Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2023

Catalytic Asymmetric Synthesis of Carboranylated Diols Bearing
Two Adjacent Stereocenters Located at the a, f-Position of

o-Carborane Cage Carbon

Hui-Xin Duan,” Hao-Nan Li,* Yong Yang,” Xiao-Jun Wu" and You-Qing Wang**®

“Provincial Key Laboratory of Natural Medicine and Immuno-Engineering, Henan University,
Kaifeng, Henan, 475004, P. R. China

bZhengzhou Yuanli Biological Technology Co., Ltd., Zhengzhou, Henan, 450001, P. R. China

Fax: (+86)-371-22864665; E-mail: wyouqing@hotmail.com or yqwang@henu.edu.cn

Supporting Information

Table of Contents.

1. General information................ooiiiiiiii i S2

2. Optimization of reaction conditions.........................ciiiiiiiiiiiii S2
3. Synthesis of alkenylcarboranes. ...............ovvviiiiiiitiie it an S3
4. 2D-NOESY NMR of compound 6............oooiiiiiiiiii it S5

5. X-ray for comPound 2. ... ..ouuuiiitttt e e S6
6. Comparison of NMR data of 2a and 1,2-diphenylethane-1,2-diol......................... S7
Copy of NMR, HRMS and HPLC for new compounds ................cccevvveveiiinnnnnn.. .S9

S1



1.

General information

'H NMR spectra were recorded on a Bruker DPX-300 spectrometer at 300 MHz. °C {'H}
NMR spectra were recorded on Bruker DRX-300 spectrometers at 75 MHz. PF NMR spectra
were recorded on a Bruker DPX-400 spectrometer at 376 MHz. ''B NMR spectra were recorded
on a Bruker DPX-400 spectrometer at 128 MHz. The chemical shifts for '"H NMR were recorded
in ppm (9) relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal
standard (CDCls, d 7.26 ppm). The chemical shifts for >*C NMR were recorded in ppm downfield
using the central peak of deuterochloroform (77.0 ppm) as the internal standard. The ee values

determination was carried out using chiral HPLC with Daicle chiral column on Agilent 1200.

Flash column chromatography was performed on silica gel (200-300 mesh). TLC analysis was

performed using glass-backed plates coated with 0.2 mm silica. The solvents were distilled from

appropriate drying agents prior to use, unless otherwise noted.

2.

Optimization of reaction conditions

Table S1. Optimization of reaction conditions”

OH

K20s0,(0OH),4 (2 mol%)
Ph 2 2 4 Ph
X Ligand (10 mol%)
K3Fe(CN)g (3.0 eq.) OH
H K2CO3 (3.0 eq.) H

1a CH3SO,NH, (1.0 eq.) 2a
MeOQ\\N) OMe
2
H H = H! HH
H™ )
Et gi H
(DHQIZI)_)fPHAL (DHQ|)_22PHAL
Entry Ligand solvent” T/C)  Clmoll)  Yield(%)  ee(%)”

1 AD-mix-f t-BuOH/H,0=1/1 0 0.1 trace

2 (DHQD),PHAL t-BuOH/H,0=1/1 0 0.1 86 -92
3 (DHQ),PHAL t-BuOH/H,0=1/1 0 0.1 89 80
4 (DHQD),PHAL t-BuOH/H,0=1/1 15 0.1 91 -96
5 (DHQD),PHAL t-BuOH/H,0=1/1 25 0.1 89 -97
6 (DHQD),PHAL t-BuOH/H,0=1/1 35 0.1 82 -94
7 (DHQ),PHAL t-BuOH/H,0=1/1 25 0.1 92 88
8 (DHQD),PHAL Acetone/H,0=1/1 25 0.1 22 -93
9 (DHQ),PHAL Acetone/H,0=1/1 25 0.1 17 93
10 (DHQD),PHAL DMSO/H,0=1/1 25 0.1 NR

11 (DHQ),-PHAL DMSO/H,0=1/1 25 0.1 NR

12 (DHQD),PHAL MeCN/H,0=1/1 25 0.1 NR

13 (DHQ),PHAL MeCN/H,0=1/1 25 0.1 NR

14 (DHQD),PHAL t-BuOH/H,0=1/3 25 0.1 66 -95
15 (DHQ),PHAL t-BuOH/H,0=1/3 25 0.1 71 94
16 (DHQD),PHAL t-BuOH/H,0=3/1 25 0.1 57 -94
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17 (DHQ),PHAL  BuOH/H,0=3/1 25 0.1 61 90

18  (DHQD),PHAL  BuOH/H,0=1/1 25 0.067 89 -96
19 (DHQ),PHAL +-BuOH/H,0=1/1 25 0.067 91 90
20  (DHQD),PHAL  BuOH/H,0=1/1 25 0.2 84 -95
21 (DHQ),PHAL t-BuOH/H,0=1/1 25 0.2 91 90

“Unless indicated otherwise, the reactions were performed with 0.2 mmol of alkenylcarborane la
in 2 ml of solvent at indicated temperature for 24 hours. "Volume ratio. “Isolated yield for
syn-1,2-diol isomer and no d.r. value with the anti-1,2-diol isomer undetectable in all cases.
“Determined by HPLC using a chiral column. The minus sign indicates the opposite enantiomer.

