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1. General information

NMR spectra were recorded on Agilent Technologies 400-MR DD2 (400 MHz for 'H, 100 MHz
for °C, 377 MHz for °F), 400-MR (400 MHz for 'H, 100 MHz for "°C, 377 MHz for "°F), NMR
DD2 400NB (128 MHz for 11B) spectrometers. 'H-NMR data are reported as follows; chemical
shift in parts per million (ppm) downfield or upfield from CDCl; (6 7.26), CD;OD (6 3.31)
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, sep = septet, dd
= double doublet, ddd = double double doublet, dt = double triplet, dqg = double qualtet, and m =
multiplet), and coupling constants (Hz). C-NMR chemical shifts are reported in ppm downfield or
upfield from CDCl; (§ 77.0) or CD;OD (6 49.0). F-NMR chemical shifts are reported in ppm
downfield or upfield from Ce¢HsF (5 —113.15). "B-NMR chemical shifts are reported in ppm
downfield or upfield from PhB(OH), (& 28.82). Mass spectra were measured with JEOL
IMS-AXS505HA, IMS-700 MStation, and JEOL JMS-T100LP spectrometers. Melting points (mp)
were obtained on Stanford Research Systems MPA100 melting point apparatus. Thin-layer
chromatography (TLC) was carried out on Merck 60F-254 precoated silica gel plates and were
visualized by fluorescence quenching under UV light. Column chromatography was performed
using Silica Gel 60N (spherical, neutral, 63-210 pm) (Kanto Chemical Co., Inc.). Air- and/or
moisture-sensitive reactions were carried out under an argon atmosphere using oven-dried
glassware. Alcohol 2a, 2b, 2f, 2g, 2h, 2i, 2j, and 16 were purchased from commercial suppliers and
used without further purification. Alcohol 2k' and triyne 19% were synthesized according to the

literature.

2. Preparation of 2,6-bis(trifluoromethyl)phenylboronic acid (o-FXylB(OH),, 1a) 3

1. +BuOK (1.3 equw)
n-BuLi (1.1 equiv) HO ~OH

F30\©/CF3 THF (0.45 M), —78 °C, 3 h \C[
2. B(OMe)s (3.0 equiv) \©/
31MHCI/THF(1205M St
m12h 59% 19%

To a solution of #-BuOK (947 mg, 8.44 mmol, 1.3 equiv)4 and 1,3-bis(trifluoromethyl)benzene
(1.39 g, 6.49 mmol, 1.0 equiv) in THF (14 mL, 0.45 M) at —78 °C was added dropwise a solution of
n-BuLi in n-hexane (1.6 M in n-hexane, 4.46 mL, 7.14 mmol, 1.1 equiv). After stirring for 3 h,
trimethyl borate (2.18 mL, 19.5 mmol, 3.0 equiv) was added at —78 °C and the mixture was stirred
for 1 h at room temperature. The reaction was quenched by adding 1 M aqueous HCI/THF (15 mL,
1 M aqueous HC1 : THF =1 : 2). After stirring 12 h at room temperature, the resulting mixture was
extracted with EtOAc (2 x 30 mL). The combined organic layer was washed successively with H,O
(30 mL) and brine (30 mL), and dried over Na,SOy,. Filtration and concentration under reduced

pressure furnished the crude product, which was purified by silica gel column chromatography
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(n-hexane : EtOAc =4 : 1) to give 1a (881 mg, 3.44 mmol, 52% yield) as a yellow solid and SI-1
(316 mg, 1.23 mmol, 19% yield) as a yellow solid.

Data for 1a: R,0.34 (4/1 n-hexane/EtOAc); mp 171-172 °C; 'H-NMR (400 MHz, CD;0D) 8 7.90 (d,
J=18.0 Hz, 2H), 7.69 (t, J = 8.0 Hz, 1H); >C NMR (100 MHz, CD;0D) & 134.4 (q, *Jcr=31.1 Hz),
130.2, 129.9 (q, *Jer= 4.4 Hz), 125.7 (q, 'Jer=271.9 Hz); ’F-NMR (377 MHz, CDCl;) § —8.41;
"B-NMR (128 MHz, CDCls) & 29.73; ''B-NMR (128 MHz, CD;0D/D,0 = 9:1) § 29.29; IR (KBr) v
= 3346, 1582, 1476, 1350, 1302, 1209, 1186, 1110, 1065, 1010, 839 cm™'; HRMS (EI) m/z Calcd for
CsHs''BF0, [M]" 258.0287, found 258.028.

Data for SI-1: R;0.13 (4/1 n-hexane/EtOAc); mp 109-110 °C;'H-NMR (400 MHz, CD;0D) & 7.95
(s, 1H), 7.91 (d, J=15.6 Hz, 1H), 7.73 (d, J = 7.6 Hz, 1 H); >C NMR (100 MHz, CD;0OD) 5 143.1,
141.0 (q, J=31.3 Hz), 138.6 (q, J = 32.7 Hz), 137.3 (q, J = 3.5 Hz), 133.5 (q, /= 271.9 Hz), 133.1
(q, J=270.4 Hz), 131.0 (m); "’F-NMR (377 MHz, CDCl;) 5 —60.40, —62.38; IR (KBr) v = 3358,
1344, 1121,849 cm™'; HRMS (EI) m/z Caled for CsHs''BF40, [M]" 258.0287, found 258.028.

3. Preparations of 1,3-diols 2¢c, 2d, and 2e
Preparation of hept-6-ene-1,3-diol (2¢)

OH (COCI), (1.5 equiv)
benzaldehyde dimethyl acetal (1.5 equiv) O(\O(\/\ DM802(3,0 equiv)
WOH TsOH - H,O (20 mol%) Et3N (5.0 equiv)
OH OH ?IVIOFC(OZ.JJ hM) CH,Cl, (0.1 M)
ok 0 °C, 0°C, 15 min
86% SI-2 85%
O
(NH ] (W\
PhsPCH3Br (2.0 equiv)
0_©0 n-BuLi (2.0 equiv) 0_©0 m/\/\
THF (0.1 M) 1 M HCI/H,O/THF (1:1:1,0.07M) OH OH
0°C, 50 min 40°C,3h
87% 2c
SI-3 90% SI-4

To a stirred solution of 2k’ (126 mg, 0.940 mmol) and benzaldehyde dimethyl acetal (0.200 mL,

1.41 mmol, 1.5 equiv) in DMF (10 mL, 0.094 M) at room temperature was added p-toluenesulfonic
acid monohydrate (35.8 mg, 0.188 mmol, 20 mol%). After stirring for 20 h at 50 °C, the reaction
was quenched by adding saturated aqueous NaHCO3 (10 mL). The resulting mixture was extracted
with EtOAc/hexane (4:1, 2 x 10 mL). The combined organic extract was washed with H,O (20 mL),
and dried over Na,SO,. Filtration and concentration under reduced pressure furnished the crude
product, which was purified by silica gel column chromatography (n-hexane : EtOAc = 3 : 2) to
give SI-2 (181 mg, 0.813 mmol, 86% yield) as a colorless oil.
Data for SI-2: Ry= 0.29 (1/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) $7.50-7.47 (m, 2H),
7.39-7.30 (m, 3H), 5.52 (s, 1H), 4.28 (ddd, /= 11.6, 5.2, 1.2 Hz, 1H), 3.97 (ddd, J=12.0, 11.6, 2.4
Hz, 1H), 3.92-3.86 (m, 1H), 3.69-3.66 (m, 2H); °*C NMR (100 MHz, CDCl;) 5 138.6, 128.7, 128.2,
126.0, 101.2, 77.2, 67.0, 62.7, 32.5, 31.2, 28.5; IR (neat) v = 3402, 2923, 2863, 1027 cm™; HRMS
(ESI) m/z Caled for C3H,303Na [M+Na]" 245.1154, found 245.1156.
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To a stirred solution of oxalyl chloride (386 uL, 4.53 mmol, 1.5 equiv) in CH,Cl, (20 mL) at —

78 °C was dropwise added DMSO (544 uL, 9.05 mmol, 3.0 equiv) over 5 min. The mixture was
stirred for 10 min at —78 °C and a solution of SI-2 (670 mg, 3.02 mmol) in CH,Cl, (20 mL) was
added dropwise. After stirring for 20 min, EN (2.10 mL, 15.1 mmol, 5.0 equiv) was added
dropwise at —78 °C. After the mixture was stirred at 0 °C for 15 min, the reaction was quenched by
adding saturated aqueous NH4Cl (30 mL). The resulting mixture was extracted with CH,Cl, (2 x 30
mL). The combined organic layer was washed with brine (40 mL), and dried over Na,SO..
Filtration and concentration under reduced pressure furnished the crude product, which was
purified by silica gel column chromatography (n-hexane : EtOAc = 2 : 1) to give SI-3 (563 mg,
2.56 mmol, 85% yield) as a colorless oil.
Data for SI-3: Ry = 0.30 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) & 9.81 (t, J = 1.2 Hz,
1H), 7.48-7.44 (m, 2H), 7.39-7.31 (m, 3H), 5.49 (s, 1H), 4.27 (ddd, J=11.6, 5.2, 1.2 Hz, 1H), 3.95
(ddd, J = 12.4, 11.6, 2.4 Hz, 1H), 3.91-3.84 (m, 1H), 2.71-2.58 (m, 2H), 2.01-1.79 (m, 3H),
1.58-1.52 (m, 1H); >C NMR (100 MHz, CDCls) §202.12, 202.09, 138.54, 138.53, 128.71, 128.70,
128.19, 128.18, 125.9, 101.1, 76.0, 66.8, 39.6, 31.2, 31.2, 28.3; IR (neat) v = 2925, 2853, 1723,
1364, 1105 cm™; HRMS (ESI) m/z Caled for C;3H¢03Na [M+Na]"243.1000, found 243.1000.

To a solution of methyltriphenylphosphonium bromide (1.82 g, 0.200 mmol, 2.0 equiv) in THF

(15 mL) at 0 °C was added dropwise a solution of n-BuLi in hexane (1.6 M in hexane, 3.18 mL,
5.09 mmol, 2.0 equiv). After stirring for 20 min at 0 °C, a solution of SI-3 (560 mg, 2.54 mmol) in
THF (10 mL) was added dropwise to the mixture. After stirring for 50 min at 0 °C, the reaction
mixture was diluted with Et;O (2.0 mL). The resulting mixture was filtered through a Celite pad
and rinsed with Et,O (100 mL). Concentration under reduced pressure furnished the crude product,
which was purified by silica gel column chromatography (n-hexane : EtOAc =2 : 1) to give SI-4
(500 mg, 2.29 mmol, 90% yield) as a colorless oil.
Data for SI-4: Ry= 0.38 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) § 7.52-7.49 (m, 2H),
7.39-7.31 (m, 3H), 5.85 (ddt, J = 17.2, 10.4, 6.8 Hz, 1H), 5.51 (s, 1H), 5.05 (dq, J = 17.2, 1.6 Hz,
1H), 4.97-5.01 (m, 1H), 4.27 (ddd, J=11.6, 5.2, 1.2 Hz, 1H), 3.96 (ddd, J=12.4, 11.6, 2.8 Hz, 1H),
3.89-3.82 (m, 1H), 2.32-2.15 (m, 2H), 1.88-1.75 (m, 2H), 1.67-1.58 (m, 1H), 1.58-1.50 (m, 1H);
C NMR (100 MHz, CDCls) § 138.9, 138.2, 128.6, 128.2, 126.0, 114.8, 101.1, 76.4, 67.0, 35.0,
31.3, 29.1; IR (neat) v = 2925, 2852, 1364, 1105 cm™'; HRMS (FAB) m/z Calcd for Ci4H;00,
[M+H]" 219.2385, found 219.1396.

A solution of SI-4 (500 mg, 2.29 mmol) in 0.5 M aqueous HCI and THF (30 mL, 0.076 M, 0.5
M aqueous HC1 : THF =2 : 1) was stirred for 3 h at 40 °C. The reaction mixture was extracted with
CHCI;, (6 x 20 mL). The combined organic layer was dried over Na,SO,. Filtration and
concentration under reduced pressure furnished the crude product, which was purified by silica gel
column chromatography (EtOAc) to give 2¢ (258 mg, 1.98 mmol, 87% yield) as a colorless oil.
Data for 2¢: Ry = 0.15 (2/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) & 5.84 (ddt, J =17.2,
10.0, 6.8 Hz, 1H), 5.05 (dq, J = 17.2, 1.6 Hz, 1H), 5.00-4.96 (m, 1H), 3.92-3.08 (m, 3H), 2.52 (br,
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2H), 2.25-2.01 (m, 2H), 1.76-1.52 (m, 4H); BC NMR (100 MHz, CDCls) 6 138.3, 145.0, 71.8, 61.8,
38.3,36.7,29.9; IR (neat) v =3343, 2937, 1058 cm’'; HRMS (ESI) m/z Calced for C;H;50, [M+H]"
131.1072, found 131.1080.

Preparation of 4,6-dihydroxyhexyl acetate (2d)

(Y\/\OH AcCl (2.0 equiv) WOAC

(0]

0.0 Et3N (3.0 equiv) o (Y\/\OAC
CH,ClI, (0.1 M) Ac(ODH/HzolTHF (1:1:1, 0.07 M) OH OH
rt, 20 min 40°C,16h
81% 2d

si-2 92% SI-5
To a stirred solution of SI-2 (111 mg, 0.500 mmol) and triethyl amine (209 uL, 1.50 mmol, 3.0

equiv) in CH,Cl, (5.0 mL, 0.10 M) at room temperature was added acetyl chloride (71.4 uL, 1.00
mmol, 2.0 equiv). After stirring for 20 min, the reaction was quenched by adding 1 M aqueous HCI
(5.0 mL). The resulting mixture was extracted with CH,Cl, (2 x 10 mL). The combined organic
layer was washed with brine (20 mL), and dried over Na,SOj,. Filtration and concentration under
reduced pressure furnished the crude product, which was purified by silica gel column
chromatography (n-hexane : EtOAc = 5 : 1) to give SI-5 (121 mg, 0.458 mmol, 92% yield) as a
colorless oil.

Data for SI-5: Ry= 0.18 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) § 7.57-7.47 (m, 2H),
7.38-7.30 (m, 3H), 5.51 (s, 1H), 4.27 (ddd, J=11.4, 5.0, 1.3 Hz, 1H), 4.16-4.06 (m, 2H) 3.96 (ddd,
J =123, 11.4, 2.6 Hz, 1H), 3.89-3.83 (m, 1H), 2.05 (s, 3H), 1.93-1.50 (m, 6H); °C NMR (100
MHz, CD;0OD) ¢ 171.1, 138.7, 128.6, 128.2, 126.0, 101.1, 76.6, 66.9, 64.3, 32.3, 31.3, 24.3, 20.9;
IR (neat) v = 2956, 2853, 1738, 1243, 1108 cm™; HRMS (ESI) m/z Calcd for C;sHy0sNa
[M+Na] 287.1259, found 287.1256.

A solution of SI-5 (121 mg, 0.458 mmol) in AcOH, H,O and THF (6.5 mL, 0.070 M, AcOH :

H,O : THF =1 : 1 : 1) was stirred for 16 h at 40 °C. The reaction mixture was extracted with
CHCI3, (4 x 10 mL). The combined organic layer was washed with brine (40 mL), and dried over
NaySO,. Filtration and concentration under reduced pressure furnished the crude product, which
was purified by silica gel column chromatography (CHCl;: MeOH = 19:1) to give 2d (65.6 mg,
0.373 mmol, 81% yield) as a colorless oil.
Data for 2d: Ry = 0.15 (1/2 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) & 4.09 (t, J = 6.8 Hz,
2H), 3.92-3.79 (m, 3H), 2.87 (br, 1H), 2.60 (br, 1H), 2.04 (s, 3H), 1.84-1.64 (m, 4H), 1.57-1.51 (m,
2H); >C NMR (100 MHz, CDCl3) 8 171.4, 71.1, 64.4, 61.3, 38.3, 33.8, 24.7, 20.9; IR (neat) v =
3384, 2940, 1732, 1254, 1050 cm™; HRMS (EI) m/z Caled for CsHy 704 [M+H]" 177.1127, found
177.1122.
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Preparation of 6-(benzyloxy)hexane-1,3-diol (2e)

(\(\/\OH BnBr (1.5 equiv) (\(\/\OBn

(0]

0.0 NaH (3.0 equiv) o (\K\/\OBn
DMF (0.1 M) AcOH/H,O/THF (1:1:1, 0.07 M) OH OH
rt, 3 h 40°C,14h
71% 2e

sl-2 81% SI-6
To a suspension of sodium hydride (44.4 mg, 1.85 mmol, 3.0 equiv) in DMF (2.2 mL) at 0 °C
was added dropwise a solution of SI-2 (137 mg, 0.617 mmol) in DMF (2.0 mL) and the mixture

was strried for 10 min at room temperature. Benzyl bromide (110 pnL, 0.926 mmol, 1.5 equiv) was
added dropwise at 0 °C and the mixture was sirred for 3 h. The reaction was quenched by adding
saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted with EtOAc (2 x 10 mL).
The combined organic layer was washed with brine (20 mL), and dried over Na,SOy. Filtration and
concentration under reduced pressure furnished the crude product, which was purified by silica gel
column chromatography (n-hexane : EtOAc =9 : 1) to give SI-6 (156 mg, 0.500 mmol, 81% yield)
as a colorless oil.

Data for SI-6: Ry= 0.28 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) § 7.50-7.47 (m, 2H),
7.38-7.26 (m, 8H), 5.49 (s, 1H), 4.51 (s, 2H), 4.26 (ddd, J=11.6, 5.2, 1.2 Hz, 1H), 3.95 (ddd, J =
12.4, 11.6, 2.4 Hz, 1H), 3.87-3.81 (m, 1H), 3.57-3.47 (m, 2H), 1.90-1.64 (m, 5H), 1.55-1.50 (m,
1H); C NMR (100 MHz, CDCls) & 138.8, 138.6, 128.6, 128.3, 128.2, 127.6, 127.5, 126.0, 101.1,
77.0, 72.9, 70.2, 67.1, 32.7, 31.3, 25.3; IR (neat) v = 3032, 2950, 2853, 1364, 1107 cm™'; HRMS
(ESI) m/z Caled for CooHa403Na [M+Na]" 335.1623, found 335.1610.

