90 85 80 75 7

6.5 6.0 50 45 40 35 3.0

o 7 401
4.01—=

N 3.00=
3.01—=

5.5
f1 (ppm)



PB-3-56-carbon8-re.1.fid Mo m
PB-3-56-carbon8-re é é é —1200
53¢ 09y v - " o
aRMAAN NS N~ MR
o - NN mMm ™M (g\] i
NN N~ Y [ ~1100
—1000
~900
he "
4
L 14 -700
~600
500
=400
300
||I
200
I | | | _100
I
—0
—-100

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



~850

~800

~750

~700

650

600

550

~500

450

400

350

~300

250

—200

~150

~100

~50

—-50

0C'tT

19T

9'T—E

|3VA
8T
0c,
STA
9L
8¢t
0€L

W/‘/

PB-3-52-1H-2.1.fid

PB-3-52-1H-2

e

he

15

E009

Frov |

10t |

Foot

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



1400
1300

~1200

1100

~1000

900

~800

~700

600

~500

400

~300

—200

~100

—-100

€0ad ¥L9L L
€D 9TLL w
€00ad 85/,

PB-3-52-13C-1.1.fid

PB-3-52-13C-1

LE'STT
m@.mﬁ%
08'SZT

$E'92T
ov.wﬁ\.
SS'8TT \
0S'62T

WeET—
S9THT—
£9°9bT ~

e

he

15

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



~5000

4500

~4000

~3500

~3000

~2500

2000

1500

~1000

~500

Nm.og
66'0
0T
NV.H.#
vv.ﬂg

—m

pb-2-96-proton-1.1.fi
pb-2-96-proton-1

e

16

E-00¢€

E10C

Fvoz

Foo0¢

R ooz

=-00'C
Eo001
=70'T
=007

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



pb-2-96-13C-1.1.fid meas

pb-2-96-13C-1 CrEnEREes 888 2800

T NG RB Ly BIAN S8 3 3

ARRNSNONRS KRR a8 0§ X
NS S 2l N 4 I I -2600
~2400
~2200

e

~2000
ol
16 -1600
~1400
1 1200
~1000
~800
~600
~400

| | | |
~200

Loy
-0

—-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



~750

~700

650

600

550

500

450

400

350

~300

250

200

150
~100
~50

—-50

11°¢C
€1°¢
44
144
4
91°¢
91°¢
L(1°C
81°¢
8T°C
0c'e
mm.m./.

66'€
0%
€0y
88'91

889
169
169
$6'9
$6'9
S6°9
wm.mg
mm.mj
£6'97
669
669
669
9C’L
LTL
[TL
8¢’L
0gL
0gL
0cL
[44
[44
€L
89~
€LL

PB-2-253-prot.1.fid
PB-2-253-prot

Fal

7

CFa

00T |

F00C

Faoe

4.0

-1.0

30 25 20 15 1.0 05 00 -05

3.5

85 80 75 70 65 6.0 55 50 45
f1 (ppm)

9.0

.0 115 11.0 10.5 10.0 9.5



[T£UUU

~1900
~1800

~1700

~1600

1500

~1400

~1300

1200

1100

~1000

900

~800

~700

600
~500
400
;300
200
~100

—-100

—-200

890~
8cce—

59—

€0ad L9 L
€D 9TLL w
€000dd 85/,

PB-2-253-13C.1.fid
PB-2-253-13C

[4°R 47!

61021
bT 021
0021
L0121
oL 121
LESTIN_
€8'87T
19671\

STIET-F
69°TET
c0°¢CeT

9P CET
ECPT—

88'85T—

Fal

7

N

CFa

L

AR, W s ;0

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



PB-2-253-19F.1.fid

PB-2-253-19F

-61.29

CFa

7

F8OUUU

~80000

~75000

~70000

~65000

—60000

55000

—50000

45000

~40000

~35000

~30000

25000

20000

~15000

—10000

~5000

—-5000

0 -10

-20

-30

-40

-50

-60

-70

-80

-90

T
-100
f1 (ppm)