3. Synthesis of Alkenylcarboranes (1a-1m, 3, 5).

The alkenylcarborane 1a-11, 3 and 5 was synthesized according to method A described in the
literature '), 1a’, 1m was synthesized according to method B in the literature %

" 2) PPy R
Method A
@H 3 7 R @HV
1a-1l, 3,5
CHO PPh, _ t-BUOK R
Method B @ + r C|_ THF
’ R H

1a',1m

1a: Known compound; "H NMR (300 MHz, CDCl;): 6 7.35 (s, SH), 6.83 (d, J =
16.1 Hz, 1H), 6.27 (d, J = 16.1 Hz, 1H), 3.71 (s, 1H).

1b: Known compound; 'H NMR (300 MHz, CDCls): & 7.35 (s, 2H), 7.15 (m,
3H), 6.67 (d, J=15.2 Hz, 1H), 3.68(s, 1H).

1c: Re=0.21 (hexane); White solid, 104.6 mg, 37% yield, mp: 106-107 °C."H
NMR (300 MHz, CDCl3) 6 7.41 — 7.26 (m, 4H), 6.81 (d, J=15.7 Hz, 1H), 6.25 (d, J = 15.7 Hz,
1H), 3.72 (s, 1H). ®C {'"H} NMR (75 MHz, CDCl;) & 136.45, 135.36, 132.56, 129.13, 128.14,
123.06, 73.77, 60.82. ''B NMR (128 MHz, CDCls) & -1.80 ((dd, J = 148.4, 1.3 Hz, 1B), -4.77 (dd,
J=137.3, 4.8 Hz, 1B), -7.04- -115.87 (m, 8B). HRMS (ESI) m/z calcd for C;oH;¢B1oCl" (M-H)
280.1913, found 280.1926.

M 7. Qiuand Z. Xie, Angew. Chem., Int. Ed., 2008, 47, 6572—6575.

(21 A Sousa-Pedrares, C. Vinas and F. Teixidor, Chem. Commun., 2010, 46, 2998-3000.
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1d: R¢= 0.27 (hexane); colorless oil, 123.8mg, 41% yield. "H NMR (300 MHz,

CDCls) § 7.41 — 7.22 (m, 4H), 6.83 (d, J = 15.7 Hz, 1H), 6.23 (d, J = 15.7 Hz, 1H), 3.69 (s, 1H),
1.31 (s, 9H). °C {'"H} NMR (75 MHz, CDCls) & 152.98, 137.44, 131.26, 126.69, 125.83, 121.57,
60.95, 34.74, 31.13. "B NMR (128 MHz, CDCLy) & -1.88 (d, J = 151.5 Hz, 1B), -5.03 (d, J =
141.2 Hz, 1B), -7.82 - -17.51 (m, 8B). HRMS (ESI) m/z calcd for C14HysBo” (M-H) 301.2965,
found 301.2968.

1le: Known compound; "H NMR (300 MHz, CDCl3): 6 7.24 (d, /= 8.0 Hz, 2H),

7.14 (d, J= 8.0 Hz, 2H), 6 .80 (d, /= 15.8 Hz, 1H), 6.29 (d, /= 15.8 Hz, 1H), 3.70 (s, 1H).

1f: Known compound; '"H NMR (300 MHz, CDCLy): § 7.24 (m, 4H), 7.02 (d, J =
15.4 Hz, 1H), 6.41 (d, J=15.4 Hz, 1H), 3.73 (s, 1H), 2.34 (s, 3H).

v 1g: Ry = 0.24 (hexane); White solid, 376.4 mg, 64% yield, mp: 82-84 °C. "H NMR
(300 MHz, CDCl3) § 7.51 — 6.95 (m, 5H), 6.16 (d, J = 15.6 Hz, 1H), 3.72 (s, 1H), 2.35 (s, 3H)."’C
{'H} NMR (75 MHz, CDCl3) & 136.34, 135.89, 133.24, 130.66, 129.30, 126.34, 125.53, 123.78,
7432, 60.87, 19.59. "B NMR (128 MHz, CDCL3) & -1.82 (d, J = 150.7 Hz, 1B), -4.94 (d, J =
153.5 Hz, 1B), -7.75 - -15.94 (m, 8H). HRMS (ESI) m/z caled for C;;H9B1o” (M-H) ~ 260.2459,

found 260.2462.