A solution of SI-6 (156 mg, 0.500 mmol) in AcOH / H,O / THF (7.0 mL, 0.071 M, AcOH :

H,O : THF =1 : 1 : 1) was stirred for 14 h at 40 °C. The reaction mixture was extracted with
CHClIs, (5 x 10 mL). The combined organic layer was washed with brine (40 mL), and dried over
Na,SO,. Filtration and concentration under reduced pressure furnished the crude product, which
was purified by silica gel column chromatography (EtOAc) to give 2e (80.0 mg, 0.357 mmol, 71%
yield) as a colorless oil.
Data for 2e: Ry = 0.13 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) & 4.09 (t, J = 6.8 Hz,
2H), 3.92-3.79 (m, 3H), 2.87 (br, 1H), 2.60 (br, 1H), 2.04 (s, 3H), 1.84-1.64 (m, 4H), 1.57-1.51 (m,
2H); >C NMR (100 MHz, CDCl;) 8 171.4, 71.1, 64.4, 61.3, 38.3, 33.8, 24.7, 20.9; IR (neat) v =
3372, 2942, 2865, 1278, 1099 cm™; HRMS (ESI) m/z Calcd for C;3H00sNa [M+Na]" 247.1310,
found 247.1311.
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4. General procedure for the formations of boronic esters and characterization data for
compounds 3a—k

General procedure for the formation of boronic esters from diols

R HO.  OH
R . /NN
i o-FXyIBA (1a) (1.0 equiv) O\B’O FsC CFs
HO  OH (CH,Cl), (02 M), reflux, 24h T
;
2a—k Ar =2,6-(CF3)2CeHs 3a—k o-FXylBA (1a)

To a solution of diols 2a-k (0.200 mmol, 1.0 equiv) in CICH,CH,CI (1.0 mL, 0.20 M) was added
2,6-bis(trifluoromethyl)phenylboronic acid (1a) (0.200 mmol, 1.0 equiv). After stirring for 24 h at
reflux, the reaction mixture was concentrated under reduced pressure to give the crude boronic

ester, which was purified by silica gel column chromatography.

2-(2,6-Bis(trifluoromethyl)phenyl)-4-phenyl-1,3,2-dioxaborolane (3a)
P 80% yield, Data for 3a; yellow oil; R; 0.34 (20/1 n-hexane/EtOAc); 'H-NMR
(400 MHz, CDCls) & 7.88 (d, J = 8.0 Hz, 2H), 7.69 (t, J = 8.0 Hz, 1H), 7.43-7.34 (m,
5H), 5.66 (t, J = 8.8 Hz, 1H), 4.80 (t, J = 8.8 Hz, 1H), 4.24 (t, J = 8.8 Hz, 1H);
e BC-NMR (100 MHz, CDCl3) & 139.5, 134.7 (q, “Je.r= 31.6 Hz), 130.1, 128.8, 128.7
(q, *Jor = 4.0 Hz), 128.4, 125.9, 124.0 (q, 'Jer = 272.6 Hz), 80.1, 73.9; "F-NMR (377 MHz,
CDCl3) 8 —59.79; IR (neat) v = 3037, 2912, 1580, 1297, 1132 cm™'; HRMS (FAB) m/z Calcd for
C16Hpo''BF60, [M+H]" 361.0835, found 361.0833.

o, .0

-

F3C CF3

2-(2,6-Bis(trifluoromethyl)phenyl)-5,5-dimethyl-1,3,2-dioxaborinane (3b)
80% yield, Data for 3b: yellow solid; Ry 0.41 (20/1 n-hexane/EtOAc); mp
0.5-0 49-51 °C; '"H-NMR (400 MHz, CDCl3) 6 7.81 (d, J = 8.0 Hz, 2H), 7.58 (t, J = 8.0
FsC©CFs Hz, 1H), 3.79 (s, 4H), 1.10 (s, 6H); *C-NMR (100 MHz, CDCls) & 133.8 (q, *Je.r=
31.0 Hz), 129.0, 128.6 (q, *Jer= 4.4 Hz), 124.2 (q, 'Jor= 272.6 Hz), 72.8, 31.8,
22.4; "F-NMR (377 MHz, CDCls) § —59.74; IR (KBr) v = 2921, 1164 cm™'; HRMS

(EI) m/z Caled for C13H3' 'BF¢0, [M]" 326.0913, found 326.0919.

3b

2-(2,6-Bis(trifluoromethyl)phenyl)-4-(but-3-en-1-yl)-1,3,2-dioxaborinane (3¢)
(Y S 99% yield, Data for 3c: yellow oil; R;0.51 (9/1 n-hexane/EtOAc); 'H-NMR
- oF. (400 MHz, CDCl3) & 7.79 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 5.83
@f (ddt, J=17.2, 10.4, 6.8 Hz, 1H), 5.04 (dq, J = 17.2, 1.6 Hz, 1H), 5.04-4.96 (m,
3c 1H), 4.22-4.08 (m, 3H), 2.28-2.12 (m, 2H), 2.04 (dq, J = 14.0, 3.6 Hz, 1H),
1.98-1.88 (m, 1H), 1.82-1.73 (m, 1H), 1.68-1.59 (m, 1H); >C-NMR (100 MHz, CDCl3) & 137.9,
133.7 (q, “Jer=31.0 Hz), 128.9, 128.6 (q, *Jer= 4.2 Hz), 124.3 (q, 'Jer=272.1 Hz), 115.0, 71.6,
61.9, 35.6,31.6, 29.1; "F-NMR (377 MHz, CDCl3) § —59.40; IR (neat) v = 3080, 2926, 1295, 1132

cm™'; HRMS (EI) m/z Caled for CysH;s''BF¢0, [M]"352.1069, found 352.1098.
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3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propyl acetate (3d)
(Y ok 96% yield, Data for 3d: colorless oil; Ry 0.81 (2/1 n-hexane/EtOAc);

0...0
o b o 'H-NMR (400 MHz, CDCls) & 7.78 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0, 1H),
3 3
ﬁj 4.21-4.07 (m, 5H), 2.03 (s, 3H), 2.05-2.00 (m, 1H), 1.97-1.60 (m, SH);
3d BC-NMR (100 MHz, CDCls) § 171.1, 133.7 (q, J>= 31.1 Hz), 128.9, 128.6

(q, Ji= 3.1 Hz), 1243 (q, Ji= 272.0 Hz), 71.8, 64.2, 61.9, 33.0, 31.8, 24.2, 20.9; ’F-NMR (377
MHz, CDCls) § —59.39; IR (neat) v = 2960, 2923, 2891, 2850, 1740, 1577, 1487, 1433, 1368, 1344,
1296, 1243, 1199, 1177, 1132, 1089, 1069, 818 cm™'; HRMS (ESI) m/z Calcd for CisH;7BFs0sNa
[M+Na]" 421.1022, found 421.1028.

4-(3-(Benzyloxy)propyl)-2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinane (3e)
(Y > oen 97% yield, Data for 3e: yellow oil; Ry 0.45 (9/1 n-hexane/EtOAc);

0o._..0
co 1 o 'H-NMR (400 MHz, CDCl5) § 7.79 (d, J = 7.9 Hz, 2H), 7.56 (t, J= 7.9 Hz,
3 3
@ 1H), 7.37-7.25 (m, 5H), 4.50 (s, 2H), 4.21-4.07 (m, 3H), 3.56-3.47 (m, 2H),
3e 2.04 (dq, J = 14.1, 3.6 Hz, 1H), 1.97-1.88 (m, 1H), 1.86-1.68 (m, 4H);

BC-NMR (100 MHz, CDCls) & 138.6, 133.7 (q, “Je.r= 31.2 Hz), 128.9, 128.5 (q, *Je.r= 4.2 Hz),
128.3, 127.6, 127.5, 124.3 (q, 'Jer= 272.6 Hz), 72.8, 72.1, 70.0, 61.9, 33.2, 31.7, 25.2; "F-NMR
(377 MHz, CDCL) & -59.39; 'B-NMR (128 MHz, CDClLy) & 27.94; ''B-NMR (128 MHz,
CD;OD/D,0O = 9:1) & 27.93; IR (neat) v = 2922, 1295, 1130 cm’'; HRMS (ESI) m/z Calcd for
C»1Ha''BF¢0O;Na [M+Na]" 469.1386, found 469.1375.

(4R,5R)-2-(2,6-Bis(trifluoromethyl)phenyl)-4,5-diphenyl-1,3,2-dioxaborolane (3f)

PhA P 83% yield, Data for 3f: yellow solid; Ry 0.38 (20/1 n-hexane/EtOAc); mp

o:\B,o 97-100 °C; 'H-NMR (400 MHz, CDCl3) & 7.93 (d, J = 8.0 Hz, 2H), 7.71 (t, J = 8.0

FsC CFs Hz, 1H), 7.45-7.35 (m, 10H), 5.40 (s, 2H); "C-NMR (100 MHz, CDCls) & 138.4,

3f 134.7 (q, *Jor=31.4 Hz), 130.2, 128.8, 128.8 (q, *Jer= 4.2 Hz), 128.6, 126.2, 124.2

(q, "Jer= 272.6 Hz), 88.0; ’F-NMR (377 MHz, CDCl3) § —59.42; IR (KBr) v =

3036, 2908, 1300, 1130 cm™; HRMS (EI) m/z Caled for CyH sBF¢O, [M]" 436.1069, found
436.1067.

(3aR,7aS8)-2-(2,6-Bis(trifluoromethyl)phenyl)hexahydrobenzo[d][1,3,2]dioxaborole (3g)
90% yield, Data for 3g: yellow oil; Ry 0.31 (20/1 n-hexane/EtOAc); 'H-NMR
dd (400 MHz, CDCls) 6 7.83 (d, J= 7.9 Hz, 2H), 7.63 (t, J= 7.9 Hz, 1H), 4.61-4.56 (m,
F.C oF, 2H), 1.91-1.89 (m, 4H), 1.69-1.58 (m, 2H), 1.43-1.33 (m, 2H); *C-NMR (100 MHz,
@ CDCly) & 134.6 (q, “Jer=31.4 Hz), 129.7, 128.6 (q, *Jor= 4.4 Hz), 124.0 (q, "Jer=
39 272.7 Hz), 76.6, 28.2, 19.7; "F-NMR (377 MHz, CDCl;) & —59.79; IR (neat) v =
3420, 2942, 1297, 1132 cm™; HRMS (EI) m/z Caled for Ci4H;3''BFs0, [M]" 338.0913, found

338.0919.
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(3aR,6aS8)-2-(2,6-Bis(trifluoromethyl)phenyl)tetrahydro-4H-cyclopenta[d][1,3,2]dioxaborole
(3h)
90% yield, Data for 3h: yellow oil; R 0.44 (20/1 n-hexane/EtOAc); 'H-NMR
0,50 (400 MHz, CDCls) 6 7.83 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 8.0 Hz, 1H), 5.07-5.03 (m,
FSCUCFG 2H), 2.08-2.02 (m, 2H), 1.96-1.86 (m, 1H), 1.76-1.64 (m, 3H); *C-NMR (100 MHz,
CDCl3) 8 134.6 (q, “Jer = 31.4 Hz), 129.7, 128.6, (q, “Jer= 4.3 Hz), 123.9 (q, "Je-r
=272.6 Hz), 84.1, 34.1, 21.7; ""F-NMR (377 MHz, CDCl3) 5 —59.84; IR (neat) v =
2967, 1298, 1132 cm™'; HRMS (EI) m/z Caled for Cy3Hy1'BFO, [M]™ 324.0756, found 324.0748.

3h

(3aR,9aS)-2-(2,6-Bis(trifluoromethyl)phenyl)octahydrocycloocta[d][1,3,2]dioxaborole (3i)
90%, yield, Data for 3i: yellow solid; Ry 0.41 (20/1 n-hexane/EtOAc); mp
64-66 °C; 'H-NMR (400 MHz, CDCl3) 6 7.83 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 8.0

o._.0O
o [ Hz 1H), 4.65-4.59 (m, 2H), 2.12-2.02 (m, 2H), 1.96-1.90 (m, 2H), 1.72-1.65 (m,
3 3
ij( 2H), 1.56-1.26 (m, 6H); >C-NMR (100 MHz, CDCl3) & 134.6 (q, *Jcr= 31.4 Hz),
3i 129.7, 129.0 (q, *Jer= 4.4 Hz), 124.0 (q, "Jer= 272.6 Hz), 82.4, 29.0, 27.0, 25.6;

F-NMR (377 MHz, CDCl3) § —59.77; IR (KBr) v = 2934, 1300, 1133 cm™'; HRMS (EI) m/z Calcd
for C16Hy7 'BFs0, [M]" 366.1226, found m/z: 366.1239.

2-(2,6-Bis(trifluoromethyl)phenyl)-4 H-benzo|d][1,3,2]dioxaborinine (3j))
(@ 84% yield, Data for 3j: yellow oil; Ry 0.41 (20/1 n-hexane/EtOAc); 'H-NMR
(400 MHz, CDCls) 8 7.87 (d, J = 8.0 Hz, 2H), 7.66 (t, J = 8.0 Hz, 1H), 7.28-7.24 (m,
FiC cr, 1H), 7.10 (dt, J = 7.6, 1.2 Hz, 1H), 7.04-7.01 (m, 2H), 5.26 (s, 2H); "C-NMR (100
@ MHz, CDCl;) & 148.8, 134.1 (q, “Je.r= 31.4 Hz), 129.7, 129.0, 128.8 (q, *Jer= 4.2
8 Hz), 124.9, 124.2 (q, 'Jer= 272.4 Hz), 123.7, 122.2, 117.9, 63.6; '’F-NMR (377
MHz, CDCls) & —59.74; IR (neat) v = 3050, 2905, 1297, 1169 ¢cm™; HRMS (EI) m/z Calcd for

C1sHy''BF¢0, [M]" 346.0600, found 346.0599.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-ol (3k)
(Y ToH 77% vyield, Data for 3k: yellow oil; Ry 0.16 (4/1 n-hexane/EtOAc);

Oo._.0
o 1o 'H-NMR (400 MHz, CDCl3) & 7.78 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz,
3 3
@f 1H), 4.21-4.08 (m, 3H), 3.67-3.64 (m, 2H), 2.06-1.89 (m, 2H), 1.78-1.64 (m,
3K 5H) >C-NMR (100 MHz, CDCl3) & 133.7 (q, Jo= 31.2 Hz), 128.96, 128.6 (q,

J= 4.3 Hz), 124.3 (q, J;= 272.1 Hz), 72.3, 62.6, 62.0, 33.0, 31.8, 28.40; '"F-NMR (377 MHz,
CDCls) 6 —59.38; IR (neat) v = 2952, 2927, 2872, 2840, 1488, 1431, 1343, 1295, 1197, 1168, 1131,
1088, 1066, 812 cm™; HRMS (ESI) m/z Caled for Ci4Hs' 'BF¢O3Na [M+Na]" 379.0916, found
379.0918.
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Preparation of 4-(3-(benzyloxy)propyl)-2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborin-
ane (3e) on a 3 mmol scale
HO. , OH

OBn 1a (1.0 equiv) O\B,O

OH OH (CH,Cl), (0.2 M) FsC CF4
reflux, 24 h

2e 97% 3e
To a solution of 2e (674 mg, 3.00 mmol, 1.0 equiv) in CICH,CH,Cl (15 mL, 0.20 M) was added

la (776 mg, 3.00 mmol, 1.0 equiv). After stirring for 24 h at reflux, the reaction mixture was

concentrated under reduced pressure to furnish the crude product, which was purified by silica gel
column chromatography (n-hexane : EtOAc =9 : 1) to give 3e (1.30 g, 2.91 mmol, 97% yield) as a

yellow oil.

Table S1. Formation of cyclic boronic esters between o-FXyIB(OH), and different diols.

R HO.__.OH
R . /NN B
[\'('\)n o-FXyIBA (1a) (1.0 equiv) o. B’O FsC CFs
HO OH (CH,CI), (0.2 M), temp., 24 h A
2a-k Ar = 2,6-(CF3),CeHs 3a—k o-FXylBA (1a)
Ph % P (WOAC Wosn
o/_<o W 0.0 ° 0.0 °
Y o\lla,o o\lla,o B B
Ar Ar Ar Ar Ar
3a 3b 3c 3d 3e
100%2 ()  58%3 (rt) 89%7 (rt) 91%2 (rt) 84%2 (rt)
80%> (reflux) 68%?° (rt with MS4 &) 99% (reflux)  96%?2 (reflux) 97%P (reflux)
80%?2 (reflux)
neon () D e
N 2
0. .0 0. .0 0. .0 . .
. B ; -
Ar Ar Ar Ar Ar
3f n=2:3g 3i 3j 3k
4%32 (1) 69%2 (rt) 19%3 (rt) 75%2 (rt) 77%7
83%?2 (reflux) 90%P (reflux) 90%?2 (reflux)  84%P (reflux)
n=1:3h
9% (rt)
90%? (reflux)

aDetermined by 'H-NMR analysis of crude mixture.
bsolated yield.

