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I General Experimental

All 'H, “c, "B, "F, and ¥Si NMR spectra were recorded at ambient temperature
using Bruker AVIII-400 (400, 100, 128 and 376 MHz, respectively), AV-500 (500
and 125 MHz, respectively) and AVIII-600 with TCI cryoprobe (600 and 150 MHz,
respectively) spectrometers. The data were reported as follows: chemical shifts are
reported in ppm from internal tetramethylsilane or from residual solvent peaks ('H
NMR: CDCl3 § 7.26; C¢Dg 8 7.16; CD;OD § 3.31 and *C NMR: CDCl3 § 77.2; C¢Ds
0 128.4) on the d scale, multiplicity (s = singlet, b = broad, d = doublet, t = triplet, q =
quartet, quint = quintet, m = multiplet), coupling constants (Hz), and integration. *’Si
NMR spectra (AV-500 99 MHz) were referenced against external tetramethylsilane
(3 0). "F NMR spectra were referenced against external hexafluorobenzene (5 —
164.9) unless noted otherwise. ''B NMR spectra were referenced against external
boron trifluoride diethyl etherate (6 0). Multiplicity of carbon peaks was determined
using HSQC or DEPT experiments. Due to difficulties in isolation and purification of
certain products, diagnostic 'H and "°C peaks were assigned using a combination of
COSY, HSQC, HMBC, and nOe experiments. Infrared (IR) spectra were recorded
using a Thermo Nicolet AVATAR Fourier Transform IR spectrometer using
attenuated total reflectance (ATR). High-resolution mass spectra (HRMS) were
recorded using an Agilent 6224 Accurate-Mass time-of-flight spectrometer with
atmospheric pressure chemical ionization (APCI) or electrospray ionization (ESI)
ionization sources. Melting points were reported uncorrected. Analytical thin layer
chromatography was performed on Silicycle silica gel 60 A Fasy plates. Liquid
chromatography was performed using forced flow (flash chromatography) of the
indicated solvent system on Silicycle silica gel (SiO,) 60 (230-400 mesh). THF,
DMF, and CH,Cl, were dried by filtration through alumina according to the method
of Grubbs.' All reactions were run under a nitrogen atmosphere in glassware that had
been flame-dried under vacuum unless otherwise stated. @ Metal catalysts,
silacyclopropanes, and trans-oxasilacycloheptenes were stored and manipulated in a
nitrogen-atmosphere dry box. All solvents and reagents were degassed before use.
The synthesis and characterization of compounds 1, S2.° S5.% S8.° and S27° were
reported previously. Unless otherwise noted, all reagents were commercially
available.  frans-Oxasilacycloheptenes were unable to be purified due to
decomposition upon exposure to air and column chromatography. frans-Alkenes also
undergo formal [1,3]-sigmatropic rearrangements at room temperature, preventing
facile isolation.” All frans-oxasilacycloheptene concentrations were calculated by 'H
NMR spectroscopy relative to a known amount of internal standard (mesitylene) as
described below. CCDC 1539169 (2) and CCDC 1539170 (ent-10) contain the
supplementary crystallographic data for this paper. These data are provided free of
charge by The Cambridge Crystallographic Data Centre.
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I1. Synthesis of trans-Oxasilacycloheptenes

_ 1 mol % /t-Bu
N e * QSi/tBu;»t'Bu\Si\o g Me
‘t-Bu 2.0 a Me
S S2 | s3
Me
CeDg, 23 °C

Representative Procedure for the One-Step Synthesis of trans-Alkenes (trans-
Oxasilacycloheptene S3). The synthesis of trans-oxasilacycloheptene S3 was adapted
from a reported procedure.2 To a solution of diene S1 (0.0075 mL, 0.075 mmol),
cyclohexene silacyclopropane S2 (0.022 g, 0.098 mmol), and mesitylene (0.0020 mL,
0.014 mmol, internal standard) in C,D, (0475 mL) in an NMR tube was added
AgOCOCF; (0.025 mL, 0.0030 M in CHy 1 mol %). After 10 min, crotonaldehyde
(0.0063 mL, 0.076 mmol) was added. trans-Oxasilacycloheptene S3 was formed in 10
min in 56% yield over two steps based on 'H NMR spectroscopic analysis of the area of a
peak of the standard (& 6.71) and the area of the allylic ether CH peak (~0 3.60). trans-
Oxasilacycloheptene S3 was unable to be purified and was used without further
purification: '"H NMR (500 MHz, C,D,, diagnostic peaks) 6 5.58 (dqd, J = 15.2,6.4,0.9,
1H), 544 (ddq,J=15.2,6.7,1.5, 1H),4.98 (ddd, J = 16.8, 10.1,0.9, 1H), 3.62-3.59 (m,
1H), 2.35-2.26 (m, 2H), 1.85 (dd, J = 120, 4.5, 1H), 1.57-1.55 (m, 3H), 1.08 (s, 9H),
1.00 (s, 9H); *C NMR (125 MHz, C,D,,diagnostic peaks) & 133.4, (CH), 130.7 (CH),
126.2 (CH), 81.0 (CH), 49.1 (CH), 29.1 (CH;), 284 (CH,), 18.7 (CH,), 18.2 (CH,);
HRMS (APCI) m / z caled for C17H330S8i (M +H)" 281.2295, found 281.2297.

NS () Lt-Bu (1 mol %) t-Bu S./t‘BU
= Me * Si_ DO Sl~0——i-Pr
2. i-PrCHO
t-B
Y CeDg 23°C ~L e

S S2 S4

trans-Oxasilacycloheptene S4. trans-Oxasilacycloheptene S4 was prepared using the
representative procedure for the synthesis of frans-alkenes using diene S1 (0.012 mL,
0.12 mmol), cyclohexene silacyclopropane S2 (0.034 g, 0.15 mmol), AgOCOCF,; (0.036
mL, 0.010 M in C;D, 0.3 mol %), and isobutyraldehyde (0.011 mL, 0.12 mmol). trans-
Oxasilacycloheptene S4 was formed in 10 min in 63% yield over two steps based on 'H
NMR spectroscopic analysis of the area of a peak of the standard (6 6.71) and the area of
the ether CH peak (6 3.15). trans-Oxasilacycloheptene S4 was unable to be purified and
was used without further purification: 'H NMR (400 MHz, C,D, diagnostic peaks) &
493 (dd,/J=169,99,1H),3.15(dd,J=9.1,1.6, 1H), 2.52-2.42 (m, 1H), 2.29-2.22 (m,
1H), 1.82 (dd,J=12.0,44, 1H), 1.07 (s,9H),0.99 (s, 9H), 0.93 (d, /= 6.6, 3H), 0.88 (d,
J=6.8,3H),0.72 (d,J = 7.0, 3H); °C NMR (100 MHz, C,D,, diagnostic peaks) 0 134.8
(CH), 131.6 (CH), 84.0 (CH), 45.4 (CH), 30.7 (CH), 29.1 (CH;), 28.5 (CH,;), 18.9 (CH,),
16.9 (CH,), 15.6 (CH,), 15.1 (CH,); HRMS (APCI) m / z caled for Ci7H350Si (M + H)"
283.2452, found 283.2450.
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trans-Alkene (S7). The synthesis of trans-oxasilacycloheptene S7 was adapted from a
reported procedure.” To a solution of diene S5 (0.010 g, 0.077 mmol), cyclohexene
silacyclopropane S2 (0.029 g, 0.13 mmol), and mesitylene (0.0020 mL, 0.014 mmol,
internal standard) in C,D, (0.50 mL) in an NMR tube was added AgOCOCEF,; (0.025 mL,
0.030 M in C,Dg, 1 mol %). Vinylsilacyclopropane S6 was formed in 10 min in 72%
yield based on 'H NMR spectroscopic analysis of the area of a peak of the standard (~0
6.71) and the area of the alkene CH peak (8 6.43). Vinylsilacyclopropane S6 was unable
to be purified and was used without further purification: '"H NMR (500 MHz, C,D,) 6
7.35-7.33 (m, 2H), 7.19-7.16 (m, 2H), 7.05-7.01 (m, 1H), 6.55 (dd, J = 15.7, 7.7, 1H),
643 (d,J=15.7, 1H), 2.00-1.94 (m, 1H), 1.07 (s, 9H), 1.00 (s, 9H), 0.90-0.84 (m, 2H);
"C NMR (125 MHz, C,D, diagnostic peaks) 6 135.0 (CH), 129.2 (CH), 127.7 (CH),
126.4 (CH), 125.9 (CH), 124.9 (CH), 30.9 (CH,), 29.9 (CH;), 19.6 (CH), 3.6 (CH,); *’Si
NMR (99 MHz, C,Dy) 6 —47.1.

To a solution of vinylsilacyclopropane S6 (0.015 g, 0.055 mmol) in C;D, (0.525
mL) was added crotonaldehyde (0.0065 mL, 0.079 mmol). trans-Oxasilacycloheptene S7
was formed in 10 min in 86% yield from vinylsilacyclopropane S6 based on 'H NMR
spectroscopic analysis of the area of a peak of the standard (& 6.71) and the area of the
benzylic CH peak (0 4.24). trans-Oxasilacycloheptene S7 was unable to be purified and
was used without further purification: "H NMR (500 MHz, C,D, diagnostic peaks) &
7.22-7.17 (m, 4H), 7.10-7.06 (m, 1H), 5.99-5.92 (m, 1H), 5.59-5.48 (m, 2H), 5.41-5.36
(m, 1H), 4.24 (ddt,J =9.0,5.2,1.2, 1H), 343 (t,J =9.7, 1H), 2.37-2.32 (m, 1H), 1.42
(dt, J = 6.5, 1.4, 3H), 1.12 (s, 9H), 1.04 (s, 9H); *C NMR (125 MHz, C/D,, diagnostic
peaks) & 135.1 (CH), 132.1 (CH), 125.5 (CH), 79.9 (CH), 61.7 (CH), 29.1 (CH,), 28.4
(CH,), 19.1 (CH,), 18.1 (CH,); HRMS (APCI) m / z calcd for C»»H35s0Si (M + H)"
343.2452, found 343.2447.

AgOZCCF‘?, t Bu /t'BU

S| (1 mol %) By - OBn PhCHO t-Bu ~Si -0 Ph
/\/\) SM CgDg, 23 °C
't-Bu CgDy, 23 °C 6-e ~ oBn
S9 $10

trans-Alkene (S10). The synthesis of trans-oxasilacycloheptene S10 was adapted from a
reported procedure.” To a solution of diene S8 (0.014 g, 0.074 mmol), cyclohexene
silacyclopropane S2 (0.021 g, 0.094 mmol), and mesitylene (0.0020 mL, 0.014 mmol,
internal standard) in C,Dg (0.475 mL) in an NMR tube was added AgOCOCF; (0.025
mL, 0.030 M in C,Dg, 1 mol %). Vinylsilacyclopropane S9 was formed in 10 min in 82%
yield based on 'H NMR spectroscopic analysis of the area of a peak of the standard (&
6.71) and the area of the alkene CH peak (~0 5.51). Vinylsilacyclopropane S9 was
unable to be purified and was used without further purification: 'H NMR (500 MHz,
C(Ds, diagnostic peaks) & 7.32-7.30 (m, 2H), 7.11-7.08 (m, 1H), 5.85-5.80 (m, 1H),
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5.54-548 (m, 1H), 4.35 (s, 2H), 4.43-3.40 (m, 2H), 2.46-2.42 (m, 2H), 1.83-1.77 (m,
1H), 1.09 (s, 9H), 0.90 (t, J = 11.2, 1H), 0.74 (dd, J = 11.2, 9.0); "C NMR (125 MHz,
C¢D,,diagnostic peaks) 8 135.3 (CH), 128.1 (CH), 127.8 (CH), 121.5 (CH), 73.3 (CH,),
71.5 (CH,), 34.3 (CH,), 31.0 (CH;), 30.0 (CH,), 17.9, (CH), 2.9 (CH,); *Si NMR (99
MHz, C,Dg) 6 —48.5.

To a solution of vinylsilacyclopropane S9 (0.021 g, 0.061 mmol) in C;Dg (0.50
mL) was added benzaldehyde (0.0075 mL, 0.074 mmol). frans-Oxasilacycloheptene S10
was formed in 10 min in 88% yield from vinylsilacyclopropane S9 based on 'H NMR
spectroscopic analysis of the area of a peak of the standard (8 6.71) and the area of one of
the ether CH, peaks (~0 3.35). trans-Oxasilacycloheptene S10 was unable to be purified
and was used without further purification: 'H NMR (500 MHz, C;Ds, diagnostic peaks) 0
6.05-5.97 (m, 1H), 5.00 (dd, J = 16.8, 10.1, 1H), 4.25 (s, 2H and m, 1H), 3.49-3.44 (m,
1H), 3.38-3.33 (m, 1H), 2.74-2.68 (m, 1H), 2.37-2.32 (m, 1H), 1.63-1.56 (m, 1H), 1.46—
1.39 (m, 1H), 1.02 (s, 9H), 0.97 (s, 9H); "C NMR (125 MHz, C,D;,diagnostic peaks) &
137.6 (CH), 129.2 (CH), 81.8 (CH), 73.4 (CH,), 70.0 (CH,), 54.5 (CH), 31.2 (CH,), 29.1
(CH,), 28.3 (CH,), 19.2 (CH,); *Si NMR (99 MHz, C,D,) 6 —1.7; HRMS (APCI) m / z
caled for CogHy10,Si (M + H)" 438.2899, found 438.2896.

SR )
N e+ C[Si > Si~o O
‘t-Bu 2.0 Sz Me
S s2 'K“l l st

CeDg, 23 °C

trans-Oxasilacycloheptene S11. rrans-Oxasilacycloheptene S11 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0080 mL,
0.080 mmol), cyclohexene silacyclopropane S2 (0.024 g, 0.11 mmol), AgOCOCEF; (0.027
mL, 0.030 M in C,D, 1 mol %), and 2-naphthaldehyde (0.012 g, 0.077 mmol). trans-
Oxasilacycloheptene S11 was formed in 10 min in 62% yield over two steps based on 'H
NMR spectroscopic analysis of the area of a peak of the standard (6 6.71) and the area of
the benzylic CH peak (0 4.30). trans-Oxasilacycloheptene S11 was unable to be purified
and was used without further purification: 'H NMR (400 MHz, C;Ds, diagnostic peaks) 0
7.73-7.61 (m, 4H), 7.29-7.24 (m, 2H), 7.23-7.17 (m, 1H), 6.10-6.01 (m, 1H), 5.12 (dd, J
=168, 9.8, 1H), 4.30 (d, J = 89, 1H), 2.70-2.61 (m, 1H), 2.41-2.35 (m, 1H), 1.07 (s,
9H), 1.01 (s, 9H), 0.91 (d, J = 6.6, 3H); °C NMR (100 MHz, C,D, diagnostic peaks) &
136.3 (CH), 130.7 (CH), 126.4 (CH), 83.2 (CH), 51.0 (CH), 29.1 (CH,), 28.3 (CH;), 19.0
(CH,), 16.5 (CH,); HRMS (APCI) m / z caled for Co4H350Si (M + H)™ 367.2452, found
367.2448.
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trans-Oxasilacycloheptene S12. rrans-Oxasilacycloheptene S12 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0075 mL,
0.075 mmol), cyclohexene silacyclopropane S2 (0.022 g, 0.098 mmol), AgOCOCF,
(0.025 mL, 0.030 M in C,Dg, 1 mol %), and furfural (0.0065 mL, 0.078 mmol). trans-
Oxasilacycloheptene S12 was formed in 10 min in 64% yield over two steps based on 'H
NMR spectroscopic analysis of the area of a peak of the standard (6 6.71) and the area of
the benzylic CH peak (0 4.27). trans-Oxasilacycloheptene S12 was unable to be purified
and was used without further purification: 'H NMR (400 MHz, C;Ds, diagnostic peaks) 0
708 (t,J=13,1H),6.02,(d,J=1.3,2H), 6.01 (dddd, J =16.8, 13.2,4.5,0.8, 1H), 5.00
(ddd, J =168, 100, 1.1, 1H) 4.27 (d, J = 9.3, 1H), 2.96-2.86 (m, 1H), 2.29 (ddd, J =
13.2, 12,0, 1.1, 1H), 1.86 (dd, J = 12.0, 4.5, 1H), 1.02 (s, 9H), 0.99 (s, 9H); "C NMR
(100 MHz, C,Dq,diagnostic peaks) 6 142.2 (CH), 136.7 (CH), 130.2 (CH), 110.6 (CH),
106.7 (CH), 75.7 (CH), 48.1 (CH), 29.0 (CHy;), 28.2 (CH;), 19.0 (CH,); HRMS (APCI) m
/ z caled for C15H3,08i (M + H)" 307.2088, found 307.2078.

PN Q _t-Bu (1 mol %) +Bu S./t-Bu

= Me *+ Si_ . Sl-0 CeH4OMe
n 2. p-CgH,OMeCHO P-Lefla
tBu CgDg, 23 °C Me

S S2 S$13
trans-Oxasilacycloheptene S13. rrans-Oxasilacycloheptene S13 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0070 mL,
0.070 mmol), cyclohexene silacyclopropane S2 (0.018 g, 0.080 mmol), AgOCOCF,
(0.020 mL, 0.010 M in C,Dy4, 0.3 mol %), and p-methoxybenzaldehyde (0.0085 mL,
0.070 mmol). trans-Oxasilacycloheptene S13 was formed in 10 min in 58% yield over
two steps based on 'H NMR spectroscopic analysis of the area of a peak of the standard
(8 6.71) and the area of the methoxy CH; peak (0 3.32). trans-Oxasilacycloheptene S13
was unable to be purified and was used without further purification: '"H NMR (600 MHz,
C¢Dy, diagnostic peaks) 8 7.17 (d, J = 8.7, 2H), 6.79 (d, J = 8.7, 2H), 6.04-5.98 (m, 1H),
5.10(dd,J=16.8,100, 1H),4.12 (d,J =89, 1H), 3.32 (s, 3H), 2.60-2.54 (m, 1H), 2.37-
2.33 (m, 1H), 1.06 (s, 9H), 1.00 (s, 9H), 0.92 (d, J = 6.6, 3H); °C NMR (150 MHz, C,D;,
diagnostic peaks) 6 136.0 (CH), 131.1 (CH), 114.3 (CH), 82.7 (CH), 55.1 (CH;), 51.2
(CH), 29.1 (CH,), 28.3 (CH,;), 19.0 (CH,), 16.6 (CH;); HRMS (APCI) m / z calcd for
C,1H350,Si (M +H)" 347.2401, found 347.2398.
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1. AgOQCCFs
tBu (1 mol %) 5 J-Bu
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trans-Oxasilacycloheptene S14. rrans-Oxasilacycloheptene S14 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0080 mL,
0.080 mmol), cyclohexene silacyclopropane S2 (0.024 g, 0.11 mmol), AgOCOCEF; (0.027
mL, 0.030 M in C,Dg, 1 mol %), and p-(trifluoromethyl)benzaldehyde (0.011 mL, 0.081
mmol). trans-Oxasilacycloheptene S14 was formed in 10 min in 70% yield over two
steps based on '"H NMR spectroscopic analysis of the area of a peak of the standard (&
6.71) and the area of the benzylic CH peak (8 4.01). trans-Oxasilacycloheptene S14 was
unable to be purified and was used without further purification: 'H NMR (400 MHz,
CDs, diagnostic peaks) 0 7.35 (d, J = 8.1, 2H), 7.08 (d, J = 8.1, 2H), 5.98-5.89 (m, 1H),
499 (dd,J =16.7,10.0, 1H),4.01 (d,J =8.9, 1H), 2.41-2.28 (m, 2H), 1.01 (s, 9H), 0.95
(s,9H),0.76 (d, J = 6.6, 3H); "C NMR (100 MHz, C,D,,diagnostic peaks) & 136.5 (CH),
130.0 (CH), 127.7 (CH), 125.7 (q, J = 4.0, CH), 82.3 (CH), 51.2 (CH), 29.0 (CH,), 28.2
(CH,), 18.9 (CH,), 16.2 (CH,); “F NMR (377 MHz, CD, internal reference p-CF-
C,H,CHO 6 —63.2) & —-62.0; HRMS (APCI) m / z caled for C,H;3F30Si (M + H)"
385.2169, found 385.2154.
1. AgO,CCF3

_t-Bu (1 mol %) J-Bu
R = BU-Si 5 pcHal
tBu 2. p-CGH4IC°HO Me 64

S$15

trans-Oxasilacycloheptene S15. rrans-Oxasilacycloheptene S15 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0080 mL,
0.080 mmol), cyclohexene silacyclopropane S2 (0.023 g, 0.10 mmol), AgOCOCEF; (0.027
mL, 0.030 M in C,Dg, 1 mol %), and p-iodobenzaldehyde (0.018 g, 0.078 mmol). trans-
Oxasilacycloheptene S15 was formed in 10 min in 57% yield over two steps based on 'H
NMR spectroscopic analysis of the area of a peak of the standard (6 6.71) and the area of
the benzylic CH peak (0 3.92). trans-Oxasilacycloheptene S15 was unable to be purified
and was used without further purification: 'H NMR (600 MHz, C;D, diagnostic peaks) 0
745 (d,J=83,2H),6.76 (d, J = 8.3, 2H), 5.94-5.89 (m, 1H), 4.99 (dd, J = 16.8, 10.0,
1H), 392 (d,J = 8.9, 1H), 2.40-2.34 (m, 1H), 2.33-2.28 (m, 1H), 1.00 (s, 9H), 0.95 (s,
9H), 0.78 (d, J = 6.6, 3H); "C NMR (150 MHz, C,D,,diagnostic peaks) 6 137.8 (CH),
1364 (CH), 131.0 (CH), 128.4 (CH), 82.3 (CH), 51.1 (CH), 29.0 (CH,), 28.2 (CH;), 18.9
(CH,), 16.3 (CH,); HRMS (APCI) m / z caled for Ca0H30I0Si (M + H)" 443.1262, found
443.1253.
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1. AgOZCCFS
- Bu (1 mol %) +-Bu - ./t-BU :PhH
/ () S| —_— Si -0 D
“t-Bu i MeMme
Ph S16
Me
CeDe, 23°C

trans-Oxasilacycloheptene S16. rrans-Oxasilacycloheptene S16 was prepared using the
representative procedure for the synthesis of trans-alkenes using diene S1 (0.0080 mL,
0.080 mmol), cyclohexene silacyclopropane S2 (0.030 g, 0.13 mmol), AgOCOCEF; (0.027
mL, 0.030 M in C,D, 1 mol %), and 2-phenylpropionaldehyde (0.011 mL, 0.082 mmol).
trans-Oxasilacycloheptene S16 was formed in 10 min in 57% yield over two steps based
on 'H NMR spectroscopic analysis of the area of a peak of the standard (0 6.71) and the
area of the benzylic CH peak (8 3.39). trans-Oxasilacycloheptene S16 was unable to be
purified and was used without further purification: 'H NMR (600 MHz, C,D;, diagnostic
peaks) 0 7.21-7.18 (m, 2H), 7.08-7.06 (m, 2H), 6.85 (d,J=7.7, 1H), 5.81-5.78 (m, 1H),
4.89 (dd,J=16.8,99,1H),3.39 (d,J =92, 1H), 292 (q, J = 7.0, 1H), 2.57-2.51 (m,
1H), 2.24-2.19 (m, 1H), 1.81 (dd, J = 12.0, 4.2, 1H), 1.06 (s, 9H), 0.62 (s, 9H); "C NMR
(150 MHz, C,D, diagnostic peaks) 6 135.4 (CH), 130.8 (CH), 128.9 (CH), 128.7 (CH),
126.5 (CH), 85.0 (CH), 534 (CH), 459 (CH), 414 (CH), 28.6 (CHj;), 28.5 (CH;), 19.3
(CH,); HRMS (APCI) m / z calcd for CoH3,0Si (M + H)" 345.2608, found 345.2620.