1h: Known compound; "H NMR (300 MHz, CDCls): § 7.61 (d, J = 8.1 Hz, 2H),
7.45 (d, J=8.1 Hz, 2H), 6.88 (d, /= 15.9 Hz, 1H), 6.22 (d, /= 15.9 Hz, 1H), 3.74 (s, 1H).

1i: Known compound; "H NMR (300 MHz, CDCl;): & 7.48 (m, 4H), 6.89 (d, J
=15.8 Hz, 1H), 6.34 (d, /= 15.8 Hz, 1H), 3.74 (s, 1H).

1j: Known compound; 'H NMR (300 MHz, CDCl3): 6 7.35 - 7.21 (m, 2H),
6.91 - 6.84 (m, 2H), 6.79 (d, J = 15.7 Hz, 1H), 6.14 (d, J = 15.7 Hz, 1H), 3.82 (s, 3H), 3.70 (s,
1H).

1k: Known compound; 'H NMR (300 MHz, CDCl5): 6 7.61 (d, J= 8.1 Hz, 2H),
7.45 (d,J= 8.1 Hz, 2H), 6.88 (d, /= 15.9 Hz, 1H), 6.22 (d, J= 15.9 Hz, 1H), 3.74 (s, 1H).
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11: Rf = 0.16 (hexane); White solid, 85.6mg, 29% yield, mp: 112-114 °C. 'H
NMR (300 MHz, CDCl3) & 7.90 — 7.71 (m, 4H), 7.58 — 7.43 (m, 3H), 7.02 (d, J = 15.7 Hz, 1H),
6.40 (d, J = 15.7 Hz, 1H), 3.76 (s, 1H)."*C {1H} NMR (75 MHz, CDCI3) & 137.83, 133.69,
133.26, 131.49, 128.72, 128.28, 128.25, 127.75, 126.95, 126.79, 122.73, 122.59, 74.24, 60.99. ''B
NMR (128 MHz, CDCl3) 6-1.80 (d, J = 153.1 Hz, 1B), -4.85 (d, J = 143.0 Hz, 1B), -8.50- 12.17
(m, 8B). HRMS (ESI) m/z calcd for C4H9B1g (M-H) 296.2459, found 296.2462.

1m: Known compound; 'H NMR (300 MHz, CDCl5): 8.43 (s, 1H), 8.00 (m,
4H), 7.74 (m, 1H,), 7.51 (m, 4H), 6.18 (d, J = 15.9 Hz, 1H), 3.88 (br, 1H).

- L

NH 3: Known compound; 'H NMR (300 MHz, CDCL): 7.36 (m, 5H), 5.48 (s, 1H),
5.20 (s, 1H), 3.49 (s, 2H), 3.37 (br, 1H).

Ph
N

Ph

H 5: Known compound; 'H NMR (300 MHz, CDCL): & 7.43 (m, 3H), 7.45 (m, 3H),
7.15 (m, 4H), 6.25 (s, 1H), 2.99 (s, 1H).

4. 2D-NOESY NMR of compound 6
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Scheme S1 2D-NOESY NMR of the compound 6

The relative stereochemistry of compound 6 was determined by 2D-NOESY NMR (Scheme
S1). No NOE effect was observed for between H* and H".

S5



5. X-ray structure for compound 2¢

A single crystal of the compound 2¢ (CCDC 2067838) was grown from its solution in

dichloromethane and hexane, which is suitable for X-ray diffraction analysis. The correctness of
the X-ray data and the structure had been checked by using the CheckCIF utility on the

submission Web site: http://checkcif.iucr.org

Table S2. Crystal data and structure refinement for 2¢

Identification code 20210108

Empirical formula CygH19B19CI0;

Formula weight 314.80

Temperature/K 293(2)

Crystal system orthorhombic

Space group P2y2424

a/A 9.4651(9)

b/A 12.7542(p)

/A 13.7835(5)

of* 90

B/ 90

vi° 90

Volume/A3 1663.95(18)

z 4

Pealcgfcm? 1.257

p/mmt 1.965

F(000) 648.0

Crystal size/mm? 016 x 0.12 x 0.1
Radiation CuKox (A = 1.54184)

2@ range for data collection/® 9.448 to 142.078

Index ranges -7=2h<11,-15=k<15-15=<1<16
Reflections collected 6530

Independent reflections 3145 [Rine = 0.0317, Rjgpms = 0.0434]
Data/restraints/parameters  3145/2/215
Goodness-of-fit on F2 1.027

Final R indexes [I>=2a (T)] Ry = 0.0456, wR; = 01191
Final R indexes [all data] Ry =0.0527, wR; = 01265
Largest diff. peak/hole / e A3 0.16/-0.25

Flack parameter 0.000(15)