¢ Performed with MS4 A (1 g/mol)

9 Reaction time 60 h.

5. Experimental procedures for the chamical transformation of 2,6-bis(trifluoromethyl)-
phenylboronic esters
3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propyl acetate (3d)

0. .0 AC(_:l '(1 .5 equiv) ) 0. .0
B collidine (2.0 equiv) B
FsC CF. FsC CF.
8 8 CH,Cl, (0.1 M) 8 8
r,20 h
3k 99% 3d
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To a stirred solution of 3k (100 mg, 0.280 mmol) and 2,4,6-trimethylpyridine (74.0 uL, 0.560
mmol, 2.0 equiv) in CH,Cl, (3.0 mL, 0.093 M) at room temperature was added acetyl chloride
(30.0 uL, 0.420 mmol, 1.5 equiv). After stirring for 20 h, the reaction was quenched by adding 1 M
aqueous HCI. The resulting mixture was extracted with CH,Cl, (2 x 10 mL). The combined organic
layer was washed with brine (20 mL), and dried over Na,SOj,. Filtration and concentration under
reduced pressure furnished the crude product, which was purified by silica gel column
chromatography (n-hexane : EtOAc = 9 : 1) to give 3d (110 mg, 0.276 mmol, 99% yield) as a

colorless oil.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-ol (3k)

0.5-0 DIBAL-H (2.0 equiv) 0.5-0
FoC CFs CH,Cl (0.05 M) FoC CFs
-78°C,3h
3d 78% 3k

To a stirred solution of 3d (43.8 mg, 0.110 mmol) in CH,Cl, (2.0 mL, 0.055 M) at -78 °C was
added dropwise a solution of DIBAL-H in hexane (1.03 M in hexane, 0.22 mL, 0.220 mmol, 2.0
equiv). After stirring for 3 h at —78 °C, the reaction was quenched by adding EtOAc (2.0 mL). A
saturated aqueous solution of potassium sodium tartrate (6 mL) was added to the resulting mixture.
After stirring for 10 min, saturated aqueous NH4Cl was added. The resulting mixture was extracted
with EtOAc (3 x 15 mL). The combined organic layer was washed successively with H,O (30 mL)
and brine (30 mL), and dried over Na,SOy. Filtration and concentration under reduced pressure
furnished the crude product, which was purified by silica gel column chromatography (n-hexane :

EtOAc=1:1) to give 3k (30.7 mg, 0.0862 mmol, 78% yield) as a yellow oil.

4-(3-(Benzyloxy)propyl)-2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinane (3e)

(\(\/\OH . (Y\/\OBn
BnBr (5.0 equiv)

O\B/O Ag,0 (4.0 equiv) O*B/O
FsC CFs CICH,CH,CI (0.3 M) FsC CFa
reflux, 24 h
3k 81% 3e

To a stirred suspension of 3k (356 mg, 1.00 mmol) and Ag,O (927 mg, 4.00 mmol) in (CH,Cl),
(3.0 mL, 0.33 M) at room temperature was added benzyl bromide (0.60 mL, 5.00 mmol, 5.0 equiv).
After stirring for 20 h at reflux, the reaction mixture was filtrated through Celite pad and rinsed
with CH,Cl, (20 mL). Concentration under reduced pressure furnished the crude product, which
was purified by silica gel column chromatography (n-hexane : EtOAc =9 : 1) to give 3e (362 mg,
0.812 mmol, 81% yield) as a yellow oil.
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3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-ol (3k)

(\(\/\OBH (Y\/\o H
Pd/C (20 wt%)

O. B,O Hp O. B’O
F3C CF3 MeOH (0.1 M) F3C CF3
rt, 30 min
3e 97% 3k

A mixture of 10% Pd/C (16.0 mg, 20 wt%) and 3e (79.0 mg, 0.180 mmol) in MeOH (2.0 mL,
0.090 M) was stirred for 30 min at room temperature under H, atmosphere (balloon). The reaction
mixture was filtrated through Celite pad and rinsed with CH,Cl, (20 mL). Concentration under
reduced pressure furnished the crude product, which was purified by silica gel column
chromatography (n-hexane : EtOAc = 9 : 1) to give 3k (62.2 mg, 0.175 mmol, 97% yield) as a

yellow oil.

(3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propoxyl)triethylsilane (4)

(Y\/\OTES

TESOTf (1.8 equiv)
O‘B’O 2,6-lutidine (3.0 equiv) 0. B/O
FsC CF3 GH,Cl, (0.1 M) FsC CF3
rn,8h
3k 91% 4

To a stirred solution of 3k (71.2 mg, 0.200 mmol) and 2,6-lutidine (47.0 uL, 0.400 mmol, 3.0
equiv) in CH,Cl, (2.0 mL, 0.10 M) at room temperature was added dropwise TESOTTf (54.0 uL,
0.240 mmol, 1.8 equiv). After stirring for 8 h, the reaction was quenched by adding saturated
aqueous NH4CI (2.0 mL). The resulting mixture was extracted with CH,Cl, (2 x 10 mL). The
combined organic layer was washed with brine (20 mL), and dried over Na,SO,. Filtration and
concentration under reduced pressure furnished the crude product, which was purified by silica gel
column chromatography (n-hexane : EtOAc = 19 : 1) to give 4 (85.5 mg, 0.182 mmol, 91% yield)
as a colorless oil.

Data for 4: colorless oil; Ry 0.35 (20/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) 6 7.84 (d,
J=28.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 4.21-4.08 (m, 3H), 3.69-3.59 (m, 2H), 2.05 (dq, J = 14.2,
3.6 Hz, 1H), 1.97-1.87 (m, 1H), 1.73-1.57 (m, 4H), 0.94 (t, J = 8.1 Hz, 9H), 0.58 (q, J = 8.1 Hz,
6H); >*C-NMR (100 MHz, CDCl3) & 133.7 (q, “Jer= 31.0 Hz), 128.9, 128.5 (q, *Jer= 4.4 Hz),
124.3 (q, 'Jor=272.8 Hz), 72.2, 62.6, 61.9, 32.9, 31.7, 28.3, 6.7, 4.4; ’F-NMR (377 MHz, CDCls)
§ —59.41; IR (neat) v = 2956, 1297, 1135 cm™; HRMS (EI) m/z caled for CaoHso''BO3F4Si [M]
471.1961, found 471.1956.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-ol (3k)

WOTES (\NOH

0.5-0 0.5-0
FsC CF3 1 M HCI/THF (1:1, 0.1 M) FsC CF3
rt, 10 min
4 74% 3k
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A solution of 4 (47.0 mg, 0.100 mmol) in 1 M aqueous HCIl / THF (1.0 mL, 1 M aqueous HCI :
THF =1 : 1) was stirred for 10 min at room temperature. The reaction mixture was extracted with
CH,Cl,, (2 x 2.0 mL). The combined organic layer was washed with brine (5.0 mL), and dried over
NaySOy. Filtration and concentration under reduced pressure furnished the crude product, which
was purified by silica gel column chromatography (n-hexane : EtOAc =2 : 1) to give 3k (26.0 mg,
0.0740 mmol, 74% yield) as a yellow oil.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propanal (5)

o)
N Non (000N, (15 equi) K\/\)LH
DMSO (3.0 equiv)
0.5-0 EtsN (5.0 equiv) Og-©
FsC CF3 CH,Cl, (0.1 M) FC s
-78 °Cto 0 °C, 15 min
3K 89% 5

To a stirred solution of oxalyl chloride (128 uL, 1.50 mmol, 1.5 equiv) in CH,Cl, (5.0 mL) at —
78 °C was added dropwise DMSO (180 uL, 3.00 mmol, 3.0 equiv) dropwise over 5 min. The
mixture was stirred for 10 min at —78 °C and a solution of 3k (356 mg, 1.00 mmol) in CH,Cl, (5.0
mL) was added dropwise. After stirring for 20 min, Et;N (696 uL, 5.00 mmol, 5.0 equiv) was
added dropwise at —78 °C. After the mixture was stirred at 0 °C for 15 min, the reaction was
quenched by adding saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted with
CH,Cl; (2 x 10 mL). The combined organic layer was washed with brine (20 mL), and dried over
Na,SO,. Filtration and concentration under reduced pressure furnished the crude product, which
was purified by silica gel column chromatography (n-hexane : EtOAc =2 : 1) to give 5 (85.5 mg,
0.182 mmol, 89% yield) as a colorless oil.

Data for 5: colorless oil; Ry 0.43 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) 8 9.79 (t,
J=1.2Hz, 1H), 7.79 (d, J= 8.0 Hz, 2H), 7.57 (t, J = 8.0 Hz, 1H), 4.22-4.09 (m, 3H), 2.72-2.58 (i,
2H), 2.08-1.80 (m, 4H); *C-NMR (100 MHz, CDCls) & 201.8, 133.7 (q,” Jer= 31.0 Hz), 129.0,
128.59 (q, *Je.r= 4.2 Hz), 124.29 (q, 'Jer= 272.7 Hz), 71.3, 61.9, 39.5, 31.8, 28.7; "’F-NMR (377
MHz, CDCl3) & —59.38; IR (neat) v = 2953, 2927, 1725, 1577, 1487, 1431, 1344, 1295, 1200, 1168,
1131, 1987, 1068, 818 cm™; HRMS (ESI) m/z caled for Ci4H;3''BFOsNa [M+Na]™ 377.0760,
found 377.0749.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propanal (5)

o]
m/\/\OH (Y\)J\H
O\B,O DMP (1.5 equiv) O\B,O
FsC CFs CH,Cl, (0.05 M) FsC CF3
rt, 1h
3k 75% 5

To a stirred solution of Dess—Martin periodinane (68.2 mg, 0.161 mmol, 1.5 equiv) in CH,Cl,
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(1.0 mL, total 0.050 M) at room temperature was added a solution of 3k (38.2 mg, 0.107 mmol) in
CH,Cl, (1.0 mL). After stirring for 1 h, the reaction was quenched by successively adding saturated
aqueous Na,S,;0; (1.0 mL) and saturated aqueous NaHCO3 (1.0 mL). After stirring for 30 min, the
resulting mixture was extracted with EtOAc (5.0 mL). The combined organic layer was washed
with brine (5.0 mL), and dried over Na,SO,. Filtration and concentration under reduced pressure
furnished the crude product, which was purified by silica gel column chromatography (n-hexane :

EtOAc=4:1)to give 5 (25.4 mg, 0.0717 mmol, 75% yield) as a colorless oil.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-ol (3k)

o
H Y oH
0.5-0 NaBH, (1.0 equiv) 0.5-0
FSC\©/CF3 MeOH (0.1 M) FSC\©/CF3
0°C, 5 min
5 90% 3k

To a stirred solution of 5 (35.4 mg, 0.100 mmol) in MeOH (1.0 mL, 0.10 M) at 0 °C was added
NaBH4 (3.78 mg, 0.100 mmol, 1.0 equiv). After stirring for 5 min, the reaction was quenched by
adding saturated aqueous NH4Cl (1.0 mL). The resulting mixture was extracted with EtOAc (5.0
mL). The organic layer was washed with brine (5.0 mL), and dried over Na,SO,. Filtration and
concentration under reduced pressure furnished the crude product, which was purified by silica gel
column chromatography (n-hexane : EtOAc =2 : 1) to give 3k (32.0 mg, 0.0900 mmol, 90% yield)

as a yellow oil.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)-1-phenylpropan-1-ol (6)

o OH
H Ph
O\B'O PhMgBr (1.0 equiv) O\B/O
FsC CF,4 Et,0 (0.05 M) FsC CF,4
rt, 10 min
5 70% 6

To a stirred solution of 5 (35.4 mg, 0.100 mmol) in Et,O0 (2.0 mL, 0.050 M) at room temperature
was added dropwise a solution of PhMgBr in Et;,O (0.70 M in Et,0O, 140 uL, 0.098 mmol, 1.0
equiv). After stirrng for 10 min, the reaction was quenched by adding saturated aqueous NH4CI (2.0
mL). The resulting mixture was extracted with EtOAc (3 x 5.0 mL). The combined organic layer
was washed with brine (10 mL), and dried over Na,SO,. Filtration and concentration under reduced
pressure furnished the crude product, which was purified by silica gel column chromatography
(n-hexane : EtOAc =5 : 1) to give 6 (30.4 mg, 0.0703 mmol, 70% yield) as a colorless oil.

Data for 6: colorless oil; Ry 0.51 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) 6 7.79 (d,
J=79 Hz, 2H), 7.56 (t, J= 7.9 Hz, 1H), 7.34-7.32 (m, 4H), 7.28-7.23 (m, 1H), 4.72-4.70 (m, 1H),
4.22-4.07 (m, 3H), 2.06-1.57 (m, 6H); >C-NMR (100 MHz, CDCl3) & 144.54, 144.51, 133.70 (q,
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2Jer=31.0 Hz), 133.69 (q, Jer= 31.0 Hz), 128.94,, 128.93, 128.6 (q, *Jor= 4.2 Hz), 128.44,,
128.43, 127.5, 125.79, 125.76, 124.3 (q, 'Jer= 272.1 Hz), 74.3, 74.1, 72.5, 72.2, 62.0, 61.9, 34.7,
34.5,32.9,32.7, 31.9, 31.8; "F-NMR (377 MHz, CDCL3) § -59.37; IR (neat) v = 3390, 2925, 1296,
1132 em™; HRMS (EI) m/z caled for CaoH o' 'BFO; [M]" 432.1331, found 432.1337.

N-Benzyl-3-(2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propan-1-amine (7)

O
1. benzylamine (1.1 equiv)
(\(\)J\H CH,Cl, (0.05 M) (\(\/\NAPh
rt,1.5h H

0.5.0 0,50
2. NaBH, (1.0 equiv)
FsC CFy CH,Cly/MeOH (1:1, 0.1 M) FsC CFq
0 °C, 3 min
5 86% 7

To a stirred solution of 5 (35.4 mg, 0.100 mmol) in CH,CL, (0.50 mL, 0.20 M) at room
temperature was added benzylamine (12.0 uL, 0.110 mmol, 1.1 equiv). After stirring for 1 h, a
solution of NaBH4 (3.78 mg, 0.100 mmol) in MeOH (0.5 mL) was added to the mixture at 0 °C.
After stirring for 3 min, the reaction was quenched by adding saturated aqueous NH4Cl (2.0 mL).
The resulting mixture was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was
washed with brine (10 mL), and dried over Na,SOy. Filtration and concentration under reduced
pressure furnished the crude product, which was purified by silica gel column chromatography
(CHCl; : MeOH =19 : 1) to give 7 (38.2 mg, 0.0858 mmol, 86% yield) as a colorless oil.

Data for 7: colorless oil; R, 0.32  (19/1 CHCI3/MeOH); 'H-NMR (400 MHz, CDCls) & 7.79 (d,
J=17.9 Hz, 2H), 7.56 (t, J= 7.9 Hz, 1H), 7.22-7.37 (m, 5H), 4.20-4.07 (m, 3H), 3.78 (s, 2H), 3.01
(brs, 1H), 2.69-2.65 (m, 2H), 2.02 (dq, J = 14.3, 3.6 Hz, 1H), 1.96-1.86 (m, 1H), 1.74-1.60 (m, 4H);
BC-NMR (100 MHz, CDCls) & (ppm) = 139.2, 133.7 (q, J>= 31.0 Hz), 128.9, 128.6 (q, J:= 4.2 Hz),
128.4,128.3,127.1, 124.3 (q, Ji= 272.2 Hz), 72.1, 61.9, 53.4, 48.6, 34.1, 31.7, 25.0; ’F-NMR (377
MHz, CDCl;3) 8 —59.38; IR (neat) v = 3341, 2925, 1296, 1131 cm'l; HRMS (ESI) m/z calcd for
C»1Has''BFNO, [M+H]" 446.1724, found 446.1726.

2-(2,6-Bis(trifluoromethyl)phenyl)-4-(but-3-en-1-yl)-1,3,2-dioxaborinane (3¢)

o]
H (\/\/\
0. .0 Ph3PCH3Br (2.0 equiv) 0. .0

B n-BuLi (2.0 equiv) B
FsC CF F4C CF,
s 8 THF (0.1 M) ¢ s

0°C,1h
5 99% 3c

To a suspention of methyltriphenylphosphonium bromide (35.7 mg, 0.200 mmol, 2.0 equiv) in
THF (0.70 mL) at 0 °C was added dropwise a solution of #-BuLi in hexane (1.6 M in hexane, 0.13
mL, 0.200 mmol, 2.0 equiv). After stirring for 20 min at 0 °C, a solution of 5 (35.4 mg, 0.100
mmol) in THF (0.30 mL, total, 0.17 M) was added. After stirring for 1 h at 0 °C, the reaction was
diluted by adding Et,O (2.0 mL). The resulting mixture was filtered through a Celite pad and rised
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with Et,0 (20 mL). Concentration under reduced pressure furnished the crude product, which was
purified by silica gel column chromatography (n-hexane : EtOAc = 9 : 1) to give 3¢ (35.2 mg,
0.100 mmol, 99% yield) as a yellow oil.

Methyl (E)-5-(2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)pent-2- enoate (8)

o o
AN
H PhP=CHCO,Me (1.5 equiv) OMe
0.0 0.0
CH,Cl, (0.05 M)
F30\©/CF3 1, 7 h F30©/CF3
5 80% 8

To a stirred solution of 5 (30.6 mg, 0.0864 mmol) in CH,Cl, (2.0 mL, 0.043 M) at 0 °C was
added methyl (triphenylphosphoranylidene)acetate (50.4 mg, 0.130 mmol, 1.5 equiv). After stirring
for 10 min at room temperature, the reaction was quenched by adding saturated aqueous NH4Cl
(2.5 mL). The resulting mixture was extracted with CH,Cl, (2 x 5.0 mL). The combined organic
layer was washed with brine (5.0 mL), and dried over Na,SOy. Filtration and concentration under
reduced pressure furnished the crude product, which was purified by silica gel column
chromatography (n-hexane : EtOAc = 4 : 1) give 8 (28.0 mg, 0.0757 mmol, 80% yield) as a
colorless oil.

Data for 8: colorless oil; Ry 0.52 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) & (ppm)
7.79 (d, J= 7.6 Hz, 2H), 7.57 (t, J= 7.6 Hz, 1H), 6.97 (dt, /= 15.6, 7.2 Hz, 1H), 5.84 (dt, J = 15.6,
1.6 Hz, 2H), 4.21-4.08 (m, 3H), 3.71 (s, 3H), 2.46-2.28 (m, 2H), 2.06-1.86 (m, 2H), 1.84-1.66 (m,
2H); “C-NMR (100 MHz, CDCl3) & (ppm) = 167.0, 148.4, 133.7 (q, “Jer= 31.0 Hz), 128.6 (q,
3Jer= 4.2 Hz), 124.30 (q, 'Je.r= 272.0 Hz), 121.5, 71.3, 61.8, 51.4, 34.8, 31.7, 27.6; ’F-NMR (377
MHz, CDCl3) 6 —59.37; IR (neat) v = 2952, 2920, 2847, 1725, 1652, 1578, 1488, 1436, 1343, 1295,
1199, 1167, 1131, 1081, 986, 819 cm™'; HRMS (ESI) m/z Calcd for Ci7H,;''BF¢O4Na [M+Na]"
433.1022, found 433.1015.

