Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

Sustainable Passerini-tetrazole Three Component Reaction (PT-3CR): Selective Synthesis of
Oxaborol-tetrazoles

Akansha Singh™ and Ravindra Kumar™*
Division of Medicinal and Process Chemistry, CSIR-Central Drug Research Institute, Lucknow-
226031, U.P., India
*Chemical Sciences Division, Academy of Scientific & Innovative Research (AcSIR), Ghaziabad-

201002, India

E-mail: ravindra.kumarl @cdri.res.in

TABLE OF CONTENTS PAGE
[1] General S1
[2] Preparation of starting materials (1) S2
[3] Optimization of reaction conditions for PT-3CR S2
[4] Synthesis and spectral data for oxaborol-tetrazoles (2) S3
[5] Comparative study under solvent and solvent-free conditions S12
[6] Intermolecular reactions Si3
[7] Synthetic utilities of benzoxaboroles S15
[8] Preliminary study on asymmetric synthesis S18
[9] References S19
[10] NMR and mass spectra S20

[1] General

H, 13C and '°F nuclear magnetic resonance spectra were recorded on Bruker Avance 11 300, 400 and 500
MHz spectrometer at 25 °C. NMRs of the products were generally measured in CDClI3, however, insoluble
compounds were measured in a mixture of CDCl; and MeOH-D4 (ca 8:2). The chemical shifts in 'H NMR
and *C{1H} NMR spectra are reported in parts per million (ppm) and are referenced to the residual solvent
signal as the internal standard; *H NMR spectra (CHCl3 & 7.26 ppm) and *3C (CDCls § 77.16). The residual
solvent peaks appeared as multiplets at (CD3OD/partial protonated; & 3.88-3.22 ppm) and 3C (CD3OD &
48.3-47.0) in the spectrum of products measured in a mixture of CDCl; and MeOH-D4 (ca 8:2). *H Coupling
constants (J) are quoted in Hz. Splitting patterns are denoted as "s" for singlet; "d" for doublet; "t" for triplet;
"g" for quartet; "sext" for sextet; "sept" for septet; "m"for multiplet, "br" for broad; "dt" for doublet of triplets;
"td" for triplet of doublets, and "app™ for apparent. High Resolution Mass Spectra (HRMS) were recorded
on Q-TOF mass spectrometer at SAIF department in CSIR-CDRI, Lucknow, India. Reactions were
performed using round bottom flask or Schlenk tube. Temperature mentioned for any reaction is
corresponding to the oil bath temperature. Column chromatography was done in 60-120 A or 100-200 A
mesh silica gel of Merck Company. Hexane was distilled for purification in column chromatography. THF
and toluene were distilled from sodium benzophenone ketyl and other solvents were distilled under standard
procedures. Reagents and starting materials were used as received from company or synthesized with the
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procedures that reported in literature. Chiral thiourea and squaramide catalysts were prepared by following
the literature reports.St:2

[2] Preparation of starting materials (1):

The general reaction procedure for the preparation of various substituted 2-formylphenylboronic acids were
followed the method reported previously.5¢

o/
—_— —_——
Br Montmorillonite K-10 Br B(OR); B~
CH,Cl,, 0.5 h 3N HCI OH
1-i 98% 1-ii 40-70% 1-iii

To a mixture of montmorillonite K-10 (2.0 g) and 2-bromobenzaldehyde (1.0 g, 5.02 mmol) in
dichloromethane (10 mL) was added dropwise a solution of trimethyl orthoformate (2.20 mL, 20.0 mmol)
at room temperature and the resulting mixture was stirred for 0.5 h. After filtration and complete evaporation
of dichloromethane, acetals (1-ii) were obtained as pale yellow oil, which were employed for the next step
without further purification.S’

To the solution of acetal (1-ii, 1.31 mmol) in dry THF was added n-butyllithium (2.0 N in cyclohexane, 0.72
mL, 1.1 equiv.) added drop wise at —78 °C. The reaction mixture was stirred at the same temperature for an
hour and quenched with trimethoxyborate (0.18 mL, 1.57 mmol) followed by stirring for another an hour.
The cooling bath was removed and quenched with 3M HCI to pH = 3 while temperature rose to 5 °C. The
aqueous layer was separated and extracted with Et;O (3 x 10 mL). The organic layers were combined and
the volatile materials was removed. The solid residue products were simply washed/crystalized with hexane
to give 1-(iii) in crystalline pure in 40-70% yields.

[3] Optimization of reaction conditions?

7L N
H N"°N HN
o BuNC (1 equiv) +
—_
BIOH conditions, rt o 0

i g G
OH OH OH
1a 2a 3a
run X (equiv.) solvent time (h) yield (%)°
2a 3a rsm(1a)

1 TMSN; (1.0) MeOH 12 7 7 nd
2 TMSN; (1.5) MeOH 8 94(96)° nd  nd
3d TMSN; (1.5) MeOH 6 94 nd nd
4 NaN; (1.5) MeOH 6 76 nd nd
5 TMSN; (1.5) ACN 16 17 nd 6
6 TMSN; (1.5) CH,Cl, 16 25 6 22
7 TMSN; (1.5) CHCI,4 16 20 7 9
8 TMSN; (1.5) THF 16 25 <5 10
9 TMSN; (1.5) dioxane 16 23 26 18
10 TMSN; (1.5) Toluene 16 17 18 32
1 TMSN; (1.5) HFIP 16 26 24 4
12 TMSN; (1.5) H,0 8 26 24 4
13 TMSN; (1.5) MeOH:H,0 24 28 16 nd
14 TMSN; (1.5) neat 1.0 96 nd nd
15 TMSNj; (1.0) neat 1.5 85 10 trace
16 TMSN; (1.1) neat 1.5 96 (94)° nd nd
17 TMSN; (1.1) MeOH 10 80 <5 nd

*Reaction was carried out at 0.1 mmol scale in 1.5 mL solvent. Pyields were calculated by '"H NMR using 2-
methoxybenzene/mesitylene. “‘NMR tube experiment in CD;0D. 4A M.S. was used. Isolated yield is
mentioned. nd = not detected in '"H NMR. rsm = remaining starting material (1a).
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General experimental procedure for optimization study (Table 1): To a reaction vial, 2-
formylphenylboronic acid (1a; 0.1 mmol, 1.0 equiv.) and TMSN3 (1.0-1.5 equiv.) in specified solvent(s) (1.5
mL) or in neat was added 2-methoxynapthalene (internal standard; 0.05 mmol). After 5 minutes of stirring,
isocyanide (0.5 mmol, 1.0 equiv) was added [for neat reactions; reaction mixture becomes homogenous
solution after addition of isocyanide]. The progress of reaction was monitored by TLC with respect to 2-
formylphenylboronic acid [under UV, PMA and KMnOs, DNP staining agent]. The desired product and 2-
formylphenylboronic acid have almost same Rf but development pattern under UV is different and can be
differentiated under various staining agents. After the completion of reaction (1) as monitored on TLC,
solvent was evaporated and aliquot was submitted for NMR analysis to check NMR yields [for neat reaction:
product precipitate out with the progress of reactions and solid residue was submitted for NMR analysis in
CDCl3].

1t was also noted that disappearance of any characteristic odor of isocyanide and appearance of fruity odor
indicated the completion of reactions.

[4] Synthesis and spectral data for oxaborol-tetrazoles (2)

General Procedure for substrate scope (2): General Procedure for the synthesis of oxaborol-tetrazoles (2)
compounds were followed the optimal neat reaction conditions (run 16, Table 1), as described below.

To a reaction vial, substituted 2-formylphenylboronic acid (1; 0.5 mmol, 1.0 equiv.) and TMSN3 (0.55 mmol,
1.1 equiv.) were added. Isocyanide (0.5 mmol, 1.0 equiv) was added after five minutes, which turned the
reaction mixture homogenous. After the completion of reaction, the product precipitated out. It was then
applied to high vacuum to remove volatile impurities (and/or wash with hexane, if anything remained
unreacted) to receive pure benzoxaborol-tetrazole products (2) in excellent yields, as specified separately for
each cases. Structures of these products were confirmed by NMR/HRMS spectral analyses and single crystal
X-ray crystallography for 2a. Yields were calculated after the removal of all impurities (if any), ascertained
by NMRs.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (2a): General procedure was followed
with 2-formylphenylboronic acid (1a; 75 mg, 0.5 mmol), TMSN3 (73 pL, 0.55 mmol) and tert-

butylisocyanide (56 puL, 0.5 mmol) at room temperature for 1.5 h to furnish 2a (121 mg, 0.47 %N’N*N
mmol) as a white solid.

Yield = 94% B
R¢=0.57 (50% EtOAc in hexane).

'"H NMR (400 MHz, CDCl3): § 7.74 (d, J = 7.4 Hz, 1H), 7.60~7.56 (m, 1H), 7.47 (dd, J = 7.4, 7.3 Hz, 1H),
7.42 (dd, J=17.0, 0.8 Hz, 1H), 6.59 (s, 1H), 5.08 (bs, 1H), 1.90 (s, 9H).

13C NMR (100 MHz, CDCI3+CD30D): § 153.2, 151.2, 131.3, 130.4, 128.5, 123.1, 72.7, 62.7, 29.7.
HRMS (ESI+): m/z: [M + H]+ calculated for CisH26N>O: 259.1366, found 259.1361.

Gram scale synthesis of 2a: General procedure was followed with 2-formylphenylboronic acid (1a; 0.75 g,
5.0 mmol), TMSN3 (0.73 mL, 5.5 mmol) and terz-butylisocyanide (0.56 mL, 5.0 mmol) at room temperature
for 1.5 h to furnish 2a as a white solid in 98% yield (1.26 g, 4.9 mmol). It was applied to high vacuum to
remove volatile impurities [See Pictorial representation of progress of reaction and separation of desired
product 2a].
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, o i Oxaborol-

. Tetrazole (2a)
> 98% purity

Aldehyde (1a) aldehyde+TMSN,
+TMSN, +ert-BuNC

After 45 minutes After 90 minutes

Pictorial representation of progress of reaction for the synthesis of 2a

3-(1-Cyclohexyl-1H-tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (2b): General procedure was followed
with 1a (75 mg, 0.5 mmol), TMSN3 (73 pL, 0.55 mmol) and cyclohexyl isocyanide (62 pL,

0.5 mmol) at room temperature for 1.5 h to furnish 2b (122 mg, 0.43 mmol) as a semi solid. Q N,
Solid needed to be washed with hexane (2x5mL) to remove grease impurity. -

Yield = 86%. &
R¢=0.67 (50% EtOAc in Hexane). OH

'H (300 MHz, CDC1;+CD30D): § 7.81 (d, J = 6.8 Hz, 1H), 7.55-7.44 (m, 2H), 7.32 (d, J=

7.2 Hz, 1H), 6.63 (s, 1H), 4.14—4.04 (m, 1H), 2.05-1.97 (m, 2H), 1.83—1.66 (m, 4H), 1.35-1.22 (m, 2H),
1.22-1.06 (m, 2H) (labile B-OH proton probably exchanged with deuterium in CD30D).