-110

-120

-130

-140

-150

-160

-170

-180

-190



~11000

~10000

9000

~8000

~7000

—6000

~5000

~4000

~3000

2000

1000

—-1000

0L'T
(42"
LT
vLT
SLT

£9°C
mo.m/
LT~

UT-F
8/'C
18'C

6T,
T¢L
T,
wL
YL
YL
9CL~¥E
6L
€L
€L
[4 A
€L
veL
SeL
€9,
€L'L

PB-2-275-Proton-test. 1.fid
PB-2-275-Proton-test

F.C

18

0

E10t

=107 |

5107

Ezoe |

Aeoe
l.oo.m
00T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

.0 11,5 11.0 105 10.0 9.5



PB-2-275-Carbon-test.1.fid Qoo
PB-2-275-Carbon-test 888
39028 IRILBYY e ©ggR
LIV IRELLARRIRS NN G B8 oo 4000
o o o o o o o o o o NN MM oMmom
|| =~ ==——" N NV
~3500
~3000
F.C “li]
—2500
CF; 18
—2000
—1500
—1000
1]
| I ~500
[
1
I L
R ATIT——— A o AL AP Wiy oo, Y M " " _0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



PB-2-275-19F-test-re.1.fid

PB-2-275-19F-test-re ~75000

-61.27

~70000
~65000
—60000
~55000
g _-50000
~45000
~40000
~35000
~30000
—25000
20000
15000
~10000

~5000

~0

—-5000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 0 -20 -40 -60 -80f 2100 )-120 -140 -160 -180 -200 -220 -240 -260 -280 -300 -320 -340 -360
1 (ppm



o o o o o o o o o
o o o o o o o o o o
o LN o LN o LN o LN o o
i i ¥ i i o ? T T i i
80'C
01'C
€1T—% == €0C
mH.N\ I
(1T
v6'C
@m.NW |J 10T
66°C
8/°€
mm.mﬂ _J =€0¢ [
mm.mwN I = =107
L6'€ =
-
[y
-
m
L
L]
i
_|_| L
v8'9— ‘\/M =70
9CL— -
L9~ _ =~00C
srL—" 00T [

PB-3-59-1H-3.1.fid

PB-3-59-1H-3

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

.0 11,5 11.0 10.5 10.0 9.5



1500
~1400

~1300

~1200

1100

~1000

900

~800

~700

600

~500

400

~300

—200

~100

—-100

—-200

LL70E~
[eee—

88'65—

0€29—

€0Ad L9 \
€DAd9T'LL w
€10dd 652,

PB-3-59-13C.1.fid

PB-3-59-13C

S8HTT~_
19'ST1—
81°02T

¢N.ONHV
SE'STT ~
€8'87T~_

PG TET~_
66'TET~"

9T —

TOEST~
ETPST-—"

e

FsC

19

CFs

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



PB-3-59-19F.1.fid
PB-3-59-19F

-61.22

4500

~4000

~3500

~3000

2500

2000

1500

~1000

~500

0 -10

-20

-30

-40

-50

-60

-70

-80

-90

T
-100
f1 (ppm)

-110

-120

-130

-140

-150

-160

-170

-180

-190



PB-3-unk-3-proton.1.fid VL TUISA™Y RN ENE =Y BUEN
PB-3-unk-3-proton NN N ENENENENENIENENEN B
P VO NP 28000
—26000
—24000
Cl I
g 22000
Me G -20000
D 2'] L
—18000
—16000
—14000
—12000
—10000
—8000
—6000
—4000
|
i I ]
I —2000
IAI I
L —0
f g T
g S8 g g L2000
~N A < ™

I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
'0 115 110 105 100 95 9.0 85 80 75 70 6.5 6.0 c E5.5 ) 50 45 40 35 30 25 20 1.5 1.0 05 00 -05 -1.0
1 (ppm



PB-3-unk-3-Carbon.1.fid afuls
PB-3-unk-3-Carbon 886
3 S BRBIRAH ®Q¥ N Q
g § 8RH8%8Y NR S NS S
| NS N~ \/ |
il Cl
Ml G
o 20
I |
|
! I
1|
|
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

~1600

1500

1400

1300

1200

~1100

~1000

900

~800

~700

600

500

400

~300

200

~100

—-100




PB-3-80-proton-1.1.fid ERYIQARRES & 53R 58 2
PB-3-80-proton-1 NNRNNNNNKNRKKR o NANAA NN
P AN 005
4500
~4000
98
hel O ~3500
0]
21
~3000
—~2500
2000
1500
1000
I
I I ~500
i Il
I
[
J | ‘
A A AW —0

T T i T

8 I3 8 3

~ <+ 4 <+

50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0

r——ro . 1.~ 1.~ 1 T T T T T 7 T T T
0 115 11.0 105 100 95 90 85 80 75 70 65 6.0 5.5
f1 (ppm)