(E)-2-(2,6-Bis(trifluoromethyl)phenyl)-4-(4-iodobut-3-en-1-yl)-1,3,2-dioxaborinane (9)

0}
x|
H CrCl, (12 equiv) Y Y
0...0 CHlj3 (4.0 equiv) 0._..0
B B
F4C CFg 1,4-dioxane (0.04 M) FsC CF3
rn,24h
5 68% (E/Z=93:7) 9

To a stirred solution of chromium (II) chloride (73.7 mg, 0.600 mmol, 6.0 equiv) in 1,4-dioxane
(1.3 mL, total 0.40 M) at room temperature was added a solution of iodoform (78.7 mg, 0.200
mmol, 2.0 equiv) and 5 (35.4 mg, 0.100 mmol) in 1,4-dioxane (1.3 mL). After stirring for 5 h,
chromium (II) chloride (73.7 mg, 0.600 mmol, 6.0 equiv) and iodoform (78.7 mg, 0.200 mmol, 2.0

equiv) were added to the reaction mixture. After stirring for 19 h, the reaction was quenched by
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adding H,O (3.0 mL). The resulting mixture was extracted with EtOAc (2 x 5.0 mL). The
combined organic layer was washed successively with saturated aqueous Na,S,03 (5 x 15 mL) and
brine (10 mL), and dried over Na,SO,. Filteration and concentration under reduced pressure
furnished the crude product, which was pureified by silica gel column chromatography (n-hexane :
EtOAc=9:1) to give 9 (32.5 mg, 0.0680 mmol, 68% yield, £/Z =93 : 7) as a colorless oil.

Data for (E)-9: colorless oil; Ry 0.41 (2/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) 6 7.88
(d, J= 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 4.21-4.09 (m, 3H), 2.64-2.47 (m, 2H), 2.05 (dq, J =
14.2, 3.5 Hz, 1H), 1.99-1.82 (m, 3H); C-NMR (100 MHz, CDCl3) 5 179.4, 133.7 (q, *Jer=31.1
Hz), 129.0, 128.6 (q, “Jer = 4.2 Hz), 124.3 (q, 'Jer = 272.6 Hz), 71.1, 61.8, 31.7, 31.2, 29.3;
F-NMR (377 MHz, CDCls) 8 —59.39; IR (neat) v = 2953, 1296, 1132 cm™'; HRMS (EI) m/z calcd
for C14H3''BF604 [M]" 370.0811, found 370.0803.

3-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propanoic acid (10)

(0} O
NaClO, (1.5 equiv)
H NaH,PO, (1.5 equiv) OH
O. B,O 2-methyl-2-butene (32 equiv) O\B/O
FsC CFs +BUOH/H,O (5:1, 0.1 M) FsC CFs
n,2h
5 86% 10

To a stirred solution of 5 (35.4 mg, 0.100 mmol) and 2-methyl-2-butene (0.340 mL, 3.20 mmol,
32 equiv) in +~-BuOH / H,O (1.5 mL, +-BuOH : H,O =5 : 1, 0.067 M) at 0 °C was added NaH,PO,4
(23.4 mg, 0.150 mmol, 1.5 equiv) and NaClO, (13.6 mg, 0.150 mmol, 1.5 equiv). After stirring for
2 h at room temperature, the reaction was quenched by adding 1 M aqueous HCI (2.0 mL). The
resulting mixture was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed
with brine (10 mL), and dried over Na,SO,. Filtration and concentration under reduced pressure
furnished the crude product, which was purified by silica gel column chromatography (CHClI; :
MeOH =9 : 1) to give 10 (30.0 mg, 0.0811 mmol, 86% yield) as a white solid.

Data for 10: white solid; Ry 0.41 (2/1 n-hexane/EtOAc); mp 119-124 °C; 'H-NMR (400 MHz,
CDCls) 6 7.88 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 4.21-4.09 (m, 3H), 2.64-2.47 (m, 2H),
2.05 (dg, J=14.2, 3.5 Hz, 1H), 1.99-1.82 (m, 3H); *C-NMR (100 MHz, CDCl3) & 179.4, 133.7 (q,
*Jer=131.1 Hz), 129.0, 128.6 (q, *Je.r= 4.2 Hz), 124.3 (q, 'Jer=272.6 Hz), 71.1, 61.8, 31.7, 31.2,
29.31; YF-NMR (377 MHz, CDCl;) & —59.39; IR (KBr) v = 2969, 2934, 1712, 1294, 1135 cm™;
HRMS (EI) m/z caled for Ci4H3''BF¢O4 [M]™ 370.0811, found 370.0803.
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Methyl 3-(2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propanoate (11)

O 0}
OH OMe
0.5-0 TsOH+H,0 (5 mol%) 0.5-0
F3C CF3 MeOH (0.15 M) F3C CF3
rt,3h
10 74% 1

To a stirred solution of 10 (74.0 mg, 0.200 mmol) in MeOH (1.3 mL, 0.15 M) at room
remperature was added p-toluenesulfonic acid monohydrate (1.90 mg, 0.0100 mmol, 5 mol%).
After stirring for 3 h, the reaction was quenched by adding saturated aqueous NaHCO; (2.0 mL).
The resulting mixture was extracted with EtOAc (2 x 5.0 mL). The combined organic layer was
washed successively with saturated aqueous Na,;S,0; (10 mL) and brine (10 mL), and dried over
Na,S0O,. Filteration and concention under reduced pressure furnished the crude product, which was
purified by silica gel column chromatography (n-hexane : EtOAc = 9 : 1) to give 11 (56.9 mg,
0.148 mmol, 74% yield) as a colorless oil.

Data for 11: colorless oil; R, 0.33 (9/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl5) 8 7.79 (d,
J=28.0 Hz, 2H), 7.57 (t, J = 8.0 Hz, 1H), 4.21-4.09 (m, 3H), 3.65 (s, 3H), 2.55-2.43 (m, 2H), 2.04
(dg, J = 14.0, 3.6 Hz, 1H), 2.00-1.85 (m, 3H); >*C-NMR (100 MHz, CDCl3) 5 173.8, 133.7 (q, “Jc.r
=36.9 Hz), 129.0, 128.6 (q, *Jor= 4.4 Hz), 124.3 (q, 'Jer=272.0 Hz), 71.2, 61.9, 51.6, 31.7, 31.5,
29.4; ""F-NMR (377 MHz, CDCl;) 8 —59.39; IR (neat) v = 2957, 1740, 1296, 1131 cm™'; HRMS
(EI) m/z caled for CisH;s' 'BF¢O4 [M]" 384.0968, found 384.0973.

N-Benzyl-3-(2-(2,6-bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)propanamide (12)

o) o
OH BnNH, (1.2 equiv) N">Ph
o8 (15 e 0g0 "
FSC\©/CF3 Ch oM F3C\©/CF3
m,1h
10 83% 12

To a stirred solution of 10 (37.0 mg, 0.100 mmol) and benzylamine (13.1 uL, 0.120 mmol, 1.2
equiv) in CH,Cl, (1.0 mL, 0.10 M) at 0 °C was added EDCI (28.7 mg, 0.150 mmol, 1.5 equiv) and
HOBt (20.3 mg, 0.150 mmol, 1.5 equiv). After stirring for 1 h at room temperature, the reaction
was quenched by adding H,O (2.0 mL). The resulting mixture was extracted with CH,Cl, (2 x 5.0
mL). The combined organic layer washed with brine (10 mL), and dried over Na,SO,. Filtration
and concentration under reduced pressure furnished the crude product, which was purified by silica
gel column chromatography (n-hexane : EtOAc =2 : 1) to give 12 (56.9 mg, 0.0828 mmol, 83%
yield) as a colorless oil.

Data for 12: colorless oil; R, 0.31 (2/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) 8 7.78 (d,
J=28.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 7.33-7.23 (m, 5H), 5.85 (br, 1H), 4.41 (d, /= 5.6 Hz, 2H),
4.20-4.07 (m, 3H), 2.45-2.33 (m, 2H), 2.11-1.78 (m, 4H); >*C-NMR (100 MHz, CDCl3) & 172.3,
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138.2, 133.7 (q, *Jer= 31.0 Hz), 129.0, 128.65, 128.56 (q, *Jer= 4.4 Hz), 127.7, 127.4, 1243 (q,
'Jer= 272.1 Hz), 71.4, 62.0, 43.6, 32.1, 31.9, 31.8; "F-NMR (377 MHz, CDCls) 5 —59.35; IR
(neat) v = 3299, 2925, 1650, 1296, 1130 cm™; HRMS (EI) m/z caled for CoHa''BFgNO; [M]"
459.1440, found 459.1433.

2-(2,6-Bis(trifluoromethyl)phenyl)-4-(2-(oxiran-2-yl)ethyl)-1,3,2-dioxaborinane (13)

o]
(\(\/\
0...0 0._.0
B m-CPBA (4.0 equiv) B
FaC CF. ——— ™  F¢C CF.
s s CH,Clp (0.1 M) ¢ s
0°C,20h
3c 94% 13

To a stirred solution of 3¢ (45.0 mg, 0.130 mmol) in CH,Cl, (1.3 mL, 0.10 M) at 0 °C was added
70% m-CPBA (126 mg, 0.520 mmol, 4.0 equiv). After stirring for 20 h at 0 °C, the reaction was
quenched by adding saturated aqueous Na,S,03 (2.0 mL). The resulting mixture was extracted with
CH,Cl; (2 x 5 mL). The combined organic layer was washed successively with saturated aqueous
NaHCOs; (10 mL) and brine (10 mL), and dried over Na,SO,. Filtered and concentration under
reduced pressure furnished the crude product, which was purified by silica gel column
chromatography (n-hexane : EtOAc = 4 : 1) to give 13 (45.0 mg, 0.122 mmol, 94% yield) as a
colorless oil.

Data for 13: colorless oil; Ry 0.49 (4/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) 8 7.79 (d,
J=8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H), 4.25-4.09 (m, 3H), 2.91-2.98 (m, 1H), 2.75-2.72 (m, 1H),
2.50-2.45 (m, 1H), 2.08-2.01 (m, 1H), 1.99-1.64 (m, 4H), 1.59-1.51 (m, 1H); >C-NMR (100 MHz,
CDCl3) & 133.7 (q, “Jer= 31.0 Hz), 128.9, 128.6 (q, *Jer= 4.0 Hz), 124.3 (q, 'Jer= 271.9 Hz),
72.1,71.5,61.9,61.8,52.2,51.7,47.1,47.0, 33.0, 32.5, 31.8, 31.7, 28.4, 27.6; ’F-NMR (377 MHz,
CDCl3) § —59.37, -59.38; IR (neat) v = 2926, 1433, 1296, 1131 cm™'; HRMS (EI) m/z caled for
CysHis''BF¢0; [M]" 368.1018, found 368.1017.

(E)-6-(2-(2,6-Bis(trifluoromethyl)phenyl)-1,3,2-dioxaborinan-4-yl)hex-3-en-2-one (14)

Me /—\ Me
NS
(6] Me Me T Me Me
(\(\/\ ) ) NM Cl
methyl vinyl ketone (2.0 equiv) c

il
O‘B”O Grubbs 2nd cat. (10 mol%) O\B/O Ph
P
FsC CFy CH,Cl, (0.1 M) FsC CFq O/ \Q
r,6h ©
3c 81% 14

Grubbs 2nd-generation catalyst

To a stirred solution of 3¢ (35.2 mg, 0.100 mmol) and methyl vinyl ketone (16.0 uL, 0.200 mmol,
2.0 equiv) in CH,Cl, (1.0 mL, 0.10 M) at room temperature was added Grubbs 2nd catalyst (4.24

mg, 0.00500 mmol, 10 mol%) was added. After stirring for 6 h, the reaction mixture was
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concentrated under reduced pressure to give the crude product, which was purified by silica gel
column chromatography (n-hexane : EtOAc =9 : 1) to give 14 (32.1 mg, 0.0814 mmol, 81% yield)
as a colorless oil.

Data for 14: colorless oil; Ry 0.24 (9/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl5) 8 7.89 (d,
J=28.0Hz, 2H), 7.57 (t, /= 8.0 Hz, 1 H), 6.81 (dt,J=16.0, 6.8 Hz, 1H), 6.09 (dt, J=16.0, 1.6 Hz,
1H), 4.21-4.09 (m, 3H), 2.49-2.30 (m, 2H), 2.20 (s, 3H), 2.03 (dq, J = 14.0, 3.6 Hz, 1H), 2.06-1.89
(m, 1H), 1.85-1.68 (m, 2H); C-NMR (100 MHz, CDCl3) & 198.6, 147.3, 133.7 (q, “Jcr= 31.0 Hz),
131.6, 129.0, 128.6 (q, *Jer= 4.0 Hz), 124.3 (q, 'Jer = 272.1 Hz), 71.4, 61.8, 34.8, 31.7, 27.9,
26.9; ’F-NMR (377 MHz, CDCl3) & —59.37; IR (neat) v = 3343, 2925, 1676, 1296, 1129 cm;
HRMS (EI) m/z Caled for Ci7H;7 'BF¢O5 [M]" 394.1175, found 394.1173.

(E)-2-(2,6-Bis(trifluoromethyl)phenyl)-4-(hexa-3,5-dien-1-yl)-1,3,2-dioxaborinane (15)

x| N
W tributyltinvinyl (3.0 equiv) W\
O. B’O PdCI,(PPhs), (20 mol%) O‘B’O
FsC CFg THF (0.1 M) FsC CF3
rt,1h
9 63% (E/Z=93:7) 15

To a stirred solution of 9 (47.8 mg, 0.100 mmol) in THF (1.0 mL, 0.10 M) at room temperature
was added tributylvinyltin (87.3 uL, 0.300 mmol, 3.0 equiv). After stirring for 10 min,
bis(triphenylphosphine)palladium dichloride (14.0 mg, 0.0200 mmol, 20 mol%) was added to the
mixture. After stirring for 1 h, the reaction mixture was concentrated under reduced pressure to
give the crude product, which was purified by silica gel column chromatography (silica / K,CO3 =
9:1, n-hexane : EtOAc =19 : 1) to give 15 (23.8 mg, 0.0629 mmol, 63% yield, £/Z=93 : 7) as a
colorless oil.

Data for 15: colorless oil; Ry 0.29 (19/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCls) & 7.79
(d, J=17.9 Hz, 2H), 7.57 (t, J = 7.9 Hz, 1H), 6.31 (dt, J = 17.0, 10.2 Hz, 1H), 6.08 (dd, J = 15.2,
10.2 Hz, 1H), 5.70 (dt, J=15.2, 7.0 Hz, 1H), 5.10 (d, /= 17.0 Hz, 1H), 4.97 (d, /= 10.2 Hz, 1H),
4.21-4.08 (m, 3H), 2.35-2.16 (m, 2H), 2.03 (dq, J = 14.2, 3.6 Hz, 1H), 1.97-1.88 (m, 1H), 1.82-1.73
(m, 1H), 1.68-1.06 (m, 1H); *C-NMR (100 MHz, CDCl3) & 137.1, 134.1, 134.7 (q, “Jcr= 31.1 Hz),
131.6, 128.9, 128.6 (q, *Jer= 4.3 Hz), 124.3 (q, "Jer= 272.1 Hz), 115.1, 71.5, 61.9, 35.9, 31.6,
27.9; F-NMR (377 MHz, CDCl3) & —59.39; IR (neat) v = 3327, 2921, 1644, 1296, 1069 cm;
HRMS (EI) m/z caled for Ci7;H;7''BFO5 [M]™ 378.1226, found 378.1233.
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6. Experimental procedures for the deprotection of 2,6-bis(trifluoromethyl)phenyl-
boronic ester 3e and the formation of 0-FXylB(OH), from potassium trifluoroborate
17

Deprotection of boronic ester 3e by transesterification

6-(Benzyloxy)hexane-1,3-diol (2¢)

NH,
(\(\/\OBH
0.5-0 OH OH 16 (3.0 equiv) N oBn
FsC CFg MeOH (0.1 M) OH OH
50 °C, 24 h
93% 2

To a stirred solution of 3e (44.6 mg, 0.100 mmol, 1.0 equiv) in MeOH (1.0 mL, 0.10 M) at room
temperature was added 2-amino-2-methyl-1,3-propanediol (16) (31.5 mg, 0.300 mmol, 3.0 equiv).
After stirring for 24 h at 50 °C, the reaction mixture was concentrated under reduced pressure. The
resulting mixture was diluted EtOAc (5.0 mL), and washed successively with 1 M aqueous HCI
(3.0 mL) and brine (3.0 mL), and dried over Na,SO,. Filtered and concentration under reduced
pressure furnished the crude product, which was purified by silica gel column chromatography

(EtOACc) to give 2e (20.8 mg, 0.0927 mmol, 93% yield) as a colorless oil.

Table S2. Optimization of deprotection conditions by transesterification using diol 16
NH,

0.5-0 OH OH 16

F30\©/CF3 conditions OH OH

OBn

2e
3e
ratio isolated yield
entry 16 (equiv) solvent temp. time 3e/2e 2e
1 10 MeOH (0.1 M) rt 24 h 0:100 90%
2 3 MeOH (0.1 M) rt 24 h 25:75 ND
3 3 MeOH (0.1 M) 50 °C 24h 0:100 93%
4 1.2 MeOH (0.1 M) 50 °C 36 h 12:88 ND
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Deprotection and recovering method of o-FXylB(OH), (1a)
6-(Benzyloxy)hexane-1,3-diol (2¢) and (2,6-bis(triﬂu0romethyl)phenyl)triﬂuoro-)f‘-borane,
potassium salt (17)

(\(\/\osn
BF,K

0.,.0 KHF, (3. i
B 2 (3.0 equiv) OBn, FyC CF,

(Y\/\ .
FsC CF3 MeOH (0.05 M) OH OH
1, 2h

3e 2e 17
91% quant

To a stirred solution of 3e (22.3 mg, 0.0500 mmol, 1.0 equiv) in MeOH (1.0 mL, 0.050 M) at
room temperature was added a aqueous solution of potassium bifluoride (4.5 M in H,0, 33.3 uL,
0.150 mmol, 3.0 equiv). After stirring for 2 h, the reaction mixture was concentrated under reduced
pressure to remove MeOH. The resulting mixture was filtrated and rinsed with CH,Cl, (20 mL).
Trifluoroborate 17 (18.3 mg, 0.0500 mmol, quant) was obtained as a white solid after drying.
Concentration of the filtrate under reduced pressure furnished the crude product, which was
purified by silica gel column chromatography (EtOAc) to give 2e (10.2 mg, 0.0460 mmol, 91%
yield) as a colorless oil.