Table S3. Bond Lengths for 2¢

S6
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AtomAtom Length/A Atom Atom Length/A

cl1 cs 1.742(3) Bl B2 1.770(6)
01 C3 1.418(4) Bl BS 1.731(6)
02 C4 1.415(4) Bl B6 1.767(6)
1 C2 1.640(4) B2 B3 1.774(6)
€1 C3 1.538(4) B2 B6 1.775(5)
€1 Bl 1.718(5) B2 B7 1.769(6)
c1 B2 1.712(3) B3 B4 1.765(7)
Cc1 B3 1.702(4) B3 B7 1.775(6)
C1 B4 1.738(3) B3 BS 1.774(6)
c2 Bl 1.708(5) B4 B8 1.754(7)
c2 B4 1.709(5) B4 B9 1.761(7)
cz BS 1.703(8) BS B6 1.771(8)
c2 B9 1.709(8) BS B9 1.779(8)
€3 c4 1.538(4) B5 B10  1.762(6)
c4  C5 1.517(4) B6 B7 1.731(6)
5 Ch 1.389(3) B6 B10  1.772(%)
C5  C10  1.385(3) B7 BS 1.771(8)
6 (7 1.377(3) B7 BI0  1.778(&)
c7 C3 1.374(5) B8 B9 1.767(8)
8 (9 1.375(3) B§ B10  1.734(T)
€9 C10  1.393(3) B9 BlO  1.788(T)

Table S4. Bond Angles for 2¢

Atom Atom Atom  Angle/” Atom Atom Atom  Angle/” A -

2 ¢1 Bl 61. 1 B4 B3 TE.1( tom Atom Atem  Angle/ Atom Atom Atom Angle/
2 d B ! C1 B4 B8 o ¢ cn B& B7 BLO (
L aa 84 89 8 €9 C10 B0 B7 B6
€z cl B4 2 84 cs <10 o B3 B8 BL0
¢ o 2 B4 B3 L Bl B2 B4 B3 B3
¢ i Bl €2 B4 BB L Bl BS B4 B3 B7
G B2 2 B4 B9 c1 Bl B B4 B3 B9
G a8 B8 B4 B3 2 Bl CL B4 B8 BLO
3 CL B4 B8 B4 B9 o B B2 AR
Bl C1 B4 B9 B4 B3 c2 Bl BS B7 B3 BLO
B2 1 Bl 2 8B5S Bl & Bl R b0 s b3
B2 (1 B4 2 B85 B 82 Bl Be Be B Bo
85 Bl 2 85 B9 B6 BL B2 B9 BS BLO
B3 (1 B2 c2 B5 Bl B6 BL BS 2 B9 B4
B3 1 B4 B6 B5 Bl & B2 B P
1 2 Bl Bs B5 BI P & me ma
¢ B4 B9 B5 Bl cL B2 B 2 B3 B0
L c2 Bs B0 B5 Bl o m B -
L 2 B9 BID BS B6 Bl Br B3 be o ba
Bl €2 B4 B10 B85 B9 BL B2 B6 B4 B9 BLO
BL C2 B Bl 86 B2 B3 B2 B6 BS B9 BS
B5 €2 Bl Bl 86 B5 B7 B2 Bl B8 B9 BLO
B5 C2 B4 Bl 86 B7 B7 Bz B3 B0 B9 BS
B €2 B9 Bl 85 B0 B7 B2 B6 B5 BID B6
B9 2 B4 B2 86 87 c1 B3 B2 BS B0 EB7
o1 Goa BS B6 B2 CL B3 B4 BS Bl0 BS
S B5 86 B7 cL B3I B7 B5 BID B9
e BS B6 BIO cl B3 BB B6 BID B7
02 ¢4 3 B0 BS B2 82 p: pr e bio bs
02 o ¢ B0 BS B7 e pr B2 5 Bl0 BS
G G G B2 B7 B3 B4 B3I B7 B9 BID B6
T B2 B7 B5 B4 B3I B8 B9 BID B7
clo c5 c4 B2 B7 BB BE BI B2 B9 BID BB
c10 ¢ C6 B2 B7 B0

7 6 € B3 B7 B6

@ o Ce B3 B7 BILO

7 ¢ cl B8 B7 B3

7 8 €9 B8 B7 B6

6. Comparison of NMR data of 2a and 1,2-diphenylethane-1,2-diol.

The chemical shift data of "H NNR and ?C NMR of 2a and diphenylethylene glycol”! are shown
below for comparison with different structural characterization. The results shows that obvious
difference between the carborane and benzene ring moiety.

BIE. N. Jacobsen, I. Marko, W. S. Mungall, G. Schréder and K. B. Sharpless, J. Am. Chem. Soc., 1988, 110, 1968—
1970.
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'H NMR chemical shift (ppm)

3C NMR chemical shift (ppm)

compounds
H, H, H. Hqy CH(OH)
3.28,2.34 4.99,4.17 77.6,75.5
Je
2.88 4.73 79.1
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LHN-4-36 1H NMR in CDCly 300M
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LH¥-4-36 6 MWE in CIC1; 128M
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LHN-4-36. HRMS (ESI) m/z calcd for C;oH;4BoCl" (M-H) 280.19129, found 280.19263.
LHN-4-29 #10 RT: 0.11 AV:1 NL: 1.15E7
T: FTMS - p ESI Full ms [50.0000-750.0000]
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100+
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LHN-4-32 1H NMR in CDC]3 300M
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LHH-4-32 “F WME in CDCls 126X
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LHN-4-32. HRMS (ESI) m/z caled for C,4H,sB,o” (M-H) 301.29649, found 301.29684.