13C NMR (100 MHz, CDCls): 6 152.3, 150.6, 131.7, 130.7, 128.8, 122.4, 73.1, 58.9, 32.7, 32.5, 25.2, 25.1,
24.6.

HRMS (ESI+): m/z: [M + H]+ calculated for Ci14H1sBN4O»: 285.1523, found 285.1520.

3-(1-Butyl-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-o0l (2¢): General procedure was followed with

(2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol), TMSN3 (73pul, 0.55 mmol) and n-butyl N,
isocyanide (52.3 uL, 0.5 mmol) at room temperature for 1.5 h to furnish 2¢ (110 mg, 0.42 NN
mmol) as a semi solid. Solid needed to be washed with hexane (2x5mL) to remove grease
impurity. 0

g
Yield = 85%. 2e O

R¢=0.63 (50% EtOAc in Hexane).

'H NMR (400 MHz, CDCl3): 4 7.83 (d, /= 7.2 Hz, 1H), 7.57-7.51 (m, 1H), 7.49 (dd, J= 7.2, 7.4 Hz, 1H),
7.41 (dd, J= 6.8, 0.8 Hz, 1H), 6.67 (s, 1H), 5.36 (s, 1H), 4.20—4.08 (m, 2H), 1.74-1.67 (m, 2H), 1.22—-1.19
(m, 2H), 0.83 (t, /= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3): § 152.7, 151.3, 132.2, 131.0, 129.1, 122.7, 73.5, 48.1, 31.5, 19.5, 13.3.
HRMS (ESI+): m/z: [M + H]+ calculated for Ci12HisBN4O2: 259.1366, found 259.1364.

3-(1-Pentyl-1H-tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (2d): General procedure was followed with
(2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol), TMSN3 (73 pl, 0.55 mmol) and #-
pentyl isocyanide (63 pL, 0.5 mmol) at room temperature for 1.5 h to furnish 2d (120 mg,
0.44 mmol) as a semi solid. Solid needed to be washed with hexane (2x5mL) to remove
grease impurity.

Yield = 8§9%.

Rs=10.7 (50% EtOAc in Hexane). 2d

o, 4
°°m z
Z.Z'

o-

H

'"H NMR (400 MHz, CDCl3): 8 7.83 (d, /= 7.2 Hz, 1H), 7.58-7.54 (m, 1H), 7.49 (dd, /= 7.2, 7.3 Hz, 1H),
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7.40 (dd, J= 6.9, 0.7 Hz, 1H), 6.67 (s, 1H), 5.41 (s, 1H), 4.16-4.11 (m, 2H), 1.76-1.64 (m, 2H), 1.20-1.11
(m, 4H), 0.82 (t, J= 7.2 Hz, 3H).

13C NMR (100 MHz, CDCLy): § 152.8, 151.2, 132.2, 131.1, 129.0, 122.7, 73.5, 48.4, 29.2, 28.3,21.9, 13.7.
HRMS (ESI+): m/z: [M + H]+ calculated for C13HsBN4O,: 273.1523, found 273.1518.

3-(1-(2,4,4-Trimethylpentan-2-yl)-1H-tetrazol-5-yl)benzo|[c][1,2]oxaborol-1(3H)-0ol  (2¢):  General
procedure was followed with (2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol), TMSN3

(73 pL, 0.55 mmol) and 1,1,3,3-Tetramethylbutyl isocyanide (87.7 uL, 0.5 mmol) at room NN
temperature for 1.5 h to furnish 2e (151 mg, 0.49 mmol) as a white solid. =N
o}
Yield = 98%. |
R¢=0.66 (50% EtOAc in Hexane). 2¢ OH

'"H NMR (400 MHz, CDCl3): & 7.74 (d, J= 7.4 Hz, 1H), 7.57-7.53 (m, 1H), 7.46 (dd, J= 7.4, 7.3 Hz, 1H),
7.33(dd, J=6.9, 0.7 Hz, 1H), 6.63 (s, 1H), 5.30 (s, 1H), 2.27-2.08 (m, 2H), 1.97 (d, J= 3.1 Hz, 6H), 0.85
(s, 9H).

13C NMR (100 MHz, CDCI5+CD30OD): 6 153.8, 151.4, 131.4, 130.5, 128.5, 122.7, 72.8, 66.1, 53.8, 31.6,
30.4, 30.2.

HRMS (ESI+): m/z: [M + H]+ calculated for CisH24BN4O>: 315.1992, found 315.1985.

3-(1-Isopropyl-1H-tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (2f): General procedure was followed
with 1a (75 mg, 0.5 mmol), TMSN3 (73 uL, 0.55 mmol) and isopropyl isocyanide (47.1 pL,

0.5 mmol) at room temperature for 1.5 h to furnish 2f (110 mg, 0.45 mmol) as a white solid. )\N,N..N
Solid needed to be washed with hexane (2x5mL) to remove grease impurity. =N

Yield = 90%. 0
R¢=0.45 (50% EtOAc in Hexane).

o.m

H
2f

'"H NMR (400 MHz, CDCI3+CD30D): § 7.66 (d, J= 6.0 Hz, 1H), 7.42—7.33 (m, 2H), 7.19 (d, J = 7.4 Hz,
1H), 6.49 (s, 1H), 4.48—4.41 (m, 1H), 1.50 (d, J= 6.0 Hz, 3H), 1.19 (d, J= 6.0 Hz, 3H) (labile B-OH proton
probably exchanged with deuterium in CD3;0D).

13C NMR (100 MHz, CDCl3): § 152.0, 151.1, 132.0, 131.1, 128.9, 122.6, 73.2, 51.9, 22.6, 22.3.

HRMS (ESI+): m/z: [M + H]+ calculated for C11H14BN4O2: 245.1210, found 245.1207.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-5-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2g): General procedure was
followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55 mg, 0.33 mmol), TMSN3 9\ N
N

(47.8 pL, 0.36 mmol) and tert-butyl isocyanide (36.8 pL, 0.33 mmol) at room temperature "N
for 1.5 h to furnish 2g (86 mg, 0.32 mmol) as a white solid. E =N
o
Yield = 96%. B
R¢=0.41 (50% EtOAc in Hexane). OH

'H NMR (400 MHz, CDCl3): 6 7.69 (dd, J=17.9, 5.6 Hz, 1H), 7.18-7.09 (m, 2H), 6.53 (s, 1H), 1.89 (s, 9H)
(labile B-OH proton probably exchanged with deuterium in CD30D).

13C NMR (100 MHz, CDCI3+CD3;0D): § 164.97 (d, J' = 249.2 Hz), 153.7 (d, J° = 8.7 Hz), 152.9, 132.5,
132.4,116.5 (d, /= 22.0 Hz), 110.6 (d, 2= 22.8 Hz), 72.3, 62.9, 29.8.

19F (376 MHz, CDCl3+CD30D): 5 -106.9.

HRMS (ESI m/z: [M + HJ+ calculated for C12H1sBFN4O»: 277.1272, found 277.1272.
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3-(1-Cyclohexyl-1H-tetrazol-5-yl)-5-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2h): General procedure was
followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55 mg, 0.33 mmol), TMSNj3

(47.8 pL, 0.36 mmol) and cyclohexyl isocyanide (40.9 pL, 0.33 mmol) at room QN-N_~N
temperature for 1.5 h to furnish 2h (91 mg, 0.30 mmol) as a semi solid. =N

F
Yield = 90%. 5
R¢=0.56 (50% EtOAc in Hexane). OH

'H (400 MHz, CDCI3+CD30D): § 7.64 (dd, J= 7.4, 6.0 Hz, 1H), 7.05 (dd, J = 8.6, 6.0 Hz, 1H), 6.99 (d, J
= 8.1 Hz, 1H), 6.44 (s, 1H), 4.18-4.12 (m, 1H), 1.98-1.88 (m, 2H), 1.84-1.73 (m, 2H), 1.62—-1.49 (m, 4H),
1.06-1.03 (m, 2H) (labile B-OH proton probably exchanged with deuterium in CD3;0D).

13C NMR (100 MHz, CDCl): 6 164.8 (d, J'= 251 Hz), 152.5, 132.5, 132.4, 116.4 (d, J>= 19.5 Hz), 109.7
(d, /2=23.7Hz), 72.4, 58.8,32.7,30.7, 25.1, 24.6, 24.1.

9F (376 MHz, CDCl;+CD30D): 5 -106.2.

HRMS (ESI+): m/z: [M + H]+ calculated for Ci4H17BFN4O,: 303.1429, found 303.1428.

5-Fluoro-3-(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-ol (2i):
General procedure was followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55 mg,
0.33 mmol), TMSN3 (47.8 ul, 0.36 mmol) and 1,1,3,3 tetramethyl butyl isocyanide (57.9 N,

NN
pl, 0.33 mmol) at room temperature for 1.5h to furnish 2i (105 mg, 0.32 mmol) as a white =N
solid. F

0
B
Yield = 96% OH
Rf=0.44 (50% EtOAc in Hexane). 2i

'H NMR (400 MHz, CDCl3+CD30D): § 7.76-7.66 (m, 1H), 7.18-7.12 (m, 1H), 7.03-6.99 (m, 1H), 6.57
(d, J=4.2 Hz, 1H), 2.27-2.07 (m, 2H), 1.97 (m, 6H), 0.86 (s, 9H). (B-OH proton is labile shows deutration
exchange in CD3;0D).

13C NMR (100 MHz, CDCL3+CD30D): § 165.05 (d, J' = 250.0 Hz), 154.0, 153.2, 132.5, 132.4, 116.6 (d,
J*=22.0Hz), 110.3 (d, J2=22.2 Hz), 72.4, 66.2, 53.9, 31.6, 30.4, 30.2, 30.1.

19F (282 MHz, CDCl5+CD30D): 5 -107.2.

HRMS (ESI+): m/z: [M + HJ" calculated for C1sH23BFN4O»: 333.1898, found 333.1894.

5-Fluoro-3-(1-pentyl-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-0l (2j): General procedure was
followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55mg, 0.33 mmol), TMSN;3

(47.8 puL, 0.36 mmol) and n-pentyl isocyanide (41.5uL, 0.33 mmol) at room temperature \/\/\N' N
for 1.5 h to furnish 2j (91 mg, 0.30 mmol) as a semi solid. =N

Yield = 90%.
R¢=0.47 (50% EtOAc in Hexane).

'"H NMR (300 MHz, CDCl3+CD3;0D): 6 7.70-7.66 (m, 1H), 7.08 (dd, /= 7.6, 2.0 Hz, 1H), 6.98 (d, J= 8.5
Hz, 1H), 6.49 (s, 1H), 4.25-4.08 (m, 2H), 1.76-1.57 (m, 2H), 1.25-1.20 (m, 2H), 1.15-1.11 (m, 2H), 0.85
(t, J= 6.7 Hz, 3H) (labile B-OH proton probably exchanged with deuterium in CD30D).