II1. Synthesis of Trialkylboranes

tBu_ tBu
AN
/t‘BU BEtS SI‘O
tBu-g; =
U&Z\Ph CeHe, THF M-nnph
o~ e 23°C Et .
0 Me
Et,B
1 2

Representative Procedure for the Synthesis of Trialkylboranes (trialkylborane 2).
To a solution of trans-alkene 1 (0.132 g, 0.417 mmol) in CHy (4.00 mL) was added
triethylborane (3.60 mL, 1.0 M in THF, 3.6 mmol). After 2 h, 1 M NaOH (5.0 mL) was
added, followed by 30% H,O, in H,O (3.0 mL) (caution the ensuing reaction was
exothermic). After 20 min, Et,O (30 mL) and brine (15 mL) were added and the layers
were separated. The aqueous layer was extracted with Et,O (2 X 30 mL). The combined
organic layers were dried (MgSO,) and concentrated in vacuo. Purification by flash
chromatography (hexanes) afforded trialkylborane 2 as a white solid (0.159 g, 92%): mp
= 66-69 °C; "H NMR (500 MHz, C¢Ds) 8 7.31 (d, J= 7.1, 2H), 7.21-7.17 (m, 2H), 7.10—
7.07 (m, 1H), 4.64 (d, J = 9.5, 1H), 2.28-2.22 (m, 1H), 2.10-2.02 (m, 1H), 1.57 (t, J =
10.2, 1H), 1.23 (m, 5H and s, 9H), 1.08 (t, J = 7.6, 6H), 1.02 (s, 9H and m, 1H), 0.94—
0.88 (m, 4H), 0.76 (dd, J = 15.5, 11.9, 1H), 0.17 (d, J = 7.0, 3H); °C NMR (150 MHz,
CeDg, 25 °C) & 145.8 (C), 128.7 (CH), 127.6 (CH), 127.5 (CH), 85.2 (CH), 52.7 (CH),
44.5 (CH), 39.5 (CH), 33.6 (CH3), 29.5 (CH3), 29.2 (CHs3), 22.3 (C), 21.6 (C), 20.3
(CH3), 17.2 (CH,), 12.5 (CH3), 10.2 (CHz); (Some "C shifts next to the boron atom are
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too broad to resolve at 25 °C) >C NMR (125 MHz, CDCls, —40 °C) § 145.3 (C), 127.7
(CH), 126.8 (CH), 126.6 (CH), 83.7 (CH), 50.7 (CH), 42.6 (CH), 35.6 (CH), 36.2 (CH,),
28.7 (CH3), 28.5 (CH3), 22.0 (C), 21.9 (CH,), 21.0 (C), 19.6 (CH3), 16.0 (CHy), 15.7
(CH,), 12.4 (CH3), 9.9 (CH3), 9.8 (CH3); ''B NMR (128 MHz, C¢D) & 32.1; IR (ATR)
1081, 1054, 823, 698 cm™'; HRMS (APCI) m / z caled for CnH3,0Si (M — BEt)"
345.2608, found 345.2610.

Note: The 'H, °C, and ''B NMR spectra are consistent with trialkylboranes having
multiple conformational isomers, despite being a single stereoisomer. Subsequent
oxidation of the boron—carbon bond results in a sinlge stereoisomer with one
conformational isomer on the NMR time scale. Due to the slow rotation around the
carbon—boron bonds, methylene carbons next to the boron atom are too broad to resolve
at 25 °C in the °C NMR spectra of most trialkylboranes. The methyl groups on the BEt,
group are not diastereotopic at 25 °C in the °C NMR spectrum (as evidenced by the °C
NMR spectrum at 25 °C), but are diastereotopic at —40 °C. Additionally, some
trialkylboranes exhibit two ''B NMR resonances, likely due to the impeded rotation.
Variable temperature NMR studies were unable to resolve these peaks, however.
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Trialkylborane 7. Trialkylborane 7 was prepared using the representative procedure for
the synthesis of trialkylboranes using trans-alkene 1 (0.028 g, 0.088 mmol),
tributylborane (0.150 mL, 0.615 mmol) (caution: neat tributylborane reacts violently
with oxygen), and C¢(H, (1.00 mL). Purification by flash chromatography (hexanes)
afforded trialkylborane 7 as a colorless oil (0.032 g, 73%): 'H NMR (600 MHz, CDCl;) &
7.29-7.25 (m, 4H), 7.22-7.19 (m, 1H), 4.52 (d, J = 7.9, 1H), 2.18-2.13 (m, 1H), 1.91—
1.84 (m, 1H), 1.46—-1.38 (m, 6H), 1.36—1.32 (m, 4H), 1.24-1.14 (m, 6H), 1.08 (m, 1H and
s, 9H), 1.03—0.97 (m, 2H), 0.95 (s, 9H), 0.92-0.88 (m, 9H), 0.77-0.68 (m, 2H), 0.07 (d, J
= 7.0, 3H); °C NMR (125 MHz, C¢Dg) & 145.8 (C), 128.7 (CH), 127.6 (CH), 127.5
(CH), 85.2 (CH), 53.6 (CH), 44.6 (CH), 41.3 (CH»), 38.1 (CH), 30.5 (CH>), 29.5 (CH3),
29.2 (CHs), 28.9 (CH,), 26.9 (CH»), 23.8 (CHy), 22.4 (C), 21.6 (C), 20.7 (CH3), 18.2
(CH,), 14.7 (CH3), 14.6 (CH3) (see note under trialkylborane 2, p. S10); ''B NMR (128
MHz, C¢Dg) 0 54.0, 32.8 (see note under trialkylborane 2, p. S10); IR (ATR) 1081, 1066,
823, 698 cm™'; HRMS (APCI) m / z caled for C24H40Si (M — B"Buy)' 373.2921, found
373.2924.
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Trialkylborane 8. Trialkylborane 8 was prepared using the representative procedure for
the synthesis of trialkylboranes using trans-alkene S13 (0.012 g, 0.035 mmol),
triethylborane (0.450 mL, 1.0 M in THF, 0.45 mmol), and C;H, (0.530 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 8 as a colorless oil (0.013 g,
84%): "H NMR (600 MHz, CDCl3) § 7.17 (d, J = 8.6, 2H), 6.82 (d, J = 8.6, 2H), 4.49 (d,
J=28.0, 1H), 3.80 (s, 3H), 2.11-2.06 (m, 1H), 1.89-1.83 (m, 1H), 1.45 (t, J = 10.2, 1H),
1.23-1.18 (m, 4H), 1.08 (m, 2H and s, 9H), 1.00 (t, J = 7.6, 6H), 0.95 (s, 9H), 0.91 (t, J =
8.0, 3H), 0.87-0.82 (m, 1H), 0.66 (dd, J = 15.5, 11.9, 1H), 0.07 (d, J = 7.0, 3H); °C
NMR (150 MHz, CDCl;) 6 144.51 (C), 137.9 (C), 127.8 (CH), 113.2 (CH), 83.8 (CH),
55.3 (CHs), 51.9 (CH), 43.9 (CH), 38.9 (CH), 32.9 (CH,), 29.0 (CH3), 28.8 (CH3), 22.0
(©), 21.1 (C), 19.8 (CH3), 16.6 (CH,), 12.2 (CHs), 9.7 (CHs) (see note under
trialkylborane 2, p. S10); ''B NMR (128 MHz, CDCl;) § 55.4; IR (ATR) 1244, 1074,
1041, 820 cm™; HRMS (APCI) m / z caled for C,7HsoBO,Si (M + H)" 445.3673, found
445.3664.
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Trialkylborane 9. Trialkylborane 9 was prepared using the representative procedure for
the synthesis of trialkylboranes using frans-alkene S4 (0.021 g, 0.075 mmol),
triethylborane (0.480 mL, 1.0 M in THF, 0.48 mmol), and C;H, (0.400 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 9 as a colorless oil that could
not be further purified (0.028 g, 97% unpurified yield): "H NMR (500 MHz, CDCl3) §
3.49 (dd, J = 8.5, 1.8, 1H), 1.87-1.79 (m, 2H), 1.76-1.71 (m, 1H), 1.35 (t, J = 10.1, 1H),
1.16-1.13 (m, 4H), 1.03 (s, 9H and m, 2H), 1.01 (s, 9H and m, 8H), 0.90-0.85 (m, 4H),
0.81 (m, 1H and t, J = 6.7, 3H), 0.45 (m, 1H and d, J = 6.9, 3H); °C NMR (150 MHz,
CDCl) 6 84.2 (CH), 50.7 (CH), 40.4 (CH), 39.1 (CH), 32.6 (CH,), 30.8 (CH), 29.0
(CHj3), 28.6 (CHa»), 22.4 (C), 21.7 (C), 21.5 (CH3), 18.5 (CH3), 17.5 (CH»), 13.9 (CH3),
12.4 (CH3), 9.7 (CHs) (see note under trialkylborane 2, p. S10); ''B NMR (128 MHz,
CsDg) 0 54.2, 32.2 (see note under trialkylborane 2, p. S10); IR (ATR) 1062, 820, 621
cm’'; HRMS (APCI) m / z caled for Co3H4oBKOSi (M + K)™ 419.3282, found 419.3277.
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Trialkylborane 10. Trialkylborane 10 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S7 (0.015 g, 0.044 mmol),
triethylborane (0.450 mL, 1.0 M in THF, 0.45 mmol), and C;H, (0.525 mL). 'H NMR
spectroscopic analysis of the unpurified reaction mixture after workup showed a mixture
of trialkylborane 10 and alkene S17 in a 77:23 (10:S17) ratio. (The spectral data are
consistent with the data reported below for alkene S17, the result of rearrangement of the
starting  trans-alkene.) Purification by flash chromatography (hexanes—3:97
EtOAc:hexanes) afforded trialkylborane 10 as a white solid (0.010 g, 53%): mp = 75-77
°C; 'H NMR (600 MHz, C¢Ds) & 6.99-6.75 (m, 5H), 5.66-5.60 (m, 1H), 5.17 (ddd, J =
15.1, 5.6, 1.6, 1H), 4.70-4.68 (m, 1H), 2.91 (dd, J = 10.8, 8.4, 1H), 2.26-2.21 (m, 1H),
2.14 (t, J=104, 1H), 1.35 (d, J = 6.6, 3H), 1.28 (s, 9H and m, 2H), 1.17 (s, 9H and m,
2H), 1.09-1.03 (m, 2H), 0.95-0.89 (m, 10H), 0.82 (dd, J = 15.5, 11.8, 1H); °C NMR
(150 MHz, C¢Dg) 6 143.5 (C), 134.6 (CH), 131.3 (CH), 128.7 (CH), 126.8 (CH), 124.5
(CH), 81.3 (CH), 57.0 (CH), 52.5 (CH), 40.3 (CH), 33.6 (CH»), 29.5 (CH3), 29.3 (CH3),
22.6 (CHp), 22.5 (C), 21.7 (C), 18.1 (CHj3), 18.0 (CH»), 17.8 (CH»), 12.9 (CH3), 10.1
(CH3), 9.7 (CHs); "B NMR (128 MHz, CsDs) & 54.0; IR (ATR) 1600, 1474, 1070, 822
cm™'; HRMS (APCI) m / z caled for C24H300Si (M — BEt,)" 371.2765, found 371.2764.
Anal. Calcd for C,3H49BOSi: C, 76.33; H, 11.21. Found: C, 76.05; H, 11.27.
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Trialkylborane 11. Trialkylborane 11 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S15 (0.019 g, 0.043 mmol),
triethylborane (0.450 mL, 1.0 M in THF, 0.45 mmol), and C;H, (0.530 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 11 as a white solid (0.018 g,
78%): mp = 91-93 °C; "H NMR (400 MHz, CDCl;) & 7.60 (d, J = 8.4, 2H), 7.01 (d, J =
8.4, 2H), 4.47 (d, J = 8.0, 1H), 2.12-2.05 (m, 1H), 1.92-1.80 (m, 1H), 1.45 (t, J = 10.2,
1H), 1.24-1.16 (m, 4H), 1.11 (dd, J= 154, 1.1, 1H), 1.07 (s, 9H), 1.00 (m, 1H and t, J =
7.5, 6H), 0.92 (s, 9H and t, J = 6.3, 3H), 0.86-0.79 (m, 1H), 0.66 (dd, J=15.4, 11.9, 1H),
0.07 (d, J= 7.0, 3H); °C NMR (100 MHz, CDCl;)  145.2 (C), 137.1 (CH), 129.0 (CH),
92.1 (C), 83.8 (CH), 51.9 (CH), 43.7 (CH), 38.8 (CH), 32.9 (CH»), 28.9 (CHz3), 28.7
(CH3), 22.0 (C), 21.1 (C), 19.7 (CH3), 16.6 (CH,), 12.1 (CH3), 9.6 (CH3) (see note under
trialkylborane 2, p. S10); ''B NMR (128 MHz, CDCls) § 33.3; IR (ATR) 1078, 1006,
848, 823 cm™'; HRMS (APCI) m / z caled for C,,H36lOSi (M — BEt,)" 471.1575, found
471.1577.
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Trialkylborane 12. Trialkylborane 12 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S10 (0.048 g, 0.11 mmol),
triethylborane (0.900 mL, 1.0 M in THF, 0.90 mmol), and C(H, (1.00 mL). 'H NMR
spectroscopic analysis of the unpurified reaction mixture after workup showed a mixture
of trialkylborane 12 and alkene S18 in a 41:59 (12:S18) ratio. (The spectral data are
consistent with the data reported below for alkene S18, the result of rearrangement of the
starting trans-alkene.) Purification by flash chromatography (1:99 EtOAc:hexanes)
afforded trialkylborane 12 as a colorless oil (0.015 g, 26%): 'H NMR (500 MHz, C¢Dg) 0
7.32 (d, J=17.2, 2H), 7.15-7.11 (m, 6H), 7.09-7.03 (m, 2H), 4.74 (d, J = 8.2, 1H), 4.07
(d,J=12.2,1H), 4.02 (d, J=12.2, 1H), 2.76 (td, J=9.2, 6.6, 1H), 2.53 (td, J = 9.2, 4.7,
1H), 2.27-2.21 (m, 1H), 2.16-2.11 (m, 1H), 1.79 (t, J = 10.4, 1H), 1.43-1.28 (m, 6H),
1.21 (s, 9H), 1.15 (m, 2H and t, J = 7.5, 6H), 0.99 (s, 9H), 0.94-0.92 (m, 4H), 0.74 (dd, J
=15.5, 11.8, 1H); °C NMR (150 MHz, CsDs) & 145.4 (C), 139.7 (C), 128.8 (CH), 128.7
(CH), 128.1 (CH), 127.9 (CH), 127.85 (CH), 127.78 (CH), 83.6 (CH), 73.1 (CH>), 68.5
(CH), 51.3 (CH), 47.1 (CH), 39.7 (CH), 34.5 (CH>), 33.1 (CH»), 29.5 (CH3), 29.3 (CH3),
22.2 (C), 21.5 (C), 17.2 (CHy), 12.7 (CHs), 10.2 (CH3) (see note under trialkylborane 2,
p. S10); ''B NMR (128 MHz, C¢Ds) & 54.3, 32.9 (see note under trialkylborane 2, p.
S10); IR (ATR) 1306, 1082, 823, 699 cm™'; HRMS (APCI) m / z caled for C30Hy50,S1 (M
— BEty)" 465.3183, found 465.3181.
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Trialkylborane 13. Trialkylborane 13 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S3 (0.022 g, 0.079 mmol),
triethylborane (0.975 mL, 1.0 M in THF, 0.98 mmol), and C;H, (1.00 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 13 as a colorless oil (0.020 g,
67%): "H NMR (500 MHz, C¢Ds) & 5.63-5.51 (m, 2H), 4.12-4.09 (m, 1H), 2.18-2.10 (m,
1H), 1.87-1.79 (m, 1H), 1.59 (d, J = 6.1, 3H), 1.45 (t, J=10.3, 1H), 1.22 (m, 3H and s,
9H), 1.12 (s, 9H and m, 10H), 0.92-0.89 (m, 3H), 0.68 (dd, J=15.4, 11.9, 1H), 0.46 (d, J
= 7.0, 3H) (Some of trialkylborane 13 decomposed to alkene S19 (vide infra) and is
present in the '"H NMR spectrum); °C NMR (125 MHz, CsDs) 8 135.1 (CH), 124.8 (CH),
83.2 (CH), 52.7 (CH), 43.2 (CH), 39.4 (CH), 33.6 (CHy), 29.6 (CH3), 29.3 (CHa»), 22.5
(C), 21.6 (C), 19.8 (CH3»), 18.2 (CH3), 17.2 (CH,), 12.5 (CH3), 10.2 (CH3) (see note under
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trialkylborane 2, p. S10); ''B NMR (128 MHz, C¢Ds) & 54.0, 32.0 (see note under
trialkylborane 2, p. S10); IR (ATR) 1079, 1048, 821, 643 cm’'; HRMS (APCI) m / z
caled for C9H3,0Si (M — BEt,)" 309.2608, found 309.2616.
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Trialkylborane 14. Trialkylborane 14 was prepared using the representative procedure
for the synthesis of trialkylboranes using frans-alkene S11 (0.018 g, 0.050 mmol) and
triethylborane (0300 mL, 1.0 M in THF, 030 mmol). Purification by flash
chromatography (hexanes) afforded trialkylborane 14 as a colorless oil (0.020 g, 87%):
'H NMR (400 MHz, CDCls) & 7.83-7.79 (m, 3H), 7.60 (s, 1H), 7.52 (dd, J = 8.4, 1.4,
1H), 7.48-7.41 (m, 2H), 4.71 (d, J = 8.0, 1H), 2.19-2.11 (m, 1H), 2.07-1.97 (m, 1H),
1.54 (t, J=10.2, 1H), 1.26—-1.17 (m, 5H), 1.11 (s, 9H), 1.02 (t, J = 7.6, 6H and m, 2H),
0.96 (s, 9H and m, 3H), 0.73 (dd, J = 15.5, 11.9, 1H), 0.09 (d, J= 7.0, 3H); °C NMR
(100 MHz, CDCls) 6 142.9 (C), 133.2 (C), 132.9 (C), 128.0 (CH), 127.83 (CH), 127.78
(CH), 125.8 (CH), 125.5 (CH), 125.40 (CH), 125.38 (CH), 84.5 (CH), 52.0 (CH), 43.5
(CH), 38.9 (CH), 33.0 (CH,), 29.0 (CH3), 28.7 (CH3), 22.0 (C), 21.2 (C), 19.8 (CHz),
16.7 (CH,), 12.2 (CH3), 9.7 (CHs) (see note under trialkylborane 2, p. S10); ''B NMR
(128 MHz, CDCl3) § 33.5; IR (ATR) 1076, 823, 668 cm™'; HRMS (APCI) m / z calcd for
C26H3908Si (M — BEt,)" 395.2765, found 395.2765.
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Trialkylborane 15. Trialkylborane 15 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S12 (0.011 g, 0.035 mmol),
triethylborane (0.45 mL, 1.0 M in THF, 0.45 mmol), and C;H, (0.500 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 15 as a colorless oil (0.009 g,
64%): '"H NMR (400 MHz, C¢Dg) & 7.09 (dd, J = 1.8, 0.7, 1H), 6.14 (dd, J = 3.1, 0.7,
1H), 6.09 (dd, J= 3.1, 1.8, 1H), 4.79 (d, J = 8.2, 1H), 2.37-2.27 (m, 1H), 2.25-2.17 (m,
1H), 1.52 (t, J=10.4, 1H), 1.20 (s, 9H and m, 3H), 1.16-1.12 (m, 2H), 1.06 (m, 6H and
s, 9H), 1.00-0.94 (m, 1H), 0.90-0.83 (m, 4H), 0.70 (dd, J = 15.5, 11.9, 1H), 0.32 (d, J =
7.0, 3H); >C NMR (100 MHz, C4Ds) & 158.4 (C), 141.7 (CH), 110.5 (CH), 106.3 (CH),
78.6 (CH), 52.4 (CH), 43.5 (CH), 39.3 (CH), 33.5 (CH»), 29.4 (CHj3), 29.1 (CHz3), 22.4
(©), 21.5 (C), 19.0 (CH3), 17.1 (CHy), 12.4 (CH3), 10.1 (CH3) (see note under
trialkylborane 2, p. S10); ''B NMR (128 MHz, C¢Ds) & 54.0; IR (ATR) 1504, 1009, 823,
729 cm™; HRMS (APCI) m / z caled for CyoHss0,Si (M — BEt)" 335.2401, found
335.2397.
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Trialkylborane 16. Trialkylborane 16 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S16 (0.013 g, 0.038 mmol),
triethylborane (0.400 mL, 1.0 M in THF, 0.40 mmol), and C;H, (0.530 mL). Purification
by flash chromatography (hexanes) afforded trialkylborane 16 as a white solid that could
not be further purified (0.011 g, 65% unpurified yield): mp = 89-92 °C; 'H NMR (600
MHz, CDCl3) & 7.27-7.26 (m, 4H), 7.17-7.14 (m, 1H), 3.69 (dd, J = 8.5, 1.8, 1H), 3.02
(qd, J=7.0, 1.8, 1H), 1.91-1.83 (m, 2H), 1.39 (t, J = 10.1, 1H), 1.26 (d, /= 7.0, 3H and
m, 4H), 1.04 (m, 6H and s, 9H), 1.01-0.98 (m, 1H), 0.87-0.82 (m, 5H), 0.63 (d, J = 6.7,
3H), 0.46 (s, 9H), 0.35 (dd, J = 15.3, 12.1, 1H); >C NMR (150 MHz, CDCl3) & 146.4
(©), 129.1 (CH), 127.9 (CH), 125.8 (CH), 84.7 (CH), 50.6 (CH), 42.0 (CH), 40.5 (CH),
39.1 (CH), 32.5 (CH,), 28.9 (CH3), 27.9 (CHs3), 21.8 (C), 21.6 (C), 19.2 (CH3), 17.7
(CH,), 12.4 (CHs), 10.6 (CHs3), 9.8 (CHs) (see note under trialkylborane 2, p. S10); "B
NMR (128 MHz, C¢Dg) & 53.8; IR (ATR) 1105, 1091, 822, 698 cm™'; HRMS (APCI) m /
z caled for Co4Hy OSi (M — BEt,)" 373.2921, found 373.2926.
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Trialkylborane 17. Trialkylborane 17 was prepared using the representative procedure
for the synthesis of trialkylboranes using trans-alkene S14 (0.022 g, 0.056 mmol),
triethylborane (0.450 mL, 1.0 M in THF, 0.45 mmol), and C;H, (0.530 mL). 'H NMR
spectroscopic analysis of the unpurified reaction mixture after workup showed a mixture
of trialkylborane 17 and alkene S20 in a 70:30 (17:S20) ratio. (The spectral data are
consistent with the data reported below for alkene S20, the result of rearrangement of the
starting trans-alkene.)  Purification by flash chromatography (hexanes) afforded
trialkylborane 17 as a colorless oil (0.015 g, 56%): '"H NMR (600 MHz, CDCls) & 7.54
(d, J=8.0,2H), 7.37 (d, /= 8.0, 2H), 4.59 (d, /= 8.0, 1H), 2.13-2.08 (m, 1H), 1.93-1.87
(m, 1H), 1.48 (t, /= 10.2, 1H), 1.26-1.16 (m, 4H), 1.14-1.11 (m, 1H), 1.08 (s, 9H), 1.01
(t, J=17.6, 6H and m, 1H), 0.94 (s, 9H), 0.91 (t, J = 6.8, 3H), 0.87-0.81 (m, 1H), 0.68
(dd, J=15.5, 11.9, 1H), 0.07 (d, J = 7.0, 3H); °C NMR (150 MHz, CDCl;)  149.3 (C),
129.0 (q, J = 32.0, C), 127.2 (CH), 125.0 (q, J = 3.8, CH), 124.4 (q, J = 270.1, C), 83.8
(CH), 51.9 (CH), 43.7 (CH), 38.8 (CH), 32.9 (CH,), 28.9 (CH3), 28.7 (CH3), 22.0 (C),
21.1 (C), 19.7 (CH3), 16.6 (CH,), 12.1 (CH3), 9.6 (CHs) (see note under trialkylborane 2,
p. S10); "B NMR (128 MHz, CDCl;) § 33.4; ’F NMR (376 MHz, CDCl3) § —65.4; IR
(ATR) 1324, 1126, 849, 822 cm’'; HRMS (APCI) m / z caled for Co3HssF30Si (M —
BEt,)" 413.2482, found 413.2466.
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BRj tBu_ tBU +-Bu
t-Bu S21 Si-o t-Bu \Si,
t'BU\Si/\O Ph CH—THF )/\/2"'Ph + /n.. O