LHN-4-32#8 RT:0.09 AV:1 NL: 1.40E7
T: FTMS - p ESIFull ms [50.0000-750.0000]
100 301.29684

90 ARy ™ O
302.29309 )
] &P
B 1d
70 300.30045

Relative Abundance
(o))
T

7 303.28943
N 299.30414

e 298.30780 304.30835

305.30475
0 292.29190 295.21301 297-31140‘ l
(ARARLAARALRAAM LR RARAE AR RN RARR LA b T

T T T RARRI AR ARAN T
292 294 296 298 300 302 304
m/z

307.29001 311.16870 313.07855
LS A R A B A A BN A AN RARAY ARAM RAM

™
306 308 310 312
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LHN-3-C-(4-Me) 1H NMR in CDCl3 300M
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LHH-3-4% “f MR in COCls 128M
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LHN-3-48. HRMS (ESI) m/z caled for C; H,oB,o (M-HY 260.24591, found 260.24615.

LHN-3-48 #8 RT: 0.09 AV:1 NL: 2.95E7
T: FTMS - p ESIFull ms [50.0000-750.0000]

100 259.24991

3 Ry O
] 260.24615
%~ /S

. 1g
] 258.25339

Relative Abundance
0
T

] 26124234
30 25725711
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262.24551
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T T 17T T 177
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LHN-4-34 IH NMR in CDCl3 300M
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LH-4-34 *F WMR in CDICls 128K
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LHN-4-34. HRMS (ESI) m/z calcd for C4H;9B¢" (M-H) 296.24591, found 296.24622.

LHN-4-34 #8 RT: 0.09 AV:1 NL: 1.96E7
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-2-59A. HRMS (ESI) m/z calcd for C,oH;9B00," (M-H) 280.23574, found 280.23581.

LHN-2-50A #8 RT: 0.09 AV:1 NL: 1.68E6
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-3-48H IH NMR in CDCl, 300M
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LHN-3-48H 19F NMR in CDCl3 376M
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LHN-3-48H. HRMS (ESI) m/z calcd for C,oH;sB;,FO, (M-H) 298.22632, found 298.22635.

LHN-3-48H#8 RT: 0.09 AV:1 NL: 1.57E6
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-4-44. HRMS (ESI) m/z calcd for C,oH;3B(ClO,” (M-H)  313.20040, found 313.20050.

LHN-4-44 #8 RT: 0.09 AV:1 NL: 5.86E5
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHH-4-45 1E HME in CDC1; 1294
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LHN-4-45. HRMS (ESI) m/z caled for C14H,7B,00,” (M-H)  336.29834, found 336.29819.
LHN-4-4S #8 RT: 0.09 AV: 1 NL: 3.09E5

T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHF-3-48@ “F MR in CICl; 128M
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LHN-3-48A. HRMS (ESI) m/z caled for C;;H; B0, (M-H) 294.25139, found 294.25131.

LHN-3-48A #8 RT: 0.09 AV:1 NL: 8.64E5
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-3-48B 1H NMR in CDC]S 300M
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LHN-3-48B. HRMS (ESI) m/z calcd for C,H;,B00,” (M-H) 294.25139, found 294.25140.

LHN-3-48B #8 RT: 0.09 AV: 1 NL: 6.30E5
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-3-48C I1H NMR in CDC]S 300M
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LHW-344 5 HME in CICls; 128K
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LHN-3-48C. HRMS (ESI) m/z caled for C;;H; B0, (M-H) 294.25139, found 294.25137.

LHN-3-48C #10 RT: 0.11 AV:1 NL: 1.01E6
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-3-48F 1H NMR in CDC]S 300M
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LHN-3-48F 19F NMR in CIIIC]3 376M
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LHN-3-48F. HRMS (ESI) m/z calcd for C;H;3B¢F50," (M-H) 348.22312, found 348.22302.
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LHN-3-48F #12 RT: 0.13 AV:1 NL: 2.82E5
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-3-48G 13C NMR in CDC%
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LH-3-44; 5 HME in CIC1; 128K
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LHN-3-48G. HRMS (ESI) m/z calcd for C;;H3B;oF;0,” (M-H) 348.22312, found 348.22302.
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LHN-3-48D IH NMR in CDCl; 300M
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LEF-3440 5 WME in CIC1s 128K
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LHN-3-48D. HRMS (ESI) m/z caled for C;;H;B;¢05 (M-H) 310.24630, found 310.24643.