Data for 17: white solid; R;0.60 (4/1 CHCl;/MeOH); 'H-NMR (400 MHz, CDCls) § 7.79 (d, J =
8.0 Hz, 2H), 7.43 (t, J = 8.0 Hz, 1H); *C-NMR (100 MHz, CDCl;) & 136.6 (q, *Jc.r= 30.7 Hz),
129.8 (q, *Jer= 5.6 Hz), 127.4, 126.6 (q, 'Je.r= 272.5 Hz); "’F-NMR (377 MHz, CDCl;) & —56.3
(q, J = 23.8 Hz, 6F), —134.3 (m, 3F); IR (neat) v = 3367, 1293, 1120 cm™'; HRMS (FAB) m/z Calcd
for CsH;''BFy [M-K]" 281.0184, found 281.0188.

2,6-Bis(trifluoromethyl)phenylboronic acid (1a)

BF3K TMSCI (3.0 equiv) HO\B/OH
FsC CFs H,0 (3.0 equiv) FiC CF,
: MeCN (0.1 M) \©/
rt,1h
17 74% 1a

To a stirred solution of 17 (16.0 mg, 0.0500 mmol) in MeCN (0.50 mL, 0.10 M) at room
temperature was added trimethylsilylchloride (18.5 uL, 0.150 mmol, 3.0 equiv) and H,O (2.70 uL,
0.150 mmol, 3.0 quiv) were added. After stirring for 1 h, the reaction was quenched by adding
saturated aqueous NaHCOj3 (0.5 mL). The resulting mixture was extracted with EtOAc (2 x 2 mL).
The combined organic layer was washed with brine (3.0 mL), and dried over Na,SOs. Filtered and
concentration under reduced pressure furnished the crude product, which was purified by silicagel
column chromatography (n-hexane : EtOAc =2 : 1) to give 1a (9.50 mg, 0.0368 mmol, 74% yield)

as a white solid.
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7. Experimental procedures for the synthsis of enetriyne natural product 18
(E)-2-(2,6-Bis(trifluoromethyl)phenyl)-4-(undeca-3-en-5,7,9-triyn-1-yl)-1,3,2-dioxaborinane
(20)

=
=
(Y\/\/I BusSn——==— ~
0. 0 19 (3.0 equiv) o. 0
B PACI,(PPhg), (20 mol%) 5
r,12h
9 85% (E/Z = 93:7) 20

To a stirred solution of 9 (62.1 mg, 0.130 mmol) in THF (1.3 mL, 0.10 M) at room temperature
was added 19 (147 mg, 0390 mmol, 3.0 equiv). After stirring for 10 min,
bis(triphenylphosphine)palladium dichloride (18.2 mg, 0.0260 mmol, 20 mol%) was added to the
mixture. After stirring for 12 h, the reaction mixture was concentrated under reduced pressure to
give the crude product, which was purified by silica gel column chromatography (silica / K,CO3 =
9:1, n-hexane : EtOAc = 19 : 1) to give 20 (48.5 mg, 0.110 mmol, 85% yield, E/Z=93 : 7) as a
colorless oil.

Data for 20: colorless oil; Ry 0.32 (9/1 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) 6 7.79 (d,
J =179 Hgz, 2H), 7.57 (t, /= 7.9 Hz, 1H), 6.37 (dt, J = 15.8, 3.2 Hz, 1H), 5.53(d, J = 15.8 Hz, 1H),
4.21-4.08 (m, 3H), 2.39-2.22 (m, 2H), 2.04-1.87 (m, 2H), 1.98 (s, 3H), 1.78-1.59 (m, 2H);
BC-NMR (100 MHz, CDCls) & 149.1, 133.7 (q, *Je.r= 31.0 Hz), 129.0, 128.6 (q, *Je.r= 4.3 Hz),
124.3 (q, "Jer= 272.1 Hz), 108.9, 77.7, 74.3, 73.5, 71.2, 66.5, 64.9, 61.9, 59.2, 35.2, 31.7, 28.7,
4.6; IR (neat) v = 2927, 2223, 1295, 1130 cm™'; HRMS (FAB) m/z Calcd for Cy,Hi7''BF¢O,Na
[M+Na]" 461.1123, found 461.1139.

(E)-tetradeca-6-en-8,10,12-triyne-1,3-diol (18)

= Z
=
 Z NH, &
=
0.5-0 OH OH 16 (3.0 equiv) S
FsC CFs MeOH (0.1 M) OH OH
50 °C, 22 h

20 98% 18

To a stirred solution of 20 (20.3 mg, 0.0460 mmol, 1.0 equiv) in MeOH (0.46 mL, 0.10 M) at
room temperature was added 2-amino-2-methyl-1,3-propanediol (16) (14.6 mg, 0.140 mmol, 3.0
equiv). After stirring for 22 h at 50 °C, the reaction mixture was concentrated under reduced
pressure. The resulting mixture was diluted with EtOAc (3.0 mL), washed successively with 1 M
aqueous HCI (2.0 mL) and brine (2.0 mL), and dried over Na,SOs. Filtered and concentration under
reduced pressure furnished the crude product, which was purified by silica gel column

chromatography (n-hexane : EtOAc =1 : 4) to give 18 (9.8 mg, 0.045 mmol, 98% yield) as a white
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solid.

Data for 18: white solid; R, 0.29 (1/4 n-hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) 6 6.39 (dt,
J=15.9,7.2 Hz, 1H), 5.54 (d, J=15.9 Hz, 1H), 3.93-3.80 (m, 3H), 2.34-2.21 (m, 2H), 1.98 (S, 3H),
1.71-1.53 (m, 4H); C-NMR (100 MHz, CDCl;) §149.5, 108.7, 77.8, 74.3, 73.5, 71.2, 66.6, 64.9,
61.8, 59.2, 38.3, 36.3, 29.4, 4.6; IR (neat) v = 3326, 2932, 2222, 1054 cm™'; HRMS (FAB) m/z
Calcd for C14H60, [M] 216.1150, found 216.1149.

8. Estimation of the half-lives of boronic esters 3e, 31-n
General procedure for the formation of boronic esters 31-n of diol 2e

To a solution of 2e (0.200 mmol, 1.0 equiv) in CICH,CH,CI (1.0 mL, 0.20 M) at room
temperature was added boronic acid 1b—d (0.200 mmol, 1.0 equiv), respectively. After stirring for
24 h under reflux, the reaction mixture was concentrated under reduced pressure to give the boronic

ester 31-n, respectively.

4-(3-(Benzyloxy)propyl)-2-phenyl-1,3,2-dioxaborinane (31)
(Wogn Data for 31: colorless oil; 'H-NMR (400 MHz, CDCl3) 6 7.79-7.77 (m, 2H),

B 7.43-7.72 (m, 8H), 4.54 (s, 2H), 4.22-4.07 (m, 3H), 3.63-3.53 (m, 2H), 2.00 (dq, J
@ =14.0, 3.4 Hz, 1H), 2.03-1.92 (m, 1H), 1.87-1.69 (m, 4H).
3l

4-(3-(Benzyloxy)propyl)-2-(2-(trifluoromethyl)phenyl)-1,3,2-dioxaborinane (3m)

(\NOB” Data for 3m: colorless oil; 'H-NMR (400 MHz, CDCl3) 87.67-7.62 (m, 2H),
0...0

B’ 7.50-7.43 (m, 2H), 7.35-7.27 (m, 5H), 4.52 (s, 2H), 4.22-4.09 (m, 3H), 3.59-3.49
CF
@( ’ (m, 3H), 2.03 (dq, J = 14.2, 3.4 Hz, 1H), 1.92-1.68 (m, SH).
3m

4-(3-(Benzyloxy)propyl)-2-(2,6-dimethylphenyl)-1,3,2-dioxaborinane (3n)

" oen Data for 3n: yellow oil; 'H-NMR (400 MHz, CDCl3) 6 7.37-7.28 (m, 5H),
0...0

B 7.09 (t, J= 7.5 Hz, 1H), 6.93 (d, J = 7.5 Hz, 2H), 4.51 (s, 2H), 4.10-4.21 (m,
HsC CH
’ j;/j( ’ 3H), 3.57-3.48 (m, 2H), 2.36 (s, 6 H), 2.06 (dq, J = 14.1, 3.4 Hz, 1H),
. 1.92-1.69 (m, 5H).

Estimation of half-lives of boronic esters 31-n by '"H NMR in CD;0OD/D,0 (9:1)
A 5-mm NMR tube was charged with the boronic ester (0.050 mmol), CD;OD (540 uL) and
D,0 (60.0 uL). The tube was capped with a septum, shaken, and left at room temperature.

Conversion of boronic ester to diol 2e was monitored by 'H NMR spectroscopy.
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Scheme S1. Stabilities of arylboronic esters 3a,l-n in aqueous media

(Y " oen DO.,-0D WOBn

0.5-0 CD;0D/D,0 Ar oD OD
Ar 3e,31-n ©1) 2e-d,
tip 27 days < 5min <5 min 6h

9. DFT calculations of boronic esters 3o-r
The geometric optimizations of four boronic esters 3o—r were performed by the long-range

. 5 6 . . 5b .
correction™ for Becke 1988 exchange’ and one-parameter progressive correlation” functional

(LC-BOP) with the cc-pVTZ basis set on the development version of Gaussian 09 program (Figure

() )

B/

S1).

0.,.0 0.,.0

B/

30 3p 3q 3r

dihedral angle (deg)
O1—B1—C1—C2 71.3 0.1 45.9 114.4
bond distance (A)

B1—CA1 1.584 1.557 1.570  1.567
B1—01 1.350 1.360 1.357 1.360
B1—02 1.350 1.360 1.352  1.360
B1—F1 2.623 — 2.806 —_—
B1—F2 2.597 - — —
B1—H1 — — — 2.965
B1—H2 - - I 2.820

Figure S1. Optimized structures of boronic esters 30—r
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Incorporating a bulky trifluoromethyl group to both the ortho positions is considered to sterically
shield the boron atom of the 1,3,2-dioxaborinane ring from the attacks of water and oxygen
molecules and other nucleophiles coming from the perpendicular to the 1,3,2-dioxaborinane ring.
In the optimized structure of 2,6-bis(trifluoromethyl)phenyl boronic ester 30, both B-F distances
(B1-F1:2.623 A, B1-F2:2.597 A) are shorter than the sum of the van der Waals radii (3.3 A). We
therefore performed the atoms-in-molecules (AIM) analysis7 for the optimized structure of
2,6-bis(triflulromethyl)phenylboronic ester 30 to investigate the possibility of the
penta-coordination of boron atom via three-center four-electron (3c—4e) F-B-F bond.® As a result,
we found no bond path between the boron atom and the two fluorine atoms.

We also compared the electronic structures of these esters 30-3r to analyze a significant
difference in the stability of the boronic esters (Table S2 and Figure S2). Calculated results showed
that the trifluoromethylations at the both ortho positions of benzene ring remarkably increased
LUMO energy by 2.544 eV and decreased HOMO energy by 1.008 eV, from those of
phenylboronic ester 3p. Consequently, the 2,6-bis(triflulromethyl)phenylboronic ester 3o replaces
LUMO with the LUMO+1, compared to those of other boronic ester 3p, 3q and 3r. In terms of
LUMO distribution, the each LUMO of 3p, 3q and 3r mainly delocalized on benzene ring and
1,3,2-dioxaborinane ring containing boron atom. In contrast, the LUMO of 30 is well distributed on
benzene ring, but not localized on boron atom. These differences may cause the high stability of

boronic ester 30 against nucleophiles such as water and alcohols.

Table S3. Molecular orbital energy levels (eV) of 30-3r

30 3p 3q 3r
LUMO+5 5.439 4110 4126 4.043
LUMO+4 5.087 3.862 3.754 3.771
LUMO+3 4.809 3.825 3.616 3.481
LUMO+2 4727 3.038 3.000 2.882
LUMO+1 4370 2.590 1.993 2.822
LUMO 4218 1.826 1.521 2.228
HOMO -10.530 -9.522 -10.010 -9.035
HOM 0-1 -10.700 -9.561 -10.169 -9.195
HOM 0-2 -11.518 -11.339 -11.410 -11.344
HOM0-3 -11.776 -11.571 -11.743 -11.429
HOMO0-4 -12.282 -11.792 -12.159 -11.611
HOM 0-5 -12.483 -12.307 -12.381 -12.029
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Cartesian coordinates of the optimized structures of boronic esters 3o—r

Boronic ester 30

esiasiiasiiasiiasiiasilasilasilas IO OO NNl le Nl Nol oo Mol Moo NoNo o)

0.2563970
-0.5411680
-0.0033980

1.3587090

2.1750630

1.6269390
-0.3600000
-2.0372440

2.5703660
-0.9931190
-0.2232070
-2.5427840
-2.6192940
-2.4478260

2.0713160

2.8519750

3.7350380
-1.5737130
-0.7346830
-1.9324430
-0.6570510

1.7841100

3.2477080
-0.8617780
-2.4521490
-0.9925530

0.0592560
-2.7491950
-2.2725160

-0.5319190
-1.6647470
-2.9328920
-3.1031030
-2.0005130
-0.7366430
0.9266680
-1.5418980
0.4307740
1.3349470
1.6941960
-1.4445760
-2.5983860
-0.4631260
1.4650580
0.8773240
0.1159500
2.6248790
3.0141440
3.1231280
-3.7910470
-4.0960650
-2.1192810
3.2973180
2.5534780
3.2584180
3.6925840
2.5243100
4.1563300

0.0019310
-0.0532260
-0.0678880
-0.0277490

0.0270150

0.0415800

0.0232200
-0.0670970

0.0708930

1.1431650
-1.0791190

1.1633970
-0.6397160
-0.7451790

0.7594800
-1.1537840

0.6431620

1.2054260
-1.0824630
-0.1724570
-0.1166590
-0.0390030

0.0649450

1.6874740

1.8430100
-2.1104280

-0.7641450
-0.5759050
-0.1197790
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Boronic ester 3p

T DI D DI I I D D DT OoOooocooI@mIzoDzwaoaoaoanan

0.9019610
1.6124560
2.9884280
3.6777930
2.9884060
1.6124310
-0.6537980
1.0705660
1.0705170
-1.3151320
-1.3150850
-2.7257820
-2.7257290
-3.3238780
3.5279080
4.7590150
3.5278650
-3.0398540
-3.0419570
-3.0421200
-3.0395210
-3.1121800
-4.4060150

0.0000200
1.1891860
1.1930140
-0.0000070
-1.1930150
-1.1891630
-0.0000040
2.1252650
-2.1252290
1.1879880
-1.1880410
1.2316260
-1.2315530
-0.0000600
2.1303360
-0.0000120
-2.1303470
1.3192900
2.1351410
-2.1352460
-1.3187640
-0.0002140
-0.0000680

-0.0296440
-0.0059050
0.0410500
0.0646540
0.0411140
-0.0057950
-0.0838750
-0.0249640
-0.0247000
-0.1059930
-0.1058560
-0.1514050
-0.1517270
0.4799890
0.0591270
0.1013590
0.0592610
-1.1939180
0.3664170
0.3656450
-1.1943660
1.5498960
0.3564090
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Boronic ester 3q

T DI D DI I DD DD Oooommm oo T aoOwaoaaoanaan

0.4980280
1.4980880
2.8289850
3.1926690
2.2202530
0.8912360
-1.0445970
1.1555910
0.1317550
-1.5359500
-1.8466820
0.8485900
2.1717500
0.1142750
-2.9168200
-3.2482700
-3.5852790
3.5872120
4.2389650
2.4956670
-3.3655120
-3.0118180
-3.6273680
-3.6850080
-3.2342610
-4.6640130

0.8668970
-0.0920760
0.2603780
1.5823110
2.5501660
2.1901890
0.5755410
-1.5458430
2.9589360
-0.3639600
1.3493550
-2.1219460
-2.2479350
-1.7329190
-0.6649240
1.1570700
-0.2745140
-0.5029750
1.8531030
3.5926320
-0.1341540
-1.7320490
1.4377750
1.8368940
-0.9236140
-0.4001330

0.0765080
-0.0176630
0.0069940
0.1298600
0.2078060
0.1719570
0.1090340
-0.1668180
0.2160180
0.9475010
-0.6650180
0.9959840
-0.6811460
-0.9883600
0.9800370
-0.6455740
-0.3140080
-0.0815100
0.1517180
0.2906730
1.8219980
1.1700660
-1.6258830
0.0892480
-1.1168920
-0.2333510
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Boronic ester 3r

T I I ZIITIZIOOQODIZIIIDIIIZIIOOOZIZIZSIZD ZTOOO0O0OOm O OOOOOO0OImD OE

3.8364470
-0.5825010
1.9287890
3.0124820
2.9289790
1.6982380
0.5288990
0.6155940
1.8609310
3.9780610
1.6525040
-0.8223830
-1.2179570
-1.5399470
-2.3722800
-2.7156550
-3.3794490
-2.7833940
-2.0741270
-3.3748580
-2.4505860
-4.2156130
-3.7782470
2.5031630
2.0359900
0.6259380
1.9678350
3.0600860
1.3822280
2.3689720
2.2330150
3.5632240
-1.6929110
-1.1196050
-0.2082270
-1.9382150
-0.3415000
-1.4869190
-2.4043470
-1.3054450

-2.2542470

-0.3083310
2.7218090
3.4621390
1.6385910
0.2777130
-0.3458180
0.4085240
1.7958950
2.3872860
2.1216010
-1.8513170
-0.3918690
-1.0821760
-0.4395410
-1.8958110
-1.2179420
-1.3865460
-1.9037230
-2.9182850
-0.7199280
-2.1899930
-2.0799320
-0.4294310
-2.3431830
-2.5466580
-2.1388170
-3.6293000
-2.3033520
-2.2383940
-3.4151220
-1.8418180
-2.1696110
2.3003920
2.9676170
3.6766460
3.6870730
3.3620960
2.0442080
3.1162560
2.0359900