Ve 6''6

Mﬂe 23 °C Ph(H 20)3 > M / S//"/Ph

3 e Me
(Ph(H2C)3)-B
1 R = (CHp)sPh 18 S22

Trialkylborane 18. Trialkylborane 18 was prepared following the representative
procedure for the synthesis of trialkylboranes using trans-alkene 1 (0.030 g, 0.094
mmol), trialkylborane S217 (0.150 g, 0.407 mmol); (caution: neat trialkylboranes reacts
violently with oxygen), and CH, (0.97 mL). 'H NMR spectroscopic analysis of the
unpurified reaction mixture after workup showed a mixture of trialkylborane 18 and
alkene S22 in a 73:37 (18:S22) ratio. The spectral data are consistent with the data
reported previously for alkene S22, the result of rearrangement of the starting trans-
alkene. Purification by flash chromatography (1:99 EtOAc:hexanes) afforded
trialkylborane 18 as a colorless oil (0.019 g, 30%): 'H NMR (400 MHz, CDCl;) & 7.31-
7.24 (m, 8H), 7.22-7.16 (m, 10H), 7.10-7.08 (m, 2H), 4.47 (d, J = 7.9, 1H), 2.59-2.42
(m, 6H), 2.15-2.07 (m, 1H), 1.85-1.77 (m, 2H), 1.71-1.57 (m, 3H), 1.44-1.39 (m, 2H),
1.14 (t, J= 8.0, 4H), 1.07 (s, 9H and m, 2H), 0.92 (m, 1H and s, 9H), 0.72-0.65 (m, 2H),
0.01 (d, J = 7.0, 3H); °C NMR (100 MHz, CDCl;) § 145.2 (C), 143.0 (C), 142.4 (C),
128.62 (CH), 128.58 (CH), 128.5 (CH), 128.4 (CH), 127.9 (CH), 126.9 (CH), 126.8
(CH), 125.9 (CH), 125.8 (CH), 84.1 (CH), 52.1 (CH), 43.8 (CH), 40.4 (CH>), 39.5 (CH»),
37.3 (CH), 36.4 (CH»), 29.4 (CH,), 29.0 (CH3), 28.7 (CH3), 27.9 (CH»), 21.9 (C), 21.1
(C), 19.9 (CH3), 17.5 (CH,) (see note under trialkylborane 2, p. S10); ''B NMR (128
MHz, C¢Dg) & 32.9 (see note under trialkylborane 2, p. S10); IR (ATR) 1080, 1029, 823,
697 cm™; HRMS (APCI) m / z caled for CooHs30Si (M — C¢HaoB )™ 435.3078, found
435.3071.

A compound similar to alkene 3, but with a 1-phenylpropyl group, resulting from the
decomposition of 18, was also isolated (0.007 g, 17%, clear oil): "H NMR (500 MHz,
CDCl;, diagnostic peaks) & 5.09-5.07 (m, 1H), 4.73 (d, J = 9.3, 1H), 2.69-2.60 (m, 8H),
1.07 (s, 9H), 1.00 (s, 9H), 0.56 (d, J= 7.2, 3H).

IV. Transformations of Trialkylboranes

t-Bu _ /t-BU tBu_ tBu
Si-0 H,Nn-Bu Si-o
+Ph Ph
CHClg, 70 °C
Et - Et— N\
: Me
Et,B Me
2 3

Alkene 3. A solution of trialkylborane 2 (0.034 g, 0.082 mmol) and H,N"Bu (0.130 mL,
1.19 mmol) in CHCI, (2.0 mL) was heated to 70 °C. After 16 h, the reaction mixture was
cooled and CH,Cl, (5 mL) and H,O (5 mL) were added. The layers were separated and
the aqueous layer was extracted with CH,Cl, (5 mL). The combined organic layers were
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washed with brine (10 mL), dried with MgSO,, and concentrated in vacuo. Purification
by flash chromatography (hexanes) afforded alkene 3 as a colorless oil (0.019 g, 68%):
"H NMR (500 MHz, CDCls) & 7.32-7.31 (m, 4H), 7.25-7.21 (m, 1H), 5.02-5.01 (m, 1H),
4.70 (d, J=9.2, 1H), 2.72-2.62 (m, 1H), 2.21-2.14 (m, 2H), 1.99 (d, J = 15.2, 1H), 1.53
(d, J=15.2, 1H), 1.06 (m, 3H and s, 9H), 0.99 (s, 9H), 0.53 (d, J = 7.1, 3H); °C NMR
(150 MHz, C¢Dg) 6 145.2 (C), 139.3 (C), 128.7 (CH), 128.3 (CH), 127.8 (CH), 127.6
(CH), 82.3 (CH), 43.0 (CH), 35.6 (CH>), 29.2 (CH3), 28.7 (CHs), 23.1 (C), 21.5 (C), 20.3
(CH3), 15.5 (CHy), 13.3 (CHs); IR (ATR) 1603, 1096, 823 cm™'; HRMS (APCI) m / z
caled for Co,H370Si (M + H)'™ 345.2608, found 345.2604. Anal. Caled for C,H360Si: C,
76.68; H, 10.53. Found: C, 76.53; H, 10.76.

t-Bu S /f-BU tBu_ tBu
i- !
/Q" - Y
CeHg, 70 °C
= 2 Me Et *\/Z
Et,B Me
13 S19

Alkene S19. A solution of trialkylborane 13 (0.014 g, 0.037 mmol) and H,N"Bu (0.060
mL, 0.61 mmol) in C(H¢ (1.5 mL) was heated to 70 °C. After 18 h, the reaction mixture
was cooled and Et,0O (15 mL) and H,O (15 mL) were added. The layers were separated
and the aqueous layer was extracted with Et,0O (15 mL). The combined organic layers
were washed with brine (2 X 15 mL), dried with MgSO,, and concentrated in vacuo.
Purification by flash chromatography (hexanes) afforded alkene S19 as a colorless oil
(0.012 g, 100%): 'H NMR (600 MHz, CsDs) & 5.55-5.54 (m, 2H), 5.00 (d, J = 5.7, 1H),
4.14-4.12 (m, 1H), 2.52-2.49 (m, 1H), 2.17-2.09 (m, 2H), 1.94 (d, J=15.2, 1H), 1.56 (s,
3H), 1.35 (d, J = 15.2, 1H), 1.12 (s, 18H), 1.07-1.05 (m, 3H), 0.87 (d, J = 7.0, 3H); °C
NMR (150 MHz, C¢Ds) & 139.9 (C), 134.7 (CH), 127.5 (CH), 126.5 (CH), 80.7 (CH),
40.8 (CH), 34.9 (CH,), 29.2 (CHs), 28.8 (CHj3), 22.8 (C), 21.6 (C), 19.7 (CHj3), 18.0
(CH3), 15.6 (CH,), 13.2 (CH3); IR (ATR) 1673, 1363, 1096, 822 cm™'; HRMS (APCI) m /
z caled for C19H3,0Si (M + H)" 309.2608, found 309.2610. Anal. Calcd for C;9H360Si:
C,73.95;H, 11.76. Found: C, 74.25; H, 11.77.

t-Bu_ tBu t-Bu
sl 1. CSOH-H,0, +-BuOOH, TBAF  t-Bu .
0 DMF, 70 °C 'o
-1Ph > Ph
Et /L/z 2.imd, CHCl,, 50 °C S/S/(
: Me Et OH
Et,B Me
2 19

Alcohol 19. A solution of trialkylborane 2 (0.091 g, 0.22 mmol), ' BuOOH (0.620 mL, 5—
6 M in decane, 3 mmol), CsOH*H,O (0.517 g, 3.08 mmol), and TBAF (1.1 mL, 1.0 M in
THF, 1.1 mmol) in DMF (3.4 mL) was heated to 70 °C. After 19 h, the reaction mixture
was cooled and Et,O (5 mL) and saturated aqueous Na,S,0; (5 mL) were added. The
layers were separated and the aqueous layer was extracted with Et,O (2 X 5 mL). The
combined organic layers were washed with H,O (10 mL) and brine (10 mL). These
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layers were dried with MgSO,, and concentrated in vacuo. To a solution of the resulting
oil in CHCl,; (6 mL) was added imidazole (0.114 g, 1.67 mmol) and the reaction mixture
was heated to 50 °C. After 3 d, the reaction mixture was cooled and CH,Cl, (10 mL) and
H,O (10 mL) were added. The layers were separated and the aqueous layer was extracted
with CH,Cl, (2 x 10 mL). The combined organic layers were washed with H,O (20 mL)
and brine (20 mL), dried with MgSO, and concentrated in vacuo. Purification by flash
chromatography (3:97 EtOAc:hexanes) afforded alcohol 19 as a yellow oil (0.053 g, 66%
over two steps): 'H NMR (400 MHz, C¢Dg) 0 7.44-7.42 (m, 2H), 7.25-7.22 (m, 2H),
7.12-7.08 (m, 1H), 4.82 (dd, J = 6.5, 4.2, 1H), 4.34 (dd, J = 7.9, 1.9, 1H), 3.88 (d, J =
6.5, 1H), 2.02-1.95 (m, 1H), 1.87-1.77 (m, 1H), 1.37-1.27 (m, 1H), 1.17 (d, /= 6.9, 3H
and m, 1H), 1.06 (s, 9H), 0.97 (s, 9H), 0.75 (t, J = 7.3, 3H and m, 1H), 0.36 (dd, J = 15.1,
7.4, 1H); °C NMR (100 MHz, C¢Dy) & 146.3 (C), 128.7 (CH), 127.4 (CH), 126.8 (CH),
80.5 (CH), 79.2 (CH), 44.0 (CH), 42.6 (CH), 29.1 (CHs), 28.6 (CH3), 25.5 (CHy), 21.7
(C), 20.3 (C), 14.6 (CH3), 13.8 (CH3), 11.0 (CH,); IR (ATR) 3458, 1062, 970, 823 cm’';
HRMS (APCI) m / z calcd for C2,H33NaO,Si (M + Na)' 385.2533, found 385.2525. Anal.
Calcd for CoH330,S1: C, 72.87; H, 10.55. Found: C, 72.72; H, 10.72.

t-Bu . !
Si KH, t-BuOOH, CsF OH OH (?H

o)
Ph
DMF, 70 °C th

Me
19 20

Triol 20. To a solution of KH (0.012 g, 0.30 mmol) in DMF (0.40 mL) was added
‘BuOOH (0.065 mL, 5-6 M in decane, 0.4 mmol), followed by alcohol 19 (0.008 g, 0.022
mmol) in DMF (0.20 mL). After 10 min, CsF (0.019 g, 0.13 mmol) was added and the
reaction mixture was heated to 70 °C. After 17 h, the reaction mixture was cooled to 23
°C and Et,0O (5 mL) and saturated aqueous Na,S,0; (5 mL) were added. The layers were
separated and the aqueous layer was extracted with Et,O (2 X 5 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10 mL). These layers were
dried with MgSO, and concentrated in vacuo. Purification by flash chromatography (1:1
EtOAc:hexanes) afforded alcohol 20 as a colorless oil (0.003 g, 57%): 'H NMR (600
MHz, CD;0OD) 6 7.33-7.31 (m, 4H), 7.25-7.23 (m, 1H), 4.58 (d, J=7.9, 1H), 3.95 (d, J
= 8.7, 1H), 3.56 (dd, J = 11.3, 4.5, 1H), 3.51 (dd, J = 11.3, 4.6, 1H), 2.04—1.99 (m, 1H),
1.76-1.69 (m, 1H), 1.56—1.51 (m, 1H), 1.47-1.40 (m, 1H), 0.94 (t, J= 7.5, 3H), 0.70 (d, J
= 7.0, 3H); >C NMR (150 MHz, CDCls) & 143.9 (C), 128.5 (CH), 127.6 (CH), 126.1
(CH), 78.7 (CH), 72.6 (CH), 63.2 (CH,), 45.3 (CH), 41.5 (CH), 19.6 (CH»), 11.9 (CH»),
11.7 (CHs); IR (ATR) 3338, 1017 cm™'; HRMS (ESI) m / z caled for C14H,,NaO3 (M +
Na)" 261.1461, found 261.1460. Anal. Calcd for C14H2,05: C, 70.56; H, 9.30. Found:
C, 70.30; H, 9.20.
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Alcohol S23. To a solution of trialkylborane 9 (0.028 g, 0.074 mmol), BuOOH (0.210
mL, 5-6 M in decane, 1 mmol), and CsOH*H,O (0.174 g, 1.04 mmol) in DMF (1.2 mL)
was added TBAF (0.370 mL, 1.0 M in THF, 0.37 mmol). After 30 min, Et,0O (5 mL) and
saturated aqueous Na,S,0; (2.5 mL) were added. The layers were separated and the
aqueous layer was extracted with Et,0O (2 X 5 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL). These layers were dried with MgSO, and
concentrated in vacuo. Purification by flash chromatography (5:95 EtOAc:hexanes)
afforded alcohol S23 as a colorless oil (0.019 g, 76% over two steps): 'H NMR (600
MHz, C¢Ds) 0 3.43 (dd, J = 9.0, 1.8, 1H), 2.78-2.75 (m, 1H), 1.88-1.83 (m, 1H), 1.80-
1.74 (m, 1H), 1.73—-1.68 (m, 1H), 1.54-1.49 (m, 1H), 1.48-1.41 (m, 1H), 1.10 (s, 9H),
1.08 (d, /= 6.7, 3H), 1.03 (s, 9H), 0.97 (t, J = 7.4, 3H), 0.92-0.91 (m, 6H), 0.78 (br s, 1H
and dd, J = 15.4, 1.5, 1H), 0.56 (dd, J = 15.4, 12.5, 1H); °C NMR (100 MHz, C¢D¢) &
81.3 (CH), 80.2 (CH), 47.8 (CH), 43.5 (CH), 32.1 (CH), 29.3 (CHs), 29.2 (CH), 29.0
(CH3), 22.7 (C), 22.2 (CH3), 21.9 (O), 15.4 (CH3), 14.5 (CH3), 13.2 (CH,), 10.7 (CHs3);
IR (ATR) 3351, 1139, 1062, 823 cm™'; HRMS (APCI) m / z caled for CjoH40,Si (M +
H)" 329.2870, found 329.2862. Anal. Calcd for C19H40:Si: C, 69.45; H, 12.27. Found:
C, 69.64; H, 12.34.

t-Bu_ fBu tBu_ fBu
AN AN
Si-0 H Ph  CsOH-H,0, -BuOOH, TBAF Si-0 H Ph
3 DMF 70 °C 3
Et \ Me Et \ Me
z Me N Me
Et,B HO
16 S24

Alcohol S24. To a solution of trialkylborane 16 (0.011 g, 0.025 mmol), BuOOH (0.070
mL, 5-6 M in decane, 0.4 mmol), and CsOH*H,O (0.058 g, 0.35 mmol) in DMF (0.400
mL) was added TBAF (0.125 mL, 1.0 M in THF, 0.13 mmol). After 100 min, Et,O (5
mL) and saturated aqueous Na,S,0; (2.0 mL) were added. The layers were separated and
the aqueous layer was extracted with Et,0O (2 x 5 mL). The combined organic layers
were washed with H,O (10 mL) and brine (10 mL). These layers were dried with MgSO,
and concentrated in vacuo. Purification by flash chromatography (5:95 EtOAc:hexanes)
afforded alcohol S24 as a white solid (0.008 g, 53% over two steps): mp = 126-128 °C;
'H NMR (500 MHz, CDCls) § 7.27-7.26 (m, 4H), 7.17-7.13 (m, 1H), 3.75 (dd, J = 9.0,
1.9, 1H), 3.16 (qd, J = 7.0, 1.9, 1H), 2.99 (t, J = 8.9, 1H), 1.91-1.85 (m, 1H), 1.78-1.65
(m, 2H), 1.54 (br s, 1H), 1.50-1.40 (m, 1H), 1.29 (d, J= 7.0, 3H), 1.18 (d, J = 6.7, 3H),
1.01 (s, 9H), 0.94 (t, J = 7.4, 3H), 0.73 (dd, J = 15.6, 1.5, 1H), 0.51 (dd, J = 15.6, 12.5,
1H), 0.45 (s, 9H); *C NMR (150 MHz, CDCl3) & 145.9 (C), 129.1 (CH), 128.0 (CH),
126.0 (CH), 81.2 (CH), 79.9 (CH), 47.2 (CH), 42.6 (CH), 42.3 (CH), 28.7 (CHs), 28.6
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(CHa), 27.8 (CH3), 21.8 (C), 21.5 (C), 15.9 (CH3), 12.6 (CH»), 10.7 (CH3), 9.9 (CH;); IR
(ATR) 3348, 1041, 1029, 1009, 824 cm™'; HRMS (APCI) m / z caled for CosHaz0,Si (M
+H)" 391.3027, found 391.3038.

t-Bu \S/t'BU t-Bu _ Bu
i- Si-
0 KH, t-BuOOH, CsF "0
-1Ph - N, Ph
e\ DMF 70 °C B\
: Me 3 Me

Et,B HO

2 S25

Alcohol S25. To a solution of KH (0.025 g, 0.55 mmol) in DMF (0.70 mL) was added
‘BuOOH (0.110 mL, 5-6 M in decane, 0.6 mmol), followed by trialkylborane 2 (0.016 g,
0.039 mmol) in DMF (0.40 mL) and THF (0.15 mL). After 10 min, CsF (0.037 g,0.24
mmol) was added and the reaction mixture was heated to 70 °C. After 14 h, the reaction
mixture was cooled to 23 °C, Na,S,0; (0.037 g) was added, and the reaction mixture was
concentrated in vacuo. The reaction mixture was partitioned in Et,0 (10 mL) and brine
(10 mL). The layers were separated and the aqueous layer was extracted with Et,O (2 X 5
mL). The combined organic layers were dried with MgSO, and concentrated in vacuo.
Purification by flash chromatography (5:95 EtOAc:hexanes) afforded alcohol S25 as a
white solid (0.010 g, 71%): mp = 99-100 °C; "H NMR (600 MHz, CDCl3) § 7.31-7.29
(m, 2H), 7.26-7.22 (m, 3H), 4.51 (d, J= 8.5, 1H), 3.05 (t, /=9.2, IH), 2.11-2.04 (m,
1H), 1.85-1.74 (m, 2H), 1.59-1.53 (m, 2H), 1.06 (s, 9H), 0.99 (t, J = 7.4, 3H), 0.93 (s,
9H), 0.85-0.84 (m, 2H), 0.60 (d, J = 6.8, 3H); °C NMR (150 MHz, CDCl;) § 145.0 (C),
128.1 (CH), 127.0 (2 CH), 81.8 (CH), 78.7 (CH), 50.3 (CH), 42.0 (CH), 28.9 (CH3 and
CH,), 28.6 (CH3), 21.8 (C), 21.0 (C), 17.4 (CH3), 11.2 (CH»), 9.6 (CHs3); IR (ATR) 3346,
1078, 1057, 909, 823 cm™; HRMS (ESI) m / z caled for CH3,0 (M — OH)" 345.2608,
found 345.2606.