13C NMR (100 MHz, CDCl3): § 165.4 (d, J' = 250.0 Hz), 153.8, 152.4, 133.1, 116.9, 110.2 (d, J?> = 24.4
Hz), 72.8, 48.5,29.3,28.4,21.9, 13.7.

19F (282 MHz, CDCl5+CD3;0D): 5 -106.7.

HRMS (ESI+):m/z: [M + H]+ calculated for Ci3H7BFN4O2: 291.1429, found 291.1425.
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3-(1-Butyl-1H-tetrazol-5-yl)-5-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2k): General procedure was
followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55 mg, 0.33 mmol), TMSN3

(47.8 uL, 0.36 mmol) and isopropyl isocyanide (31.1 pL, 0.33 mmol) at room temperature )\N.N:N
for 1.5h to furnish 2k (81 mg, 0.31 mmol) as a white solid. Solid needed to be washed with =N
hexane (2x5mL) to remove grease impurity. F -

BI
Yield = 94%. OH

Rs=0.38 (50% EtOAc in Hexane). 2k

'H NMR (300 MHz, CDCI3+CD3;0OD): § 7.81-7.77 (m, 1H), 7.21-7.17 (m, 1H), 7.14-7.11 (m, 1H), 6.57
(s, 1H), 6.09 (br s, 1H), 4.69-4.55 (m, 1H), 1.62 (d, J = 6.6 Hz, 3H), 1.38 (d, /= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3+CD30D): $ 165.3 (d, J! = 251.0 Hz), 153.3 (d, /* = 9.0 Hz), 151.7, 132.9,
132.8,116.9 (d, 2 =22.8 Hz), 110.2 (d, J*> = 22.8 Hz), 72.7, 52.0, 22.4, 22.3.

19F (282 MHz, CDCl3+CD30D): 5 -105.9.

HRMS (ESI+): m/z: [M + H]+ calculated for C11H13BFN4O2: 263.1116, found 263.1112.

3-(1-Butyl-1H-tetrazol-5-yl)-5-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2I): General procedure was
followed with (4-fluoro-2-formylphenyl)boronic acid (1b; 55 mg, 0.33 mmol), TMSN3
(47.8 pul, 0.36 mmol) and n-butyl isocyanide (34.5 pl, 0.33 mmol) at room temperature for /\/\N‘ “N

1.5h to furnish 21 (83 mg, 0.30 mmol) as a semi solid. E N
o

Yield = 91%. -

Rr=0.51 (50% EtOAc in Hexane). OH

'H NMR (300 MHz, CDCI3+CD30D):  7.70 (dd, J = 7.3, 6.1 Hz, 1H), 7.13=7.02 (m, 2H), 6.51 (s, 1H),
4.26—4.11 (m, 2H), 1.78-1.57 (m, 2H), 1.24-1.17 (m, 2H), 0.80 (t, J = 7.2 Hz, 3H) (labile B-OH proton
probably exchanged with deuterium in CD30D).

13C NMR (100 MHz, CDCl3): § 165.5 (d, J' = 250.3 Hz), 153.8, 152.4, 133.1, 117.1 (d, J2 =22 Hz), 110.3
(d, 2=25.4Hz),72.9,48.2,31.6,19.5, 13.3.

19F (282 MHz, CDCl;+CD30D): 5 -105.8.

HRMS (ESI+): m/z: [M + HJ+ calculated for Ci2H1sBFN4O»: 277.1272, found 277.1262.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-6-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2m): General procedure was
followed with (5-fluoro-2-formylphenyl)boronic acid (1¢; 60 mg, 0.36 mmol), TMSN3

(52.2 pl, 0.39 mmol) and tert-butyl isocyanide (40.6 pl, 0.36 mmol) at room temperature %N'N:N
for 1.5h to furnish 2m (97 mg, 0.35 mmol) as a white solid. =N
. o}

Yield = 98%. F B
R¢=0.45 (50% EtOAc in Hexane). OH

'H NMR (300 MHz, CDCI3+CD30D): § 7.42—7.40 (m, 2H), 7.29-7.24 (m, 1H), 6.57 (s, 1H), 1.92 (s, 9H)
(labile B-OH proton probably exchanged with deuterium in CD30D).

'H NMR (400 MHz, CD30D): § 7.39-7.36 (m, 1H), 7.29-7.24 (dd, (d, J= 8.0, 2.3 Hz, 1H), 7.24-7.19 (m,
1H), 6.73 (s, 1H), 1.87 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD3;OD).

13C NMR (100 MHz, CDCLi+CD3;0D): § 163.1 (d, J' = 247 Hz), 153.1, 146.6, 125.1, 119.1 (d, J> = 24.8
Hz), 116.3 (d, /> = 20.8 Hz), 72.5, 62.8, 29.9.

13C NMR (100 MHz, CD;OD): § 164.4 (d, J' = 244 Hz), 155.0, 148.4, 126.9 (d, /* = 8.0 Hz), 119.6 (d, /2
=24.0 Hz), 116.8 (d, J> = 20.0 Hz), 73.4, 64.3, 30.2.

F (282 MHz, CDCI3+CD30D): § -114.0
HRMS (ESI+): m/z: [M + HJ+ calculated for C12H1sBFN4O»: 277.1272, found 277.1267.
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3-(1-Cyclohexyl-1H-tetrazol-5-yl)-6-fluorobenzo|c][1,2]oxaborol-1(3H)-ol (2n): General procedure was
followed with (5-fluoro-2-formylphenyl)boronic acid (1¢; 60mg, 0.36 mmol), TMSNj3
(52.2ul, 0.39 mmol) and cyclohexyl isocyanide (44.7ul, 0.36mmol) at room temperature QN Nen

for 1.5h to furnish 2n (96 mg, 0.32 mmol) as a semi solid. -},’
Yield = 88%. ] &
Rs=0.56 (50% EtOAc in Hexane). OH

'H NMR (300 MHz, CDCI3+CD30D): § 7.35 (dd, J= 7.8, 2.4 Hz, 1H), 7.30-7.26 (m, 1H), 7.19-7.13 (m,
1H), 6.50 (s, 1H), 4.14-4.02 (m, 1H), 2.01-1.85 (m, 4H), 1.80—1.71 (m, 2H), 1.66—1.55 (m, 2H), 1.31-1.18
(m, 2H) (labile B-OH proton probably exchanged with deuterium in CD30D).

'H NMR (400 MHz, CD30D): § 7.36-7.31 (m, 2H), 7.23-7.18 (m, 1H), 6.60 (s, 1H), 4.47-4.39 (m, 1H),
2.11-1.88 (m, 4H), 1.79-1.67 (m, 4H), 1.45—1.34 (m, 2H) (labile B-OH proton probably exchanged with
deuterium in CD3;0D).

13C NMR (100 MHz, CDCL:+CD3OD): § 163.2 (d, J' = 248.4 Hz), 152.6, 145.4,124.2, 123.6, 118.6, 116.4
(d, 2=20.0 Hz), 72.5, 58.8, 32.7, 30.6, 25.2, 24.5, 24.0.

13C NMR (100 MHz, CD30D): 8 164.6 (d, J' = 244.0 Hz), 154.4, 147.3, 126.2 (d, /* = 9.0 Hz), 119.7 (d,
J=24.0Hz), 117.1 (d, 2 =21.0 Hz), 73.2, 60.0, 34.2, 33.7, 26.3, 26.2, 26.0.

9F (376 MHz, CDCl3+CD30D): 5 -112.9.
HRMS (ESI+): m/z: [M + H]+ calculated for Ci14H7BFN4O,: 303.1429, found 303.1426.

6-Fluoro-3-(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-ol (20):
General procedure was followed with (5-fluoro-2-formylphenyl)boronic acid (1c¢; 60 mg,
0.36 mmol), TMSN3 (52.2 pl, 0.39 mmol) and 1,1,3,3 tetramethyl butyl isocyanide (63.1
pl, 0.36 mmol) at room temperature for 1.5h to furnish 20 (115 mg, 0.34 mmol) as a white
solid.

-n; E i =
o, 4

o | ,‘z
=Z.

o-

Yield = 96%.
R¢=0.44 (50% EtOAc in Hexane).

H
20

'"H NMR (400 MHz, CDCI3+CD30D): § 7.40 (d, J = 6.6 Hz, 1H), 7.31-7.30 (m, 1H), 7.24~7.21 (m, 1H),
6.59 (s, 1H), 2.28-2.07 (m, 2H), 1.98 (s, 6H), 0.85 (s, 9H) (labile B-OH proton probably exchanged with
deuterium in CD3;0D).

13C NMR (100 MHz, CDCls): § 163.1 (d, J! = 246.1 Hz), 153.4, 147.0, 125.0, 124.9, 119.2 (d, J? = 23.6
Hz), 116.4 (d, /> = 20.8 Hz), 72.7, 66.0, 54.0, 31.8, 30.6, 30.5, 30.3.

19F (376 MHz, CDCLl;+CD3;0D): 5 -113.8

HRMS (ESI+):m/z: [M + H]+calculated for C16H23BFN4O2: 333.1898, found 333.1897.

6-Fluoro-3-(1-pentyl-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-0l (2p): General procedure was
followed with (5-fluoro-2-formylphenyl)boronic acid (1¢; 60 mg, 0.36 mmol), TMSNj3;
(52.2 pl, 0.39 mmol) and n-pentyl isocyanide (45.3 pl, 0.36 mmol) at room temperature
for 1.5h to furnish 2p (99 mg, 0.34 mmol) as a semi solid.

W, 2
T ,'z
Z.Z'

Yield = 95% F
R¢=0.48 (50% EtOAc in Hexane). 2p

o-

H

'H NMR (300 MHz, CDCl3): § 7.47-7.40 (m, 2H), 7.26 (s, 1H), 6.59 (s, 1H), 4.22 (t, /= 7.2 Hz, 2H), 1.77—
1.68 (m, 4H), 1.23-1.19 (m, 2H), 0.84 (t, J= 6.6 Hz, 3H).

13C NMR (125 MHz, CDCl;+CD3;0D): 6 163.3 (d, J' = 249.2 Hz), 152.6, 146.1, 124.6, 124.6, 119.6 (d, 2
=252 Hz), 116.6 (d, /> =21.4 Hz), 73.1, 48.3, 29.3, 28.3, 21.9, 13.5.

F (282 MHz, CDCI3+CD30D): & -113.8.