PB-3-80-13C-re.1.fid
PB-3-80-13C-re

~3800

167.22
—146.77

52.15
_~37.85
™~-36.89

~3600
3400
3200

~3000

O Cl 2800
2600
hel -

2400
21 2200
2000
1800
1600
1400
1200
1000
800
600
400

I I 200

—-200

--400

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 103) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



~9000

~8500

~8000

~7500

~7000

~6500
—6000

~5500
~5000
4500
~4000
~3500
~3000
~2500
2000
~1500
~1000
~500

—-500

€8¢
¥8°¢C
S8°C
98¢
[8°C
68°C
68°C
[4N4
€6°C
€6°C
¥6°C
S6°¢C
96°C
16°C
86'C
6L€—

6,9
089
189
89
€89
¥89
102
0t
[ )4
0L
S0Z
90
1L
vl
9L
13V
13V
127
SSZ
95
95,

SN\

pb-3-58-re-1H-1.1.fid
pb-3-58-re-1H-1

Cityle

22

M

10

=00 [

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 11.5



pb-3-58-re-13C-1.1.fid
pb-3-58-re-13C-1

77.58 CDCI3
77.16 CDCI3
76.73 CDCI3

™ < n — O (e lsa e
— < NN < AN O O
& > e ang
— — — = — =
N/ AN N

SRUUURUR W S | W B 4

55.35
——38.30
—~36.45

MWW'WMWWNWMWWWWWWM

4000

~3500

~3000

2500

—2000

1500

~1000

~500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

50 40

~-500



26000

—24000

22000

20000

~18000

16000

14000

12000

—10000

~8000

~6000

~4000

2000
—-2000

w6'c—

607/
0T+
1T/
LA
AV
€T/
b1
b1
91
91/
LT
8T/
81,
6T,
6T,
0z'L
0z'L
1L
L
€L
vzl
szt
9z,
9z,
62,
62,
o€
€L
1€
€
£/
bEL A
bELA
se/-
£
(£

PB-3-9-proton-re.3.fid
PB-3-9-proton-re

23

Br

e

Fo0v

-1.0

40 35 30 25 20 15 1.0 05 0.0 -05

85 80 75 70 65 6.0 55 50 4.5
f1 (ppm)

9.0

0 115 11.0 105 10.0 9.5



PB-3-9-Carbon-re.3.fid
PB-3-9-Carbon-re

77.58 CDCI3
77.16 CDCI3
76.74 CDCI3

5Fh I8SERANR o
I3 H8R8RSA S
I S\ N~ Y
Br 23
II|
! !
[ |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

~5000

4500

4000

~3500

~3000

2500

—2000

1500

~1000

~500

—-500



PB-3-30-1H-3 NNNNNNNNNGOGGOG O8O SRR NANAN ANNANANANAN

-4000
3500
-3000
JJ::::]xfxx,f““o

-2500
NC
-2000
-1500
-1000

~500

N R i T T

s 8 88 = S S

o < — N o o o
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I
.0 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0



PB-3-30-13C-re.1.fid moo
PB-3-30-13C-re 886
& A BNB¥ BB 3 2oy Q 1
? 5 n38  RASE S Se
N Y 7N Nl | \
/@/\/\o’ i
e
24
|
| |
|
| I |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

1300

1200

1100

~1000

900

~800

~700

600

~500

400

~300

200

~100

—-100




~3200

~3000

2800

—2600

—2400

2200

2000

~1800

~1600

1400

1200

1000

~800
~600
400
200

—-200

¥o'T
¥9'T
97T
99°T
89T
69°T
8§°¢C
65°¢C
09°¢
9¢
¥9°¢C
S9°¢C
£9°C
89°¢C

N

669
102
€1
€1
VA
[T
(T
6T
172
WL
9L
9z'L
87'L
87'L
167
167
b8~
97’8~

pb-2-184-proton-4.1.fid

pb-2-184-proton-4

JL L

e

=0 |

ET10%

=00T
P00

B10C |

00T

7.0

-1.0

40 35 30 25 20 15 10 05 0.0 -05

55 5.0 4.5
f1 (ppm)

6.0

6.5

7.5

8.0

8.5

9.0

12.0 115 11.0 105 10.0 9.5



pb-2-184-carbon.1.fid el
pb-2-184-carbon 888
SRG 3 SaIR © O Y L
558§ SRR RR ¢ rEEE
P | NN N NYAAY4
Cl | =
M. =
25
|II
Ly TRy
! I
j |
MMNMmMMWWh*wMwMMMQNMNMWWMMMMWNWWNWNWAMNwmﬁkw
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