LHN-3-48D #8 RT: 0.09 AV:1 NL: 8.13E5
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHF-3-48E ' MWE in CICl; 128M
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LHN-3-48E. HRMS (ESI) m/z calcd for Cy3H,5B 005" (M-H) 370.26743, found 370.26706.

LHN-3-48E #16 RT: 0.18 AV: 1 NL: 7.65E4
T: FTMS - p ESIFull ms [50.0000-750.0000]
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LHN-4-41 13C NMR in CDCl3 75M
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LHM-4-41 335 MR in CDClg 128K
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LHN-4-41. HRMS (ESI) m/z caled for C1,H,,B0,” (M-H) 330.25139, found 330.25140.

LHN-4-41 #12 RT: 0.13 AV: 1 NL: 4.30E5
T: FTMS - p ESIFull ms [50.0000-750.0000]

1004 329.25494

B 330.25140

704 328.25882

Relative Abundance
n
T

B 331.24710
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107 326.26620
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] 325.26929
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LHN-3-781 B HME in CDCls 128M
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LHN-3-78A. HRMS (ESI) m/z calcd for C;oH,9B00,” (M-H) 280.23574, found 280.23593.

LHN-3-78A #12 RT: 0.13 AV: 1 NL: 1.46E6
T: FTMS - p ESIFull ms [50.0000-750.0000]

100 279.23953

280.23593 2a’
80

60-] 27824313

Relative Abundance
n
T

40j
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20
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4. HRMS (ESI) m/z caled for Cy Hy B0y (M-H) 294.25139, found 294.25165.
5-LHN4-92#12 RT: 009 AV: 1 NL: 139E8
T: FTMS - p ESI Full ms [80.0000-1200.0000]
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LHN-4-29 IH NMR in CDCl3 300M
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LHH-4-29 Y6 HME in CICl; 128K

iR buEs Ub
oo wrer T
Uy:?

b
A U

6 I.II i

|I | |I

[ |

| |

|

||| ll'

i I

fi ||rl| flll |‘I f I

I
g o
™ 3
153 m g i} ] -10 -13 - -2 -3 -3 =t
£1 [zom)
LHN-4-29. HRMS (ESI) m/z caled for C3H»3B100,” (M-H)  321.26341, found 321.26352.
LHN-4-29 #10 RT: 0.11 AV: 1 NL: 1.15E7
T: FTMS - p ESI Full ms [50.0000-750.0000]
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DHX-6-8 IH NMR in CDCl; 300M
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DHX-6-8. HRMS (ESI) m/z calcd for C,oH;7B;004S™ (M-H)  342.1820, found 342.1854.
Fragmentor Voltage Collision Energy Tonization Mode
120 0 ESI
%10 6 |-ESI Scan (rt: 0.163 min) Frag=120.0V HCS22130-6-8-neg.d
2] 341.1886 _%;o
N
1.51 20
h
1 1 [~
112.9865 455. 1820 7
0.5
| 231.2360 L
0 - ; . = . . ; : , : :
100 200 300 400 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z z |Abund
112.9865 629575.38
339.1957 522686.28
340.1918 1220399.75
341.1886 1906339.88
342.1854 1790748.75
343.183 1 |886873.75
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DHX-6-10 1H NMR in MeOD*dLl 300M
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DHX-6-13-1
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DHX-6-10 HRMS (ESI) m/z caled for C;oH,9BoN;ONa (M-Na)™ 295.24074, found 295.24011.

119-3#14 RT: 0.10 AV: 1 NL: 1.42E6
T: FTMS - p ESI Full ms [80.0000-1200.0000]

Relative Abundance
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DHX-6-16 1H NMR in MeOD*dLl 300M
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6-16-HCL
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DHX-6-15-1. HRMS (ESI) m/z calcd for C,oH;BoNO™ (M) 269.25024, found 269.25000.

119-3#14 RT: 0.10 AV: 1 NL: 1.42E6
T: FTMS - p ESI Full ms [80.0000-1200.0000]
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HPLC for racemic and pure enantioenriched sample 2a

10.305

500
400
300

200

100 k
o
T T

VBRI K WS B W T
T min] min] [mMAU*=] [mMATU] %
=== |- | === | ——=—————= | === ===
1 7.885 BB 0.5036 2.0331¢ce4 c05.79352 50.1314
2 10.305 BB 0.e090 2.02250e4 4594 .71295 49.868¢6

] g
GORE R KA KR TR Vg TR
i [min] [min] [MAU* 3] [mAU] %
| | === === | —— == |- | -~
1 7.8%E BB 0.5170 2.1707%=4 628.43134 98.7762
2 10.403 BB 0.5495 268.948¢7 7.37392 1.2238
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HPLC for racemic and pure enantioenriched sample 2b