1.4498010

-0.0020180
-0.1976470
-0.3584380
-0.1940010
-0.0494440
0.0325860
-0.0398270
-0.1715890
-0.2497510
-0.2621380
0.1874980
0.0154870
-1.0892080
1.1707730
-1.0689890
1.2739000
-0.0691620
-2.0765510
-0.8249400
1.9824010
1.6953480
0.0100900
-0.4056660
1.3476250
-1.1090820
0.4155310
-1.0039850
-1.3904830
-1.9221570
1.4883590
2.2751480
1.1714490
-1.1444590
1.2054220
-0.5687810
1.1825020
1.8564790
1.6481950
-1.2666040
-2.1261980

-0.7659860
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10. 'H and “C NMR spectra

—90€ ¢
—0lE°¢
4t R

| —SL9°L
—5669°L

—¥I6°L

R N 4Ty A
— V68,

ed

wdd

0'l

102

poepo JuaATOg

0, 0°€ sanjeradwe]
ZH 091 Sutuutdg

S GGG G [BAIO3U] 00Y
§ 69499 'C smrboy
8 ueog

ZHA 82 00¥ _ baxgsqQ
100 NOLOdd SPOjXH

Hi onNsqo
GZ/AON/V10Z aleq

10792117102 0-851360070nS Jusumo)
el

€40 084
Io\m_,oI

S32



BEE2222 SREBEEEEBERRER
WOINOON A DW= ROOWO—=WN O
C1H 00 O NN G SN = W= NO WOl
W Wi
0¢ or 09 08 00l 0zl orl 091 08l

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢€°¢ TeATOlU] 00y
S 1€9¢°T amT Jboy
(45} ueog

ZHN S% 00T _ baagsqQ
100" NOgavD Spowxg

Jer anNsqo
10/994/L102 are(q

1071020102 2ET-600%0ns Jusmwo)
el

€10 04
_._O\m_ “OH

S33



P u—— T 1

8L 62

o

poepo JUBATOS
Q2 0709 aanjeIadue],
ZH 0°02 Butuutdg
S0°g [BAISIU] OOy
s T1Z€°0 s boy
08 ueog
ZHW 1€ "821 baaysqp
ndgs opojxg
in onNsq0
10/d9S/8102 areq
Jusumoy)

(1:6) el

O°a/ao®ao ui

€30 0%
8.
HO™ "OH
ETop2 JUdATOS
Q2 0°08 aanjeradma]
ZH 0°02 Butuutdg
S0°% TeAIelU] *00Y
S T1Z€°0 amy]boy
08 ueog
ZHN T€ "831 baxgsqQ
ndgs apoNxg
u onNsqQ
1€/8nV/810% a1e(Q
JUSUmO)
€ el
10a@o ul
€40 0%

BN
HO™ "OH

S34



wdd

Y : \ I

poepo JuaATOg
0, 0°€ sanjeradwe]
ZH 091 Sutuutdg
S GGG G [BAIO3U] 00Y
§ 6999 'C aut by
_ 72 ueog
o ZHA 82 00¥ _ baxgsqQ
100 NOLOdd SPOjXH
Hi onNsqo
_ GZ/AON/V10Z aleq
10792117102 18-¥913600¥0NS jusumoy)
LIS
HO
|
.4
= HO
©

€40 0%

S35



=4
|
2 | —Sie 8y
/ﬁsss ‘8
——26L '8p
—— 000 6%
[~ 802 "6V
>—L1y ¥
-2 529 ‘6%
'8
610621
/—8l¥ 62l
o /—968 081
= /— 886 0¢1
/— 086 081
/—¥20°I€1
=i
o /——6EL 6L
S 82 el
— 898 el
—aslLel
88z L¢l
—gzeLel
o= 195§l
*i§¥szram
~——ahp 86l
2Ll 8el
— 60 61
N— 667 0¥ L
'S \——el8 oyl
= \—9z1 "I¥1
\—6gF "Lyl
801 ‘€¥l
'S

CF3

B,OH

OH

SI-1

2018/Aug/30
13¢

su-isomer—13C_20180830_01
CARBON_001

Comment

Date
ObsNuc

ExMode

3.3631 s
20.0 Hz
25.0 °C

1.3631 s
cdsod

100. 66 MHz

512

ObsFreq
Interval
Spinning

Scan
AcqTime

Acc.

Temperature
Solvent

S36



etk e e bl S L — — L — — —S = — = =S S W WWWRWWWWWWWWWWRARARARARARRERRERO SN NSNS SN S SN N NN

gggggggggLLLLLLSSSGQ

OLLZS.V.VG._I_OLZ.VC._Q

LU

ﬁO

10—
DW= N

O OO OO WW©
I_sc._ [--E=1
wo

\

1)

-4
NS

LLGOSSQLBSGGZ
07«9198’.18’.9

s

=~ 00 O = =J (O ©
WO~ W~IN O

DI

:

I
|

ez

=

wdd

¢

90°}

¥0°9

-

10°¢

Bb——=
0 — -

0°¢

[

g1opo JuaATOg

0, 0°62 sanjeradwe]
ZH 091 Sutuutdg
S 696 °G [BAIO3U] 00Y
S 699 °C aut by
8 ueog

ZHA S% "66€ _ baxgsqQ
100 NOLOdd SPOjXH

Hi onNsqo

_ ﬁm\wscl\:om aleq
T0 T€B0LTIOZ 9€00BNS Jusumoy

¢S

IO/\/\C

S37



—— 62582
——9vzle
——¥£5 ¢
16929
52019
| —£89°9L
00U
812"101
296 521
—— S22 ‘82l
L€ '8zl
095 '8}

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T amT Jboy
Gll ueog

ZHN 99 00T _ boxjsqQ
100" NOgavD Spowxg

Jer anNsqo
¥2/80v/L102 a1e(

1077280102 JE£1-9€00ZNS Jusmwo)

¢S

IO/\/\C

S38



SOmmmmmnmmrr o0 WW W W W W W MWW P P e P e e B O NN N NN N NN N NN
101 ¢ G U1 U U1 = 00 (0 6D O D WP O N DM 00 00 00 © ©@ ©@ORNI PPN RIRIRI A B N6 @
SRRNOONLNRWNEND I 0w BUOON SODBTIHDADDOE HOW -
ou.VooI_I.I_c._ooZn:Qoo.Vg .60 BB CWOLRN-M~I—-OWJ O&q® S

iy
€6t
LSy
(444
Lty
—108°6
508 '6
———808°6

)
~
Fo
©
~
o
o

‘0
A

e1opo JUSATOg

o = 4 = :
_ : 0°ez sanjeIedue]
S € ° 8 Wm 0°9T SuTuuTdg
8 S 696G [eATe3u] 00y
S 699 °C amboy
8 ueog
ZHA S% "66€ _ baagsqo
T00 NOLO¥d SPOjXH
Hi onNsqo
_10/des/110z a18(
) ~ TO T060LT0T Z-£20Tgns jueumoy)
° 2
€IS
w w
) o
~J ~J

o 0
IJT/\i/\;
(0]

S39



Mo w N 3 SEERRER B
o= © SASNN = SPEBRDD® SR
N — » O WNO W - O =t =k~ 1O Q=
g2 2 &ggss g 8282388 g
0 0¢ oy 09 08 001 0c1 oyl 091 081 007

wdd

£1opo qUeATOS

0, 062 aanjexadus]
ZH 0°0Z Suruudg

s 1g9¢°¢ TeATOlU] 00y
s 18981 emr[boy
218 ueog

ZHK 99°00T _ ba1sqQ
T00NOSIV) apopxy

et anNsqQ
1£/80V/110Z a18(

107 T€80LT0Z €201gNS Jusumo)

€IS

o 0
IJT/\i/\;
(0]

S40



SESmmmmrr NN WORXWWWWWW AR R RRROOOONONOOONNONIONNONOIANNNNNSNNSNNN
CITTUI O G O =l = 00 00 — NI N €O 00 OO 0O 00 ¢ €O €O €O €O €O <O @ NI NI N S8 880 S R8N PRI ERNILRLEEENS
CH® - WNOIPROXBEN I SN AIORWDNIRNRROITD CORHINROO—_NWEIONIRORIONNESHDOO =
.V.Vooooc._07«1.806.71.9.7810098091.69899 096688.6601.99.668997«09.761_67..919

e e

- é\\

T <sﬁ<1

e1opo JUSATOg

- o A Q, 0°92 sanjeredue]
® 8 2 ° ZH 0791 Sutuutdg
- S 6956 °S TeAIalu] 00y
. S 695 °¢ aw1boy
& 8 ueog
- ZHN S¥ "66€ _ baagsqQ
100"NOLO¥d Spopxg
Hi anNsqo
_ 6%/3nv/L102 ae(
= 1076280L10% ¥201gns Jusmmo)
N
g 2 3
VIS
«w
e 070

/\/L/L

S41



9€0°L9

160 "101

618 ¥l
——986 'G¢1
— 181 '8¢1
919821
——L0T '8¢l
—— 068 '8E1

ETop2 JuUaATOg

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢°¢ TeAIalu] 00y
S T1€9¢°T aw1boy
VoL ueog

ZHN S¥% 00T _ baagsqQ
100" NOGEYD apopxyg

Jg1 anNsqo
62/30v/L,102 a1e(

1076280L10% ¥201gns Jueuwo)

VIS

/\/L/L

S42



oI o g DO = = = 2 PN U1~ OO0 0O 00 00 (D O © CWOEEOOOCOOO O =100 0000000 000000 00N
NOI=Jo — LsozgszVQSngszsgﬁozg I_Lsssﬁzsssgl_l_s80138-759’.69
ZL89Z£LZ88V6899V1 £ n\.vz c.vz 08’.0989 6688—669.7—6'»8’.9.700

// N\\

s T

ETop2 JuUaATOg
Q, 0°92 sanjeredue]

ZH 0791 Butuutdg
© N S 699G 'S TeAIalu] 00y
=8 S s 6698 'z alg[boy
= B 8 ueog
ZHN 8% "00¥ _ baagsqo
100" NOLO¥d apopxyg
Hi anNsqo
_0g/3nv/L102 ajeq
it 107 0€80L10% 9z0TGNS JueWmO)
b
B4
HO HO

S43



706 "6¢
—VEL 9
—£9¢ '8¢

€9L°19
—69L°1L
——€89°9L

000 °LL
—LIg'LL

¥56 'v11

0€€ '8¢l

lo  —|

(=~

ETop2 JuUaATOg

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢°¢ TeAIalu] 00y
S T1€9¢°T aw1boy
VoL ueog

ZHN 99 00T _ baagsqQ
100" NOGEYD apopxyg

Je1 anNsqo
0€/3nv/L102 a1e(

1070€80L10Z 820TgnS Jueuwo)

B4

HO HO

S44



I —
07—

0l —

0l —

ppm

OAc

OE;)
SI-5

su20037pure_20170717_01

Comment
Date

2017/Jul/17

Rl

PROTON_001

400. 28 MHz

ObsNuc
ExMode

32

ObsFreq
Scan

2.5559 s

AcqTime

5.5559 s
16.0 Hz
25.0 °C

cdels

Interval

Acc.
Spinning

Temperature
Solvent

S45



¥€6 '0¢

68¢ ¥e
——S56¢°1E
1A

680 "o}

——¢56 'S¢1
——6S1 '8¢l
——9€9 '8¢l
90L '8¢l
[A YA

0c1

wdd

ETop2 juaAtog

Q, 0°62 sanjeredue]
ZH 0°02 Buruutdg

S 1€9¢°¢ TeATOlU] 00y
S T1€9¢°T am1boy
08% ueog

ZHN 99 00T _ baagsqQ
100" NOGEYD Spowxg

Jet anNsqQ
0£/3ny/1103 are(q

1070€80.T02 DET-9201gns Jusumo)

SIS

o O

o<O/\%

S46



09¢°L

CICICTITIN O M Ol =l = OO © 100 ~J OO OO

S WOINWNNROONOPRONO =W

N—_OICOPRPRRANNO—=—IN—©—
I [4

wdd

Sy

0°¢

80°¢

e1opo JUATOS

0, 062 eanjeradme],
ZH 0°9T Butuutdg
S 696 'G TeAIalu] 00y
S 699 °¢ aurboy
8 ueog

ZHA S% "66€ _ baxgsqg
100 NOLOdd Spojxy

Hi ONNSq0
61/1n[/L10Z a1e(q

1076T20L103~g-2Indggo0gns Jusumo)

pe
HO HO

o<O/\%

S47



—_
L) [A Y DD I~ =
o w o =R S =
© ~ @© N Wh —SOOW w
n= N SN weS—= ©
- = N N wwde a

udd

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Butuutdg

S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T aw1boy
124 ueog

ZHN 99 00T _ boxjsqQ
100" NOgavD Spopxy

Jet anNsqo
20/3ny/110% aje(q

1072080102 JET-LE00ZNS Jusmwo)

pe
HO HO

o<O/\%

S48



bttt w bttt o o ol ol o o o S o nd ol b b o b b o o o o b ol o o bt b ok o e e e e e R
B 11 Q> O sl sl Sl S S~ = 00 00 00 00 b B B U1 U1 U1 51 1 11 00 €0 00 00 B0 00 00 4O € €O €O (O O @ RO NI NI PO NI NI N N €1 B N N 1N €9 €0 €0 € € €0 €0 €0 €0 B P b B
COO R IO BRI I OON WO IR C W ANONRE AN SN EEN LR RTIOIN N0~ OHI LR —RROEMUUIIB®©
HSOOLSSooﬁ.VGI..VSI_oo80ooc._6oo.V0I_oo7..I.c._7...790c._l.7u9..vl_0££917..06609.78990._01..7888

o
Fo

~
reo

e1opo JUATOS

0, 062 eanjeradme],
ZH 0°9T Butuutdg

S 659G 'S TeAIalu] 00y
§ 6999 ¢ aurboy
8 ueog

ZHA 82 00¥ _ baxgsqg
100 NOLOdd Spojxy

Hi ONNSq0

_ Sg/3nv/L10% a1e(q
1079280L10Z 8200gNns Jusumo)

T A}
0w ——
(R —
0l —

0t~

10
124

9-Is

L]

CMO/%

6L

S49



- et
N W O o IR RS N N N € &
e =N NOoPpPos NN = il i
W W ) [~ oSN =wd
S <E-3 SOOI < SN
N eSS S="Lod- @ Spaeua

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Butuutdg

S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T aw1boy
GE8 ueog

ZHN 99 00T _ boxjsqQ
100" NOgavD Spopxy

Jet anNsqo
Gz/3nv/110% aje(q

1075280102 DE1-82005ns Jusmwo)

9-1S

:mO/%

S50



mw%mmgmwmwmmuuwﬂuuuwwsmwwwwmusmm%mm RRBessssey
LT W T ) W)
0 ,, 2 £ v g L 8
wdd
— I
s 8

i 4
1]

60°2

o't

[4: )

96 Y

£1opo qUeATOS

D, 0°62 aanjexadus]
z 091 Suruutdg

S 6995 °G TeATOlU] 00y
S 6655 'Z euT[boy
8 ueog

ZHR 82 "00% _ besqq
100"NOLO¥d spopxg

H onysqq
¥2/494/L102 a1e(

107%330L10g~2Ind—0z-€0SIH Jusumo)

4

HO HO

:m_O/%

S51



182 '9¢
€€ 'Ge
£V '8¢

—&SL
89L

| —8¢L

m.movo u«:m>ﬂ0m

0, 062 aanjexadus]
2 0% Suruutdg

s 1g9¢°¢ TeATOlU] 00y
s 18981 euT[boy
798 ueog

ZHR 99 "00T _ besqq
T00™NOTUVD spopxg

g1 onysqq
61/d9S/1102 a1e(

1076160L10Z DET-UGOTOTP-NS Jusumo)

4

HO HO

:m_O/%

S52



NN I~ OHDHD NWWWWWLW b0
— W -~ — W DWOITDM =IO WMN WO =IO
WO A~I© © =W CO==NNNWOWARERROO

& 8 5] e
m.Ho_uo P=m>ﬂom
Ua 0 .Om mhjpmhmﬂ&m.—.
—_ ZH 0791 Sutuuidg
.aD s mmmm .m _”w?MwPEH .Qo<
g § 699G ‘G amt]boy
8 ueodg
ZHA 82 00¥ _ baxgsqo
T00 NOLO¥d SPORxXY
H onNsqQ
_ 1€/30v/9102 a1e(
1071€809102 0Ind QT-Z0SYH Juaumo)
eg
€40 084
i
o g
*® 0 0
ud

S53



udd

ETopo qUeATOS
Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg
S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T amT Jboy
(45} ueog
ZHN S% 00T _ baagsqQ
100" NOgavD Spowxg
Jer anNsqo
_ 1€/3nv/9102 aje(q
1077€809T02 0 0T-Z0S¥H ~ 3Jusmwo)

eg

£40 0%
g
7 ~
o O

S54



201’1

16L°€

wdd

209

60 v

86°1

ETopo qUeATOS

Q, 0°92 sanjeredue]
ZH 091 Butuutdg
S 6956 °S TeATOlU] 00y
$ 699°C amtJboy
8 ueog

ZHA S% "66€ _ baagsqQ
100 NOLOdd Spowxg

Hi anNsqo
¥0/30Y/9107 are(q

10770809102 0%0T0S1Y Jueuwo)

qe

S55



[4% 44

ov8’1e
—G¢¢
989

M~
~—gqz

S

-
—

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢€°¢ TeATOlU] 00y
S 1€9¢°T amT Jboy
(45} ueog

ZHN 99 00T _ baagsqQ
100" NOgavD Spowxg

Jer anNsqo
$0/30v/9107 a1e(

10770809102 J€T-0F0T0STY Jueuwo)

qe

S56



0°l

60 ¢
10°¢
86°1

(43

g1opo JuaATOg
0, 0°0€ eanjeIadua]