2800

~2600

2400

—2200

2000

~1800

~1600

1400

~1200

1000

~800

600

400

—200

—-200




~12000

11000

~10000

~9000

~8000

~7000

—6000

~5000

4000

~3000

—2000

~1000

—-1000

w6c—

8691
869
669
00741
[Ave
[AVE
€T°LA
€T°LA
€T°LA
STZA
STZA
HNNJ
LA
LA
vl'L
veL
S¢L
9L
[TL
[TL
[TL
6L
6C’L
0L
0gL
€L
[4 A
[4 A
Y8~
98"

PB-2-232-proton.1.fid
PB-2-232-proton

cl

26

=G0t

=907
=1IT€

Byoe T

E=00'T

-1.0

0.0 -0.5

0.5

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

8.5

9.0

10.0 9.5

11.0 10.5

.0 115



PB-2-232-Carbon.1.fid ufuls
PB-2-232-Carbon 888
823 & RBhAL 2% 3¢
R8¥ 0§ NSR3N RR 88
VY | N/ N N
Cl | =
M.
26
Il
| L h
l |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

~100

—-100

—-200



11000

—10000

~9000

~8000

~7000

—6000

~5000

~4000

~3000

2000

~1000
~-1000

16T
€6'T
¥6'T
6T
9%6°T
9%°T
L6°T
66'T
66'T
00'¢
[4h4
09°C
€9°C
€9°C
59°¢
99°¢
69°¢C

0/
20°ZA
€01
v0Z
ST/
ST/
ST/
9T/
LT
(1L
8T
6T/
172
€TL
€TL
9z,
LTL
87,
87,
87,
0€'L
0€'L
€%
€L
€€
€€
ST'8~_
(78"

PB-2-251-Proton-test.1.fid
PB-2-251-Proton-test

cl

27

10

=-00'T
F-00v

=001

=0t |

B00C |

-1.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
f1 (nnm)

9.0

10.0 9.5

11.0 10.5

.0 115



PB-2-251-Carbon-1.1.fid
PB-2-251-Carbon-1

77.58 CDCI3
77.16 CDCI3
76.74 CDCI3

PEg 8 NEESERN oo
e @ DS T N O
REE SRR L=
P\ I N/ N Y4
Cl -~
Mo
27
|
|
| |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

~1700
;1600
~1500
~1400
;1300
~1200
;1100
~1000
900
~800
~700
;600
~500
;400
~300
200

~100

—-100

—-200



~2500

—2000
~1500

~1000

~500

T¢L
L
9L
8vL

8L'8~_
6,8~

pb-2-133-1H.1.fid
pb-2-133-1H

hde

28

I

= 00°¢

Froor [

E o0t

F 00°¢C

= 00Tt

E 00T

= 00T

E 00T

= 00T [

7.5

60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

6.5

7.0

85 8.0

9.0

.0 11,5 11.0 10.5 10.0 9.5



pb-2-133-carbon.1.fid moo
pb-2-133-carbon 888
R S 3575 S 79T NS2RRNE ] 77500
ok 5 ARSAH RRK > RN N
| N4 N ¢ | | 000
~6500
—~6000
~5500
hile
~5000
et
cl N7 4500
28 L
~4000
~3500
~3000
’ ~2500
|
~2000
~1500
| | ~1000
~500
MMmNmmM#WhwwmwMWMWWWMMMMNMWN%MWMMMMMMJu JUMJ MwmwﬂhmwwwmwMmeﬂwww—O
~-500
~-1000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10()) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



o o o o o o o o o o o o
o o o o o o o o o o o o o
o LN o LN o LN o LN o LN o o N
L ok ok T T i ik o X T T P < !
bET— — =—c0¢ |
66'C
S.m% L .
e = 102
TE'E~ _ o F
¢m.m\ = =T10¢C
9€'e
[ k]
=
[=F]
provit, W
=
90,
L0, -
80, o
orL
T
aL
€1
91,
v
9zL = 00b
m_&/ =201
om.m/.
St =10'T
csr/
167
008 =00'T
'8 =107
€18
18 .
68 =00t
o
=
i
nin
I T
-
A A
O O
NN
QA
0 O
Qo