HRMS (ESI+): m/z: [M + H]+calculated for Ci3H7BFN4O,: 291.1429, found 291.1419.
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3-(1-Butyl-1H-tetrazol-5-yl)-6-fluorobenzo|c][1,2]oxaborol-1(3H)-0ol (2q): General procedure was
followed with (5-fluoro-2-formylphenyl)boronic acid (1¢; 60 mg, 0.36 mmol), TMSNj3
(52.2 pl, 0.39 mmol) and r-butyl isocyanide (37.6 pul, 0.36 mmol) at room temperature /\/\N'_',N

for 1.5h to furnish 2q (91 mg, 0.32 mmol) as a semi solid. N
o)

Yield = 91%. F B"

Rs=0.5 (50% EtOAc in Hexane). OH

'H NMR (300 MHz, CDCI3+CD30D): § 7.45 (dd, J = 7.8, 2.4 Hz, 1H), 7.42-7.39 (m, 1H), 7.26 (m, 1H),
6.60 (s, 1H), 4.33-4.16 (m, 2H), 1.85-1.64 (m, 2H), 1.33—1.26 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). (B-OH
proton is labile shows deutration exchange in CD30D).

13C NMR (100 MHz, CDC13+CD30D): § 163.3 (d, J' = 244.2 Hz), 152.6, 146.1, 124.7, 124.6, 119.6 (d, )
=21.4 Hz), 116.7 (d, 2 =20 Hz), 73.0, 48.1, 31.5, 19.5, 13.2.

9F (376 MHz, CDCl;+CD30D): 5 -101.2.

HRMS (ESI+): m/z: [M + H]+ calculated for Ci12HisBFN4O,: 277.1272, found 277.1264.

6-Fluoro-3-(1-isopropyl-1H-tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (2r): General procedure was
followed with (5-fluoro-2-formylphenyl)boronic acid (1c¢; 60 mg, 0.36 mmol), TMSNj3;

(52.2 pl, 0.39 mmol) and isopropyl isocyanide (33.9 ul, 0.36 mmol) at room temperature )\ N,
for 1.5h to furnish 2r (99 mg, 0.34 mmol) as a white solid. Solid needed to be washed N N
with hexane (2x5mL) to remove grease impurity.

Yield = 94%. F g
Re= 0.38 (50% EtOAc in Hexane). ar ©

'H NMR (300 MHz, CDCl3+CD3OD): 8 7.30 (dd, J= 7.7, 2.0 Hz, 1H), 7.28-7.24 (m, 1H), 7.16=7.10 (m,
1H), 6.45 (s, 1H), 4.59—-4.48 (m, 1H), 1.52 (d, J= 6.7 Hz, 3H), 1.29 (d, /= 6.6 Hz, 3H) (labile B-OH proton
probably exchanged with deuterium in CD30D).

13C NMR (100 MHz, CDCl3): 8 163.8 (d, J' = 246.8 Hz), 151.9, 146.5, 124.7, 124.7, 119.8 (d, J> = 24.4
Hz), 117.0 (d, /= 21.0 Hz), 72.8, 52.0, 22.6, 22.4.

19F (282 MHz, CDCl;+CD3;0D): 5 -112.9.

HRMS (ESI+): m/z: [M + H]+ calculated for C11H13BFN4O»: 263.1116, found 263.1108.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-5-methoxybenzo|c][1,2]oxaborol-1(3H)-0l (2s): General procedure

was followed with (2-formyl-4-methoxyphenyl)boronic acid (1d; 90 mg, 0.5 mmol),
TMSN3 (73 pl, 0.55 mmol) and tert-butyl isocyanide (56.4 pl, 0.5 mmol) at room 9\,‘, Nen
temperature for 3h to furnish 2s (142 mg, 0.49 mmol) as a white solid. Solid needed to =N
be washed with hexane (2x5mL) to remove grease impurity. -0 o

B
Yield = 98%. OH
R¢=0.39(50% EtOAc in Hexane). 2s

TH NMR (400 MHz, CDCI3+CD30D): & 7.53 (d, J = 8.2 Hz, 1H), 6.87 (dd, J = 8.2, 1.5 Hz, 1H), 6.73 (s,
1H), 6.41 (s, 1H), 3.90 (s, 3H), 1.76 (s, 9H) (labile B-OH proton probably exchanged with deuterium in
CDs0D).

13C NMR (100 MHz, CDC1;+CD30D): 6 162.5, 153.8, 153.4, 131.8, 116.0, 107.8, 72.5, 62.7, 55.3, 29.8.
HRMS (ESI+): m/z: [M + H]+ calculated for Ci3H1sBN4Os: 289.1472, found 289.1466.
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3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-6-methylbenzo|c][1,2]oxaborol-1(3H)-ol (2t): General procedure was
followed with (2-formyl-4-methylphenyl)boronic acid (le; 50 mg, 0.3 mmol), TMSNj3

(44.5 pl, 0.33 mmol) and tert-butyl isocyanide (33.8 pl, 0.5 mmol) at room temperature N'N:N
for 3h to furnish 2t (69 mg, 0.25 mmol) as a white solid. Solid needed to be washed with =N
hexane (2x5mL) to remove grease impurity. o

BI
Yield = 84%. OH

Rs=0.62 (50% EtOAc in Hexane). 2t

'H NMR (400 MHz, CDCI3+CD30D): & 7.47 (d, J= 7.5 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 6.98 (s, 1H),
6.40 (s, 1H), 2.23 (s, 3H), 1.73 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD3OD).
13C NMR (100 MHz, CDC13+CD30D): 6 153.4, 151.9, 142.0, 130.4, 129.9, 123.7, 72.7, 62.6, 30.0, 21.8.
HRMS (ESI+): m/z: [M + H]+ calculated for Ci3H1sBN4O2: 273.1523, found 273.1514.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-5-(trifluoromethyl)benzo|[c][1,2]oxaborol-1(3H)-0l (2u): General
procedure was followed with (2-formyl-4-trifluoromethylphenyl)boronic acid (1f; 66

mg, 0.3 mmol), TMSN3 (43.8 ul, 0.33 mmol) and tert-butyl isocyanide (33.8 pl, 0.5 9\ N,
mmol) at room temperature for 1.5h to furnish 2u (84 mg, 0.26 mmol) as a white solid. N _~N~N
Solid needed to be washed with hexane (2x5mL) to remove grease impurity. FsC

o
Yield = 86%. B‘OH

R¢=0.3 (50% EtOAc in Hexane).

'H NMR (300 MHz, CDCI3+CD30D): & 7.82 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.60 (s, 1H),
6.56 (s, 1H), 1.85 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD30OD).

13C NMR (100 MHz, CDCl3+CD30D): 6 152.6, 151.5, 131.2, 125.6, 120.5, 72.7, 63.0, 29.9.

19F (282 MHz, CDCl3+CD30D): § -62.8

HRMS (ESI+): m/z: [M + H]+ calculated for Ci13Hi1sBF3N4O2: 327.1240, found 327.1232.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-6-chlorobenzo[c][1,2]oxaborol-1(3H)-ol (2v): General procedure was
followed with (2-formyl-5-chlorophenyl)boronic acid (1g; 92 mg, 0.5 mmol), TMSN3

(73 ul, 0.55 mmol) and fert-butyl isocyanide (56.3 pl, 0.5 mmol) at room temperature N° N
for 3h to furnish 2v (137 mg, 0.47 mmol) as a white solid. Solid needed to be washed =N
with hexane (2x5mL) to remove grease impurity. 5

. cl B"
Yield = 94%. OH

R¢=0.44 (50% EtOAc in Hexane). o
TH NMR (300 MHz, CDCI3+CD30D): § 7.60 (s, 1H), 7.38 (d, J = 7.9 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H),
6.46 (s, 1H), 1.82 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD;0OD).

13C NMR (100 MHz, CDCI:+CD30D): 5 134.9, 131.5, 130.3, 130.2, 129.8, 124.8, 123.5, 72.5, 62.9, 29.7.
HRMS (ESI+): m/z: [M + H]+ calculated for C12HisBCIN4O2: 293.0977, found 293.0970.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-5,6-dimethoxybenzo[c][1,2]oxaborol-1(3H)-ol (2w): General

procedure was followed with (2-formyl-4,5-dimethoxyphenyl)boronic acid (1h; 105 mg, \
0.5 mmol), TMSN3 (73 pl, 0.55 mmol) and fert-butyl isocyanide (56.3 pl, 0.5 mmol) at %N N
room temperature for 3h to furnish 2w (137 mg, 0.43 mmol) as a white semi solid. Solid o =N
needed to be washed with hexane (2x5mL) to remove grease impurity. - o

N B’
Yield = 87%. ° OH
R¢=0.39 (50% EtOAc in Hexane). 2w

'TH NMR (400 MHz, CDCI3+CD30D): § 7.09 (s, 1H), 6.79 (s, 1H), 6.42 (s, 1H), 3.82 (s, 3H), 3.80 (s, 3H),
1.81 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD3OD).
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13C NMR (100 MHz, CDCI3+CD3;0D): § 156.4, 153.9, 149.2, 115.0, 109.7, 76.6, 66.8, 59.8, 33.8.
HRMS (ESI+): m/z: [M - H]- calculated for Ci14H1sBN4O4: 317.1421, found 317.1432.

3-(1-(Tosylmethyl)-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-0l (2x): General procedure was
followed with (2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol), TMSN3 (73 pl, 0.55

mmol) and p-Toluenesulfonylmethyl isocyanide (97.6 mg, 0.5 mmol) at room temperature /\N’N:N
for 16h to furnish 2x (167 mg, 0.45 mmol) as a white solid. Solid needed to be washed TS =
with chloroform (2x5mL) to get free solid.

Yield = 90%.
R¢=0.64 (50% EtOAc in Hexane).

TH NMR (300 MHz, CDCI3+CD30D): § 7.70-7.66 (m, 2H), 7.51 (dd, J = 8.3, 7.8 Hz, 1H), 7.45-7.35 (m,
3H), 7.26-7.24 (m, 2H), 6.55 (s, 1H), 5.89 (s, 2H), 2.35 (s, 3H) (labile B-OH proton probably exchanged
with deuterium in CD3;0D).

13C NMR (100 MHz, CDCLI:+CD30D): § 154.7, 150.2, 146.9, 132.3, 131.7, 130.6, 130.4, 128.9, 128.8,
123.5,73.7,65.8, 21.6.

HRMS (ESI+): m/z: [M + H]+ calculated for Ci6H16BN4O4S: 371.0985, found 371.0977.

3-(1-(4-Methoxyphenyl)-1H-tetrazol-5-yl)benzo[c][1,2]oxaborol-1(3H)-o0l (2y): General procedure was
followed with (2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol), TMSN3 (98 ul, 0.75

mmol) and 4-Methoxyisocyanide (80 mg, 0.6 mmol) at room temperature for 12h. The ~©

crude product was purified by column chromatography, eluted with 2% MeOH in DCM to ©\ N
get pure 2y (126 mg, 0.41 mmol) as a brown semi solid.