V. Control Experiments

t-Bu  -Bu tBu tBu

SI "O n'BUNH2 \Si/~o n'BU BEt2

ol —_— ~ -
)/\/Z Ph C.D. 80 °C M..uph + H + H,
Et 6-6 XN

: Me Et
Et,B Me

2 3 4

Amine 4 and Alkene 3. To a solution of trialkylborane 2 (0.018 g, 0.043 mmol) and
mesitylene (0.0020 mL, 0.014 mmol, internal standard) in C¢Dg (0.600 mL) in a NMR
tube was added "BuNH, (0.050 mL, 0.50 mmol). The NMR tube was flame-sealed under
vacuum. After 24 h, the reaction mixture was heated to 80 °C. After 24 h, alkene 3 was
formed in 95% yield based on 'H NMR spectroscopic analysis of the area of a peak of the
standard (0 6.71) and the area of the benzylic CH peak (8 4.70). The spectral data are
consistent with the data reported above for alkene 3. Amine 4 was formed in 85% yield
based on '"H NMR spectroscopic analysis of the area of a peak of the standard (8 6.71)
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and the area of the NH peak (8 3.77): '"H NMR (600 MHz, C¢Ds, diagnostic peaks) § 3.77
(br s, 1H), 2.84-2.80 (m, 2H); °C NMR (150 MHz, C¢Ds, diagnostic peaks) & 42.8
(CH,), 36.2 (CH>), 9.7 (CHs); ''B NMR (128 MHz, C¢Ds) & 45.9.

tBu_ {-Bu

\S- /\/Ph t-Bu N /f‘BU
"O = 5 SI—O NaOH, H202
PR 2 ph + EtB_~_Ph ——— HO _~_Ph
Et _ 80 °C Et A
ELB Me Me
7 3 6 S26

Alkene 3 and Trialkylborane 6. To a solution of trialkylborane 2 (0.013 g, 0.031
mmol) and mesitylene (0.0020 mL, 0.014 mmol, internal standard) in C¢Ds (0.550 mL) in
a NMR tube was added allylbenzene 5 (0.006 mL, 0.045 mmol). The NMR tube was
flame-sealed under vacuum. After 24 h, the reaction mixture was heated to 80 °C. After
24 h, alkene 3 was formed in 96% yield based on 'H NMR spectroscopic analysis of the
area of a peak of the standard (0 6.71) and the area of the benzylic CH peak (8 4.70). The
spectral data are consistent with the data reported above for alkene 3. Trialkylborane 6
was formed in 74% yield based on 'H NMR spectroscopic analysis of the area of a peak
of the standard (8 6.71) and the area of the benzylic CH, peak (8 2.51): '"H NMR (600
MHz, C¢Ds, diagnostic peaks) & 2.51 (t, J = 7.6, 2H), 1.69-1.63 (m, 2H); >C NMR (150
MHz, C¢Ds, diagnostic peaks) & 39.8 (CH,), 27.9 (CH,), 27.3 (CH»), 20.0 (CH»), 8.7
(CH;); ''"B NMR (128 MHz, C¢D) & 85.9.

Alcohol S26. Oxidation of trialkylborane 6 was performed to confirm the identity of 6.
The above reaction mixture was transferred to a flask containing 1 M NaOH (1.0 mL)
and 30% H,0; (0.5 mL) using Et;O (2 mL). The layers were separated and the aqueous
layer was extracted with Et,0 (2 X 3 mL). The combined organic layers were dried
(MgSO,) and concentrated in vacuo. The spectral data for alcohol S26 matched the data
previously reported.®

t-Bu _ tBu tBu _ tBu
t-Bu Si o) Si -0
tBu-§{_o_ b, BEts+B(nBu); /R/quph . /R/Z...Ph
Me CeHg, THF, 23°C  Et M n-Bu Mo
Et.B (n-Bu).B
1 2 7

Crossover experiment with BEt, (5 equiv) and B(n-Bu), (5 equiv). To a solution of
trans-alkene 1 (0.007 g, 0.021 mmol) in C4H, (0.200 mL) was added tri-n-butylborane
(0.024 mL, 0.098 mmol), immediately followed by triethylborane (0.100 mL, 1.0 M in
THF, 0.10 mmol). After 2 h, 1 M NaOH (0.80 mL) was added, followed by 30% H,O, in
H,0 (0.40 mL) (caution the ensuing reaction was exothermic). After 20 min, Et,O (5
mL) and brine (5 mL) were added and the layers were separated. The aqueous layer was
extracted with Et,0 (2 X 5 mL). The combined organic layers were dried (MgSO,) and
concentrated in vacuo. 'H NMR spectroscopic analysis of the unpurified reaction
mixture showed a mixture of trialkylboranes 2 and 7 in a 83:17 (2:7) ratio. The spectral
data are consistent with the data reported above for trialkylboranes 2 and 7.
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Crossover experiment with BEt, (5 equiv) and B(n-Bu), (20 equiv). To a solution of
trans-alkene 1 (0.007 g, 0.021 mmol) in C4H, (0.200 mL) was added tri-n-butylborane
(0.100 mL, 0.410 mmol), immediately followed by triethylborane (0.100 mL, 1.0 M in
THF, 0.10 mmol). After 2 h, 1 M NaOH (0.80 mL) was added, followed by 30% H,O, in
H,0 (0.40 mL) (caution the ensuing reaction was exothermic). After 20 min, Et,O (5
mL) and brine (5 mL) were added and the layers were separated. The aqueous layer was
extracted with Et,0 (2 X 5 mL). The combined organic layers were dried (MgSO,) and
concentrated in vacuo. 'H NMR spectroscopic analysis of the unpurified reaction
mixture showed a mixture of trialkylboranes 2 and 7 in a 59:41 (2:7) ratio. The spectral
data are consistent with the data reported above for trialkylboranes 2 and 7.

OTBS
P OTBS -/

BEt, -
CeDg, THF, 23 °C

+ other unidentified products

Et OH
S27 S28

Alcohol S28. To a solution of trans-alkene S27 (0.017 g, 0.062 mmol) in C,D, (0.610
mL) in a J. Young NMR tube was added triethylborane (0.370 mL, 1.0 M in THF, 0.37
mmol). The reaction mixture was monitored by '"H NMR spectroscopy until trans-alkene
S28 was consumed. After 13 d, 1 M NaOH (1.0 mL) was added, followed by 30% H,0,
in H,O (0.50 mL) (caution the ensuing reaction was exothermic). After 20 min, Et,O (5
mL) and brine (5 mL) were added and the layers were separated. The aqueous layer was
extracted with Et,0 (2 X 10 mL). The combined organic layers were dried (MgSO,) and
concentrated in vacuo. Purification by flash chromatography (hexanes) afforded alcohol
S28 as a clear oil that could not be purified further (0.004 g, 21% unpurified yield): 'H
NMR (600 MHz, C¢Ds) 0 3.46-3.44 (m, 2H), 3.24-3.21 (m, 1H), 2.01-1.96 (m, 1H),
1.85-1.80 (m, 2H), 1.75-1.68 (m, 1H), 1.62—-1.56 (m, 2H), 1.52—-1.42 (m, 1H), 1.32-1.19
(m, 3H), 1.01 (s, 9H), 0.88-0.79 (m, 4H), 0.57-0.52 (m, 1H), 0.48-0.43 (m, 2H), 0.39—
0.34 (m, 1H), 0.08 (s, 6H); C NMR (150 MHz, C¢D¢) & 75.1 (CH), 67.1 (CH,), 44.2
(CH), 40.7 (CHy), 33.5 (CHy), 27.4 (CH), 26.5 (CH3), 26.3 (CH,), 24.9 (CH,), 24.0
(CH), 21.51 (CH), 21.50 (CH), 18.9 (C), 13.7 (CH3), —4.6 (CH3); IR (ATR) 3406, 1074,
836 cm'; HRMS (APCI) m / z caled for CisH3NaO,Si (M + Na)" 335.2377, found
335.2374.
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VI. Rearrangement of Seven-Membered-Ring trans-Alkenes

1. AgO,CCF4 +-Bu It-Bu
/t-Bu (1 mol °/o) \SI 0
MPh + Si 1.
‘tBu 2.0 7 :
L enl 7 we
S5 S2 Me S17
CeDg, 23 °C

Alkene S17. The synthesis of alkene S17 was adapted from a reported procedure.” To a
solution of diene S5 (0.011 g, 0.084 mmol) and cyclohexene silacyclopropane S2 (0.021
g, 0.094 mmol) in C¢Hg (0.50 mL) was added AgOCOCF; (0.024 mL, 0.010 M in Cg¢He,
0.3 mol %). After 10 min, crotonaldehyde (0.007 mL, 0.08 mmol) was added. After I d,
the reaction mixture was concentrated in vacuo. Purification by flash chromatography
(3:97 EtOAc:hexanes) afforded alkene S17 as a colorless oil (0.015 g, 52% over three
steps): 'H NMR (400 MHz, C¢Dg) 8 7.18-7.11 (m, 4H), 7.07-7.02 (m, 1H), 5.89 (ddd, J
=17.0,10.3, 8.3, 1H), 5.71-5.62 (m, 1H), 5.59-5.53 (m, 1H), 4.83 (dt, J=17.0, 1.5, 1H),
4.78-4.74 (m, 1H), 4.47 (ddt, J = 10.3, 5.2, 1.0, 1H), 3.04 (dd, J = 12.6, 10.3, 1H), 2.73
(ddt, J = 12.6, 8.3, 1.0, 1H), 1.47 (dt, J = 6.2, 1.3, 3H), 1.20 (s, 9H), 1.17 (s, 9H); °C
NMR (100 MHz, C¢Ds) 6 142.1 (C), 138.1 (CH), 132.6 (CH), 129.0 (CH), 128.9 (CH),
127.2 (CH), 126.0 (CH), 113.4 (CH,), 84.4 (CH), 58.4 (CH),40.4 (CH), 28.6 (CH3), 28.4
(CH3), 22.4 (C), 22.2 (C), 18.0 (CHs); IR (ATR) 1628, 1472, 837 cm™'; HRMS (ESI) m /
z caled for CooH33Si (M — OH)™ 325.2346, found 325.2347.

t-B f-Bu
1. AgO,CCF, Usgi
tBu (1 mol %
OBn Q S (1 mol %) J ]
/\N “-Bu 2. PhCHO ‘Ph
S8 S2 CeDe: 23°C s18
BnO

Alkene S18. The synthesis of alkene S18 was adapted from a reported procedure.” To a
solution of diene S8 (0.014 g, 0.074 mmol) and cyclohexene silacyclopropane S2 (0.021
g, 0.094 mmol) in C¢Dg (0.50 mL) was added AgOCOCF;3 (0.025 mL, 0.030 M in Cg¢He,
1 mol %). After 10 min, benzaldehyde (0.0075 mL, 0.074 mmol) was added. After 1 d,
the reaction mixture was concentrated in vacuo. Purification by flash chromatography
(3:97 EtOAc:hexanes) afforded alkene S18 as a colorless oil (0.020 g, 63% over three
steps): 'H NMR (600 MHz, C4Dg) & 7.52 (d, J = 7.7, 2H), 7.24 (d, J = 7.6, 2H), 7.21—
7.18 (m, 2H), 7.14-7.07 (m, 4H), 6.00-5.94 (m, 1H), 5.00 (d, J=17.1, 1H), 4.89 (d, J =
10.3, 1H), 4.64 (d, J = 9.5, 1H), 4.18 (s, 2H), 3.29-3.23 (m, 2H), 2.36-2.27 (m, 2H),
1.75-1.71 (m, 2H), 1.21 (s, 9H), 1.13 (s, 9H); °C NMR (150 MHz, C¢Ds) & 144.2 (C),
140.1 (CH), 139.6 (C), 128.84 (CH), 128.82 (CH), 128.7 (CH), 128.1 (CH), 127.91 (CH),
127.87 (CH), 112.6 (CH,), 85.4 (CH), 73.2 (CH3), 68.1 (CHy), 49.6 (CH), 38.5 (CH),
31.6 (CHy), 28.59 (CH3), 28.58 (CH3), 22.5 (C), 22.2 (C); IR (ATR) 1625, 1472, 1002,
822 cm™'; HRMS (APCI) m / z caled for CagHi0,Si (M + H)™ 437.2870, found 437.2873.
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t-Bu
1. AgO,CCF3 t-Bu \Sil
_tBu (1 mol %) w0
N et Si -
N _ 2. p'CBH4CF30HO “
t-Bu CGDS 23 °C Me p—CGH4CF3
S1 S2 ' S20

Alkene S20. The synthesis of alkene S20 was adapted from a reported procedure.” To a
solution of diene S1 (0.0080 mL, 0.080 mmol) and cyclohexene silacyclopropane S2
(0.022 g, 0.098 mmol) in C¢Hg (0.50 mL) was added AgOCOCF; (0.022 mL, 0.010 M in
CeéHg, 0.3 mol %). After 10 min, p-(trifluoromethyl)benzaldehyde (0.010 mL, 0.073
mmol) was added. After 4 d, the reaction mixture was concentrated in vacuo.
Purification by flash chromatography (3:97 EtOAc:hexanes) afforded alkene S20 as a
colorless oil (0.009 g, 29% over three steps): 'H NMR (400 MHz, CDCl3) & 7.61 (d, J =
8.2, 2H), 7.52 (d, J = 8.2, 2H), 5.93 (ddd, J = 17.0, 10.3, 8.8, 1H), 5.02—4.95 (m, 2H),
4.37 (d, J=10.0, 1H), 2.09-2.04 (m, 1H), 1.98-1.87 (m, 1H), 1.17 (s, 9H), 1.12 (s, 9H),
0.90 (d, J= 6.3, 3H); >C NMR (150 MHz, CDCl3) 8 147.3 (C), 137.9 (CH), 129.9 (q, J =
32.1, C), 126.9 (CH), 125.4 (q, J = 3.6, CH), 124.4 (q, J = 270.7, C), 113.3 (CH,), 85.8
(CH), 47.4 (CH), 40.2 (CH), 28.1 (CH3), 28.0 (CH3), 22.0 (C), 21.8 (C), 15.8 (CH3); °F
NMR (376 MHz, CDCl;) 8 —65.6; IR (ATR) 1622, 1473, 1323, 1067, 823 cm™'; HRMS
(APCI) m / z caled for CyH3FsNaOSi (M + Na)™ 407.1988, found 407.1982. Anal.
Calcd for C,1H31F50Si: C, 65.59; H, 8.13. Found: C, 65.84; H, 8.27.
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VII. X-ray Crystallographic Data

A. X-ray Data Collection, Structure Solution, and Refinement for Trialkylborane 2
(CCDC 1539169)

C21

C15

Single-crystal structure determination. The X-ray intensity data of the crystal were
recorded on a Bruker D8 APEX-II CCD system using graphite-monochromated and 0.5
mm-MonoCap-collimated Mo-Ka. radiation (A = 0.71073 A) with the » scan method at
100 K. The temperature was controlled by an Oxford Cryosystems 700+ Cooler. The
dataset was processed with the INTEGRATE program of the APEX2 software for
reduction and cell refinement’ Multi-scan absorption corrections were applied by using
the SCALE program for the area detector. The structure was solved by intrinsic phasing
methods (SHELXT)'" and the structure model was completed and refined using the full-
matrix least-square methods on F* (SHELXL)."" Non-hydrogen atoms were refined with
anisotropic displacement parameters, and hydrogen atoms on carbons were placed in
idealized positions (C-H = 0.95-1.00 A) and included as riding with Uiso(H) = 1.2 or 1.5
Ueq(non-H).
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B. X-ray Data Collection, Structure Solution, and Refinement for Trialkylborane ent-10
(CCDC 1539170)

C17

C16

Single-crystal structure determination. The X-ray intensity data of the crystal were
recorded on a Bruker D8 APEX-II CCD system using graphite-monochromated and 0.5
mm-MonoCap-collimated Mo-Ka. radiation (A = 0.71073 A) with the » scan method at
100 K. The temperature was controlled by an Oxford Cryosystems 700+ Cooler. The
dataset was processed with the INTEGRATE program of the APEX2 software for
reduction and cell refinement’ Multi-scan absorption corrections were applied by using
the SCALE program for the area detector. The structure was solved by intrinsic phasing
methods (SHELXT)'" and the structure model was completed and refined using the full-
matrix least-square methods on F* (SHELXL)."" Non-hydrogen atoms were refined with
anisotropic displacement parameters, and hydrogen atoms on carbons were placed in
idealized positions (C-H = 0.95-1.00 A) and included as riding with Uiso(H) = 1.2 or 1.5
Ueq(non-H).

VIII. Stereochemical Proofs
A. Assignment by analogy

The relative stereochemistry of trans-alkenes S3, S4, S7, S10-S16 and alkenes S17, S18,
and S20 were assigned by analogy to previously reported structures.” The relative
stereochemistry of trialkylboranes 7-18 were assigned by analogy to X-ray
crystallographic structures of compounds 2 and ent-10. The relative stereochemistry of
alcohol 20 was assigned by analogy to alcohols S23 and S24 (nOe data reported below).
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B. General Procedure for DPFGSE—nOe Experiments
All DPEGSE-nOe data were collected on degassed C,D, samples with a mixing time of

0.50 seconds. All peaks in the 'H NMR spectra were assigned using 'H/'H COSY, 'H/"C
HSQC, and '"H NMR chemical shifts.

C. DPFGSE—nOe Data

S24
Relevant nOe Data for Alcohol S24 (C(D,)

H* irradiated: H® (2.1%), H" (0.7%)

H® irradiated: H* (2.2%)

HC irradiated: H® (2.1%), Bu' (3.3%)

HP irradiated: H® (2.4%)

Bu' irradiated: H® (0.8%), H® (0.4%), HE (0.5%)

‘Bu? irradiated: H* (0.9%), H® (0.6%), H' (0.8%)

Note: There was no nOe observed between H* and H®. These data indicate the relative
stereochemistry shown above.

S$23

Relevant nOe Data for Alcohol S23 (C(D)

H* irradiated: H® (1.6%)

H® irradiated: H* (1.6%)

HP irradiated: H® (1.2%)

HE irradiated: H* (0.7%), H® (2.0%), Bu* (2.7%)

‘Bu? irradiated: H* (0.7%), H® (0.4%)

Note: There was no nOe observed between H* and H°. These data indicate the relative
stereochemistry shown above.
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IX. Computational Investigations of the Carboboration Reaction

Computational studies of the carboboration reaction of trans-oxasilacycloheptenes were
performed on model compounds. A conformational search of a model compound using
the Merck Molecular Force Field (MMFF) as implemented in Spartan16' produced
structure S29 that resides in a conformation that resembles the X-ray crystal structure of a
trans-oxasilacycloheptene.'® This structure was further minimized using semi-empirical
methods (PM3), then Hartree—Fock methods (HF/6-31G(d)) and then density functional
methods (B3LYP/6-31G(d)). Additional optimization of S29 was performed with
Gaussian09'* (M06-2X/6-311+G(2d,p)) using the integrated equation formalism of the
polarizable continuum model (IEFPCM) with THF as the solvent; the structures from the
different methods were not significantly different. The minimization protocol was
repeated for trimethylborane, ethylene, and trans-cycloheptene S31. All structures were
determined to be energy minima by vibrational calculations, which showed no imaginary
frequencies.