ZH 0791 Sutuuidg
s mmmm .m _”W?Mwu.:H .oo<
§ 699G ‘G amt]boy
8 ueodg
ZHA 82 00¥ _ baxgsqo
T00 NOLO¥d SPORxXY
H onNsqQ
_ olﬂ\amw\fom ale(
T0 0160910 °pnIdL00% NS Juaumo)

ag

€40 084
9.
0" 0

S57



i G G G g
N @ S P L =IO N N N R R N N € € € G &
e—o -~ e = O M0 0o 0000000000 Lo ]
ooa © onow ONODDRNNNNRNNO©N©
N © S —o= COANC - TORORDO ==
S—=w q Nw=Sw SRR hOONLRLE N~

lo  —

[~

~

| I

ETopo qUeATOS

Q;, 0°0€ sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢€°¢ TeATOlU] 00y
S 1€9¢°T amT Jboy
(45} ueog

ZHN 99 00T _ baagsqQ
100" NOgavD Spowxg

Jer anNsqo
11/d95/9102 a1e(

10711609102 JET-L00FINS Jusmwo)

o€

S58



999999999’.’.I_I_888886666666000000000LLLLLLL N
O=NWAEANLNOOONWIAIONWOHIRO=NNELOIDNO =N sgggLsozsngBOL =8 X X
987888897«.78818Z690.79L01.vgc._.v WOWOWOAIOO~NWA A=W cCOoO—=O

3 14 g 9 L 8 6 Qi
o
eopo JU9ATOS
0, 0°€ aInjeradua]
ZH 0°91 Sutuurds
S 696 'S TeAISIU] 00y
g S 6957 autboy
id 9T ueog
ZHA 7 ‘666 bo1,5q0
100 NOLO¥d apopxg
H onysqo
82/48H/3108 a1eq

0S10% 8% S—°V-eIndyE-g0-ON Jusumo)

pE

201

{4

60°G
o
o

S59



006 "0¢
6¥¢ 've
TRt
696 C€
——098°19
R L £
——L08°LL
——189°9L
000°LL
—LIE'LL
¥eL LLL

lo  —|

=)

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢°¢ TeATOlU] 00y
S T1€9¢°T aw1boy
(45} ueog

ZHN 99 00T _ baagsqQ
100" NOGEYD Spowxg

Jg1 anNsqo
61/1dv/5102 a1e(

€076T%0S10Z D-°V-ON Jusmwo)

pE

S60



66666GOOOOOOOOVCJCJSSOOLLLI»I—LLZ7u.7 NN N
lzsc._gl_ 879999 NWHANOO—=NWDH=I0O =W D~
.vg Zl OO WO—PRPAPW=OROWWOAMI—=WO OO

)

£

LU )
e )
1 i

e1opo JUATOS
0, 062 eanjesadua]

ZH 0791 Butuutdg
S 696 'S [eAI23U] 00y
$ 699°C sutboy

8 ueog
ZHA S% "66€ _ baigsqQ
100 NOoLodd SpoNxd
Hi onNsqo
10/3nv/9102 a3e(
Z-2and100Q1ns Juewmo)

o€

€40 %4
BN
o O

S61



okt kol ok ek ek ke ek ke
N W O O =~ BN N2 1N N N3 N N N N N N 1N € 60 € € &
e ~w Bt ad el sl ©O N ~J00 0000000000000 o
= o= PO W NODIBNWE RN =O
~ ao; ONDRDROD RARARILTSERIZRIEY
S i BEORNBOS® CARLVIOCREOONEROINWEID A

7= S

wdd |

e[opo JUBATOS
0, 0°62 eanjeradue],
ZH 0°02 Sutuutdg

s 1g9¢ '€ [BAIOJU] 00y
s 1€9¢°T aut by
218 ueog

ZHN S% "00T _ baxgsqQ
100" NOFIVD Spopxd

Je1 onNsqo
0€/1n[/9102 a1eq

10708209102 @xnd1000TNS Jusumo)

°¢

S62



¥€6 'L

686 'L

pogpo juaAtog
0, 0°0S eanjeiadua]
ZH 0°02 Sutuutdg
807 TBAI®}UT OOy
s 112¢°0 aw1boy
08 ueog
ZHRN 1€ "8%1 ba1gsqQ
Indgs POy
in onNsq0
10/d9S/810% ae(q
Juemmo)

. (1:6) g

0°@/ao®ao u

£40 04

BN

o 0

EToP2 JU8ATOS
Q2 0°08 aanjeradma]
ZH 002 Sutuutdg
4 TBAIOJU] 00V
s 113¢°0 swIboy
08 ueog
ZHN T€ "831 baxgsqQ
[ndgs apoNxg
in onNsqQ
1¢/3nV/8102 a1e(Q
JUSUmO)

€ °¢

10a@o ul

#40 04

-8,

o O

S63



O NNNNSNNNSNSNSNSNSNSNSNSNSNSNSNSNN
€ I\ €0 0 €0 €O O €O GO Ba B P B B B P O Sl IO
D DN A LOCLCOOD—NDERNOON =D
B OCECRPLRIPOODLONDDOOD O~

wdd

96

66

0l

e1opo JUSATOg

0, 0°0¢ sanjeredue]
ZH 0791 Buruudg

S 699G 'S TBAIOIU] 00y
§ 6999 '¢ sutboy
8 uedg

ZHN 82 "00¥ _ baxgsqg
100 NOLOdd SPONXY

H onNsqQ
10/d95/910% aje(q

10710609102 °Ind"60-Z0SIH Jusumo)

i€

S64



289 9L
| —8IE'LL
766 °L8

N
N

y
=

o
(=)
N
(=)
<
(=]
=}
(=]
=]
o
(=4
-
o
o~
—

oyl 091 081 00¢

udd

I}

£1opo qUeATOS

D, 0°62 aanjexadus]
ZH 0°0Z Suruudg

s 1g9¢°¢ TeATOlU] 00y
s 18981 emr[boy
218 ueog

ZHR 97 00T _ ba1sqQ
T00NOSIV) apopxy

et anNsqQ
60/d95/910% a18(

107506091020 60~Z0S¥H Jusmwo)

i€

S65



£e¢
ove
¢9¢
¥ie
98¢
414
e

o
e[opo JUBATOS
Q, 0°0€ eanjeradue],
ZH 0°9T Sutuutdg
S 656G 'S [BAIOJU] 00y
S 6599 'C amr[boy
N o T 8 ueog
o™ ° @ ZHN 82 "00% _ baxgsqQ
« = S 100" NOLO¥d SpOofxy
H onNsqo
90/995/9102 a1eq

10790609102 goInd~Gg-TOSYH Jusumo)

bg

€40 084

Ly
o

S66



s B EERR SREEEEEEERRRR
2 = 3838« ERKSLIITIE8=E=8
[l T WU
0¢ (114 09 08 001 0¢l orl 091 081

ludd

ETopo qUeATOS
Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg
S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T amT Jboy
(45} ueog
ZHN S% 00T _ baagsqQ
100" NOgavD Spowxg
Jer anNsqo
_ L0/d95/9107 aje(q
10720609102 0" G€-TOSYH ~ 3Jusmwo)
be
#40 0%
4

S67



R R OO oo NNNNNN
OO NNV PWEOOOOOO QOO N OO
CI~NOCONBJIOIOWWON ETIN WA w ol DON BN B
WD | (UL
0 ,, ; £ 4 g 9 L 8 6

| — T

- - g1opo JuaATog

o o 0, 0°92 sanjeradwe]

- ZH 0791 Butuuidg

s 696G [BAIO3U] 00Y

$ 699°C sutboy

8 ueog

ZHA S% "66€ _ baigsqQ

100 NOoLodd SpoNxd

Hi onNsqo

N _ 60/deS/9107 aleq

o e o 10760609102~ 8Ind" FE-T0SYH Jusuwo)

. (=2
—_ w
ye
€40 0f4

60°¢
®)

S68



i i i i g gy
N @ N~ = NI N N N N N N € €0 & G
= > S~~~ ©ONTIPOEoORREG
~ =3 QWO oo aIvIoR
@ @ RS = q £IERIIFI==
= S NSO SONOBE=

0 0¢ ov 09 08 001 0cl ovl 091 081 00¢

wdd

e[opo JUBATOS

0, 0°62 sanjeredua]
ZH 0702 Butuutdg

s 189¢°¢ [BAIOJU] 00y
S T1€9¢°T aurboy
218 ueog

ZHN S¥% 00T _ baxgsqg
100" NOGEYD SPONXy

Ja1 ONNSq0
G0/deS/9102 aleq

20750609105 ©Ind 3€-TOSYH Jusumo)

ye

S69



wdd

0 ———
BF— ——

1
LO'Zwé \

L't

1
J0

£1opo qUeATOS

D, 0°08 aanjexadus]
2z 091 Suruutdg

S 644G °Q TeATOlU] 00y
S 6655 'Z euT[boy
8 ueog

ZHR 82 "00% _ besqq
100"NOLO¥d spopxg

H onysqq
¥2/30%/9102 a1e(

10772809102 goInd9g-TOSYH Jusumo)

1€

€40 084

S70



o RO o SRR RN DD
S SN ORNITEIDDBRBRERG
1 O DO WP O WOCICIODN =D
0 0¢ of 09 08 001 0¢l ovlL 091 081 00¢

wdd

£7opo JUsATOS
Q, 0°62 aInjeradma]
2] 0°02 Butuutdg

S 1€9€°¢ [eAI83U] "0y
S 189¢°T surboy
218 ueog

ZHN S¥ "00T _ ba14sqq
100" NOgavD Spojxy

Je1 ONNSq0
¥2/81Y/9108 ajeq

1
07728091020 @Ind 9¢-TOSYH Jusumo)

1€

€40 084

S71



e
e~
]

wdd

)
—
=

G6°1
0°¢

S0 ¢

e[opo JUBATOS

Q, 0°0€ sanjeredua]
ZH 091 Butuutdg

S 684G 'G [BAIOJU] 00y
§ 6999 ‘G aurboy
8 ueosg

ZHN 8% "00¥ _ baxgsqg
100" NOLO¥d SPONXy

Hi ONNSq0
91/des/9102 83e(

10791609102 Ind $z-g0SIH Jusumo)

le

S72



8 333 CIBRRUREEREERBEBUIBRES
- DO W PO—=CODOOCIN I~ W-JOION O1~J
Y [ = OO OCPAONAOAO-NIOO —=O
[ )T
0 02 oy 09 08 001 ozl ovl 091 081 002
Adg o " T, y - ‘ ;13 # . o

£1opo qUeATOS

0, 062 aanjexadus]
ZH 0°0Z Suruudg

s 1g9¢°¢ TeATOlU] 00y
s 18981 emr[boy
218 ueog

ZHR 97 00T _ ba1sqQ
T00NOSIV) apopxy

et anNsqQ
02/495/910% a18(

107026091020 ¥2-20S4H Jusmwo)

le

S73



20°2
66-"1 ]
—
I
o
| —
(=)
—
=
N (>
T = =
O [=) = GﬁcaNS_)
] 1D 1D
1 o OO
l(;] (55 WO O
S 00N IS DY
™ & EZS —_a g
L - IS« o
&= 1 <
(O] 5 Z ©
&4 = 8
9 5N g
o T 2 g2
N X 8 o &
m ® T «
/ f=1 —
o = g
> o
5.5
®) Swd
g o cod BSSERE
w [oR=] 3T o S 00
§ 8Zom g s Eo>
RPOEUE OO~ B
Q B.O0XK.QO0OQCQAQADO
O AOWoOVnELNE=Y

S74




—9LE '8¢
——6¥8°LE
——0L6 ¢t
——§96°19
196729
—— 568 L
—£€89°9L
000°LL
—LIg°LL
— 59
96
—LIZ
| —9¢8

L —
—019
~—

lo  —

[~

S

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T amT Jboy
(45} ueog

ZHN 99 00T _ boxjsqQ
100" NOgavD Spowxg

Jer anNsqo
61/48H/5107 a1e(

10761908102 0-20-€0-ON JUSWWo)

3E

S75



86°G
16°8
£6-8
16°€
66°0 ~—
WL —=
T —
60¢~——
16°1
o
@ g oa
N
= — E %%:P
(@) z| < Lmoo
00 N 16 D 13
28ESS —_ e
ST 8™ o
1) © ] a4
L = 8
O Lo B
A &
8=
= —
+ @ g 5
[T
o 3
+ o ﬂ)gg‘ogu
(@] = QOO B =0
i £o28&cC (EE2
uw ES%2% 55 s 58S
QRO XKOOOOLADO
OADHoun<TtN =0

S76




99¢ 'y
8699
——¢9¢ '8¢
——569°1€E
916 °¢¢
—916°19
A
—96¢ L
+—089 9L

000 °LL
[—8IE°LL

9¢¢

196

689

Sy

A4

L1S

M
N

-]
(=
o
—
(=)
o™~
-—

y

ovl 091 081

dd

£1opo qUeATOS

D, 0°62 aanjexadus]
ZH 0°0Z Suruudg

s 1g9¢°¢ TeATOlU] 00y
s 18981 emr[boy
218 ueog

ZHR 97 00T _ ba1sqQ
T00NOSIV) apopxy

et anNsqQ
91/8ny/9107 a18(

20791809102 D€1-SdL-ns Jusumo)

S77



bttt et b A A A M O S o o b o o o o o o ek el e Lcoe
€0 CO CO 0O 0O 6600000000999999999’.’.001111111323 NOICIOI-I O = e
ONPAOOO =LA —WWATIONOONWEAEROINN-NIONOCO—-NACI~NOEOOON DHOI-NORO o0 W O
gﬁﬂgﬂﬂdewe@égggl LT 1)
0 ,_ ¢ g v g 9 L 8 6 ol
wdd
Y

‘0
v

b @
e g1opo juaATog
0, 0°92 eanjeiadua]
ZH 0791 Butuutdg
S 696 'S [eAI23U] 00y
$ 699°C sutboy
8 ueog
W m ZHA S% "66€ _ baigsqQ
= 100 NOoLodd SpoNxd
Hi onNsqo
_ L0/1dy/9103 a3e(
107L0%091029Ind10-T0STY Jusuwo)
S
©»
(=]
(=21
€40 0%
8.
o 0O

90y
I

S78



N N
Nw @ R P ™ 10 1D I I R N2 1N 1D &0 00 6 € S
o= © = s © N> 0o coco 0oL -
Dm ©® NOHoOw NODWNNDDON U160 = ®
DL S —Nwo= SWAWBWRRN D =N WA O R
SR o &N dRNS® LGS DABAN A~ &

08 00! 0¢l oyl 091 081 002

ETopo qUeATOS
2 0°€ eanjeradme],
ZH 0°02 Sutuuidg
S 1€9¢°¢ [BAIOjU] OOy
S T1€9¢°T aw1boy
(45} ueog
ZHN S¥% 00T _ baagsqQ
100" NOGEYD Spowxg
et anNsqo
_ 2%/5=l/S103 a1e(q
10" 33909105 D-€0-€0-ON qusmmo)

]

#40 04
-8
o O

S79



| —¢€9
¥98
\ 8
I4
LGS
LS

4 S 9 L ; 6
wdd
s Q D‘vvﬁ\"ﬂ
e =
3 7 e
N
N gTopo JuaATog
=] 0, 0°92 eanjeIadua]
ZH 0°9T Butuutdg
S 6995 °G TeATOlU] 00y
§ 6999 ¢ aurboy
w g ueog
4 ZHA 82 00¥ _ baxgsqg
100 NOLOdd Spojxy
Hi ONNSq0
@ _ 60/3nv/9103 a1e(
8 10750809102 ©xndL00€TNS Jusumo)
9
€40 0%
(-] \m/
N o O
~
cn_J\/\C
HO

S&0



120 100 80 60 40 20 0

OH

Ph

CF5

sul3007pure_20160805_01

Comment
Date

2016/Aug/05

13¢

CARBON_001

ObsNuc

ExMode

3.3631 s
20.0 Hz
25.0 °C

1.3631 s
cdels

100. 66 MHz

512

ObsFreq
Interval
Spinning
Temperature
Solvent

Scan
AcqTime

Acc.

S81

| —918°I¢
| —298°1¢
4 (4
—— 98 'Z¢
228 '¥¢
™>~——689 V¢

10619
20029
691 2L
96 2L
eyl vl
——00€ L
—e89°0L
000 LL
——LIgLL
12 ‘021
186 ‘221
2195zl
19L ‘Gzl
06L ‘21
125 ‘L2l
96¢ ‘821
Ly '8zl
2vy '8zl
025 ‘821
295 ‘821
409 821
—1¥9-°821
——2¢6 821
——6€6 821
T
[~ L£Z €€l
=
N
N 9v8 'gel
658 ‘€€l
951 ‘¥El

0L1 '¥El
E\“*QOS'VVl
vvs vyl

T

(//



809

806G

€0-¢

ppm

2017/Aug/25

sul5023_20170825_01

Comment
Date

Rl

PROTON_001
399. 45 MHz

ObsNuc
ExMode

ObsFreq
Scan

2.569 s
5.569 s
16.0 Hz
25.0 °C

8
cdels

AcqTime

Acc. Interval
Spinning
Temperature
Solvent

S82



9¢¥ '5¢
—8LI V¢
120 ‘6%
698 €S
1¢6°19
—¢lg L
——089°9L
000°LL
028 LL

— 7 8(9°IE

lo

(=~

mﬁovo P=m>ﬂom
Ua 0 .mN mhjpmhmﬂ&m.—.
ZH 0°02 Sutuuidg
s ﬁmwm .m _”w?MwPEH .Qo<
S 1€9¢°T amt]boy
¥201 ueosg
ZHA S% "00T _ baxgsqo
T00 NOYVD SPORxXY
et onNsqQ
_ §g/8ny/L102 a1e(
107G280L102 €20GINS  jusummo)
L
€40 084
N
0" 0

S83



SoSSnmnmrnm s so o NNRPRRNNRNNNNO R R R RRRROIOIOONOONIHIOID N NSNS NSNS
DD NN NN N LN P RRREEEOOOOOOONWWWWARALOO = —t—t—t—t— I N 00 00 00 00 00 00 <O €O ¢ © (@ © I\ &1 U1 U1 =d OO
HE 2N AN NRO S EON AN OO - RO A RN RN WANILIROCO T NRNWOIDILRAHI VORI LIORD
7..99.7987u0..vc._800._|.91_0Z99I.009.7.77..£6986.V£Z LQZZ.VlOZSLlEQO.VZG.VlGOlZUL

%%/\xx%x\\i\\

JJE;Q ;g | aRll

60 ——

€0°C

g1opo JuaATOg

D, 0°¢ sanjeradwe]
ZH 0791 Butuuidg

S 696 °G [BAIO3U] 00Y
S 699°C sutboy
91 Uueos

ZHA S% "66€ _ baigsqQ
100 NOoLodd SpoNxd

Hi onNsqo

_ €1/1n[/8103 83e(
107€TL08T0Z2Ind0Z-€0-ON Jusuwo)

8

S84



LLLLLLLLLLLLLLL 1
N ww o1 (=] ~d DN N N PN NS N NI NS N3 N € €0 € GO B (=]
NS = = ~oNN CERNIIPIREPILLWER B =~
1 O~ w o NOHO W NP ODWONOIODON I — o
0 co o ~NOO— Zl_wgszl_lgl_vggl_z -
O~ o ~ ——=O~ —_— ACOINONAR=LOIINI O o
08 00 0zl o7k 09} 08l 002

m.mo_uo P=m>ﬂom
Ua 0 .mN mhjpmhmﬂ&m.—.
ZH 0°02 Sutuuidg
s ﬁmwm .m _”W?Mwu.:H .oo<
S 1€9¢°T amt]boy
7201 ueog
ZHA 99 "00T _ baxgsqo
T00 NOYVD SPORxXY
et onNsqQ
€1/1In[/8102 _ ale(
10°¢

1L0S1020-8UT33T4—0Z-E0-ON  Pusmmo)

8
€40 084

..