=N
Yield = 82%. @:2;
R¢=0.69 (10% MeOH in CHCI;), B

'"H NMR (500 MHz, CDCl): & 7.62 (d, J = 7.3 Hz, 1H), 7.50-7.47 (m, 1H), 7.40-7.37 2y
(m, 1H), 7.26-7.24 (m, 1H), 7.08 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 7.0 Hz, 2H), 6.57 (s, 1H), 3.83 (s, 3H)
(labile B-OH proton probably exchanged with deuterium in CD30OD).

13C NMR (125 MHz, CDCl3): § 161.1, 131.8, 130.7, 128.8, 127.2, 126.1, 122.2, 114.5, 72.9, 55.7.
HRMS (ESI+): m/z: [M + H]+ calculated for CisHi14BN4O3: 309.1159, found 309.1175.

Ethyl-2-(5-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-3-yl)-1H-tetrazol-1-yl)acetate (2z): General
procedure was followed with (2-formylphenyl)boronic acid (1a; 75 mg, 0.5 mmol),

TMSN; (78.9ul, 0.6 mmol) and Ethyl isocyanoacetate (60.1 pl, 0.55 mmol) at room —\ ,©
temperature for 12h. The crude product was purified by column chromatography, eluted 0_(_ Nen
with 1.5% MeOH in DCM to get pure 2z (116 mg, 0.4 mmol) as a green fluorescent semi N - N
solid.

0]
Yield = 80%. B

Rr=0.57 (10% MeOH in CHCI;). 5, OH
THNMR (500 MHz, CDCl3): 6 7.71 (d, J = 7.3 Hz, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.58-7.55 (m, 1H), 7.45—
7.42 (m, 1H), 6.82 (br s, 1H), 6.60 (s, 1H), 5.29 (d, J = 17.5 Hz, 1H), 5.17 (d, J = 17.5 Hz, 1H), 4.18-4.03
(m, 1H), 1.16 (t, J = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls): § 165.6, 153.7, 150.9, 132.2, 130.7, 129.0, 123.5, 74.1, 62.8, 49.4, 13.8.
HRMS (ESI+): m/z: [M + H]+ calculated for C12H14BN4O4: 289.1108, found 289.1109.
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[5] Comparative study under solvent and solvent-free conditions

N
R2-N : ; g o
R2-NC (1.0 equiv) N /Ill : Further detailed study on 2-acetylphenylboronic acid
@o TMSN; (1.1 equiv) R! :
: N
OH : N
B~ neat/MeOH (1.5 mL) B,° : e e y
OH room temperature BH : 3 (X equiv) ;
1 2 H o t-BuNC (1.0 equiv)
H > o)
P N S >L>LNfN\ : 5O neatiMeOH (1.5 mL)

. N N o g
N 1NN NN N OH OH
H N H )N =N N 1 2za
,O /0 o] /0 E 0 .
g g g B ! run X (equiv)  condition temp (°C) time (h) yield (%)
OH OH OH OH
1 1.1 Neat rt 12 95
Example 2a 2x 2za 2zb o2 4.0 Neat rt 4 95
Neat 96% 90% 95% 90% 3 1.5 MeOH "o 36 nd
4 1.5 MeOH 50°C 18 <90
MeOH 80% nd nd nd 5 4.0 meOH 50°C 8 <90

aReaction was carried out at 0.1 mmol scale. Isolated yields were noted. °PNMR yield. Reaction was sluggish & product "2za" couldn't be purified.

Neat conditions: 2za-2zb (90-95% isolated yield).

In Methanol: It was noted that products 2x-za was not formed at room temperature (see table above).
At50-70 °C, Reaction was sluggish (1.5 eq. TMSN3, <90% NMR yield at 24 h). products couldn’t be isolated
to pure form.

3-(1-(tert-Butyl)-1H-tetrazol-5-yl)-3-methylbenzo|c][1,2]oxaborol-1(3H)-ol (2za): General procedure
was followed with (2-acetylphenyl)boronic acid (1g; 50 mg, 0.3 mmol), TMSN3 (159.2 ul,

1.2 mmol) and tert-butyl isocyanide (33.8 pl, 0.3mmol) at room temperature for 4h to 9\ N,
furnish 2za (77 mg, 0.28 mmol) as a white solid. N _‘N.N

Yield =95%
R¢=0.48 (50% EtOAc in Hexane).

'H NMR (400 MHz, CD;0D): & 7.62-7.58 (m, 2H), 7.43 (ddd, J= 7.8, 7.6, 1.3 Hz, 1H), 2za

7.31 (m, 1H), 1.89 (s, 3H), 1.62 (s, 9H) (labile B-OH proton probably exchanged with deuterium in CD30D).
13C NMR (100 MHz, CD3;0D): 8 158.3, 156.8, 131.4, 130.1, 128.3, 123.3, 82.7, 63.5, 32.0, 29.4.

HRMS (ESI+): m/z: [M - H]+ calculated for Ci13H1sBN4O,: 271.1366, found 271.1370.

3-Methyl-3-(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)benzo|[c][1,2]oxaborol-1(3H)-0l ~ (2zb):
General procedure was followed with (2-acetylphenyl)boronic acid (1g; 50mg, 0.3
mmol), TMSN3 (159.2ul, 1.2 mmol) and 1,1,3,3-Tetramethylbutyl isocyanide (52.6 pl, 7|JL N,

0.3mmol) at room temperature for 4h to furnish 2zb (88 mg, 0.27 mmol) as a colorless N \N'N
oil.

Yield = 90%.
R¢=0.50 (50% EtOAc in Hexane).

'"H NMR (300 MHz, CD30D): § 7.72 (d, J= 7.7 Hz, 2H), 7.55 (m, 1H), 7.42 (m, 1H),

2.04 (d, J= 1.3 Hz, 2H), 2.02 (s, 3H), 1.94 (s, 3H), 1.72 (s, 3H), 0.54 (s, 9H) (labile B-OH proton probably
exchanged with deuterium in CD3;OD).

I3C NMR (100 MHz, CD30OD): § 162.1, 161.3, 135.6, 134.1, 132.3, 127.1, 87.1,70.7, 55.8, 36.6, 34.9, 34.6,
33.9,33.4.

HRMS (ESI+): m/z: [M - H]+ calculated for C17H24BN4O2: 327.1992, found 327.1999.
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[6] Intermolecular reactions: Optimization of reaction conditions

NG
H TMSN, (X equiv) 7LN SN

- i —N
RAO t-BuNC (1.0 equiv) - R/z_

y o

B-source (Y equiv) OH
4a 5a
run R X (equiv.) additive solvent time yield rsm

(Y equiv) (h) (5a, %)° (4a)
1 Ph 1.5 B(OH); (1.0) MeOH rt 36 . >90
2 Ph 1.5 B(OH)3(1.0) MeOH 50 °C 18 39 1
3 Ph 1.5 B(OH); (1.0) - rt 18 18 39
4 Ph 4.0 B(OH);(1.0) - rt 18 19 48
5 PhCH, 1.5 B(OH)3(0.20) - rt 18 20 48
6 PhCH, 1.5 B(OH);(1.0) - rt 18 33 29
7 PhCH, 1.5 B(OH); (2.0) - rt 18 24 16
8 PhCH, 2.0 B(OH)3(1.0) - rt 18 51
9 PhCH, 4.0 B(OH); (1.0) - rt 2 70
10 PhCH, 15 PhB(OH),(1.0) - rt 2 41 -
1" PhCH, 15 B(OMe); (1.0) - 50 °C 18 . >90

2Reaction was carried out with 0.1 mmol scale. °NMR yields were calculated using 2-methoxy-
napthalene/mesitylene as internal standard

General Procedure for intermolecular reactions (entry 9): To the reaction vial, aldehyde (0.5 mmol, 1.0
equiv.) and TMSN3 (2.0 mmol, 4.0 equiv.) were added and waited till it becomes homogeneous solution.
Boric acid (0.5 mmol, 1.0 equiv.) was then added followed by an isocyanide (0.5 mmol, 1.0 equiv.). The
reaction mixture was left on stirring at room temperature under neat conditions at room temperature. After
the completion of reaction, product precipitated out and completion of aldehyde was monitored by TLC and
the precipitate was diluted with EtOAc and washed with water/brine to remove boric acid. The organic layer
was dried over Na,SOs, filtered and concentrated to receive tetrazoles S in pure form as a white solid.

1-(1-(tert-Butyl)-1H-tetrazol-5-yl)-2-phenylethanol (5a): General procedure was followed with
phenylacetaldehyde (100 mg, 0.83 mmol), TMSN3 (442 pl, 3.33 mmol), boric acid (51.3 mg, N
0.83 mmol) and tert-butylisocyanide (93.8 pl, 0.83 mmol) for 4 h to afford Sa (143 mg, 0.58 9‘N _N
mmol) as a white solid. N
OH
Yield = 70%
R¢= 0.7 (30% EtOAc in Hexane) 5
a
'TH NMR (300 MHz, CDCl3): 6 7.31-7.27 (m, 1H), 7.25-7.22 (m, 2H), 7.19-7.16 (m, 2H), 5.29-5.22 (m,
1H), 3.56-3.41 (m, 2H), 2.94 (d, /= 8.7 Hz, 1H), 1.62 (s, 9H).
13C NMR (100 MHz, CDCl3): § 155.9, 136.0, 129.6, 128.8, 127.2, 66.8, 61.8, 43.3, 29.9.
HRMS (ESI+): m/z: [M + HJ" calculated for Ci3H19N4O: 247.1559, found 247.1554.

2-Phenyl-1-(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)ethanol (5b): General procedure was
followed with phenylacetaldehyde (100 mg, 0.83 mmol), TMSN3 (442 pl, 3.33 mmol), boric

acid (51.3mg, 0.83mmol) and 1,1,3,3-tetramethylbutylisocyanide (145.5 pl, 0.83 mmol) for Ag/\ N

4 h to afford 5b (181 mg, 0.60 mmol) as a white solid. N N
=N

Yield = 72%.

Re=0.72 (30% EtOAc in Hexane). OH

H NMR (300 MHz, CDCls): § 7.27-7.19 (m, SH), 5.31-5.23 (m, 1H), 3.56-3.42 (m, 2H),

2.92 (brs, 1H), 1.99-1.80 (m, 2H), 1.79 (s, 3H), 1.58 (s, 3H), 0.70 (s, 9H). %
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13C NMR (125 MHz, CDCls): 8 156.1, 136.0, 129.7, 128.8, 127.2, 67.1, 65.2, 53.9, 43.3, 31.6, 30.5, 30.3,
30.2.
HRMS (ESI+): m/z: [M + H]+ calculated for C17H27N40: 303.2185, found 303.2179.