3.0

0.0 -05 -1.0

1.5 1.0 05

2.0

2.5

3.5

85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

100 9.5 9.0

11.0 10.5

.0 115



1400

1300
~1200
1100
~1000

900

-800
-700
-600
-500
-400
-300
-200
-100
--100
--200

oT'Tc—

TThe~
08°'5E—

€10dd L9, L
€DAd 9T’LL w
€00ad 85/,

pb-2-269-carbon.1.fid
pb-2-269-carbon

g

I

1

29

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



2500

2000

1500

~1000

500

mw.o.g
hw.og
6801
ST
921
92T
[TTA
[TTA
87'1
62T
0€'T
0€'T
€T
€T
w1
bb'T
ST
9'T
b1
b'T
6v'T
0S5°T
0S'T
08'T
78T
€81
v8'T+
8'T-
98'T
/8T
/8'T
88°T
88'T -
68'T

—

pb-2-114-proton.1.fid
pb-2-114-proton

e

30

E00'€

Foo8 |

E-00C

00z |

00T [

=T10'T

B0

=107

=101
E=00'T

30 25 20 15 10 05 00 -05 -1.0

3.5

85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

100 9.5 9.0

11.0 10.5

.0 115



~1600
1500

~1400

~1300

~1200

1100

~1000

900

~800

~700

600

~500

400

~300

200
~100

—-100

—-200

€10ad v£9L L
€Dad 9T’LL w
€10ad 85°/L

8T°6TT—

9b°SCT
wm.oNHW
'LlT
mm.mNH.\.

LEQET—

PO'ChT —

SS9 —

pb-2-114-13C-1.1.fid
pb-2-114-13C-1

e

30

ILWWWW :—o

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



PB-3-51-1H.1.fid
PB-3-51-1H

o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o
o™ [a] i o (@) 0] N O [Tp] < (e0] N i o o o o o o o o o o — ~
AN A I P I P AR L O LI SO A
81T
HN.N%
TT—= Fo00¢C t
@N.N\
87T
sTe
wm.m/
0£'E~x =007 [
W'e-7F - =10C
mv.m\
9W'E
L6€— %oo.ﬁ
T-=
w
= o
7l

-1.0

40 35 30 25 20 15 1.0 05 0.0 -05

85 80 75 70 65 6.0 55 50 4.5
f1 (ppm)

9.0

0 11,5 11.0 105 10.0 9.5



1100

~1000

900

~800

~700

600

~500

400

~300

200

~100

—-100

T£8C—
aLee—

1Lep—

€0Aad £ 9L \
€10ad 91°/L w
€10dd 85°/L

PB-3-51-13C-1.1.fid

PB-3-51-13C-1

€6°CTT

VNNHH./.
5611

NH.mNH./.
moNNH/
¢NNNH/.
PyS'LeT
61
wm.mNH.\.
PE9ET —

68 TvT —

St 8T —

CET9T—

-10

200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10
1 (ppm

210



~9000

~8000

~7000

—6000

~5000

4000

~3000

—2000

~1000

6T°€
TC€
1€
€Cre

vze
65°E~_

19°€
[4°R3
'€
¥9°€

€L
YL
9L
[4 YA
e’
€97
882
85
65,
197
197 V.
97
9L
9
89
0LL
0L
(4374
8¢
ST'8
[1°8
8v'8
05'8

PB-3-31-1H.1.fid
PB-3-31-1H

M

32

Tt

ET10C

-1.0

-0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

0 11,5 11.0 105 10.0 9.5



PB-3-31-13C.1.fid
PB-3-31-13C

161.13
—142.04

77.58 CDCI3
77.16 CDCI3
76.74 CDCI3

_-37.38
—~35.59

/
\

~1600

1500

~1400

~1300

1200

1100

~1000

900

~800

~700

600

~500

400

~300

200

~100

—-100

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

—-200



3200

~3000

~2800

2600

2400

—2200

—2000

~1800

~1600

~1400

1200

~1000

~800

~600

400

—200

—-200

96’
67

[8°S
9L

— O O
0 W NN
N N N n

'8

PB-3-60-1H.1.fid
PB-3-60-1H

=M

33

=10 |

F-oo0¢

Foot

=007

ooz |

=0T

=0T
=007

-1.0

40 35 30 25 20 15 1.0 05 00 -05

85 80 75 70 65 6.0 55 50 4.5
f1 (ppm)