00

S85



ek ek k= N

—_—

)

W)

)
il i eliir

wdd

T

.

e

|

60

860 —

0’1

10°¢

e1opo JUATOS
0, 062 eanjesadua]

zH 0°91 Buruutdg
S 699G 'S [eAI23U] 00y
S 664G ‘2 awr [boy
8 ueog
ZHR 82 "00% _ ba1sqQ
100" NOLO¥d apojxyg
H onNsqo
_ 91/A0N/9102 a1e(
10791119702 0Ind9IOGINs  juUSWmO)
6
€40 084
=

S86



Qi i i i g gy
© W e S NI~ B R RO R RO A3 A3 A2 N €0 €0 69 &
—oe P i O NS00 0000000000 W
DO ®© SNDO NODWATTNDON G0 =
=g S o= NANROCIOXNW AT
- G BI=O~ CIoXDOWHE®RIGIIG

s

_F |  — r—689°I¢E

ﬁ!

n.movo P=®>._”om
On 0°G% mhbpmhmnaw.—.
z[] 0°03 Buruutdg
S ﬁmwm m _HM?HOPEH .oo<
s 169¢°T Wt [boy
218 ueog
ZH 99 "001 _ baasqo
100 NOFUVD apojxg
Je1 onNsqQ
91/40N/9102 a18(

I
079111970z DET-2Ind9I0GINS  JUSWWO)

6
€40 O
ASN
o 0

S87



b et s A A A v D o b b bl ak b ol ok o o St e
COXROPVWPWVWVOOWOUOOOOOOOOOAEU CIIONICIVICIOOONOO = — RN N IO OT I~
WhAOIOOOO—-NWAISOSNOO = NWAOINNNOICONWAOIOINNOCO—=-PROO—=NA0INOCOO—DLDNO DO
H”HWMWMWMWMWMWMWHHHH“HAH”OAﬂHﬂoﬁ%Lwawwuwuwpwuwuvcw\AMMMWMHMMMMMMMHMHMWMMMMMOnvthbAUanunVILnunOhvouoono
0 ,F ¢ 3 14 $ 9 L 8
wdd
T ﬁ JJJ
-
— o
(=3
=]
N
g q
° g
(=]
g
©w
w

Loe

e1opo JUSATOg

0, 0°92 eanjeiadua]
ZH 0791 Butuutdg
S 696 'S [eAI23U] 00y
$ 699°C sutboy
8 ueog
ZHA S% "66€ _ baigsqQ
100 NOoLodd SpoNxd
Hi onNsqo
_ £0/3nv/9103 a3e(
10760809102 ¢eIndz00gIns Jusuwo)

(1]8

€40 0%
8.
o 0

S88



lllllllllllll l
Nwow (=] e e B B} B N P N N N N N N G0 €0 Co o ~J
e = ~e=S SNTIERBHDHLHLA ]
€O = =l © - O W NODWNIIOIDONOIO — ©w
~ 00O N -0 = QWA =IO WEMD ©0
NG . U-X=N=F--] CWONORASN—=RALDOO -_—

08 001 0l ovlL 091 081

R

ETopo qUeATOS
Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg
S 1€9¢€°¢ TeATOlU] 00y
S 1€9¢°T amT Jboy
a0l ueog
ZHN S¥% 00T _ baagsqQ
100" NOGEYD Spowxg
Jet anNsqo
_ mb\wsc\fom a1e(
107€0809102"2Indz00€ NS Jusmmo)
ol
£40 0%
BN
o O

S&9



ittt s S ST Y Y O CY Y Y YT O Y R AR A A N S A S

©0 0O 0O 6 COOOOOCOOOOORAAMALMIICIVITINOCOO 22— 22NN 52
3980 SQBOLZSV NSO —=NOIC] G =t WD O = o
DI~ =W & w o

4
8
§
L
9
I4
14
——09¢

DT

o
—
FeN
™
<t
o
©
™~
©
=
o
—

wdd

ETopo qUeATOS
Q;, 0°0€ sanjeredue]
ZH 091 Butuutdg
§ 6999 'S [BAIOjU] OOy
S 6999 ‘¢ amT Jboy
8 ueog
ZHN 82 "00% _ baagsqQ
100"NOLO¥d Spowxg
Hi anNsqo
_ 20/d95/9103 a1e(q
e e 10730609102 °Indzg0gIns Juemmo)
< o
& =t
Ll
°40 0%
s 8.

LLe
<0
L1e
(0]
=
:g:

S90



N 03 e o © ~~I~~ T RS R0 1 1o o 2 12 9 60 60 &0 & 3
W o ® Nogw NOPWAENODEN GO ©
R )] |

0 02 oy 09 08 001 0clt oyl 091 081

m.movo P=m>ﬂom
Ua 0 .mN QMSPMMQQEG.—.
Z[] 0°0C Butuutdg
s 1g9¢°¢ TeAzeju] "0y
s 1€9¢°T awr[boy
218 ueog
ZHR 99 "00T _ ba14sqp
100" NOgYVD 8pofxy
Je1 onNsqQ
_ gl/uel/110Z a1e(
107€TT0LI0Z SHOOD-NS  juswmwo)

L

€40 084
SN
o 0

S91



—_

€¢

>ty

= 1Sl

=1 L&

wdd

Sy

66°1

[

661

10°S

m.mo_uo P=m>ﬂom
Ua 0 .Om mhjpmhmﬂ&m.—.
ZH 0791 Sutuuidg
s mmmm .m _”W?Mwu.:H .oo<
§ 699G ‘G amt]boy
8 ueodg
ZHA 82 00¥ _ baxgsqo
T00 NOLO¥d SPORxXY
H onNsqQ
_ 20/995/9102 a1e(
10720609102 2Ind1g0gINs Juaumo)

!

€40 084
4.
0" 0

S92



444\\\\\\\"‘4*VLL'18
——198°1¢
~—azL2e
viS £Y

286719

——668 L

-— 18979,

000 LL

———LIgLL

£08 2L

N

o  —

[~

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Butuutdg

S 1€9¢°¢ [BAIOjU] OOy
S 1€9¢°T aw1boy
a0l ueog

ZHN 99 00T _ boxjsqQ
100" NOgavD Spowxg

Jet anNsqo
€1/UBl/L10Z are(q

107€TT10LT0Z DET-1€0ETNS Jusmwo)

cl

S93



ppm

07
—
<>I
— N n n
= Z oo
—
— LOI.D:EP
© © OO
= & wwoo
Q S 00 N IO S LY
. N|:.E=S$ '—<N.Lo°
LL o> S <
(@) 52 & °
=z O
ags g
o ge B
- &
\ So o
m [32] =N
/ - = —
@ ©
O 5 o
[T
o 3
(@] 2 wp
™ a o oa g ®
[T = QOO B =0
O STYH _H SO0
Q= 0m g sS85
PuasSug oo e
OdoKO900Aado
OADHoun<TtN =0

S94




| —199°L¢
|——88¢ '8¢
——LL9°1E
—¥6L’1E

| LSy ¢
| ~——€66 C€

——966 9Y

L60°LYy
891 ¢S

——508°19
—L¥6°19
L— 198 °LL
—¢80°CL
——€89°9L

120 100 80 60 40 120 0

——
:::ii::::
_——loLls
—_—]
%
i
\

000°LL
—LIELL

182 °0¢1
//f“*SSG'ZZl
//“*ZLQ'SZL

—¥6€ '8¢l
J////////LOS'SZl
[ —L¥5 821
L —— 165 ‘821
= — |
ﬁ

L 129821
——1£6 821
———827 ‘€€l
8¢5 €€l
~——8¥8 ‘€€l
661 pEL

CF4

FoC

13

sull025pure2_20161111_01

Comment
Date

2016/Nov/11

13¢

CARBON_001

ObsNuc

ExMode

3.3631 s
20.0 Hz
25.0 °C

1.3631 s
cdels

100. 66 MHz

512

ObsFreq
Interval
Spinning
Temperature
Solvent

Scan
AcqTime

Acc.

S95



ppm

m
L
(@]
(@)
\
m
/
(@)
(@]
™
L

sul14009pure_20160912_01

Comment
Date

2016/Sep/12

Rl

PROTON_001

ObsNuc

ExMode

5.5559 s
16.0 Hz
30.0 C

2.5559 s
cdels

400. 28 MHz
8

ObsFreq
Interval
Spinning
Temperature
Solvent

Scan
AcqTime

Acc.

S96

re
60 — 00— [¢
60—
Fr~
oL
G6°1
roo
ro»
=



B N €0 €0 © i~ PPN NRRR R~ ©
SN~ = ~—oNN ONOIPTPRRRO DB WRN %
©0 QO ~J oo ol WHO W NODWOINDHIDONND—N (2]
28so = o283 SE2ERNJITL=2ZEX3ER 4
08 00 0z) o7k 09! 08l 002

£1op2 JusATOg

Q, 0°0¢ aanjeradue]
2l 0°02 Buruutdg

s 189€°¢ TeAZOlU] -00Y
s 18981 surboy
218 ueog

ZHR 99 "001 _ ba14sqQ
100 NOZUVD opopxg

1 onysqq
21/des/9102 a18(

1
0721609102 DET-2IndgOOF NS Jusumo)

148

S97



WIS

¢ Y s 9 L 8 6
e © o= R
e & 8 go - eTopo quaATOg
Hﬂﬂ = - D, 0°62 sanjeredu]
~ ZH 091 Sutuutdg
§ 6999 'S [BAIOjU] OOy
§ 6995 ‘2 omTboy
091 ueog
ZHR 82 007 _ bo1,5q0
100 NOoLodd SpoNxd
Hi onNsqo
e o _ 12/30Y/ 1102 ae(
3 w 1071280L102 8Indyg0STns Jueumo)
N
Sl
€40 0%
pat g
S oo
/\/\/\C

S98



€498 'L¢
8¥9°1€
¢L8°SE
188719
WS
—£€89°9L
000°LL
—6Ie°LL

lo  —

[~

ETopo qUeATOS

Q, 0°62 sanjeredue]
ZH 0°02 Sutuuidg

S 1€9¢€°¢ TeATOlU] 00y
S 1€9¢°T amT Jboy
00007 ueog

ZHN 99 00T _ baagsqQ
100" NOgavD Spowxg

Jer anNsqo
1z/3nv/1102 a1e(

1071280102 JE1-¥20S1ns Jusmwo)

St

€30 084

S99



W lLl
LW ed oo
S8crw 00O
NOO M~ o]k

—olrL
_ 1 —eri

wdd

0l

10°¢

pogpa JUSATOg

Q, 0°92 sanjeredue]
ZH 0791 Butuutdg
S 6956 °S TeAIalu] 00y
$ 699°C amtJboy
8 ueog

ZHN SV "66€ _ baagsqo
100" NOLO¥d apopxyg

Hi anNsqo
80/3nv/L102 a1e(

1078080.10Z 8101gns Jueuwo)

A

€30 %4
e4g

S100



WO~ A BN AEOINOWOD—=PAO
D=0 O =N = NW=0LODHOTNOI~
— WO I DENOR=JWWNO=N

pogpo juaAtog

Q, 0°62 sanjeredue]
ZH 0°02 Buruutdg

S 1€9¢°¢ TeATOlU] 00y
S 1€9¢°T aw1boy
¢16 ueog

ZHN S% 00T _ baagsqQ
100" NOgavD Spowxg

et onNsqo
80/3ny/L102 are(q

1078080102 JET-810TgNS Jusumo)

A

€30 0%
e4g

S101



AN

6l é
oL'g I

8l e \%

60 —  —

6670

ppm

2 N wn w
S % Do N
© DR2P
— 0 Yol ¥e)
81| N Lwwoo
SONIGOLY v
wAFEZS —_.e s
/ I &Y Q
oS | -
o O -4 (3]
is B
™ s 8
L S &
O o =~
=2
= —
@ <
o £ g
L =
N 2 P
- o O g oL
2 000 HH--Sg
© ITYH _H SO0
E VZ O S .8 Q>
(@) amammco-.—qa.—q
AN o000 QDO
™ < 2,
e CACEHOoONI<NE®N

S102

829"



GE9 'Y

¢eL 88
169°1€
181 °6¢

_—0LL 6§
—1¥8°19
— 5619
—5eg99

918 YL
——£89°9L
——000°LL

Agg//////
=

%

=

—LIE°LL
[yl LL

| — 616801
,—€8L°0C1
o 4 (44
€99 'S¢21

G8€ '8¢1
[44 K 1A
[— V96 °8¢1
| —— 109821
——6¥9°8¢C1
—¥L6 8¢l
—&¥C €EL
| €66 °¢€1

Syl 6yl

T

3.3631 s
20.0 Hz
25.0 C

1.3631 s
cdels

100. 66 MHz

13C
672

CARBON_001

2017/Jan/26

CF;
sul6004-13C_20170126_01

20
Interval

Temperature

ObsFreq
Spinning
Solvent

Scan
AcqTime

Comment
Date
Acc.

ObsNuc
ExMode

FsC

S103



ppm

80°¢

Wl — =

0L — %

8
T 198§

| —08¢ 9

[ —89€79
%ﬁgss 9
=~ 0689
S ——aore
A

09z °L

AN

AN

AN

OH OH

18

5.5559 s
16.0 Hz
25.0 °C

2.55589 s
cdels

s |
400. 28 MHz
8

PROTON_001

su20019pure_20170705_01
2017/Jul/05

Interval

Comment
Date
ObsNuc
ExMode
ObsFreq
Scan
AcqTime
Acce.
Spinning
Temperature
Solvent

S104



€9 Y

9lv '6¢
——09¢ '9¢
——96¢ '8¢

689 ‘801

0€6 '6v1

£[op2 jueATog
2 0°62 sanjeredmo]
ZH 0°02 Sutuurdg
S 1€9€°¢ TeATOIU] OOy
S T€9€°1 swrboy
aSL ueog
ZHA S¥% "00T _ baagsqQ
100 NOUVD apojxg
Jdet onNsqQ
0Z/unf/1102 _ eeq

100
290L10270€10and gF0z0 uTw Juaumoy)

8l
HO HO
X
=

AN
AN

S105



References

()

@)

€)

4)
®)

(6)
()

®)

(a) Wilen, S. H.; Shen, D.; Licata, J. M.; Baldwin, E.; Russell, C. S. Heterocycles 1984, 22,
1747-1757. (b) Manoharan, M.; Jayaraman, M.; Rajeev, K. G.; Eltepu, L.; Ansell, S.; Chen, J.
U.S. Patent WO 2010054401, May 14, 2010.

(a) Mukai, C.; Miyakoshi, N.; Hanaoka, M. J. Org. Chem. 2001, 66, 5875-5880. (b) Kumar, C.
R.; Tsai, C.-H.; Chao, Y.-S.; Lee, J.-C. Chem. Eur. J. 2011, 17, 8696-8703.

Cornet, S. M.; Dillon, K. B.; Entwistle, C. D.; Fox, M. A.; Goeta, A. E.; Goodwin, H. P.; Marder,
T. B.; Tompson, A. T. Dalton Trans. 2003, 4395-4405.

Schlosser, M.; Katsoulos, G.; Takagishi, S. Synlett 1990, 747-748.

(a) Tsuneda, T.; Hirao, K. WIREs Comput Mol Sci 2014, 4, 375-390. (b) Tsuneda, T.; Suzumura,
T.; Hirao, K. J. Chem. Phys. 1999, 110, 10664—10678.

Becke, A. D. Phys. Rev. 4 1988, 38, 3098-3100.

(a) Bader, R. F. W. Chem. Rev. 1991, 91, 893-928. (b) Dunitz, J. D.; Gavezzotti, A. Angew.
Chem., Int. Ed. 2005, 44, 1766—-1787.

(a) Lee, D. Y.; Martin, J. C. J. Am. Chem. Soc. 1984, 106, 5745-5746. (b) Yamashita, M.;
Yamamoto, Y.; Akiba, K.; Nagase, S. Angew. Chem., Int. Ed. 2000, 39, 4055-4058. (c)
Yamashita, M.; Yamamoto, Y.; Akiba, K.; Hashizume, D.; Iwasaki, F.; Takagi, N.; Nagase, S. J.
Am. Chem. Soc. 2005, 127, 4354-4371. (d) Nakatsuji, J.; Moriyama, Y.; Matsukawa, S.;
Yamamoto, Y.; Akiba, K. Main Group Chem. 2006, 5, 277-285. (¢) Yano, T.; Yamaguchi, T.;
Yamamoto, Y. Chem. Lett. 2009, 38, 794-795. (f) Nakatsuji, J.; Yamamoto, Y. Bull. Chem. Soc.
Jpn. 2010, 83, 767-776. (g) Hirano, Y.; Kojima, S.; Yamamoto, Y. J. Org. Chem. 2011, 76,
2123-2131. (h) Dou, C.; Saito, S.; Yamaguchi, S. J. Am. Chem. Soc. 2013, 135, 9346-9349.

S106