1-(1-(ter-Butyl)-1H-tetrazol-5-yl)-2-methylpropan-1-ol (5c): General procedure was followed with

isobutyraldehyde (79 mg, 0.83 mmol), TMSN3 (578.6 ul, 4.36 mmol), boric acid (67 mg, 1.0

mmol), and zerz-butyl isocyanide (122.9 pl, 1.09 mmol) for 4 h to afford 5¢ (130 mg, 2.8 mmol) é‘N N N
=N

as white solid. >_2,

Yield = 65%. OH
R¢=0.57 (10% EtOAc in Hexane). 5¢

'H NMR (400 MHz, CDCls): 6 4.71 (dd, J = 10.0, 8.3 Hz, 1H), 2.70 (d, J = 12.0 Hz, 1H), 2.52-2.40 (m,
1H), 1.78 (s, 9H), 1.17 (d, J = 6.6 Hz, 3H), 0.88 (d, /= 6.7 Hz, 3H).

13C NMR (125 MHz, CDCl3): § 156.3, 70.9, 61.6, 34.2, 30.3, 19.5, 18.0.

HRMS (ESI+): m/z: [M + H]+ calculated for CoH9N4O: 199.1559, found 199.1553.

1-(1-(tert-Butyl)-1H-tetrazol-5-yl)-2-methylpropan-1-o0l (5d): General procedure was followed with
acetone (78 mg, 1.34 mmol), TMSN3 (711.4ul, 5.36 mmol), boric acid (82.8mg, 1.0 mmol) N
and tert-butyl isocyanide (151.11 pl, 1.34 mmol) for 4 h to afford 5d (148 mg, 0.8 mmol) as a 9~N N
white solid. =N
Yield = 60%. sg H
R¢=0.56 (10% EtOAc in Hexane developed in KMnOy).

'"H NMR (300 MHz, CDCl3): § 2.48 (br s, 1H), 1.83 (s, 9H), 1.82 (s, 6H).
13C NMR (100 MHz, CDCl3): $ 159.6, 70.6, 63.7, 32.4, 30.6.
HRMS (ESI+): m/z: [M + H]+ calculated for CsHi7N4O: 185.1402, found 185.1390.

(1-(tert-Butyl)-1H-tetrazol-5-yl)(phenyl)methanol (5e): General procedure was followed with
benzaldehyde (100 mg, 0.94 mmol), TMSN3 (187.1 ul, 1.41 mmol), boric acid (58 mg, 0.94 NN
mmol) and zert-butyl isocyanide (106.1 pl, 0.94 mmol) at room temperature for 18h. The crude 9\,\" N
product was purified by column chromatography, eluted with 22% EtOAc in hexane to get

pure Se (40 mg, 0.18 mmol) as a white solid. The spectral data matched with the reported ©/\[OH

one.S8

5
Yield = 19% °
R¢=0.61 (50% EtOAc in Hexane)

Note: When identical set of reaction was conducted in methanol (1.5 mL) at 50 °C for 18h, yield of Se was
improved to 39%.

'"H NMR (400 MHz, CDCls): 6 7.37-7.35 (m, 3H), 7.29-7.27 (m, 2H), 6.25 (d, J = 7.8 Hz, 1H), 3.90 (d, J
=8.3, 1 Hz, 1H), 1.62 (s, 9H).

13C NMR (100 MHz, CDCl3): 8 155.8, 139.2, 129.0, 127.2, 68.6, 62.0, 29.9.

HRMS (ESI+): m/z: [M + HJ+ calculated for C12H17N4O: 233.1402, found 233.1395.
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(1-(tert-Butyl)-1H-tetrazol-5-yl)(4-chlorophenyl)methanol (5f): General procedure was followed with 4-
chlorobenzaldehyde (100 mg, 0.71 mmol), TMSN3; (373.5 pl, 2.84 mmol), boric acid (44 mg, NN
0.71 mmol) and fert-butyl isocyanide (8.0 pl, 0.71 mmol) at rt for 16h. The crude product was 9\»4’ N
purified by column chromatography, eluted with 22% EtOAc in hexane to get pure 5f (56 mg, /©10H
0.21 mmol) as a semi solid. o

5f
Yield = 30%
Rs=10.61 (50% EtOAc in Hexane)

'H NMR (400 MHz, CDCl3): 4 7.35-7.32 (m, 2H), 7.24-=7.22 (m, 2H), 6.26 (s, 1H), 4.36 (br s, 1H), 1.64
(s, 9H).

13C NMR (100 MHz, CDCl3): § 155.5, 137.8, 134.9, 129.1, 128.5 67.7, 62.2, 30.0.

HRMS (ESI+): m/z: [M + HJ+ calculated for Ci2H16CIN4O: 267.1013, found 267.1027.

[7] Synthetic utilities of benzoxaboroles

3-(1H-Tetrazol-5-yl)benzo|c][1,2]oxaborol-1(3H)-ol (7): In a reaction vial, a mixture of 2a (80 mg, 0.3
mmol), 12 N HCI (1.0 mL) and 1,4-dioxane (0.5 mL) was heated with stirring at 75 °C for 12

h. The mixture was then extracted with EtOAc (3x15 mL). The combined organic layers were H=N
washed with brine and dried over Na,;SOy, filtered and concentrated. The solid residue was =N
washed with chloroform (2x5mL) to get pure as a white solid in 90% yield (55 mg, 0.27

mmol). 0

o-%

H
Note: For 2e (cleavage of N-tetramethylpropane group); 6 N HCI (1.0 mL) was used 7

instead of 12 N HCI, gave the desired free tetrazole 7 in 92% yield.

Yield = 90% (92% for 2e)
R¢= 0.8 (10% MeOH in CHCI3)

'H NMR (300 MHz, CDCl3+CD30D):  7.77 (d, J= 7.2 Hz, 1H), 7.52 (m, 2H), 7.46-7.43 (m, 1H), 6.60
(br s, 1H) (labile B-OH proton probably exchanged with deuterium in CD3;OD).

13C NMR (125 MHz, CDCI3+CD30D): § 151.9, 131.8, 130.6, 128.6, 122.4, 74.2.

HRMS (ESI-): m/z: [M - H]+calculated for CsHsBN4O,: 201.0584, found 201.0590.

(1-(tert-Butyl)-1H-tetrazol-5-yl)(phenyl)methanol (Se): In a round bottom flask, a mixture of 2a (36 mg,
0.14 mmol), AgNO3 (2.4 mg, 0.014 mmol) and EtzN (6 pL, 0.042 mmol) in 2 mL solvent N=N
(EtOH : H2O = 1:1) was allowed to stir for 2 hours. After the completion of reaction, 10 mL 9\N' _N
water was added and the mixture was extracted with dichloromethane (3x15 mL). The

combined organic layers were washed with brine water and dried over Na,SOys, filtered and OH
concentrated. The crude product was purified by column chromatography, eluted with 22% H
EtOAc in hexane to get protonated product compound Se as a white solid (25 mg, 0.11 5e
mmol).%’

Yield = 75%
R¢=0.61 (50% EtOAc in Hexane)
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(1-(tert-Butyl)-1H-tetrazol-5-yl)(o-(D)phenyl)methanol (8): In a Schlenk reaction vial, a mixture of 2a
(80.0 mg, 0.3 mmol), KsPO4 (131.6 mg, 2 mmol) and Ag>,COs3 (8.27 mg, 0.03 mmol) was

degassed under vacuum and backfilled with nitrogen and the process repeated for three times. ﬁNiN‘N
A degassed mixture of D>O (0.5 mL) and dry 1,4-dioxane (0.5 ml) was then added to the

reaction vial and the resulting solution was stirred at 60 °C for 6 h. The reaction mixture was OH
then filtered through celite and extracted with dichloromethane (3x15 mL). The combined b

organic layers were washed with brine water and dried over Na,SQy, filtered and concentrated
to get 8 (56 mg, 0.24 mmol) as a white solid.

Yield = 82%
Rr=0.54 (30% EtOAc in Hexane)

'H NMR (300 MHz, CDCl3): § 7.38-7.35 (m, 3H), 7.30~7.27 (m, 1H), 6.25 (s, 1H), 3.84 (br s, 1H), 1.62
(s, 9H).

13C NMR (100 MHz, CDCI3+CD3;0D): § 156.2, 139.3, 128.7, 128.5, 128.5, 126.7, 67.3, 62.3, 29.8.
HRMS (ESI+): m/z: [M + H]+ calculated for Ci12HisDN4O: 234.1465, found 234.1457.

2-((1-(tert-Butyl)-1H-tetrazol-5-yl)(hydroxy)methyl)phenol (9): In a 5 mL round bottom flask, compound
2a (39 mg, 0.15 mmol) was dissolved in 2 mL ethyl acetate. After 5 min, saturated aqueous

Na>COs solution (1 mL) was added followed by addition of aqueous H>O, (0.15 mL; 35% by 9\ N=N
volume). The reaction mixture stirred further for 30 minutes at room temperature. After NN
completion of the reaction, it was quenched with Na,S,03 and NaHCOs3 solution (1:5) and
further stirred for 5-10 minutes. The organic layer was extracted with EtOAc (10 mL x 3) and
dried over anhydrous Na;SO4 and the residue was purified by column chromatography on OH
silica gel using 35% EtOAc in hexanes as an eluent to give the corresponding product 9 (27
mg, 0.11 mmol) as a white solid.S!°

OH

Yield = 73%
R¢=0.58 (50% EtOAc in Hexane)

'H NMR (400 MHz, CDCl3): 6 8.63 (br s, 1H), 7.17 (m, 1H), 6.93 (dd, J = 8.1, 0.9 Hz, 1H), 6.88 (dd, J =
7.6, 1.6 Hz, 1H), 6.81 (m, 1H), 6.40 (s, 1H), 4.79 (br s, 1H), 1.73 (s, 1H).

13C NMR (100 MHz, CDCl5): 5 155.8, 154.6, 130.4, 128.0, 125.0, 120.5, 118.1, 65.9, 62.5, 29.9.

HRMS (ESI+): m/z: [M + H]+ calculated for C12H7N4O,: 249.1352, found 249.1341.

(1-(tert-Butyl)-1H-tetrazol-5-yl)(2-chlorophenyl)methanol (10): A Schlenk tube was charged with 2a
(50.0 mg, 0.19 mmol), NCS (25.8 mg, 0.19 mmol) and copper(I)chloride (19.2 mg, 0.19 N=N
mmol). The tube was degassed under vacuum and backfilled with nitrogen and the process 9\:«' _N
was repeated for three times. A degassed mixture of water (0.20 pL, 1.16 mmol) and dry

acetonitrile (3 mL) was added to the reaction tube and the resulting solution was stirred at OH
80 °C for 22 h. The reaction was cooled to an ambient temperature, diluted with Et,O (15 mL)
and sequentially washed with 1N aq. HCI (10 mL), 1 N aq. NaOH (10 mL) and brine (10 mL).
The organic phase was dried over Na;SO4 and the solvent was removed under reduced
pressure and further purified by chromatography using Hexane / EtOAc (100 / 22) to afford desired product
10 (36 mg, 0.134 mmol) as a white solid.S!!