9.0

0 11,5 11.0 105 10.0 9.5



~1300

1200

~1100

~1000

900

~800

~700

~600

~500

400

~300

—200

~100

—-100

£T°6C

mm.mNV
11768 —
s~

€10ad v£9L L
€Dad 9T’LL w
€10ad 65°4L

PB-3-60-13C-1.1.fid
PB-3-60-13C-1

9vIT—
LT6TT—

b5
ENNHW
05221

og'6e1~

LEQET—
068ET—
0T —

0€°¢9T—

=M

33

WWMMWWWWMW ;0

b

Wmmwwmmwmmumw

-10

200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10
1 (ppm

210



9000

~8000

~7000

~6000

~5000

4000

~3000

2000

~1000

078~

PB-4-30-tt-91-1H-re.1.fid
PB-4-30-tt-91-1H-re

=00€ [

ooz |

E00'T

=00'T

-1.0

0.0 -0.5

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



BEYAUY

PB-4-30-13C.1.fid el ©
PB-4-30-13C 888

253 25889 290 3 2 ~1600

REES SRR R I S|
\ /7 ~NY N || 1500
-1400
-1300
~1200
~1100

| i
N CHs -1000
Cl
34 ~900
-800
II| |
~700
-600
~500
-400
~300
~200
I |
| -100
mw# hﬂMmmuWMmmwww@wwmw%vwmwwwwmwmmmmww—0

--100
--200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10()) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



pb-2-186-proton-5.1.fid TRRUHBIARRIIIRNY MMEmlSREBE83

~9000
pb_2_186_proton_5 00 00 00 00 G0 O PN INININ NN NN |

3

3

3

3

3
132
130

-8500
-8000
-7500
~7000
6500
N -6000
» |
#  Me -5500
35 '
~5000
-4500
-4000
-3500
~3000
-2500
-2000

1500

~1000

LMAM | L Zzoo

—-500

1.01=x
2.00—=<

I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 115 110 105 100 95 9.0 85 8.0 7.5 70 6.5 6.0 c (5.5 ) 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
1 (ppm



~1300

1200

1100

~1000

900

~800

~700

600

~500

400

~300

—200

~100

—-100

Po'TC—

€0 —

&Evr—

€0ad ¥£9L N
€Dad 9T’LL w
€00ad 85/,

157921 ~_
€0°LeT—
9821

TETHT~_
LTPbT~
9T SHT —
(8'sv1"

13C.1.fid

-2-186-13C

9€°9ST —

pb-2-186
pb

he

[

35

N R——

Al

PR

150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

160



~7500

~7000

~6500

6000

5500

~5000

4500

4000

~3500

~3000

2500

—2000

1500
~1000
~500

—-500

PB-2-276-1H-2.1.fid
PB-2-276-1H-2

Et1o0c |

E-00C

=007 |

¢

= 00°€

B10C ||

=00C [

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



PB-2-276-13C.1.fid

o2y -1500
PB-2-276-13C 888
B 3 Y 28 x v NN O
g % g S RS %315 o o
N/ N /0NN
-1300
-1200
-1100
M., i
/E/N -1000
—
BEr 36 3
-900
-800
-700
-600
| -500
II
-400
-300
| | |
I ~200
, ! | -100
mmwmwwmmuwmmnwwwmmwwm@mmwwWMWMlwmmmwmumwmmmmmwmiwwwwwmww -0
--100

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 109 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



Lol

~3600

3400

3200

~3000

~2800

~2600

—2400
2200
2000
~1800
1600
~1400
~1200
~1000
~800

600

400

200

—-200

AR
61
02T
02z
1271
s
s
€27
2T

YT
9C't
vee
9C'e
6C°E
00'%
[4184
0y
069
069
069
169
69
¢6'9
69
€694
G569
£6'94
£6'9
£6'9
£6'9
669
0071
vCLA
YL

—

YL
SCLA
9T,
9CL
(L
8¢t
8¢,
0€L
0€L
1€L
€eL
€eL
ElA
i /.