TS N EE T Y WE R
7 [min] [min] [mMAU*=] [mAU] %
e e i | === |- | -~ |
1 5.213 BB 0.8156c 2.18395e4 407.2%9001 49.90%54
2 19.389 BB 1.0548 2.19223=4 318.6001e 50.0%94¢6
W PR R fA] SR I R UEE 1 [ RTTA
7 min] min] [MAU*=] [mAU] %
== | === === | —— == |- |-~ |
1 15.035 BB D.e%686 294.,74872 5.94304 1.6004
2 18.509 BB 0D.9177 1.81225%=4 295.40921 98.39%99¢
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HPLC for racemic and pure enantioenriched sample 2¢

DAL C, Sig=210.8 Ref=350,100 (DAE RS 12000W0 QLHMLHN-4-52002157 .[)

[ R e (T AL SR ) U iy A4 U 1y W i AR
T (min] (min] [MAU*s] [mAU] %
| | —— = |- |- |-
1 3.053 BB 0.544¢ 5274.1518¢ 147.70303 50.3873
2 11.261 BB 1.0439 5193.07520 75.92722 49,6127

DAD1 C, Sig=210,8 Ref=360,100 (DAE B4 12000 DLHMLHN-4-44002150. 1)

W OfRBIRE I K WESE W B VRSB
T min] min] [MAU*=] [MAU] %
=== == e B | === | —==—===——= | ===
1 7.992 BB 0.4452 104.77180 3.27511 0.1923
2 10.€4%2 BB 0.9753 5.43894e4 851.42664 99.8077

S57



HPLC for racemic and pure enantioenriched sample 2d

DADT C, Sig=210,8 Ref=360,100 (03 B 1200000 QUWHNLHN-4-53002144. 0

ol
W fRE K e W T W i i 75
T [min] min] [MAU* =] [mAU] %
I R e | === | ———— |-~
1 8.813 BV  0.5330 1.41680=4  412.16479 49.5783
2 10.417 VB 0.5698 1.44091e4  389.31464 50.4217

DAD1 C, Sig=210,8 Ref=360,100 (DAE B4 12000 DLHMLHN-4-45002 146 1)

G OGRRIRT I K W B CT Y
T min] min] [MAU*=s] [mAU] %
=== | === === | === | -——=—=—==—= | -——===——-
1 8.763 BV 0.3838 116.298%90 4.68217 0.6858
2 10.293 VB 0.5344 1.6842%=4 483.54950 99.3142
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HPLC for racemic and pure enantioenriched sample 2e

W OGLE N K WS U W
7 min] min] [mAU* =] [mAU] %
| |- == | ———— |- |-~

1 14.542 VB 0.6910 2.59091e4 570.528%9% 50.0712
2 17.6%29 BB 0.9512 2.58952e4 416.59033 49.9288
I AN 3
Y e T T Y 1 WERE T
T min] min] [mMAU* =] [mMAU] %
I R e | === |- |-
1 15.068 VB 0.6903 844.27185 18.85989 3.8551
2 17.855 BB 0.9383 2.10558e4 341.03125 96.1449
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HPLC for racemic and pure enantioenriched sample 2f

Ve RN KT W W i ! E I 1] 75
T [min] [min] [MAU* =] [mATU] %
=== |- e | === | === | —==——==-

1 11.074 BB 0.5855 ©631.85449 173.68483 50.3293
2 13.354 BB 0.7020 e545.0e982 142.185325 49.6707
ol I -

W g R IR 2R OR e g LERTTE A U 1 I T AR
T min] min] [MAU*s] [mAU] %
Sl B e | === |- | ===~ |
1 11.1689 BB 0.4168 308.2963¢ 11.21220 1.7138
2 13.324 BB 0.717e 1.76811e4 380.84375 98.2862
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HPLC for racemic and pure enantioenriched sample 2g

I N W ) R R ) g T A4 U ey [ERTTEA
T (min] [min] [MAU* =] [mAU] %
Sl e e B | == |- | === |
1l 14.5957 BB 0.8141 1.3838%9=4 262.06754 50.3090
2 17.585 BB 0.9763 1.366c8%9=4 210.84578 49.6910

300 |
250—5
zuu—f
150—5

00|

w______jkauh_xF
o<

GRS KR Weds U v U T
T [min] [min] [MAU* s ] [MAT] %
el | === === | === |- | ===~

1 14.90c BB 0.82e0 1.71037e4 318.78015 100.0000
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HPLC for racemic and pure enantioenriched sample 2h

T TR T T Y T
i min] min] [MAU*s] [mAU] %
| | === | —— | - | -~
1 11.372 BB 0.9147 5990.68604 99.73912 50.9016
2 24.633 BB 2.2563 5778.47021 30.25425 49.0984