Me /Me
’ e -cq;
MewMe + MesB — > WMe
=
529 e~ BMe2
S30
¥
'__BMe,
S31 ® sa

T
¥

Me l—h
Me-si O Me lJ[L/I/
7 Me Me --"BMe2

Me,B -

S33 S34

Transition structures for carboboration reactions were optimized. The transition structures
were first identified at the B3LYP/6-31G(d) level without solvent (as implemented in
Spartan16) by reducing the distance between the boron atom and the alkene. At
approximately 2.0 A, the energy of the system, which had slowly risen, dropped
significantly. The highest energy structures were minimized at the B3LYP/6-31G(d)
level to obtain transition structures. All transition structures structurally resembled those
identified for hydroboration."” These structures were optimized further using Gaussian09
(M06-2X/6-311+G(2d,p)) with the polarizable continuum model (IEFPCM) with THF as
the solvent. The transition state for the formation of S33, shown below, is representative.
That these structures were transition states was confirmed by vibration calculations,
which showed only one imaginary frequency (421 cm ' in the case of $33). Transition
states were also located for the other carboboration reactions.
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1.42960 A
H
RC ﬂ K, bond angles:
— RHC—-RHC-B = 77.142°
207974 A =5 /77 7/¢—1166840 A RHC-B-CHj = 111.542°
L BM B-CH,—CHR = 59.018°
H7 o0 5 e CH3—-CHR-CHR = 110.034°
HT “Me a=CHR-CHR =110.
1.83646 A

Summary of Computational Data

S$28

Transition State

Description and Number

Transition State Structure

AAEZ (kcal/mol)

ethylene and H Hy 21.4
trimethylborane & —7"
(S34) C L Me
~ - --B:
I:'\ C7 TMe
trans-cycloheptene and 1.13
trimethylborane L \
(S32) H // - '// H
= C- - -ByMe
H Me
Major regioisomer and Me o Me 342
trimethylborane Mer S
(S30) G >
J===7H
H, C,’ B,’ M
wvL---By 'Me
: H ‘Me
Minor regioisomer and Me o Me 8.60
trimethylborane Me” S H
(S33) 3
WU T T H
Mem—p- - -C=H
Me‘\\ H H
Trimethylborane

N
i

B
HsC” “CHs

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM) (note: convergence required the

“calcfc” keyword)
Energy: —144.56553199

Number of imaginary vibrations: 0

Table S1: Cartesian Coordinates for Trimethylborane

‘ Center \ Atomic

| X (A)

| Y (A) | Z (A)
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Number Number

1 5 -0.002519 | -0.002270 | -0.002306
2 6 -1.547399 | -0.286728 | -0.004649
3 1 -1.822489 | -1.338963 | -0.090029
4 1 -1.964146 | 0.095807 0.936065
5 1 -2.051388 | 0.280371 -0.793330
6 6 1.021381 -1.192839 | 0.008940
7 1 1.027780 -1.613025 | -1.006428
8 1 2.048073 -0.913572 | 0.251342
9 1 0.702467 -2.010617 | 0.660518
10 6 0.524681 1.477920 | -0.005029
11 1 1.001986 1.668609 0.964613
12 1 1.318374 1.612244 | -0.746694
13 1 -0.240035 | 2.240378 -0.160098
ethylene

o\ <

H>_<H J

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)

Energy: —78.56741412

Number of imaginary vibrations: 0

Table S2: Cartesian Coordinates for Ethylene

Center Atomic X (A) Y (A) Z(A)
Number Number

1 6 0.661928 0.000000 | 0.000004
2 6 -0.661928 | 0.000000 | -0.000004
3 1 1.229122 0.923425 -0.000010
4 1 1.229122 -0.923425 | 0.000023
5 1 -1.229122 | -0.923425 | 0.000010
6 1 -1.229122 | 0.923425 -0.000023

$529
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trans-cycloheptene

S o 9

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)
Energy: —273.85136156 au

Number of imaginary vibrations: 0

Table S3: Cartesian Coordinates for trans-Cycloheptene

Center Atomic X (A) Y (A) Z(A)
Number Number

1 1 0.366651 -1.192109 | 1.516442
2 6 0.569537 -1.241617 | 0.448757
3 6 -0.471866 | -1.298059 | -0.377507
4 1 -0.277247 | -1.259531 | -1.450226
5 6 1.802945 -0.520468 | -0.018030
6 1 2.580732 -0.505908 | 0.745942
7 1 2.230129 -0.952674 | -0.924917
8 6 -1.735290 | -0.631832 | 0.068887
9 1 -1.912206 |-0.801981 | 1.133790
10 1 -2.633225 | -0.907269 | -0.486698
11 6 1.280657 0.926316 -0.321130
12 1 1.106295 1.003942 -1.398230
13 1 2.060024 1.653479 -0.079358
14 6 -1.393533 | 0.870076 -0.171050
15 1 -2.189564 | 1.486616 0.256728
16 1 -1.402325 | 1.055856 -1.250149
17 6 -0.033860 | 1.367129 0.393683
18 1 0.023297 1.132081 1.461294
19 1 -0.064107 | 2.458236 0.333714

S$30
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trans-oxasilacycloheptene model compound

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)
Energy: —679.16022095 au
Number of imaginary vibrations: 0

Table S4: Cartesian Coordinates for S29

Center Atomic X (A) Y (A) Z(A)
Number Number

1 14 1.178548 -0.253742 | 0.014051
2 8 -0.346764 | -0.773024 | -0.452129
3 6 1.399488 1.638059 -0.297801
4 6 -2.149763 | 0.867118 -0.007475
5 6 -1.583284 | -0.563681 | 0.233788
6 6 2.346153 -1.276848 | -1.011076
7 6 1.386466 -0.543256 | 1.846331
8 1 1.712053 2.100181 0.641148
9 1 2.089605 1.903652 -1.096891
10 1 -3.031642 | 1.002285 0.622138
11 1 -2.450694 | 0.947324 -1.056037
12 1 2.209942 -2.341069 | -0.810416
13 1 2.171437 -1.103567 | -2.074820
14 1 3.381839 -1.011299 | -0.788802
15 1 2.425878 -0.361005 | 2.129021
16 1 1.134861 -1.573608 | 2.107406
17 1 0.756704 0.123624 | 2.438573
18 6 -2.557574 | -1.630169 | -0.227600
19 1 -3.521174 | -1.504520 | 0.269125
20 1 -2.173933 | -2.625584 | -0.002719
21 1 -2.708284 | -1.550080 | -1.305990
22 1 -1.408644 | -0.672836 | 1.311668
23 6 -1.008217 | 1.783474 0.300783
24 1 -0.757378 | 1.923315 1.351813
25 6 -0.039435 | 1.864371 -0.615310
26 1 -0.319138 | 1.645348 -1.644733

S31
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transition state for addition of trimethylborane to ethylene

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)
Energy: —223.09893940

Number of imaginary vibrations: 1 (-511.65 cm™)

Table S5: Cartesian Coordinates for Carboboration of Ethylene

Center Atomic X (A) Y (A) Z(A)
Number Number

1 5 0.336308 -0.143723 | 0.076425
2 6 1.025291 -1.023351 | -1.072564
3 1 1.535102 -1.887425 | -0.635602
4 1 1.772920 -0.452910 | -1.634703
5 1 0.302322 -1.412776 | -1.797702
6 6 1.246332 0.642781 1.136328
7 1 1.829046 -0.071271 | 1.726092
8 1 0.656148 1.237203 1.840695
9 1 1.952101 1.321469 0.644508
10 6 -0.363418 | 1.329846 -0.853206
11 1 -0.551585 | 2.177672 -0.200917
12 1 -1.062051 | 1.334177 -1.685150
13 1 0.631288 1.442634 -1.284339
14 1 -0.905080 | -2.028230 | 0.529373
15 6 -0.862006 | -0.996624 | 0.852514
16 6 -1.533228 | -0.034966 | 0.033769
17 1 -0.881952 | -0.837591 | 1.922449
18 1 -1.967036 | -0.387830 | -0.890681
19 1 -2.070581 | 0.777375 0.502805

S32
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transition state for addition of trimethylborane to tfrans-cycloheptene

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)
Energy: —418.41508651
Number of imaginary vibrations: 1 (~383.28 cm ™)

Table S6: Cartesian Coordinates for Carboboration of trans-Cycloheptene

Center Atomic X (A) Y (A) Z (A)
Number Number

1 5 -1.694092 | -0.168282 | 0.087693
2 6 -1.887529 | 1.436830 -0.698545
3 1 -2.966531 | 1.296187 -0.798786
4 1 -1.510974 | 1.678247 -1.691247
5 1 -1.717846 | 2.276579 -0.027253
6 6 -2.490839 | 0.075169 1.467451
7 1 -2.028277 | 0.849975 2.087580
8 1 -2.525653 | -0.840943 | 2.064706
9 1 -3.523604 | 0.387195 1.273414
10 6 -2.288272 | -1.230184 | -0.963528
11 1 -2.288934 | -2.243217 | -0.548942
12 1 -1.729343 | -1.270789 | -1.904901
13 1 -3.324570 | -0.982918 | -1.219773
14 1 0.092038 -0.261576 | 1.533706
15 6 -0.086025 | -0.545437 | 0.499878
16 6 0.010571 0.537940 -0.393863
17 1 0.110724 0.263840 -1.441158
18 6 0.691667 -1.779702 | 0.086169
19 1 0.701847 -2.494890 | 0.911066
20 1 0.226634 -2.281567 | -0.764983
21 6 0.809326 1.729195 0.014574
22 1 0.606940 1.971688 1.060585
23 1 0.622622 2.614448 -0.596106
24 6 2.139446 -1.357985 | -0.278073
25 1 2.196052 -1.172542 | -1.355736
26 1 2.819545 -2.189861 | -0.080758
27 6 2.279242 1.269039 -0.160179
28 1 2.919364 2.040835 0.273116

S33
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29 1 2.505415 1.245363 -1.231135
30 6 2.674202 -0.097690 | 0.443817
31 1 2.408822 -0.126989 | 1.505075
32 1 3.765462 -0.140712 | 0.406857

transition state for addition of trimethylborane to frans-oxasilacycloheptene, observed
regioisomer

H SN
H'C\L' "By e A ﬁ"”
Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)

Energy: —823.72030262
Number of imaginary vibrations: 1 (—421.12cm™)

Table S7: Cartesian Coordinates for Carboboration of S30, Observed Regioisomer

Center Atomic X (A) Y (A) Z (A)
Number Number

1 14 -1.825701 | -0.849551 | 0.010507
2 8 -1.648464 | 0.722038 -0.503243
3 6 1.011774 0.454313 0.484493
4 6 0.777330 -0.603563 | -0.448081
5 6 -0.122195 | -1.732570 | -0.096967
6 6 0.452472 1.803799 0.092533
7 6 -1.072971 | 1.798773 0.245582
8 6 -3.030120 | -1.632011 |-1.167270
9 6 -2.420460 | -0.904335 | 1.776236
10 1 0.768558 0.182299 1.513002
11 1 0.708848 -0.268075 | -1.477606
12 1 0.116366 -2.133513 | 0.891272
13 1 -0.113948 | -2.542139 | -0.828555
14 1 0.864284 2.604995 0.713018
15 1 0.699662 2.034884 -0.948272
16 1 -4.005817 | -1.147374 | -1.099463
17 1 -2.672366 | -1.544091 | -2.194972
18 1 -3.155436 | -2.692466 | -0.939418
19 1 -2.622794 | -1.939957 | 2.059832
20 1 -3.343553 | -0.332443 | 1.893265
21 1 -1.677252 | -0.507269 | 2.470349
22 6 -1.702745 | 3.090232 -0.237934
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23 1 -1.288750 | 3.941817 0.304608
24 1 -2.782586 | 3.071487 -0.088729
25 1 -1.500445 | 3.223952 -1.302561
26 1 -1.312690 | 1.656190 1.307356
27 5 2.555017 -0.045013 | 0.093791
28 6 3.276168 0.965689 -0.927403
29 1 2.751889 1.063588 -1.884363
30 1 4.294541 0.632104 | -1.155132
31 1 3.350186 1.971226 | -0.500402
32 6 2.539271 -1.653564 | -0.792149
33 1 2.119043 -1.854314 | -1.776168
34 1 2.341802 -2.492581 | -0.129358
35 1 3.619109 -1.569027 | -0.932157
36 6 3.331044 -0.471426 | 1.436572
37 1 4.311206 -0.909519 | 1.216636
38 1 2.772219 -1.202967 | 2.029775
39 1 3.492950 0.403661 2.074253

transition state for addition of trimethylborane to frans-oxasilacycloheptene, other

regioisomer

Me-—"B -- —/\C,< H

M e\\ H

H

Gaussian09: MO6-2X/6-311+G(2d,p), THF (IEPCM)
Energy: —823.71204962
Number of imaginary vibrations: 1 (—453.43 cm™")

Table S8: Cartesian Coordinates for Carboboration of S33, Other Regioisomer

Center Atomic X (A) Y (A) Z(A)
Number Number

1 14 -1.782264 | -0.930967 | -0.018151
2 8 -1.678364 | 0.659479 -0.530780
3 6 0.966489 0.541095 0.398935
4 6 0.868172 -0.548122 | -0.509861
5 6 -0.046558 | -1.695069 | -0.102322
6 6 0.389921 1.870791 0.021975
7 6 -1.138999 | 1.750002 0.205138
8 6 -2.977292 | -1.733014 | -1.197448
9 6 -2.414659 | -0.973412 | 1.741206
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10 1 0.807404 0.270630 1.440852
11 1 0.704131 -0.224701 | -1.534876
12 1 0.235666 -2.091377 | 0.876944
13 1 0.013280 -2.520924 | -0.814872
14 1 0.747330 | 2.687340 | 0.653185
15 1 0.615113 2.102879 -1.022484
16 1 -3.963948 | -1.271072 | -1.130395
17 1 -2.621005 | -1.637415 | -2.225176
18 1 -3.079236 | -2.796759 | -0.972109
19 1 -2.594550 | -2.010320 | 2.035894
20 1 -3.353400 | -0.423940 | 1.839240
21 1 -1.693195 | -0.553015 | 2.445616
22 6 -1.838416 | 3.017958 -0.247538
23 1 -1.462405 | 3.883849 0.299368
24 1 -2.911851 | 2.933785 -0.077553
25 1 -1.665460 | 3.173607 -1.314030
26 1 -1.335958 | 1.595870 1.274306
27 5 2.499864 -0.447763 | -0.125301
28 6 2.945243 -1.588156 | 0.913335
29 1 2.749123 -2.586465 | 0.509428
30 1 2.427788 -1.525744 | 1.876949
31 1 4.018571 -1.525119 | 1.124167
32 6 3.335923 -0.263534 | -1.486508
33 1 3.262612 -1.166518 | -2.100467
34 1 4.397895 -0.084893 | -1.282226
35 1 2.976019 0.571509 -2.095862
36 6 2.929789 1.124481 0.718885
37 1 3.954286 0.766168 0.834399
38 1 2.594307 1.433333 1.706733
39 1 2.939099 1.977688 0.045039
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Computational Investigations of NBO Calculations

Additional calculations were performed to evaluate the bonding of the borane to explain
the unusual chemical shift of the trialkylborane products. These studies were performed
on a model compound, borane S35. A conformational search using the Merck Molecular
Force Field (MMFF, with keywords “montecarlo” and “findboats” resulting in more
conformers) as implemented in Spartan16'* produced 13 low-energy conformers. One
structure, the lowest energy one, was found to occupy a conformation that resembles the
X-ray crystal structure of the product 2. These structures were refined using semi-
empirical methods (PM3), then Hartree—Fock methods (HF/3-31G(d)), which produced
five unique conformers. These structures were optimized with Gaussian09'* (M06-2X/6-
311+G(2d,p)). The structure resembling the X-ray crystal structure was >0.9 kcal/mol
lower in energy than all others. This structure was determined to be an energy minima by
vibrational calculations, which showed no imaginary frequencies.
Me 'Me
Si 0
Me "'Me
Me,B  Me

S35
borane model compound (S35)
Me _,Me
Si. 0
Me “'Me

Me,B  Me

S35
Gaussian09: MO6-2X/6-311+G(2d,p)
Energy: —863.087061105 au
Number of imaginary vibrations: 0

Table S9: Cartesian Coordinates for S35

Standard orientation:

Coordinates

(Angstroms)
Center Atomic X Y V4
Number Number
1 8 1.539515 0.835524 0.663553
2 6 -1.277836 -0.101018 -0.389199
3 6 0.874306 -1.479241 -0.814397
4 6 -0.466738 -1.382640 -0.055304
5 14 2.246062 -0.511594 0.013509
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6 6 0.654069 1.622090 -0.126475
7 6 -0.796916 1.246252 0.214125
8 6 2.966234 -1.453261 1.449541
9 6 3.579040 -0.043309 -1.210886
10 1 0.731703 -1.160866 -1.852942
11 1 1.192659 -2.527218 -0.866774
12 1 3.646735 -0.818071 2019686
13 1 3.524170 -2.327078 1.106464
14 1 2.179876 -1.793960 2.125878
15 1 4.395358 0.484381 -0.713494
16 1 3.994688 -0.932623 -1.690645
17 1 3.185545 0.604837 -1.997247
18 6 1.011201 3.076226 0.140379
19 1 2.083374 3.206108 -0.009388
20 1 0.778015 3.336127 1.175832
21 1 0.482717 3.758196 -0.525336
22 6 -1.766543 2.351269 -0.228444
23 1 -1.560861 3.298787 0.267768
24 1 -2.804595 2.093830 -0.002978
25 1 -1.702510 2.510471 -1.309533
26 6 -1.311042 -2.623932 -0.375852
27 1 -2.238922 -2.660713 0.203399
28 1 -0.757416 -3.538688 -0.156820
29 1 -1.572940 -2.636918 -1.438434
30 5 -2.780356 -0.307581 0.090179
31 6 -3.959412 -0.358538 -0.947484
32 1 -4.946641 -0.175033 -0.518210
33 1 -3.977325 -1.377267 -1.359138
34 1 -3.804234 0.304873 -1.801667
35 6 -3.095694 -0.443324 1.626854
36 1 -2.243420 -0.712890 2.253230
37 1 -3.918200 -1.136941 1.820155
38 1 -3.450752 0.536480 1.973917
39 1 -1.257290 0.010096 -1.484256
40 1 -0.270307 -1.383626 1.024279
41 1 -0.830230 1.171131 1.308203
42 1 0.817576 1.419162 -1.197541
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BMe,:

I

Y

Gaussian09: MO6-2X/6-311+G(2d,p)

Energy: —144.564980142 au

Number of imaginary vibrations: 0

Table S10: Cartesian Coordinates for BMe;:

Coordinates

(Angstroms)
Center Atomic X Y V4
Number Number
1 6 0.637229 1.434376 -0.004682
2 1 -0.067021 2.254342 -0.150473
3 1 1.141985 1.588737 0.957363
4 1 1.430835 1.510990 -0.754608
5 6 -1.563668 -0.166486 -0.004731
6 1 -1.950506 0.228651 0.943357
7 1 -2.027530 0.451606 -0.779655
8 1 -1.919981 -1.192097 -0.108419
9 5 -0.001405 -0.001087 -0.003723
10 6 0.925029 -1.268994 0.007897
11 1 0.556601 -2.040065 0.689418
12 1 0.874554 -1.719525 -0.992609
13 1 1.976555 -1.070583 0.223339

S$39

Computational studies of ''B NMR chemical shifts were performed using the method of

Wrackmeyer. Employing the same computational models used in that work (GIAO

method, B3LYP/6-311+(d,p)) reproduced the chemical shift for BMe, from that paper,'®

but that method suggested that the product should have a chemical shift of & 88 ppm,

which is not consistent with the experimental results.

A natural bond order calculation was performed on both S35 and BMe; using the
computational methods employed to find minima.

summarized in Tables S11 and S12.

The results of those calculations are
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Table 11. Second Order Perturbation Theory Analysis of Fock Matrix in NBO Basis for
S35

Me. Me
(HCZ_ [ S"O)
- 4 :
H27 H32 C\CZ 7 "'Me
H33—/\C31\B::.30 \Fzz(H )
34 C/35 H24
H38" | TSH36
H37
E(2) E()-E@) | F()
Donor Acceptor a.u. a.u.
NBO (1) NBO (j)
3.BD C2 C4 64.LP* | B30 261 0.71 0.040
4.BD C2 C7 64.LP* | B30 345 0.71 0.046
11.BD C4 C26 64.LP* | B30 1.48 0.74 0.031
18.BD C7 C22 64.LP* | B30 1.24 0.74 0.028
19.BD C7 H41 64.LP* | B30 0.62 0.61 0.018
30.BD C22 H24 64.LP* | B30 801 0.64 0.066
32.BD C26 H27 64.LP* | B30 8.52 0.64 0.068
34.BD C26 H29 64.LP* | B30 1.08 0.64 0.024
37.BD C31 H32 64.LP* | B30 0.86 0.62 0.021
38.BD C31 H33 64.LP* | B30 13.61 0.61 0.084
39.BD C31 H34 64.LP* | B30 2.68 0.62 0.038
40. BD C35 H36 64.LP* | B30 0.56 0.62 0.017
41.BD C35 H37 64.LP* | B30 3.31 0.62 0.042
42.BD C35 H38 64.LP* | B30 12.92 0.61 0.082

Table 12. Second Order Perturbation Theory Analysis of Fock Matrix in NBO Basis for

BMe,

E(2) E(G- | Fdy)

E(i)

Donor Acceptor kcal/mol | a.u a.u.
NBO NBO (j)
()
2.BD | C1 H3 17.LP* | B9 8.99 0.61 0.068
3.BD | Cl1 H4 17.LP* | B9 5.15 0.62 0.052
5.BD | G5 H6 17.LP* | B9 9.27 0.61 0.069
6.BD | C5 H7 17.LP* | B9 4.87 0.62 0.050
10.BD | C10 HI11 17.LP* | B9 3.74 0.62 0.044
11.BD | C10 HI12 17.LP* | B9 10.54 0.61 0.074
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The NBO analysis suggests an explanation for the unusually high upfield chemical shift
for the ''B atom of borane S35. As the electron density of a boron atom increases, the
chemical shift should move upfield, so contributions to electron density of the boron
atom was evaluated by NBO analysis, and the chemical shifts were compared to BMe;.
The hyperconjugative interactions of 0.,— n; were of a similar magnitude between these
compounds. Where BMe; had a third set of those interactions, borane S35 had o.-— n;
interactions. Borane S35, however, also had large 6-,— nj; interactions from remote C—
H bonds, which are held rigidly over the boron atom. These interactions (underlined in
Table 11) donate electron density at boron and thus could be responsible for the higher
chemical shifts. No unusual chemical shifts were present for those remote methyl
groups, but that interaction could be averaged by bond rotation, making it difficult to
detect. These interactions of remote carbon—hydrogen bonds to electron-deficient atoms
resemble interactions observed in alkyl-substiututed carbocations.'’
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543

XII. 'H and *C NMR Spectra (Side products, starting materials, and standards from in situ reactions listed above

relevant spectra.)