PB-2-252-2-Proton.1.fid

PB-2-252-2-Proton

as

37

)

Cl

Fo0¢

EFoo0€ |

10T

= €07
Fo001

=0T

7.5

65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0
f1 (ppm)

7.0

85 8.0

9.0

10.0 9.5

11.0 10.5

.0 115



ALY

1500
~1400

~1300

~1200

~1100

~1000

900

~800

~700

600

~500

400

~300

200

~100

—-100

—-200

698~
1962

1599 —

€0ad L9 \
€DAd 9T'LL w
€10dd 8S°/L

PB-2-252-2-Carbon.1.fid
PB-2-252-2-Carbon

9SPIT—
10°T¢T

mN.HNHV
L0°SCT~_
S0°9¢T—~

Ay
z.mﬁ\
29621

soeer/

S8ZPT~_
£6'8pT—
1€ 151"

6£'85T—

as

)

Cl

37

S—

T e ;o

-10

200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10
1 (ppm

210



5500

~5000

4500

~4000

~3500

~3000

2500

2000

1500

1000

~500

—-500

pb-2-134-proton.1.fid
pb-2-134-proton

hle

Cl

38

E00°€

Fo00c

Eeoc |

Ec0c

10T
E00T

=101
00T

E00T

-1.0

40 35 30 25 20 15 10 05 00 -05

85 80 75 70 65 6.0 55 50 4.5
f1 (ppm)

9.0

0 115 11.0 105 10.0 9.5



pb-2-134-carbon.1.fid o mo
pb-2-134-carbon lafalal
Q5 8 9snosg o203 T o N N 5000
| N4 SN v | |
4500
~4000
hle
3500
T
-
l M
38 3000
—2500
2000
1500
1000
~500
WWWMWMWMMWWMWWMLW *«J W WWMWWWWWMM -0
—-500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 1 1? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



~4000
~3800
~3600
3400
;3200
~3000
2800
—2600
~2400
;2200
—2000
~1800
~1600
~1400
;1200
~1000
~800

600

~400

;200

—-200

e

39

pb-2-97-1H-.1.fid
pb-2-97-1H-%

E-so¢

Fore
Froz |

-1.0

0.0 -0.5

0.5

20 15 1.0

2.5

3.0

Fooz |

=107
Fe60z

=107 [
20T

Fo01

85 80 75 70 65 6.0 55 50 45 4.0 3.5
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

.0 115



pb-2-97-13C-1.1.fid 238 L
pb-2-97-13C-1 - o 6 o o 588 1800
0 S M RXIT QY. N R9OX F3 X a s
ol NN N~ [ | | I
~1600
~1500
~1400
~1300
hde L
~1200
MN L
39 L1000
~900
—800
~700
~600
~500
I|| L
~400
—~300
~200
' ! -100
WWWW»WMWWQW WWWWMWMWM—O
—-100
—-200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11? ( 10? 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



9000

~8000

~7000

—6000

~5000

~4000

~3000

—2000

~1000

17
TRE
ST
08'T
78T
#8'T
98'T
88'T
88T
06'T
26'T
6v'C-

PB-3-33-1H-re.1.fid
PB-3-33-1H-re

Li

r-Butyl

nEme
B.,—o-"

H

Foo9

E-009 |

Foov
-00%

H\oo.o I
Fooz |

Foo

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

2.0 11.5



~6500

—6000

~5500

~5000

4500

~4000

~3500

~3000

~2500

2000

1500

~1000

~500

—-500

PB-3-33-2n-butyl-9bbn-comp-13C.1.fid 22933238
PB-3-33-2n-butyl-9bbn-comp-13C £5555553
MOODOANWLNMNMETONRAHDDO—OOT N
MORNNACANTATOTANADO®d
FERRARARBAIRZIZRNRNERIIRIRS
T \Ne————
B o
nEme
g—n-Butyl
Li
4
|
[
ey
Aoy g T Ao AR s Wy e L e T WAy ViMoo b
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 50 40 30 20 10 0

f1 (ppm)



PB-3-33-11B-re.1.fid
PB-3-33-11B-re

-2.50

~1400
1300
1200

1100

n-Butyl
g—n-Butyl ~1000

@ 900
Li

~800

41 ~700

~600
~500
~400
~300
200

~100

—-100

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 700 600 500 400 300 200 100 0 -100 -200 -300 -400 -500 -600 -700
f1 (ppm)



17000

16000

15000

14000

~13000
12000
11000
~10000
9000

~8000

~7000

~6000

~5000

4000

~3000

—2000

~1000

g k18000
o

6L°0-7

PB-3-251-1H.1.fid
PB-3-251-1H

41-2(12-Crown-4)

=00'¢cE

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

10.0 9.5

11.0 10.5

2.0 11.5



~3000

~2500

2000

1500

1000

~500

f1 (ppm)