Cl
10

Yield = 70%.
R¢=0.65 (50% EtOAc in Hexane).

'"H NMR (400 MHz, CDCl3): § 7.43-7.41 (m, 1H), 7.39-7.37 (m, 1H), 7.33—7.30 (m, 2H), 6.59 (s, 1H),
3.93 (bs, 1H), 1.71 (s, 9H).

13C NMR (100 MHz, CDCl3): § 154.9, 136.9, 132.8, 130.2, 129.9, 128.4, 127.5, 64.9, 62.3, 29.8.

HRMS (ESI+): m/z: [M + HJ+ calculated for : C1oHisCIN4O 267.1013, found 267.1008.
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(1-(tert-Butyl)-1H-tetrazol-5-yl)(2-iodophenyl)methanol (11): A mixture of compound 2a (26 mg, 1
mmol) Cu(NO3)2-3H,0 (1.2 mg, 0.05 mmol) and I, (25.3 mg, 1 mmol) in acetonitrile (1 mL)

was stirred at room temperature for 6 h. After the completion of reaction, 10 mL water was %\ N=N
added and extracted with dichloromethane (3%15 mL). The combined organic layers were NN
washed with aqueous sodium hyposulfite, dried over Na;SQg, filtered and concentrated. The

crude product was purified by column chromatography using 21% EtOAc in hexane to afford

iodinated product 11 (29 mg, 0.082 mmol) as a white solid.5!? [

11

OH

Yield = 82%.
Rs=0.66 (50% EtOAc in Hexane).

'H NMR (400 MHz, CDCl3): & 7.89 (dd, J= 6.8, 1.1 Hz, 1H), 7.36 (dd, J=7.0, 7.3 Hz, 1H), 7.25 (d, J =
7.5, 1H), 7.06 (dd, J= 7.7, 7.4, 1H), 6.40 (br s, 1H), 3.97 (br s, 1H), 1.71 (s, 9H).

13C NMR (100 MHz, CDCl3): § 141.5, 140.0, 130.7, 128.9, 128.4,99.2,77.2, 62.5, 29.9.

HRMS (ESI+): m/z: [M + H]+ calculated for Ci12H16IN4O: 359.0369, found 359.0360.

[1,1'-Biphenyl]-2-yl(1-(tert-butyl)-1H-tetrazol-5-yl)methanol (12): To a solution of iodobenzene (130.3
pL, 1.16 mmol) in dimethoxyethane (3 mL) was added the compound 2a (50 mg, 0.194

mmol) and dissolved in a minimal amount of ethanol (1.0 mL), followed by added a solution %\MN=N\N
of Na,CO3 (164 pl, 1.55 mmol, 2M solution in deionized water). Pd(dba), (13.8 mg, 0.024 7
mmol) was then added and the solution was heated at reflux temperature for overnight. The OH
reaction mixture was then cooled to room temperature and filtered through celite. The filtrate O

was concentrated and the residue was diluted in ether and washed with brine, dried over O
Na;SO4, filtered and concentrated. Purification of the crude product by column 12
chromatography (100:20 hexane / ethyl acetate) afforded the biaryl compound 12 (54 mg,

0.174 mmol) as a pale yellow solid.

Yield = 90%.
R¢=0.75 (50% EtOAc in Hexane).

'"H NMR (400 MHz, CDCl): § 7.45 (m, 4H), 7.41 (dd, J = 6.6, 1.9 Hz, 2H), 7.34 (dd, J= 6.8, 1.8 Hz, 2H),
7.34-7.33 (m, 1H), 6.11 (s, 1H), 3.93 (br s, 1H), 1.31 (s, 9H).

13C NMR (100 MHz, CDCl3): 6 155.9, 141.6, 139.8, 136.6, 130.6, 129.5, 129.1, 128.5, 128.3, 127.8, 127.5,
127.3,65.3,61.8, 29.4.

HRMS (ESI+): m/z: [M + H]+calculated for CisH21N40: 309.1715, found 309.1710.

(1-(tert-Butyl)-1H-tetrazol-5-yl)(o-tolyl)methanol (13): In a reaction vial containing compound 2a (80 mg,
0.31 mmol), K3PO4 (131.6 mg, 1.5 equiv.) and P(o-tol); (8.49 mg, 0.09) was degassed under

vacuum and backfilled with nitrogen and the process was repeated for three times. Mel (29.1 %MN=NN
pL, 1.5 equiv.) and Pd(OAc): (2.0 mg, 0.03 equiv.) were then added under nitrogen flow. A 2
degassed mixture of solvent [water (11.16 pL, 1.5 equiv.) and dry THF (3.5 mL)] was added

OH
and the resulting solution was stirred at room temperature for 16 h. The reaction mixture was
then filtered through celite. The filtrate was concentrated and the residue was diluted in ether CH,
and washed with brine, dried (MgSO4), filtered and concentrated. Purification of the crude 13

product is done by column chromatography using hexane / ethyl acetate (100:20) to afford
the methylated product 13 (36 mg, 0.134 mmol) as viscous liquid.5!3

Yield = 65%
R¢=0.72 (50% EtOAc in Hexane)

TH NMR (500 MHz, CDCl3): § 7.26 (m, 2H), 7.14-7.11 (m, 1H), 6.77 (d, J= 7.6 Hz, 1H), 6.36 (br s, 1H),
3.63 (brs, 1H), 2.49 (s, 3H), 1.58 (s, 9H).

13C NMR (125 MHz, CDCl3): § 155.6, 137.5, 136.3, 131.3, 129.3, 126.7, 126.6, 66.2, 62.0, 29.7, 19.0.
HRMS (ESI+): m/z: [M + H]+calculated for C13H19N4O: 247.1559, found 247.1554.
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[8] Preliminary study on asymmetric synthesis
General Procedure for chiral catalyst study (Scheme S1): Slightly modified procedure was employed.
To a mixture of 2-formylphenylboronic acid (1a; 30 mg, 0.2 mmol) and chiral catalysts (L1-15; 10 mol%)
in dry methanol (2 mL), TMSN3; (29.1 pL, 0.22 mmol) and terz-butylisocyanide (22.5 pL, 0.2 mmol) were
sequentially added under nitrogen atmosphere at room temperature and run it to complete the reaction (ca 6
h) to furnish 2a as a white solid in 84-96% yields.

Note: BINOL and TADDOL-titanate complex (L14 and L15; 10 mol%) was generated in-situ by mixing
diol and Ti(O'Pr)s (1:1) in dry methanol at 0 °C. After 10 min. of stirring (it turned to yellow color, probably
due to titan-ate complex formation), 2-formylphenylboronic acid (1a; 30 mg, 0.2 mmol), TMSN3 (29.1 pL,
0.22 mmol), tert-butylisocyanide (22.5 pL, 0.2 mmol) were sequentially added and allowed to stir at 0 °C to
rt for 6-8 h.

The product 2a was directly converted into product 9 (for the measurement of enantioselectivity) under
oxidative deborylation conditions as used previously.

cat (L, 10 mol%) N=n Ny
+-BuNC(1.0 equiv) %’N _N %—N' \r'l
@0 TMSN; (1.1 equiv) 35% aq H,0,
—_— ——
OH
B” dry MeOH (1.5 mL) & Na,CO; (aq) OH

\ OH
OH 84-96% yield OH EtOAc
0.20 mmol ca70% 9
1a 2a (enantioenriched form)
Q) Q) o R
CF
N N s N s N s 3
JL y NJLN/@CF:S JL
“7 N 7NN ] W A 7NN
N N~ H H NS N~ CF;
L1, ee =30% L2, ee = 0% L3, ee = 0% L4, ee = 0%
=
CF;
(0] [o]
JL J\/Ph j:‘J(
: FsC N

L5, ee = -6% L6, ee = -5% o
° L7, ee = 6% L8, ee = -4.5%

L9, ee =2% L10, ee = 0% L11, ee = 0%

ee OO, -
QE:K*Q Qﬁ:’(Q LT I

L12, ee =6% L13, ee = 6% L14, ee = 0% L15, ee = -13%

Scheme S1. Screening of chiral catalysts: Enantioselectivity in 2a was measured after converting it (after
100% conversion of 1a) into corresponding oxidation product 9 by HPLC using chiral stationary phase.

Experimental procedure: In a 5 mL round bottom flask, compound 2a (39 mg, 0.15 mmol) was dissolved
in 2 mL ethyl acetate. After 5 min, saturated aqueous NaCOs3 solution (1 mL) was added followed by
addition of aqueous H,0O; (0.15 mL; 33-35% by volume). The reaction mixture stirred further for 30 minutes
at room temperature. After completion of the reaction, it was quenched with Na,S,03 and NaHCO3 aqueous
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solution (1:5) and further stirred for 5-10 minutes. The organic layer was extracted with EtOAc (10 mL x 3)
and dried over anhydrous Na;SO4 and concentrated to get enentioenriched diols (9). Enantiomeric excess
(ee) was determined by HPLC analysis using Daicel Chiralpak ID column (IPA/n-Hexane 1:10, flow rate
1.0 mL/min, A = 230 nm, tr; = 18.9 min., tr2 = 25.2 min).
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Figure S1. Chiral separation by using HPLC
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[10] NMR and mass spectra:

A. Entry 2 (Table 1, NMR tube experiment: '"H NMR (400 MHz, CD,OD)) [1a = 0.053 mmol, IS (2-
methoxynaphthalene) = 0.05 mmol, 2a = 0.051 mmol; 96% yield]

H,0
N -
2/1
® 3a
% Methoxy-
naphthalene
(1s)
° Solvent residual
peak of CD,0D
I
M i) A | '
- BRI U, S U U W VO N P L W
10.0 915 9‘.0 8‘5 ﬂlD 7‘.5 7‘.0 5‘.5 6‘.0 5‘.5 5‘.0 4.‘5 I.5 3:0 2‘.5 1:5 1:0 0.‘5 |:I|pm
El

& “

B. Entry 16 (Table 1, Neat reaction in 1h): 'H NMR of crude reaction mixture (400 MHz,

CDCI3+CD3;0D) [1a = 0.48 mmol, Internal Standard (mesitylene) = 0.108 mmol, 2a = 0.44 mmol;
2a = 92%, 1a (rsm) = 2.7%)]

® 3
° A Mmesitylene
A
la
Residual solvent CD,0D
- e
s f |
| | | |
e ,Jlruﬁulu "kf,_ J\J‘i. A ,,,_J N _j AV a./Uhkk _,J\-’, "'\J‘,

T T
1 E:1 7

@ B

C. Blank NMR of CDCI3+CDs0D (400 MHz)

o
o

1

Residual

Residual CDCl3 CD;0D
) S _JL N R L

T T T T T T T T T T T T T T T T T T T T
2.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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Openlynx Report - Page 1
Sample: 713 Vial:1:Aa 10 IDESMS21120JANT0
File:ESMS21120JANT0 Date 20-Jan-2021 Time:11:58:49