350
aoo—f
250—2
zon—f
150—5
mn—f

50|

T T T T T T
5 10 15 20 25 30

W GREE I R MR U Vg T
T min] [min] [mMAU* =] [mATU] %
il B e | === |- |-~
1l 10.5&61 BB 0.68063 1566.56543 28.72444 2.7265
2 21.274 BB 2.1212 5.58908e4 348.09738 97.2735
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HPLC for racemic and pure enantioenriched sample 2i

L& =< T I S R ) [ERTTA U Ty I HTT A
7 [min] [min] [MAU*=] [MAU] %
=== | === | == |- | ===
1l 30.44¢ BB 2.3268 5.46414=4 327.45657 50.4037
2 38.1e3 BB 2.792%26 H.37ccle4d 234.09047 49.5963

CF,

30,206

200 |
150 —|
100 —|

&0 —|

i &
: g &
50~ @@ﬁ-

T T T
0 20 30 40

R T IR ST Y VTR R
# [min] [min] [MAU*s] [MAU] %

1 30.28¢ BB
2 39.754 MM

.4466 5.35593e4 295.21786 97.5598
.8032 1339.65540 7.96504 2.4402
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HPLC for racemic and pure enantioenriched sample 2j

[EE e LTI VR &) E TR U = I HTITEA
i [min] (min] [MAU*s] [mAU] %
| | - === | === |- | ===

1 15.457 BB 0.6744 6628.87549 150.94138 50.5158
2 18.278 BB 0.9463 €493.51cll 104.8288c40 49.4342
D2 Y AN -

L S R £ 1 S SR ) g i U 1 W T AR
T [min] (min] [mAU*=s] [mAU] %
Sl B e | === | —————= | ===
1 5.547 BB D.e242 211.78210 4.93942 1.8699
2 18.058 BB 0.958¢ 1.11141<4 178.9424e6 98.1301
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HPLC for racemic and pure enantioenriched sample 2k

E ¥ R 2N N 11 R R < e T A 5= W T R
T (min] min] [MAU*s] [mAU] %
- | ——= = |-
1l 20.¢ll BV D.9¢60 5.41040=4 862.30707 49,7314
2 23.4e65 VB 1.071le 5.4c884=4 784.22723  50.268¢6
OMe
o0 I
[ R =1 N [T i R = 2 TS U = WA i R
T [min] [min] [MAU* s ] [mAU] %
- |-——= - |l --- -
1 20.491 BB 1.1e79 7.99131e4d 10e€0.83972 100.0000
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HPLC for racemic and pure enantioenriched sample 21

DAD1 C, Sig=210,8 Ref=360,100 (DAE B4 12000 DALHMLHN-4-40002121.1)

y I SN A
TS e T TS U Y F W T
T [min] [min] [MAU*s] [mAU] %
Sl B | === === | ——=— |- | ===~ |
1 12.270 BB 0.92062 5.06228e4 841.1120e 50.9287
2 26.10c BB 2.7403 4.877c5ed 248.90213 49.0713

DAD1 C, Sig=210,8 Ref=360,100 (D AE B 4512000 DALHMLHN-4- 41002122 1)

GORREETE K WS WIBL W& ST
i [min] min] [MAU*s] [mAU] %
| | === === | ———— |- | ===~ |
1 12.e0% MM 0.9693 175.46%973 3.01703 0.1791
2 25.541 BB 2.8452 9.7801%=4 490.71027 99.8209
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HPLC for racemic and pure enantioenriched sample 2a’

W RO K IR i 7 51 WeE o TR
# [min] [min] [MAU*s] [MAT] %
Sl e e | - | ——=————= | ———————=

1 6.%687 VB 0.4907 1.&ldc8ed 487 .13208 51.Z&%9¢6
2 21.124 BB 1.1707 1.53471e4 193.22076 48.7304
LU I T WERE T B
T min] min] [mMAU* =] [MAU] %
I R e | ———— |- |-~ |
1 ©.922 BB 0.4780 5411.22754 1lee.13103 63.6937
2 21.047 BB 1.0900 3084.47412 40.52200 36.3063
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HPLC for racemic and pure enantioenriched sample 4

HO
Ph
H OH
) DAD1 C, 5ig=210,8 Ref=350,100 (D43 B 512008 D\LHNALHN-4-02(R 12205 .0
150—; %’ &
OB KT W W WEE R
F [min] min] [MAU*s] [mAU] %
- |- | -——= == | ———————- |[-————————- | ———————- |
1 15.435 BV 0.8486 7435.73281 130.91412 50.&754
2 17.031 VB 0.8e88 7237.52246 1Z26.633%8 49.324¢
HO
Ph
H OH
DAD1 C, Sig=210,8 Ref=350,100 (D3 B 512008 D\LHHALHN-4-82(5 2296 .0
. N
R L L T Vs U
T [min] min] [MAU* s [mAU] %
- |- |- | —————— [———————- |-
1 15.495 BV 1.0100 1.07043e5 1647.53174 82.4574
2 17.354 vV 0.9222 2.27730e4 376.20502 17.542¢
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