(0]
4¢S\é¢%\Me + U\éﬁk\Me

* .
/t-Bu
t-Bu — o Me
~ Me
S3

Cyclohexene: §5.69, 1.91, 1.52
Mesitylene: 8 6.71, 2.16

—1.078
——1.003

Current Data Parameters
NAME VII-124-RXN
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160916

Time 16.43
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 65536
SOLVENT C6D6

NS 1

DS 0

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 35.9

DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
ST 32768

SF 500.1989960 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

ppm
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(0]
45;\\5§§\\Me + U\<¢§\\Me
* °
/t-Bu
~ Me
S3

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: § 138.0, 127.7, 18.8

T T T T T T
200 180 160 140 120 100

Current Data Parameters

NAME VII-124-RXN
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160916

Time 16.47
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 51

DS 2

SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 9195.2

DW 16.650 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFO1 125.7877161 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6

NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
ST 32768

SF 125.7750476 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

544
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0
MMe + | Me
* tBu 4°

4.966
4.941

4.924
4.899

Current Data Parameters

NAME VIII-29-RXN
EXPNO 1
S4 PROCNO 1
Cyclohexene: §5.69, 1.91, 1.52 F2 - Acquisition Parameters
. ) Date_ 20170126
Mesitylene: 6 6.71, 2.16 Time 1235
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT C6D6
NS 1
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9
DW 60.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 8.05 usec
PL1 -5.00 dB
PL1W 31.77312851 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300444 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
Jt J M AJ"L UU u pC 1.00
s NM\_M MMM J
° k% * * ° °
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
N b < o M| n Q| 0|©|m
o o - - Aol B ol - I IN|M
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* JtBu Ne
t-Bu — o;
”< Me
S4

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: § 138.0, 127.7, 18.8

Wmmmmmmwm

T T T
200 180 160

T
140

T
120

T
100

80

60

40

20

ppm

Current Data Parameters

NAME VIII-29-RXN
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170126

Time 12.40
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT CéD6

NS 16

DS 2

SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 11585.2

DW 20.850 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 7.75 usec
PL1 -2.70 dB
PL1W 18.70940590 W
SFO1 100.6228298 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6

NUC2 1H
PCPD2 80.00 usec
PL2 -5.00 dB
PL12 14.95 dB
PL13 16.84 dB
PL2W 31.77312851 W
PL12W 0.32141048 W
PL13W 0.20799839 W
SFO2 400.1316005 MHz

F2 - Processing parameters

32768
100.6127076 MHz
EM
0
1.00 Hz
0
1.40

546
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t-Bu
t-Bu ‘S/i
N T H OO AT NO o O o N~
M DFOONOF o~ 10M N O N o < ©woom
MOMOMNM A0 O I-wnw0nwnLw s o O o O oy
Ph R I eI RN Sl RS
58 N7 VA
Current Data Parameters
NAME VII-190-RXN
EXPNO 6
PROCNO 1
Cyclohexene: & 5.69, 1.91, 1.52
: . F2 - Acquisition Parameters
Mesitylene: 6 6.71, 2.16 Date. 50161200
Time 9.30
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 65536
SOLVENT C6D6
NS 1
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 40.3
DW 48.400 usec
DE 6.50 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1

= CHANNEL f1l =
NUCL 1H

Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
ST 65536
SF 500.1989982 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
Ll g
[ T T T T T T T T T T
9 8 5 4 3 2 ppm

.
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/t-Bu
t-Bu ~ o
ﬁl:>\\\///\\
Ph
S6
Cyclohexene: d 128.8, 26.0, 23.5 Current Data Parameters
R . NAME VII-190-RXN
Mesitylene: 6 138.0, 127.7, 18.8 EXPNO >
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161209
Time 9.07
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CéD6
NS 74
DS 2
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 9195.2
DW 16.650 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ===

13C
Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFOL1 125.7877161 MHz
= CHANNEL f2 ===
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
SI 32768
SF 125.7750480 MHz
WDW EM
SSB 0
‘ LB 1.00 Hz
| I A 4 " GB 0
PC 1.40

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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(0]
g/\Me
/t-Bu
tBu~g; /" Me
-0
/// Ph AN LTOLTNONOEMAWMANO WM
NEOODOWAADDNNWO A HOOONOO I~~~ O
S7 NHOONRAOMITTTITIONMMN MM
[\[\h[\@\ommmmmmmmmmmmmmmm

Cyclohexene: §5.69, 1.91, 1.52 I\\\\\W NW/ \\W W

Mesitylene: 8 6.71, 2.16

5. 366
5.363
4.254
4.252
4.249
4.244
4.241
4.239
4.236
4.234
4.231
4.226
4.223
4.221
3.454
3.434
3.415
2.372
2 348
2.346
2.344
2.322
2.320
1.426
1.423
1.421
1.413
1.410
1.408
1.117
1.037

Current Data Parameters

NAME VII-190-RXN
EXPNO 7
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161209

Time 10.06
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 65536
SOLVENT C6D6

NS 1

DS 0

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 35.9

DW 48.400 usec
DE 6.50 usec
TE 298.2 K

D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536

SF 500.1989988 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

T

0 ppm

549



Supplementary Information: Sanzone, Hu, and Woerpel S50

Me Current Data Parameters
NAME VII-190-RXN
t-Bu EXPNO 8
PROCNO 1
tBu~g/ //"Me
-0 F2 - Acquisition Parameters
Date_ 20161209
”Z Ph Time 10.13
S7 INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
Cyclohexene: 6 128.8, 26.0, 23.5 D 65536
Mesitylene: & 138.0, 127.7, 18.8 NoVENT ces
DS 2
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 11585.2
DW 16.650 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL fl ========
13C
10.00 usec
2.30 dB

46.00027084 W
125.7877161 MHz

== == CHANNEL f2 ========
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 w
SFO2 500.2010008 MHz
F2 - Processing parameters
ST 32768
SF 125.7750471 MHz
WDW EM
SSB 0
| | ‘ 1 LB 1.00 Hz
IR ol o ’ " " — GB 0
i ' o ‘ PC 1.40

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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NN
= OBn
N 0~ M~ el N~ 0N o~ or-r-m ~ Mo o o O NN O~ [~ O~
* 83355 & 28 2% 5 2IES 23295 §© 22AgEEROF
SRR E ¢ PRV T <« R NaNNNN Ho dooooooooCurrent Data Parameters
t-Bu NAME VII-86-RXN
Bu-g o N/ | \/ A N R\ 2 1
Si PROCNO 1
F2 - Acquisition Parameters
Date_ 20160804
S9 Time 9.33
INSTRUM spect
> PROBHD 5 mm BBO BB-1H
Cyclghexene. 8 5.69, 1.91, 1.52 PULPROG 2930
Mesitylene: 8 6.71, 2.16 D 65536
SOLVENT CéD6
NS 1
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 40.3
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1IW 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1989984 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
R Jl ny uw‘w
k 3k
9 8 7 6 5 4 3 2 ppm

Eell

N e

S51



Supplementary Information: Sanzone, Hu, and Woerpel S§52

t-Bu Current Data Parameters
OBn NAME VII-86-RXN

/
t-Bu ~Si EXPNO 2
M Froee '

F2 - Acquisition Parameters

S9 Date_ 20160804
Time 9.38
INSTRUM spect
Cyclohexene: 6 128.8, 26.0, 23.5 PROBHD 5 mm BBO BB-1H
Mesitylene: & 138.0, 127.7, 18.8 foLEROG 29030
SOLVENT C6D6
NS 45
DS 2
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 2896.3
DW 16.650 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ==
NUC1 13cC
Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFO1 125.7877161 MHz
======== CHANNEL f2 ==
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
ST 32768
SF 125.7750484 MHz
WDW EM
SSB 0
l ‘ LB 1.00 Hz
‘ —— U, o - . . . N ce 0
b "y ek u W y PC 1.40

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

+

t-Bu
t-Bu ~
Si—~o Ph

OBn
S10

Cyclohexene: & 5.69, 1.91, 1.52
Mesitylene: 8 6.71, 2.16

AN 0Bn

—6.05

—5.97

5.02
5.00
4.99
4.97

—4.25

3.49
3.44

-
X

3.38
3.33

A MM i

2.37
2.37
2.32
1.46
1.39

—1.56

_——2.74
——2.68
SN
_—1.63
—
\
_——1.02
——0.97

NAME
EXPNO
PROCNO

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

SI
SF
WDW
SSB

©
~
o -

ﬁ_
1.05 =

ppm

S53

Current Data Parameters

VII-86-RXN
8
1

F2 - Acquisition Parameters

20160804

11.07

spect

5 mm BBO BB-1H
zg30

65536

C6D6

1

0
10330.578 Hz
0.157632 Hz
3.1719425 sec
35.9
48.400 usec
6.50 usec
298.2 K
30.00000000 sec

9.60 usec
-3.00 dB
37.58904266 W
500.2020889 MHz

F2 - Processing parameters

65536
500.1989991 MHz
no
0
0 Hz
0
1.00
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Current Data Parameters

PhCHO

° NAME VII-86-RXN
EXPNO 9
+ PROCNO 1
F2 - Acquisition Parameters
t-Bu Date_ 20160804
Time 11.12
t-Bu ~Sj -0 Ph INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
z D 65536
OBn SOLVENT C6D6
NS 70
S10 b hs
Cyclohexene: & 128.8, 26.0, 23.5 SWH 30030.029 Hz
f . FIDRES 0.458222 Hz
Mesitylene: 6 138.0, 127.7, 18.8 20 16011748 oo
RG 9195.2
DW 16.650 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =
13C
Pl 10.00 usec
PL1 2.30 dB
PL1IW 46.00027084 W
SFO1 125.7877161 MHz
= = CHANNEL f2 =
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
SI 32768
SF 125.7750491 MHz
WDW EM
SSB 0
LB 1.00 Hz
Ll S,
) | — Y™ L " N ) A " PP -T PO i 1.40
[ ] [ ]

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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/\/\ +
{ Me W HDO AONY ~OT OO N
N AT IO 000 WIS N N
CFLONNNNNAA~ O0OO0O0O0 OO —
ArCHO NERRRERER NG 68688 sd 1m0
) WA NN

S11

Cyclohexene: & 5.69, 1.91, 1.52
Mesitylene: 8 6.71, 2.16

5.110
5.086
1.066
1.011
0.915
0.899

N
—
~

Current Data Parameters

NAME VII-179-RXN
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161130
Time 16.18
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 65536
SOLVENT C6D6

NS 1

DS 0

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9

DW 60.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL f1l ========
NUC1 1H

Pl 8.05 usec
PL1 -5.00 dB
PL1W 31.77312851 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 32768

SF 400.1300441 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

COHBA

ppm



Supplementary Information: Sanzone, Hu, and Woerpel

MMe +
* ArCHO

+

t-Bu

t-Bu — o
S|\~()

S11

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: $ 138.0, 127.7, 18.8

L

Current Data Parameters

NAME
EXPNO
PROCNO

VII-179-RXN

2
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CHANNEL f2

20161130
16.22
spect

5 mm BBO BB-1H

zgpg30
65536
C6D6
74
2
23980.814 Hz
0.365918 Hz
1.3664256 sec
14596.5
20.850 usec
6.50 usec
298.2 K
2.00000000 sec
0.03000000 sec

-2.70 dB
18.70940590 W
100.6228298 MHz

waltzl6
1H
80.00 usec
-5.00 dB
14.95 dB
16.84 dB
31.77312851 W
0.32141048 W
0.20799839 W
400.1316005 MHz

F2 - Processing parameters

ST
SF
WDW
SSB
LB
GB

T T T
200 180 160

ppm

32768
100.6127082 MHz
EM
1.00 Hz

1.40



Supplementary Information: Sanzone, Hu, and Woerpel

MMe +
*

2-furylCHO

+

t-Bu
t-Bu — Si

(0]

S12

Cyclohexene: & 5.69, 1.91, 1.52
Mesitylene: 8 6.71, 2.16

/
<
X

e —
0.95 —
2.03\
1.14 ~

ppm

S57

Current Data Parameters
NAME VII-146-RXN
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161014
Time 10.23
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT C6D6
NS 1
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 40.3
DW 60.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 7.75 usec
PL1 -5.00 dB
PL1W 31.77312851 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300444 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00

ML.J I WA AL A | )u‘t



Supplementary Information: Sanzone, Hu, and Woerpel

MMe +
*
2-furylCHO

+

t-Bu

t-Bu ~ o;
SI\O

S12

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: § 138.0, 127.7, 18.8

T T T
200 180 160

T
140

T
120

T
100

Current Data Parameters

NAME VII-146-RXN
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161014
Time 10.29
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 140
DS 2
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 14596.5
DW 20.850 usec
DE 6.50 usec
TE 298.2 K
D1 2.50000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ==
NUC1 13C
Pl 7.75 usec
PL1 -2.70 dB
PL1W 18.70940590 W
SFO1 100.6228298 MHz
== CHANNEL f2 ==
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -5.00 dB
PL12 14.95 dB
PL13 16.84 dB
PL2W 31.77312851 W
PL12W 0.32141048 W
PL13W 0.20799839 W
SFO2 400.1316005 MHz

F2 - Processing parameters

SI 32768

SF 100.6127082 MHz
WDW EM
SSB 0

LB 2.00 Hz
GB 0

PC 1.40

S$58
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/
NMe +
* e p-CgHsOMe
t-Bu Mo MmN o~ 0o~ o <« o — Mo wwm ~ oo
/ 0 WO W~ ™ © — O O~ SRS [N om0 Mm N O M
t-Bu — o oonnnn e “ees o “ LLenn eeaa
&\OJP'CGH4OMe ~~ 00w w0 n 00 W00 <« < ™ NN NN N oo
~L e VNN NV NV 14
S13 Current Data Parameters
NAME VII-202-RXN
EXPNO 1
Cyclohexene: §5.69, 1.91, 1.52 PROCNO 1
MeSItylene' 5 6'71’ 2.16 F2 - Acquisition Parameters
Date_ 20161221
Time 12.11
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG 2930
TD 65536
SOLVENT C6D6
NS 1
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 7.19
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
N SR R A N Y 104 s N
° ° o X * * x °
[ T T T T T T T T T T
9 8 7 6 5 3 2 1 ppm

ﬁ_
0.99 =



Supplementary Information: Sanzone, Hu, and Woerpel

(o]
/\/\ + |
7N Me o p-CeH,OMe
t-Bu
t-Bu — Si
=L
o~ Me
S13
Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: $ 138.0, 127.7, 18.8
| | L I l ‘ J .l’ l
[ ] [ ]
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME VII-202-RXN
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161221

Time 12.13
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 20

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzle
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
SI 32768

SF 150.9177876 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

pC 1.40

S60
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NNO MM wn [l N e e e I o mn wwm n ™M M M o~ O <
O oV~ o WO T ONO O N O~ W0 N o — O o~ N
mmaoo ~ Ao ® ISRERNEN oo <~ Sor
NN m FERRE 6 Beesnns  Bees e o R
e
* WA N VI || %
t-Bu Current Data Parameters
t-Bu NAME VII-186-RXN
PSS — EXPNO 1
QOJP'CGFUCFS PROCNO 1
Me
z F2 - Acquisition Parameters
S14 Date_ 20161207
Time 9.23
INSTRUM spect
Cyclohexene: & 5.69, 1.91, 1.52 PROBHD 5 mm BBO BB-1H
H . PULPROG zg30
Mesitylene: 6 6.71, 2.16 B ceose
SOLVENT C6D6
NS 1
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9
DW 60.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 8.05 usec
PL1 -5.00 dB
PL1W 31.77312851 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300441 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
J U#m e A Mw J
° ° * * k¥
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
ollel N |8 8 [N © = S o|o|s
AN [ o o - o - - N (21 K>21 1)

S61
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455:\\\5§§;\\hﬁe +
* o P-CaH4CF3
t-Bu
t-Bu —~ Si
o~ Me
S14

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: § 138.0, 127.7, 18.8

L

e

" O
AN Mmoot

]

T T
200 180

T
160

T
140

T
120

T
100

ppm

Current Data Parameters

NAME
EXPNO
PROCNO

VII-186-RXN
2
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

20161207
9.25
spect
5 mm BBO BB-1H
zgpg30
65536
C6D6
38
2
23980.814 Hz
0.365918 Hz
1.3664256 sec
13004
20.850 usec
6.50 usec
298.2 K
2.00000000 sec
0.03000000 sec

-2.70 dB
18.70940590 w
100.6228298 MHz

CHANNEL f2 ========
waltzl6
1H
80.00 usec
-5.00 dB
14.95 dB
16.84 dB
31.77312851 W
0.32141048 W
0.20799839 W
400.1316005 MHz

F2 - Processing parameters

ST
SF
WDW
SSB
LB
GB
PC

32768
100.6127065 MHz
EM
0
1.00 Hz
0
1.40

S62
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n N 0 < DN~ TN W N O sl — O W M oo+ O
wn < 0 n T NN OO O Oy 0 O ™0 - o MmN O o 1n Oy ©
<r<:~ '\'\ o\o\o\o\o\oooo oc\mo\ o\o\ wmmmr\l mm'\'\ Current Data Parameters
EXPNO 1
e UV VN N/ 1
* p-CeHal
t-Bu F2 - Acquisition Parameters
/ Date_ 20161202
t-Bu~g; Time 13.08
cifp_C(sH‘d INSTRUM spect
PROBHD 5 mm CPTCI 1H-
”< Me PULPROG zg30
D 65536
S15 SOLVENT C6D6
NS 1
DS 0
Cyclohexene: & 5.69, 1.91, 1.52 SWH 12019.230 Hz
f . FIDRES 0.183399 Hz
Mesitylene: 6 6.71, 2.16 20 2 9365976 sec
RG 6.49
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
s IIU e IW-M n l I Jw JW WMUHL L -

ﬁ_
1.00 =
1.03
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(0]
|
MMG +
* ° p—CBH4l
/t-Bu
t-Bu - o
o~ Me
S15

Cyclohexene: & 128.8, 26.0, 23.5
Mesitylene: $ 138.0, 127.7, 18.8

|HH L

mﬂ ' L

| | | | | |
200 180 160 140 120 100 80 60 40

20 ppm

Current Data Parameters

NAME VII-183-RXN
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161202

Time 13.10
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 16

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzle
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
ST 32768

SF 150.9177885 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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o
N\Me + Ph ® NN O T NDWOY-ND ©ONO CNODMHDMD T OO DA N o)
O W W — O O) 00 [~ O 1 o Oy W O N0 MAN—AO0OWAHMHOONNOO o —
N~ O O w w 0 o [~ [~~~ -~ ) 00 0 MM N NN 0 00 0 o o
N Rt T MO N NN NN NN NS oo - S
Me Current Data Parameters
: Mo VY N WY RVANVAVERENEE St
EXPNO 1
/t Bu Ph PROCNO 1
t-Bu ~g; T 4H
QOJ( F2 - Acquisition Parameters
Me Date_ 20161121
z Me Time 15.12
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG 2930
TD 65536
S16 SOLVENT C6D6
NS 1
Cyclohexene: 6 5.69, 1.91, 1.52 g;H L2010 238 ;
. . z
Mesitylene: 6 6.71, 2.16 FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 6.49
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
i ° b N —
hd hd % %
[ I I I I [ I I I I
9 8 6 4 3 2 ppm
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Current Data Parameters

O NAME VII-175-RXN
/ | EXPNO 2
/\/\ + PROCNO 1
7 Me Ph
F2 - Acquisition Parameters
Date_ 20161121
* Me Time 15.16
L4 INSTRUM spect
/t-Bu Ph PROBHD 5 mm CPTCI 1H-
| —e = PULPROG zgpg30
t-Bu Si—o ‘oH D 65536
M SOLVENT CéD6
€ Me NS 32
= DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
S16 RG 184.65
DW 13.867 usec
DE 18.00 usec
Cyclohexene: 6 128.8, 26.0, 23.5 TE 298.1 K
Mesitylene: § 138.0, 127.7, 18.8 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG([2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9177865 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I \I«‘x“x " . L [ ‘.’iu,]
[ ] [ ] [ ] [ ]
T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 ppm
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Hu, and Woerpel

S67

LN T o ~ TFTLTANNNFTCOONTNDAINDN 0O WO LN WON
HoOOr~OW < ™ DOTNONDOFTNNEO ATMNNE DT N~ O
MMOANAAO 0 NANNN—HONMIOHIONOOODOOOOOMSI=-~
N N N << NN NN N A AHoococcococoooo
tBu_ tBu
AN / Current Data Parameters
SI\O NAME VII-16-P
EXPNO 1
\-"'Ph PROCNO 1
Et F2 - Acquisition Parameters
Date_ 20160601
= Me t-Bu’s: 5 1.23,1.02 e o iééif
E;E' j4G.
Et:B H*/H"/H": § 1.24 (m, 5H) PROBHD 5 mm BBO BB-1H
2 Hf: & 0.98 PULPROG zg30
P D 65536
H 26 0291 SOLVENT CeD6
Me“/Me”: § 1.08 NS 8
3, DS 0
Me™: 3 0.94-0.88 SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 114
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
ST 32768
SF 500.1989981 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
WL ‘ |
Ph protons H* H° H® H° Me'
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
niNo [=] (=10 Ao vl N~
IS =] Sle o|o|a|olela| |@
|| - | - ||o|o|F| ™ N
- -