PB-3-251-13C-re.1.fid 23323338
PB-3-251-13C-re 2555555
& e PRAREENESTR2RE NS
$ SRR g R A - INE R <R s
e\ N\m—————
" 19 07 0
"By Sl
B-N-Bu O.__,
*i £ @
RURY 7 4
VNN
O" %
=N
_ i O__0
41-2(12-Crown+4)
|
|
ey
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10



PB-3-251-11B.1.fid
PB-3-251-11B

26000

-2.59

24000
22000
20000
n-Bu C d‘ ! j -—18000

Yodr @ 16000

(:1} \‘\ -14000
_ _ EO_,O:/ _

41-2(12-Crown-4)

~12000

—10000

~8000

~6000

~4000

—2000

—-2000

00 700

600

500

400

T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 -200 -300 -400 -500 -600 -700
f1 (ppm)



PB-4-6-THF-pent-wash-1H.1.fid T3ABRG ¥ @ ROLIPNNLIZLIARSS ~5000
PB_4_6_THF_ ent_wash_lH MMM e ~ ~ A A A A A A A A A A O
P NN TN
4500
-4000
| hﬂe(% 19 3500
B«OME
(+ I
Li————-(ji:::}
-3000
42 (THF adduct dimer) 5500
-2000
-1500
|
-1000
|
1]
U | -500
s ﬂ B

N T T

3 8 g

(s0] O o

: : :

'0 115 110 105 100 95 90 85 80 75 70 65 6.0

1 10.05{
=
6.03 -

S5 3.0 25 20

w

55 50 4.5 4.0
f1 (ppm)



PB-4-6-13C.1.fid 33333383
PB-4-6-13C 2555555
S NTSRIARES ]
5 §eeasssss S5
—_—— \/
- MeO i)
IEFOME
(+
Li—DG
42 (THF adduct dimer)
|
| |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

f1 (ppm)

—2800

~2600

2400

2200

2000

~1800

~1600

1400

1200

1000

~800

600

400

200

—-200




PB-4-6-11B-re.1.fid
PB-4-6-11B-re

18.98

~6000
~5500
~5000
4500

® -4000
Li —DG :

~3500

- MeO i)
EJOME

42 (THF adduct dimer) 3000
-2500
2000
-1500
-1000
500

/J ;

—-500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 700 600 500 400 300 200 100 0 -100 -200 -300 -400 -500 -600 -700
f1 (ppm)



~8000

~7500

~7000

~6500

~6000

5500

~5000

4500

~4000

~3500

~3000

2500

—2000

1500

~1000

~500

—-500

oCL—

PB-3-226-pent-lay-1H.1.fid
PB-3-226-pent-lay-1H

n-Butyl

43

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05 -1.0
f1 (ppm)

9.0

.0 11.5 11.0 10.5 10.0 9.5



PB-3-226-pent-laye-13C.1.fid afuls
PB-3-226-pent-laye-13C 888
RseX SeB8¢ 8
N NN |
n-Butyl
J
VTQ
43
i
[ |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

—2400
;2300
;2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

—-100

—-200

—-300



PB-3-226-pent-laye-11B.1.fid

PB-3-226-pent-laye-11B

103.56

n-Butyl

43

~6500

~6000

~5500

~5000

4500

4000

~3500

~3000

2500

2000

1500

1000

~500

800

700

600

500

T T T T T T T T T
400 300 200 100 0
f1 (ppm)

-100

-200

-300

-400

-500

-600

-700

—-500



~600U

5500

~5000

4500

4000

~3500

~3000

2500

—2000

1500
~1000
~500

—-500

98t
o]
16'v

€€9~_
g9

069
169
69
¥6'9
=
Y0'L

L
€1

91

8T

Ve
e
122
12
vz
T
921
871
1€

PB-3-222-Proton.1.fid
PB-3-222-Proton

00°¢
00°T

Foo

40 35 30 25 20 15 10 05 0.0 -05 -1.0

4.5

85 80 75 70 65 6.0 55 5.0
f1 (ppm)

9.0

0 11.5 11.0 10.5 10.0 9.5



PB-3-222-13C-re.1.fid

PB-3-222-13C- 8gsg
N R 3 b 88830393 8 oos . s .
5 % ¥ S3%8KS8T 8 RR S °a R 3
| T SN\ | | N \/
M
llli] O,
45
|
|
| |
U
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10

f1 (ppm)

;2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

~100

—-100



	SI B project-Data only Final 08-08-2016-DD
	B_Paper_Complete-Spectra