1H NMR assignments by HSQC and COSY experiments



Supplementary Information: Sanzone, Hu, and Woerpel S68

25°C : 0 & EE -
tBu_ tBu ‘
N\ / ‘ \\/ ‘ ‘ ‘ \ \/ \\// ‘ / Current Data Parameters
Si~o NAME VII-16-P
\ EXPNO 7
- uPh PROCNO 1
Et F2 - Acquisition Parameters
N Date_ 20160601
: Me Time 16.53
Et,B INSTRUM spect
2 PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 350
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9177900 MHz
WDW EM
SSB 0
LB 1.00 Hz
J GB 0
. PC 1.40

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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-40°C
| t-B
t-Bu N/ u
SI-c)
3 ~1Ph
Et
2 Me
Et,B
2
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S569

Current Data Parameters

NAME VII-48-P-VTCOLD
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160719

Time 10.28
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 39

DS 2

SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 11585.2

DW 16.650 usec
DE 6.50 usec
TE 233.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFO1 125.7877161 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzlé

NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
SI 32768

SF 125.7751556 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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[=Re I\ RN} o OHMOUDMAIINOWOWOMWOWOO I W < L <
o T~ O N COTNOON0WOW FWOWWAHMMOWAN ™~ TN
A3 s o R AR A R R AR E N B A AR
S - PRSP N R DS
SNV \'% V =
\ .
S"O
- 11Ph
n-Bu
s Me
(n-Bu)-B
7

I

0.900
0.888
0.876

0.771
0.685

|

Current Data Parameters

NAME VII-57-P
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160715

Time 8.06
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 4

DS 0

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 11.48

DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 600.1937064 MHz
NUC1 1H

Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536

SF 600.1900150 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

9 8 7 6 5 4 3 2 1

NSEIE
o127z (R|2
olo|s|<

=4

4.66
0.96

1.00
6.19
0.30
2.02
9.05
9.09//
2.10

ppm
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Current Data Parameters

NAME VII-57-P
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160713
Time 7.28
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CéD6
£Bu t-Bu NS 258
N / DS 2
Si SWH 30030.029 Hz
I'~0 FIDRES 0.458222 Hz
AQ 1.0911744 sec
- 11Ph RG 8192
DW 16.650 usec
DE 6.50 usec
n-Bu : TE 298.0 K
: Me D1 2.00000000 sec
(n.Bu)zB D11 0.03000000 sec
7 TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFO1 125.7877161 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
SI 32768
SF 125.7750486 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 1.40
n " J

T T T T T T
200 180 160 140 120 100
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B t-Bu 7
AN / \/
SI-O
\"”FFCBH4OBAG
Et .
2 Me
Et,B
8

6.829
6.814

<

4.494
4.481

=

—3.795

2.112
2.061
1.892
1.826
1.470
1.453
1.436
1.231
1.176
1.076
1.017
1.004

S

cooocoococoocooo

0.992
948
921
909
898
865
820
682
662
656
637
069

0

1.98

2.07

0.98

2.98

Dichloromethane: 6 5.30

“/'/Jrrent Data Parameters
NAME VII-200-P

EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161220
Time 17.46
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 14.62
DW 41.600 usec
DE 28.00 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SE 600.1900146 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00

T T T

2 1 ppm

0.96
0.95
1.04\
4.15
11.14\
6.01
9.10
3.02
1.11
1.09
3.09

S§72
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Current Data Parameters

NAME VII-200-P
EXPNO 2
t-Bu +-Bu PROCNO 1
N\ / F2 - Acquisition Parameters
Si~o Date_ 20161220
\ Time 17.48
<-||p-CBH4oMe INSTRUM spect
PROBHD 5 mm CPTCI 1H-
Et PULPROG zgpg30
N TD 65536
: Me SOLVENT cpe1s
Et,B NS 44
DS 2
SWH 36057.691 Hz
8 FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzleé
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9178750 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
" A \ - Ry

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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t-Bu tBu
/
Slso
'Ili'Pr OWMAHWVWONADVAHMDOANMNNH—HMOOLONTW WO WO
OO OO AN MOMM OO0 O
ST DDOOSSMMM A OO 5D MDD D T
Et . LT T J e s R A i s D S 1 - T
Z Me \V IN‘\\N\\//&%/ Current Data Parameters
Et B~ NAME VIII-23-P
2 EXPNO 1
9 PROCNO 1
F2 - Acquisition Parameters
Date_ 20170123
Time 13.17
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 4
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 256
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1990143 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
N
[ T T T T T T T
9 2 1 ppm

1.00

06
36
09

9
14

9
24
94

2
1
1
3
1
6.92
4
3
3.96

asiini
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| t-Bu
tBu\ /
SI‘O
\‘”'FPF
Et

Et,B

T T T T T T
200 180 160 140 120 100

80

60

40

20

ppm

Current Data Parameters

NAME VIII-23-P
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170123

Time 14.06
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 40

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 w
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG([2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
SI 32768

SF 150.9178746 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

S75
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"H NMR of unpurified reaction mixture

Et

t-Bu

t-Bu /
~si.
P

S$17

, 0
25
T

e

Current Data Parameters

5 4
[ ==l
© o ] Bl S I
o bl (=1 =]k o [=]

3 2 1
Oolr|o|olr~|r[O|o| O

NAME VII-190-CR
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161209
Time 15.52
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT C6D6
NS 1
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 71.8
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1990000 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00

T T

ppm
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o o~ WOMOT oW NO DA OMEOFONWDOLD TN NOME 0NN
o0 wn NO WO~ WS T OO0 o N—TONWOWTNAHOTANNDTOEWOMWOOANAM AN
o ~ WOAAAAAAA A~ OO OO NNNNAAAMNM N O OO 0 W W~
C © 1515 10 16 15 15 15 10 1 15 = W = NN NNNNNNNA A1 H00006 00
| | NN\ N N NN corrent vata paranccers
NAME JRS-VII-190-P
EXPNO 1
PROCNO 1
t-Bu t-Bu
N/ F2 - Acquisition Parameters
i Date 20161211
Si-o //—Me Time 15.28
o INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
Et . D 65536
: Ph SOLVENT C6D6
S NS 4
Et,B DS 0
10 SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 14.62
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
[ T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
n o - n N | ™ b= d
o o o o o o|o - O|I0|O|N|™
) - - - - |- o r=[—|ai|o|
|- -
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Current Data Parameters

NAME JRS-VII-190-P
EXPNO 6
+-Bu t-Bu PROCNO 1
\SI/ F2 - Acquisition Parameters
=0 Me Date_ 20161211
// Time 16.01
sl INSTRUM spect
PROBHD 5 mm CPTCI 1H-
Et PULPROG zgpg30
: Ph TD 65536
= SOLVENT CéD6
Et,B NS 256
DS 2
10 SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 6.80000019 w
PLW12 0.06800000 W
PLW13 0.04352000 w
F2 - Processing parameters
SI 32768
SF 150.9177901 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
vy y “WLW%JWM

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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AN~ OORNOONAINSTOODMOO MO N
N AN MDA NMWOWNNWODWMHOWMNO W WO WO
HONWOCTFLIFITNAATOOOOO OO O W W™~
NN—A—AAAAAAAAAAAAAA A A OO OO0 0o Current Data Parameters

_—17.613
T~17.592
_—7.021
T~ 17.000
__—4.486
T~ 4.466

PROCNO 1
F2 - Acquisition Parameters
t-Bu t-Bu Date_ 20161130
AN / Time 9.04
Si - o) INSTRUM spect
\ PROBHD 5 mm PABBO BB/
PULPROG zg30
“11p-CeHyl D 65236
SOLVENT CDC13
Et . NS 8
2 Me DS 2
SWH 8223.685 Hz
EtB FIDRES 0.125483 Hz
1 AQ 3.9845889 sec
RG 71.73
DW 60.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLW1 14.25000000 w
F2 - Processing parameters
ST 65536
SF 400.2200096 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

2.00
2.01
1.00
03
06
10
03
09
93
18
23
1.04
1.05

9 8 7 6 5 4 3 2 1 ppm
S
(3]

L

1
1
1
4
1
8
7
12
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Current Data Parameters

NAME JRS-VII-178-P
EXPNO 2
PROCNO 1
t-Bu t-Bu F2 - Acquisition Parameters
N/ Date_ 20161130
Si - o Time 9.12
\ INSTRUM spect
- PROBHD 5 mm PABBO BB/
1p-CeHyl PULPROG 2gpg30
Et TD 65536
SOLVENT CDC13
2 Me NS 142
Et,B DS 4
SWH 24038.461 Hz
11 FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6454621 MHz
NUC1 13C
Pl 10.00 usec
PLWL 57.00000000 W
======== CHANNEL f2 ========
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 w
F2 - Processing parameters
SI 32768
SF 100.6353849 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm

580
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"H NMR of unpurified reaction mixture

tBu 5559
tBu jBu tBu_ |/ U
i SI‘O < P o < Current Data Parameters
b NAME VII-115-CR
/ \\ // EXPNO 1
+ 4',Ph PROCNO 1
F2 - Acquisition Parameters
: Date_ 20160903
> Time 15.22
Et,B OBn BnO INSTRUM spect
n PROBHD 5 mm BBO BB-1H
PULPROG zg30
12 S18 TD 65536
SOLVENT CéD6
NS 4
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 181
DW 60.400 usec
DE 6.50 usec
TE 298.3 K
D1 30.00000000 sec
TDO 1
===== CHANNEL fl ===
NUC1 1H
Pl 8.05 usec
PL1 -5.00 dB
PL1W 31.77312851 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300430 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
i L
T T T T
8 7 6 5 ppm

$81



Supplementary Information: Sanzone, Hu, and Woerpel

t-Bu
N\

t-Bu

OBn

4.751
4.734

s

2 1
O |O| | [N[N[MD|O]|O|©
1[2@]|2(<2 °F’{°Cﬁj:‘
Ollr|v| || V||| |

0 ppm

MHz

NAME VII-115-P
EXPNO 8
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160908
Time 17.22
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
TD 65536
SOLVENT CéD6
NS 8
DS 0
SWH 10330.578
FIDRES 0.157632
AQ 3.1719425
RG 128
DW 48.400
DE 6.50
TE 298.9
D1 2.00000000
TDO 1
======== CHANNEL fl ====
NUC1 1H
Pl 9.60
PL1 -3.00
PL1W 37.58904266
SFO1 500.2020889
F2 - Processing parameters
ST 65536
SF 500.1989982
WDW no
SSB 0

LB 0 Hz

GB 0

PC 1.00

582
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tBu_ tBu

Et,B OBn

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

Current Data Parameters

NAME VII-115-P
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160908

Time 13.11
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 16

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzle6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
SI 32768

SF 150.9177887 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Et

——5.626
—5.505

4.121
4.107
4.092

<

M HOOLTONMNNT O A OO
VOWVWOANPEMNNNA OO
HHOC OO T TN AAAD O ©
NN—A—AAAA—AA A A"~ OO0

NAME VII-127-P
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160921
Time 13.56
INSTRUM spect
PROBHD 5 mm BBO BB-1H
t-Bu t-Bu t-Bu t-Bu PULPROG zg30
N/ N/ ™ 65536
Si ~0 / Me Si ~0 / Me EgLVENT CGDE
T4 Y4 DS 0
+ \ SWH 10330.578 Hz
Et FIDRES 0.157632 Hz
R AQ 3.1719425 sec
= Me Me RG 90.5
EtzB DW 48.400 usec
DE 6.50 usec
13 S19 TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1989985 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
vy A JLMM-—J ‘A—___.____
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
< N~ «© N[Ol |O|N| N RO
< - - hard ] B S Dt A A Dt B B A
N o - Ol |O|™|MO|r™=MD|M|~=™
-

-
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Et

t-Bu

””//—Me

Me

T
200

T
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T
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T
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T
120

T
100

80

60

40

20
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Current Data Parameters

NAME VII-127-P
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160921

Time 14.03
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 65536
SOLVENT CéD6

NS 200

DS 2

SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 5792.6

DW 16.650 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 2.30 dB
PL1W 46.00027084 W
SFO1 125.7877161 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzlé

NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 15.31 dB
PL13 18.31 dB
PL2W 37.58904266 W
PL12W 0.55470389 W
PL13W 0.27801058 W
SFO2 500.2010008 MHz
F2 - Processing parameters
ST 32768

SF 125.7750500 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

585
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W T O NN A N N AT OOAHANOWN MO ONO 00w oTr-o
NOOMM A ~O N O W—HO~WOWMHOETOMNOWL N OO W
(el NTolTolNTo R To T RS S O~ HFHOOMWOWONAFOOONSI-I~ WO o
N SIS NI - - NNNoodododdd 000000 Current Data Parameters
NAME JRS-VII-176-P
EXPNO 6
t-Bu t-Bu PROCNO 1
N/
Si\o F2 - Acquisition Parameters
Date_ 20161129
. Time 10.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
Et PULPROG zg30
2 Me TD 65536
SOLVENT CDC13
Et.B NS 2
DS 2
14 SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 71.73
DW 60.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLW1 14.25000000 w
F2 - Processing parameters
SI 65536
SF 400.2200098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
[ T T T T T T T T I T
9 8 7 6 5 2 ppm
[sed(eolf=3k") [=] 0| [NOo|a|o| <
ol|o|o|e =] o|g| [w|=|=|o|ela =)
MO |N - | ‘_Tjﬁ 0 N - o

586
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tBu_ tBu

Et

Et,B

14

200

T
180

T
160

140

T
120

T
100

80

60

40

20

ppm

Current Data Parameters

NAME JRS-VII-176-P
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161128

Time 17.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 110

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67

DW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6454621 MHz
NUC1 13C

Pl 10.00 usec
PLW1 57.00000000 W
======== CHANNEL f2 ========
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 w
F2 - Processing parameters
SI 32768

SF 100.6353855 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Water: 6 0.40
T AN O~ OwoNOWAH~M oy © NWOWWYWOTONMLE MWOOME~WOFWHHW0NOO S~
o) O OY 00 < M M o) O 0 o~ VOIS FAHNODANDAAFOMMANNOONOM A
oo oo R R R NeleoNeNe) ~ - MANANADDDTANAAOONONON00 O WOWWWOWMM
SRR oweowe s < < :\ir\ic\ic\ir}éééH'H'H"cic;c;o'o'o'o'o'o'o'o'o'(:urrent Data Parameters
NV V=Y SR\ i o
EXPNO 1
t-Bu /t—Bu PROCNO 1
i— F2 - Acquisition Parameters
Si-o 0] Date_ 20161017
\ L | Time 16.05
\ INSTRUM spect
PROBHD 5 mm PABBO BB/
Et . PULPROG 2930
: Me D 65536
3 SOLVENT C6D6
Et,B NS s
15 DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 113.48
DW 60.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLWL 14.25000000 W
F2 - Processing parameters
SI 65536
SF 400.2199962 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

1.02
1.00
1.00
1.00
1.04
1.04
1.01
11.98§C
2.11
15.14
0.98/
3.95/
1.10/
3.03



Supplementary Information: Sanzone, Hu, and Woerpel

t-Bu /f-BU
SI - O o
\ o |
N\
Et
N Me
Et,B
15

T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME JRS-VII-149-P
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161017

Time 16.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 415

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67

DW 20.800 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6454621 MHz
NUC1 13C

Pl 10.00 usec
PLW1 57.00000000 W
======== CHANNEL f2 ========
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 W

F2 - Processing parameters
SI 32768

SF 100.6353285 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



Supplementary Information: Sanzone, Hu, and Woerpel

7.266
7.258
7.172
7.137
3.703
3.700
3.689
3.686
3.037
3.034
3.025
3.022
3.014
3.011
3.002
2.999
1.910
1.833
1.402
1.385
1.369
1.267
1.255
1.040
1.007
0.830
0.824
0.821
0.636
0.624
0.462
0.367

s
X

NEZE Ny

Current Data Parameters

0.346
0.341

4.95
1.11
0.04
0.02
0.99
0.98
2.07
1.04
6.97
15.19
1.19
5.12
3.04
9.16
1.19

NAME VIII-6-P
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170106
Time 15.56
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 4
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 23.11
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1900108 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00

T

ppm

S$90
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T
200

T
180

T
160

T
140

T
120

T
100

80

60

40

20

ppm

Current Data Parameters

NAME
EXPNO
PROCNO

VIII-6-P
5
1

F2 - Acquisition Parameters

Date_
Time

INSTRUM

PROBHD

PULPROG

TD

SOLVENT

NS

DS

SWH
FIDRES
AQ

RG

DW

DE

NUC2
CPDPRG[2
PCPD2
PLW2

PLW12
PLW13

20170106
16.10
spect

5 mm CPTCI 1H-
zgpg30
65536
CDC13
8
2
36057.691 Hz
0.550197 Hz
0.9087659 sec
184.65
13.867 usec
18.00 usec
298.2 K
2.00000000 sec
0.03000000 sec

CHANNEL f1l ========
150.9329866 MHz
13C
11.63 usec

95.00000000 W

CHANNEL f2 = =
600.1924008 MHz

80.00 usec
6.80000019 W
0.06800000 W
0.04352000 W

F2 - Processing parameters

32768
150.9178748 MHz
EM
1.00 Hz

1.40

S$91
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Sp Q g Q £ [9 S ;r; j,« 2 Current Data Parameters
0 00 00 [~ [~ [~ N0 NN NAME VII-186-CR
EXPNO 1
[IolToNToNToNToNTol [SURSIES ] PROCNO 1
I\\Wl V \/ F2 - Acquisition Parameters
Date_ 20161207
| Time 13.57
t-Bu\ /t Bu t-Bu INSTRUM spect
Si - tBu_ [ PROBHD 5 mm BBO BB-1H
0} Si PULPROG 2g30
\ . o) D 65536
p-CeHsCF3 // : SOLVENT C6D§
NS
Et ‘s DS 0
: Me Me p-CeH4CF3 SWH 10330.578 Hz
N FIDRES 0.157632 Hz
Et,B 20 3.1719425 sec
17 S20 RG 71.8
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1990000 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
L . J —

|

9 8 7 6 5 4 3 2 1 ppm
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o~ ™Mn N @ N OO HLOAOANNINOWMANOWLWMOWWINMIWO OYOYM < O
T ™M~ O oY MEMOON0OVWNWOWMHOAHOODMANHOWOO ™I~
nmmm wn 0 -—(C)O\(X)Q'Q'Q'NHHHDDDO\O\O\O\O\COCO\Q\Q\Q\QDD
[\[\.[\[\‘ <l"<l': N(\ll-(v—<v—< ....... HOOOOOOOOOOOOO.
urrent Data Parameters
\/ V v I\\I\.\",I\\N%//' NAME JRS-VII-186-P
EXPNO 8
PROCNO 1
F2 - Acquisition Parameters
t-Bu t-Bu Date_ 20161208
N/ Time 12.14
Si ~0 INSTRUM spect
\ PROBHD 5 mm CPTCI 1H-
PULPROG zg30
11p-CgH4CF3 D 65536
SOLVENT CDC13
Et . NS 4
: Me DS 0
Et B~ SWH 12019.230 Hz
2 FIDRES 0.183399 Hz
17 RO 2.7262976 sec
RG 23.11
DW 41.600 usec
DE 28.00 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1900147 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00

I W

75 70 65 60 55 50 45 40 35 30 25 1 5 1. 0 0 5 ppm

tE E HHWWFW g




Supplementary Information: Sanzone, Hu, and Woerpel 594

Current Data Parameters

NAME JRS-VII-186-P
EXPNO 9
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161208
t-Bu t-Bu Time 12.48
N/ INSTRUM spect
Si\ PROBHD 5 mm CPTCI 1H-
O\ PULPROG zgpg30
TD 65536
~11p-CeH4CF3 SOLVENT cpcl3
NS 512
Et . DS 2
Z Me SWH 36057.691 Hz
Et g FIDRES 0.550197 Hz
2 AQ 0.9087659 sec
17 RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 == =
150.9329866 MHz
13C
11.63 usec
95.00000000 W
======== CHANNEL f2 ========
SF02 600.1924008 MHz
NUC2 1H
CPDPRG([2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 w
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9178742 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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t-Bu _ f-Bu
SI~O
-1Ph :
O NI~ 0O NN OO MNMHIOVONANHAT ATO0OONWOWET~0O0~O
O < N Oy @ O OO NLLNOL AT ADOTNO A AHOSTHO
Ph(CH) MNNv—(OO < mmmvHﬂr«oool\l\mvvm-—n—«-—«oc\h\oxoxooé
2/3 e N NN << I N N N RN VIR P v S i i O = R
(Ph(CHZ)S)QB \\\// \/ '\\“‘\\\\\\\// W/Current Data Parameters
NAME JRS-VIII-106-P
EXPNO 4
18 PROCNO 1
F2 - Acquisition Parameters
Date_ 20170524
Time 10.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 5597.015 Hz
FIDRES 0.085404 Hz
AQ 5.8545494 sec
RG 53.14
DW 89.333 usec
DE 6.50 usec
TE 298.2 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224013 MHz
NUC1 1H
Pl 15.00 usec
PLWL 14.25000000 w
F2 - Processing parameters
ST 65536
SF 400.2200169 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
9 8 7 6 5 4 3 2 1 ppm
|| o < (= I A  E =1 R [<2]
||~ = N| | S| oo =N o= ]
o - [{<] || NN~ O] (3]
- |-

S95
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t-Bu_ t-Bu
N/
Si o)
- Ph
Ph(CH,)3
N Me
(Ph(CHy)3)-B
18

T T T T T T
200 180 160 140 120 100

80

60

40

20

ppm

Current Data Parameters

NAME JRS-VIII-106-P
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170524
Time 10.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 100

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67

DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CPDPRG[2

PCPD2
PLW2

PLW12
PLW13

= CHANNEL f1 ==

100.6454621 MHz
13C
10.00 usec
57.00000000 W

CHANNEL f2 ========

400.2216009 MHz
1H
waltzl6
90.00 usec
12.00000000 W
0.37926000 W
0.30720001 W

F2 - Processing parameters

ST
SF
WDW
SSB
LB
GB
PC

32768
100.6353876 MHz
EM
1.00 Hz

1.40

S596
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t-Bu_ t-Bu
N/
Si~o
~1Ph
Ph(CHy)s ™ X STN59 29 s
2/3 M oo O™~ ™~ 0 © oo nwn
e PP o Sa e
l !
9 8 7 6 5 4 3 2 1
8| 8 & JI5 (=
L I 0 olo| |m

Current Data Parameters

NAME JRS-VIII-106-P
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20170524
Time 7.41
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 4

DS 0

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 362

DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 9.60 usec
PL1 -3.00 dB
PL1IW 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
ST 65536

SF 500.1990000 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

597
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N T NOOO A M= NOO o AN AN HNOO AN N A O
N H WO N A NN —H OO H OO NOO MO O~
MmN NN NN cococor~w CFOLVOANAAAAAAAO OO0 O
I O L W00 WS NNNNNNNNNNNNN A A A

<

%

tBu_ tBu
N\
SI-O
~11Ph

Me

1.063
1.045
0.989
0.539
0.524

s

~

NAME
EXPNO
PROCNO

Current Data Parameters

VIII-4-P2
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

20170112

16.35

spect

5 mm TXI 1H-13
zg30

65536

CDC13

8

0
10330.578 Hz
0.157632 Hz
3.1719425 sec
181
48.400 usec
6.50 usec
298.2 K
2.00000000 sec

0 dB
18.83914757 W
500.2020889 MHz

F2 - Processing parameters

SI
SF
WDW
SSB
LB
GB
PC

©
©
~
)
o
FY
)
N -

4.03
1.05
1.01
1.00
1.05
2.05
1.06
0
12.31

65536
500.1990143 MHz
no
0
0 Hz
0
1.00

-t —

9.11

ppm

3.02
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Current Data Parameters

NAME VII-26-P
EXPNO 2
t-BU\ /t-Bu PROCNO 1
S'\O F2 - Acquisition Parameters
Date_ 20160614
~iPh Time 15.57
\\ INSTRUM spect
Et PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
Me ™ 65536
SOLVENT CéD6
NS 64
3 DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 w
PLW13 0.04352000 W
F2 - Processing parameters
ST 32768
SF 150.9177905 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
\ ’ PC 1.40
)

| | | | | |
200 180 160 140 120 100 80 60 40 20 ppm
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Water: 6 0.40

N ™M N ™M o MNMEAN—AMOAHOOWMOOTr- W
o < o o < ™M oA NOM~MOANNWWOWST A OWN W
w0 oo — DT A0 MM OO O
55 5 < < NNNNNA A A A H oo o
wBu_ B VARV, \ Y NN 2 et oas saranecers
. NAME VII-129-P
Si-o Me EXPNO 1
// PROCNO 1
RN
\ F2 - Acquisition Parameters
Et Date_ 20160923
Time 16.36
Me INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
S20 TD 65536
SOLVENT C6D6
NS 4
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 14.62
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
ST 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
L . J L .
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
2] [=2 [o2] [o] o|s S| —|o|N| =
o S o ol [=|2| |2e|e|a|w
N - o o N+ (3] v—jj :(m
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Current Data Parameters

NAME VII-129-P
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160923
Time 16.38
t-Bu t-Bu INSTRUM spect
\S'/ PROBHD 5 mm CPTCI 1H-
|~ PULPROG zgpg30
0 // Me TD 65536
Lo SOLVENT C6D6
\ NS 32
DS 2
Et SWH 36057.691 Hz
Me FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
S20 DW 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
ST 32768
SF 150.9177900 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
J J I
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NO < wr-o N T oSN~ NN O AT AN O ANN AT O WO ™0 WoOo TN WO
< AN W A O MmN —HO NN O~ NOWMECENNOMS N WO WO WM WO
ST NNHO W W W MMM MO 0 COPNDDODEMMNNH OO~~~ Mm
N S AN R R R Ndddddddrddddrdddocccocoooo
\\ \/// W \W v I\l\m\\\\ l/// ,/Current Data Parameters
JRS-VII-157-P
B t-Bu EXPNO 1
t- U\Si/ PROCNO 1
o Ph F2 - Acquisition Parameters
Date_ 20161025
Time 14.11
INSTRUM spect
Et OH PROBHD 5 mm PABBO BB/
Me PULPROG zg30
TD 65536
SOLVENT C6D6
19 NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 71.73
DW 60.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLW1 14.25000000 W
F2 - Processing parameters
SI 65536
SF 400.2199965 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
9 8 7 6 5 3 2 ppm
(=103 [¢] o (2] o (21K - (2]
[=1{=]{=) o o o o|o - o
MGHES - - - = |~ -
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t-Bu Current Data Parameters
tBu . [/ NAME JRS-VIT-157-P
Si. EXPNO 2
(0] Ph PROCNO 1
F2 - Acquisition Parameters
Date_ 20161025
Et OH Time 14.16
Me INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
19 TD 65536
SOLVENT C6D6
NS 64
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6454621 MHz
NUC1 13C
Pl 10.00 usec
PLW1 57.00000000 W
======== CHANNEL f2 ========
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 W
F2 - Processing parameters
SI 32768
SF 100.6353286 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

|
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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7.332
7.321
7.308
7.248
7.226

OH OH OH

Ph
Et Me

20

4.588
4.575

=

DO~ ®WO™ OO0 O MO WYY WO ®LW
DO LT AN O OOV ANWO™ MmN
AN NN WO LW T T OO~V T MO
MmMmmmmOnmomnmnom NA A A+ 4000

0.711
0.700

~

I Y

U

Current Data Parameters

T
1

g
w
N -

0

BEY  [EEEE (B

NAME VII-203-P
EXPNO 14
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170104
Time 10.58
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 8
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 33.59
DW 41.600 usec
DE 28.00 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
ST 65536
SF 600.1900116 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
T
ppm
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Current Data Parameters

NAME VII-165-P
EXPNO 13
PROCNO 1
OH OH QH F2 - Acquisition Parameters
T Date_ 20161217
Time 14.16
Ph INSTRUM spect
PROBHD 5 mm CPTCI 1H-
Et Me PULPROG z2gpg30
D 65536
SOLVENT CDC13
20 NS 270
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl ========
150.9329866 MHz
13C
11.63 usec
95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
ST 32768
SF 150.9178755 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 60 40 20 ppm
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3.438
3.435
3.423
3.420
2.783
2.746
1.877
1.829
1.796
1.794
1.741
1.729
1.676
1.539
1.486
1.476
1.406
1.400
1.104
1.084
1.073
1.058

©
~
=
-

0.987
0.974
0.962
0.923
0.918
0.912
0.907
0.820
0.798
0.796

0.772
0.770

A

t-Bu t-Bu Current Data Parameters
N / NAME VIII-26-P-NOE
Si~o EXPNO 1
PROCNO 1
RS
i-Pr F2 - Acquisition Parameters
Et Date_ 20170125
: Time 14.07
= Me INSTRUM spect
HO PROBHD 5 mm CPTCI 1H-
PULPROG 2930
S23 D 65536
SOLVENT C6D6
NS 4
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 16.21
DW 41.600 usec
DE 28.00 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLWL 6.80000019 W
F2 - Processing parameters
ST 65536
SF 600.1899957 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
[ T T T T T T T T T T T T T 1
80 75 70 65 6.0 55 50 45 40 35 30 25 1 5 1. 0 0. 5 ppm
8 B ﬁf CSBEEE
o o
- -

S$106
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t-Bu Current Data Parameters
t-Bu / NAME JRS-VIII-26-P
N\ . EXPNO 2
Si~o PROCNO 1
o j-Pr F2 - Acquisition Parameters
Date_ 20170124
Et Time 15.00
N INSTRUM spect
N Me PROBHD 5 mm PABBO BB/
HO PULPROG zgpg30
D 65536
$23 SOLVENT CéD6
NS 32
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67
DW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1l ==
100.6454621 MHz
13C
10.00 usec
57.00000000 W
======== CHANNEL f2 ========
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzlée
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 W
F2 - Processing parameters
SI 32768
SF 100.6353278 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
WWWWWWWMMMM ” -

T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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3.757
3.754
3.739
3.736
3.186
3.183
3.172
3.168
3.158
3.154
3.144
3.141
3.005
2.987
2.970
1.911
1.908
1.855
1.851
1.848
1.782
1.771
1.661
1.654
1.543
1.503
1.418
1.406
1.400
1.296
1.282
1.183
1.170
1.017
1.012
1.007
0.953
0.938
0.923
0.747

Z
|

Current Data Parameters

NAME VIII-28-P
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170127
Time 17.15
INSTRUM spect
£-Bu t-Bu PROBHD 5 mm BBO BB-1H
N / PULPROG zg30
Si D 65536
~O0O H Ph SOLVENT cpcl3
NS 8
. DS 0
~ SWH 10330.578 Hz
Et A Me FIDRES 0.157632 Hz
- AQ 3.1719425 sec
N Me RG 181
HO DW 48.400 usec
S24 DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.60 usec
PL1 -3.00 dB
PL1W 37.58904266 W
SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
SF 500.1990142 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
J | Jl MMUM
9 8 7 5 4 3 2 1 ppm
i [ it
o B . |9 e S A S S R B N S
<o - | ™| N|=|=[MMNO|M| ||
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tBu_ tBu
.

Si~0 H ph
Et _ ’/Me

N Me

HO
s24
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME VIII-22-P
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170122

Time 13.59
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 32

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 w
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
ST 32768

SF 150.9178755 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

$109



Supplementary Information: Sanzone, Hu, and Woerpel

t-Bu_ t-Bu
A4
Si -0
"|Ph N © O o — R S M OOOONNMO IO
— 0 WO N O o M O IFMONWOOWNLW OO
M AN NN wn o oo HOO 0NN O OO O O W WL
Et N << ® oo T N e e e = R R ==
= Me \\ v W \\\\\\\ '\N/%/ Current Data Parameters
HO NAME JRS-VIII-90-P
EXPNO 1
PROCNO 1
S25 F2 - Acquisition Parameters
Date_ 20170519
Time 7.45
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 4
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 16.21
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
ST 65536
SF 600.1900158 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
0
[ T T T T T T
9 4 3 2 1 ppm
© o) (~|(«©] v oﬁ}wﬁé‘
el 1= 3] 1NN e
o ol lNlAN] [olm|o|N|m
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t-Bu_ t-Bu
N/
Si -0
-11Ph
Et _
H (5 Me

Current Data Parameters
NAME JRS-VIII-90-P

§25 EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170519
Time 7.47
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 42
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 w
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG([2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9178757 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

I I I I I I I I I I
180 160 140 120 100 80 60 40 20 ppm
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oo om O —
00 O N N = O o o
oo~ ©  © o @
0w [SESEN oo

=
<

—3.757
2.838

__—1.228
~—1.110

——1.039

~

tBu_ JtBuU
N/
Si~ Current Data Parameters
0 n-Bu_ _BEt, NAME VII-34-RXN
WiPh N + H, EXPNO 3
N H PROCNO 1
Et F2 - Acquisition Parameters
Me 4 Date_ 20160618
Time 11.59
INSTRUM spect
3 PROBHD 5 mm CPTCI 1H-
PULPROG zg30
D 65536
SOLVENT CéD6
NS 1
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 4.47
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899950 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
A A I,
[ T T T T T T T T T
9 8 7 5 4 3
QT |M| [© -| |2 ([© o
oN|¢ (< |9 |2 e
||| |~ - [~| |[© -
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t-Bu t-Bu
N/
Si~o nBu. _BEt
+ N + Hy
a1Ph H
Et N
Me 4 Current Data Parameters

NAME VII-34-RXN
EXPNO 5

3 PROCNO 1
F2 - Acquisition Parameters
Date_ 20160620
Time 8.26
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 256
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUCL 13C
Pl 11.63 usec
PLW1 95.00000000 w
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
ST 32768
SF 150.9177848 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

m [ \ N “ " h "
T i T i T i T i T i T i T i T i T i T i T
200 180 160 140 120 100 80 60 40 20 ppm
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tBu_ tBu
N/

S114

General

,,,,,,, DATE =-2016/06/18

ﬁME = 12:04
STRUM =:spect

=
o
§
nn
N

fl=)
w
(=)

Si\o
Ph + Et?B\/\/Ph
Et N §
5 o
: ~N
3 16 N
: It
.................................. e
: N[N o 00|
. O||Le— 00| |
: N[ So0 = |
: I o O [
: il 2R
T T T T T T T T [
8 6
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t-Bu /FB“
Si-go
\””Ph + EQB\\//\\J/Ph
Et N
Me
3 6

.l

[

Current Data Parameters

‘ NAME VII-35-RXN
EXPNO 3

PROCNO 1
F2 - Acquisition Parameters
Date_ 20160618
Time 12.13
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT CéD6
NS 256
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 w
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG([2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 w
F2 - Processing parameters
SI 32768
SF 150.9177891 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T
200 180 160 140

T
120

T
100

80

60

40

20

0 ppm
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5 equiv.
tBu_ tBu tBu_ tBu
N/ N/
Si-o Si-g
aiPh o+ 1Ph
Et n-Bu
STHq :- Me - Me 5o &5 Current Data Parameters
o M €Y N 3 NN NAME VII-153-CR
OV M AN < S S Et2B (n BU)ZB oo oo EXPNO 1
O o W
.o “V “V PROCNO 1
SIS AN AN
2 7 F2 - Acquisition Parameters
\ / \ / Date_ 20161019
Time 14.47
INSTRUM spect
% g L?; PROBHD 5 mm BBO BB-1H
PULPROG zg30
o o ™ 65536
o [oNe) SOLVENT CéD6
NS 4
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 90.5
DW 48.400 usec
\\\\\‘\\\\\\\\\‘\\\\\ DE 6.50usec
TE 299.6 K
4.7 ppm D1 30.00000000 sec
TDO 1
— ol ======== CHANNEL fl ========
— (@] NUC1 1H
N O. Pl 9.60 usec
o e PLL 3.00 dB
I PL1IW 37.58904266 W
0.2 ppm SFO1 500.2020889 MHz
F2 - Processing parameters
SI 65536
— L0 SF 500.1990000 MHz
= N WDW no
o < SSB 0
o N LB 0 Hz
GB 0
PC 1.00
{ JJJUULJL ol m." | |.L A‘ALJ "
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

LI

(=3 [
3 &S
- ol
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tBu_ tBu tBu_ tBu
N/ N/
Si-o Si-g
~uPh + ~1Ph
Et . n-Bu .
- Me = Me
EtQB (n-Bu)zB
amom o w0
O n N A T N
O WY o NN
e o Sess Current Data Parameters
o © © 0 2 7 NAME VII-152-CR
=+ o < EXPNO 1
[QVEEQN] — PROCNO 1
8 g z : o < o < F2 - Acquisition Parameters
Date_ 20161018
e 8 8B || || e
< < < < INSTRUM spect
PROBHD 5 mm BBO BB-1H
‘ ‘ ‘ ‘ PULPROG zg30
D 65536
SOLVENT C6D6
NS 1
DS 0
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 64
DW 48.400 usec
DE 6.50 usec
TE 299.0 K
D1 30.00000000 sec
- - - - I - - - - ‘ DO 1
4.65 pipm ======== CHANNEL fl ========
NUC1 1H
T T T T T T T T T Pl 9 60 usec
© o ‘ ‘ PL1 -3.00 dB
® o 0.20 ppm PL1W 37.58904266 W
© e SFO1 500.2020889 MHz
o —
F2 - Processing parameters
3 3 SI 65536
o >N SF 500.1990000 MHz
. . WDW no
N N SSB 0
LB 0 Hz
GB 0
PC 1.00
M A P
[ T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
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wn < oy O LOMOMITANTMOUANTCTMANONOOAHAM ATANSNOM ™
o m o CWMNMANONTFTOAANONAADNOD HOONI~NOWE MO T @
o NN OOV~ LVOWOULWOMWOTPTFTOMMHAOOS LW TN o
R Ndddrdddddddddddddddoco0cco0000 o Current Data Parameters
Vo S 2V
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170220
Time 16.30
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
. . TD 65536
+ other unidentified products SOLVENT CoD6
NS 1
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 33.59
DW 41.600 usec
DE 28.00 usec
TE 298.1 K
S28 D1 30.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
ST 65536
SF 600.1899956 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
[ T T T T T T T T T T 1
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
n (<] AN| ([T|O|(©O]|™m o« < o MM n
o =) ~| lail=llaill = ) ol |« ol ©
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S28

Mo

+ other unidentified products

T
180

T
160

T
140

T
120

T
100

80

60

40

20

ppm

Current Data Parameters

NAME VIII-35-P
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170220

Time 16.37
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30

TD 65536
SOLVENT C6D6

NS 16

DS 2

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65

DW 13.867 usec
DE 18.00 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C

Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W

F2 - Processing parameters
SI 32768

SF 150.9177911 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

$119
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7.178
7.111
7.068
7.025
5.937
5.916
5.911
5.894
5.890
5.874
5.869
5.848
5.711
5.708
5.695
5.624
5.589
5.534
4.860
4.856
4.853
4.818
4.814
4.810
4.778
4.745
4.494
4.491
4.488
4.481
4.478
4.476
4.468
4.465
4.463

e

2.733
2.731
2.728
2.723
2.720
2.717
2.702
2.699
2.696
1.477
1.475
1.472
1.462
1.459
1.456
1.205
1.166

|

Current Data Parameters
t-Bu NAME JRS-VIII-34-P
t-Bu [/ EXPNO 1
Si‘O PROCNO 1
/“" F2 - Acquisition Parameters
/ Date_ 20170131
“ Time 12.10
Ph Me INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
S$17 SOLVENT c6D6
NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 71.73
DW 60.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLW1 14.25000000 W
F2 - Processing parameters
SI 65536
SF 400.2199964 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
MM PC 1.00
] Al o,
9 8 7 5 4 3 2 1 ppm
] alg|e SN 3| |o o|=(®
< v Al Rl b Al Al B - o Ajo]co
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t-Bu Current Data Parameters
t-Bu ] NAME JRS-VIII-34-P
\Si EXPNO 2
. 0 PROCNO 1
/ F2 - Acquisition Parameters
‘, Date_ 20170131
Time 12.14
Ph Me INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
s17 SOLVENT C6D6
NS 128
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 200.67
DW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6454621 MHz
NUC1 13C
Pl 10.00 usec
PLW1 57.00000000 W
== CHANNEL f2 = =
SFO2 400.2216009 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.37926000 W
PLW13 0.30720001 W
F2 - Processing parameters
ST 32768
SF 100.6353288 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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NOOO~ 0N MWL O0W T WO W O N oYM Sy N O n - o nwrs oo @ N
NOTNONWOWHFNHON™ W O~ WO — OO~ M ee] o ™M n N O O N AO o N
DOANNNAAAAAA1TOOO OR NN o owmow - ISR MmN SR E W
SRR NSNS e nn B < o [N N R g S
Current Data Parameters
=\ Y \/ \/ ] am
EXPNO 4
-Bu PROCNO 1
tBu |/
Si\ F2 - Acquisition Parameters
s o} Date_ 20161120
// Time 13.37
. INSTRUM spect
“Ph PROBHD 5 mm CPTCI 1H-
PULPROG zg30
TD 65536
SOLVENT C6D6
NS 8
BnO DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 23.11
S18 DW 41.600 usec
DE 28.00 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1937064 MHz
NUC1 1H
Pl 8.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 600.1899952 MHz
WDW no
SSB 0
LB 0 Hz
GB 0
PC 1.00
J”” - J ‘Jlk b

T

1 ppm
g Bl K21 D [5e] [l l=2I=1 [=2] [=2] © © Ol
o|e(=(2 @ (2|2 S S o S S|
AN|N| N o oOlvrllvr N o N N oo
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BnO

S18

Current Data Parameters

NAME VII-173-P
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161118
Time 14.29
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 16
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 W
======== CHANNEL f2 ========
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00 usec
PLW2 6.80000019 W
PLW12 0.06800000 W
PLW13 0.04352000 W
F2 - Processing parameters
SI 32768
SF 150.9177921 MHz
WDW no
SSB 0
LB 0 Hz
GB

1.40

|
200 190 180 170 160 150 140 130 120 110 100 90 80

$123
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N N o~ ™M =0 WOoO "M o < T O oY [~ [~ N — O
N O N O ST MONOO 0 — N @ 1 o ™M~ ~ ~ N O
(<Nt Te] oY OY O OY OY OY O O o o m o o O Oy — — O O
NN B WBWBWYWYY Y Y o< << NN =
ey N4 N N ATY
tBu_ [
Si. Current Data Parameters
e/ 0 NAME JRS-VIII-16-P
// EXPNO 1
., PROCNO 1
7/
Me p-CeH4CF3 F2 - Acquisition Parameters
Date_ 20170118
Time 10.33
INSTRUM spect
S20 PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 139.37
DW 60.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2224715 MHz
NUC1 1H
Pl 15.00 usec
PLW1 14.25000000 W
F2 - Processing parameters
ST 65536
SF 400.2200094 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| I I I I L L B B B B B
9 8 7 5 4 3 2 ppm

HOE s Y g
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Supplementary Information: Sanzone, Hu, and Woerpel

Current Data Parameters

NAME JRS-VIII-16-P
t-Bu EXPNO 3
t-Bu / PROCNO 1
S
/ o) F2 - Acquisition Parameters
/"" Date_ 20170118
// . Time 13.53
‘v INSTRUM spect
p-CeH4CF3 PROBHD 5 mm CPTCI 1H-
Me PULPROG 2gpg30
TD 65536
SOLVENT CDC13
S20 NS 256
DS 2
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 184.65
DW 13.867 usec
DE 18.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9329866 MHz
NUC1 13C
Pl 11.63 usec
PLW1 95.00000000 w
= CHANNEL f2 == =
SFO2 600.1924008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 6.80000019 w
PLW12 0.06800000 w
PLW13 0.04352000 w
F2 - Processing parameters
ST 32768
SF 150.9178746 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
J” PC 1.40
T T
200 180 120 ppm
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