Description: AS-26NEAT

Printed: Wed Jan 20 14:02:53 2021

sample Report: ESMS of Crude mass (Entry 16, Table 1)

Sample 713 Vial 1:4,10 ID ESMS21120JAN10 File ESMS21120JAN1T0 Date 20-Jan-2021 Time 11:58:49 Description AS-26NEAT

Peak ID Compound Time Mass Found
1 0.57

1: (Time: 0.57) Combine (5:72) 1:MS ES+
1.0e+005
woy  [2924ly coamanoca,
/N\
90 -tert-Bu HN ‘IN
N

/
70 B\
(o]

H

60
CIJH]_J'BN;NEOJ

- 504 175.3
281.4

40

3

225.3

2

‘o 2805|3016

o ‘iJnI """f e b |I.|-.lr.|l|nnu. "

200.0 300.0 400.0 500.0 600.0 700.0

Openlynx Report SAIF, CSIR-CDRI, LUCKNOW Page 1
Sample: 102 Vial1:B.5 ID:EESMS21I31MAY 17

File:ESMS21131MAY 17 Datez31-May-2021 Time:11:26:29

Description:AS-1013

Printed: Mon May 31 13:16:53 2021

ESMS of Crude mass (Entry 15, Table 1)

Peak ID Time
1 0110
1:(Time: 0.10) Combine (1:28-50:204) €, H,BN.O,-C.H, l;-!?elzga-ﬁ
100 203.4
90
804
70
-tert-Bu
E -tert-Bu
604
E 175.4
HN_
@ 50
40 ,o
3 B
\
304 OH
202.4
4 Cy;H,,BNO;-C,Hy
204 1764 Cy;H,; BN,O,
E 133.3 . 204.5
259.5
104 102.3
12.5 260.6 387.6 400.7
4| 132.3|134.3160.3 | ( 246.4 -6 302.5 317.6 332.6371.5 00" | 186 3.6 . .
0 | I\Ilf m ||‘\I Al Al b 1t Jul |||||I |f ; [ hl 1 : r - jhll n\ 1 uh'lu . —— \m/z
100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
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'"H NMR (400 MHz, CDCl3):

i
7
&
5
5
5
5
5
4
47
4
43
43
41
41
59
08

1.90

® H,0
L] J .
T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 05 ppl
LI 8 g
~lelele - o @
13C NMR (100 MHz, CDCl; + CD;0D):
o o o
o o SO wm o = =
wuw [aa TN Lo BN Bt (3] [ (2]
— — = Ne) [
® Residual
Solvent
° (CD;0D)
T T T T T T | T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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DAINTERNALS\2019\sep2019\AS-26B

9/3/2019 12:25:34 PM HRMS18I103SEPOS

AS-26B #8 RT: 0.12 AV:A1
T: FTMS + p ESI Full ms [100.00-2000.00]

100
95
90
857
80|

@ NN
g o o

2]
o

Relative Abundance
]
o O

IS
=)

ol
)l
T R N N

W W
o o,
1l

[\*]
it

[h+]
o

-
[&)]

10

(&1

246.1844

250.1431 252.1441

SB: 5 0.02-0.08 NL: 1.07E5

259.1361

258.1395

260.1391

257.0997 261.1332

264.1958 268.1695 271.1809 274.1805

o

245 250

1H (300 MHz, CDCl:+CD;OD):

: 1 N N L L ),
R L e e I L L L I L I L L L L B B L B L I L e L B L R RS LRl L) LR RR LR

270

255 260 265 275

m/z

Tm MO 0Oy

® Residual
Solvent
(CD;0D)

— N

o P~ )
< o "’3
- o il led
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13C NMR (100 MHz, CDCl):

r~ - =i
. e —_ N
oo o . .
™ o e o

131,
-\\_

@ Residual
Solvent
(CD;0D)

WLW —

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

DAINTERNALS\2019\sep2019\HRMS19I30SEP 14 9/30/2019 3:08:48 PM AS-23

HRMS19I30SEP14 #10 RT: 0.15 AV: 1 SB: 4 0.02-0.07 NL: 7.84E5

T: FTMS + p ESI Full ms [100.00-2000.00]
100 285.1520

95
90
85
80
75 2b

70
65
60
55
50
45
40
35
30

Relative Abundance

25 284.1556

20
286.1551

279.1625
0 \""I""I""'\"‘|

280.9931 282.0474 282.9052
T IEERAREARE LERRELLLRE ERERN LR RN RAREE R
278 280 282 284

287.1581

288.9226 290.2114 291.2273
ULARAR AR RS AR LA AN RERAD LA

T T rrrrrpTTTT |
286 288 290 292
m/z
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'H NMR (400 MHz, CDCls):

FNNOE-NNHOONNO O

WMEOOWWLWWOWWW S S W0

(\i o " k= w
e R R R S g R
@ HO
] JMJ, L " A I i .-‘" k L
T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppt
HELEI g 3 @6
clrirlr- =] =] - o ©
13C NMR (100 MHz, CDCl3):
-~ M [ R
N . e e . uy — Wy oM
H oy o=l . . . . .
=N 5 nhy g 2 : - R
II " " H l ‘ " ! |_ | ‘ ‘ | ‘
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm
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DAINTERNALS\2019\sep2019\HRMS19I30SEP13 9/30/2019 3:06:49 PM AS-29

HRMS19I30SEP13 #10 RT: 0.15 AV: 1 SB: 4 0.02-0.07 NL: 4.81E5

T: FTMS + p ESI Full ms [100.00-2000.00]
100 259.1364
% ~NCN

!
90 N
85
80
75
70
65
60
55
50
45
40
35
30

Relative Abundance

25 258.1400
20

260.1395

5
253.9458 255.?419

257.0376 2610417 263.0303 263.9889  266.1559 2670838
O—rrrrprrrrrerrefrey T ' ™ T T

IARRE RARAR LR RRRAN RARE LERAN RN LN RALEN RRARE RLER | |REARERRERNI |
260 262 264 266 268

252 2%4 256 2%8
'H NMR (400 MHz, CDCI3):

wn T Mmoo o A R N R =y
— — M= =00 W0 —
— =~

= T T T T o o —

—5.41
16
1
1
1
1

|
g
§

@ H,O
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13C NMR (100 MHz, CDCly):

w o N H O

- . e e . [T} = oM oY [~
o [ 5 N . - . - -
A 0 RS ™ 0 3w A ™
— i ~ = ol el —

\/ NV (YA

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

D:AINTERNALS!\2019\sep2019\HRMS19118SEP12 9/18/2019 12:25:49 PM AS-28

HRMS19118SEP12#10 RT: 0.15 AV: 1 SB: 5 0.02-0.08 NL: 1.30E6

T: FTMS + p ESI Full ms [100.00-2000.00]
100 273.1518

95 N
90 =N

85
80
75
70
65
60
55
50
45
40
35
30
25 272.1554

Relative Abundance

274.1548

266.6008 268.2241 269.1741 271.9178 275.1580 277.1889 278.1751
LN [ O O B I O I O I O O O |

267 268 269 270 271 272 273 274 275 276 277 278 279
m/z

(U
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'"H NMR (400 MHz, CDCl3):

DY~ 0w 0D S
M~ 0w nw

ol o™
W TN MO

™ @ = 0
o N [==RE A o
™~~~ 0 o

7.
7.
5.30

o
® H,O
|
9I.5 9:0 815 810 715 T‘.O GI.5 6!0 5I.5 5:0 4:5 410 3.‘5 310 2I.5 2!0 1‘.5 1I.0 0:5 ppn
L 3 B e
Py P ) - s e @
13C NMR (100 MHz, CDCl3+CD;0D):
| N . \
@ Residual
Solvent
(CD;0D)

o

e ]
T T T T T T T T T T
200 190 180 170

T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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DAINTERNALS\2019'sep201HRMS19I123SEPO9 923/2019 1:09:34 PM AS-33

HRMS19I23SEPO9 #7 RT: 0.10 AV: 1 SB: 5 0.02-0.08 NL: 8.60E4

T: FTMS + p ESI Full ms [100.00-2000.00]
100— 315.1985

95
903 d
| N
853
80
753

703
653

60

Relative Abundance
@
o

25 314.2021

N
=]

313.9342 316.2016

- =
C‘! 4]
Il

m

310.0042 311.21568 312.1946 313.2729 314.8469 | 315.9306 317.2058 318.2417 319.1347
frrrhT LARARAAN ALY RAR) RARN LA RALNRARS ARS LA AANRAR) AR LA RAAN AN LA R AL LAANLAR) AR A | LA B RN LA LA AR LAY LA RAAN ALY LR R AN LA LR AN LA AN AR AAN
311 312 313 314 315 316 37 318 319
m/z

"

o

Tt
310

'"H NMR (400 MHz, CDC13+CD30D):

WO Wwewn Mmoo 3
WO o ) ) 0 O S

4.48
4.4

4.44
4.43
4,41

[ et el e ol -

@ Residual
Solvent
(CD;0D)

T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
E
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13C NMR (100 MHz, CDCl):

0
——131.1

132,

SA——

=]

128
—122.6

[ [+2] o
— o™
~ uwy o™

DAINTERNALS\...\Dec 2019\HRMS19123DEC11

T T T T
190 180 170 160

T T T
150 140 130

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

12/23/2019 1:37:03 PM AS-55

HRMS19123DEC11 #18-32
T: FTMS + p ESI Full ms [100.00-1500.00]

Relative Abundance

—_

A A OO @ O N N 0 W W O

o w o w o w o w [=) [$2] (=] (&3] ?
|

35

NN w
o g O

15

-
o o

N,
it

=N

244.1243

RT: 0.13-0.24 AV: 15 SB: 8 0.02-0.08 NL: 2.99E6

245.1207

246.1237

o

240

242

239.3302 240.5428 242.0073 243.10
LR RARRN RRARE RAREY LEERE RRRLE LAREN RALEN RRARE L

52
S
244

247.1275 248.0587 250.0382 252.0173 253.9964
LR R R R R L R RN RN LR LN LA RN LR RAREE LA LERLE RN RELEN RS |

246 248 250 252 254
m/z
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'H NMR (400 MHz, CDCl):

o
@ H,0
[}
Il
|
J“
(\ UUA I J Ww.
SLL iV i la_\." U \UM\,.N____,__._J
T T T T T \ T T \ T T \ T T \ T T
95 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 20 15 1.0
B B g
- - (=] L]
13C NMR (100 MHz, CDCl3+CD;0D):
N~ O, el O oW
. - - - . . - - - o™ [s)) oo
O Mmoo oo W oo . . .
OO WD Wn hels) o I o s
— — o — L B B B ~ o ™~
® Residual
Solvent
(CD;0D)
| | y
el ] A )
T MMM T MMM T T T S B R MY D M) M Y AR EARAAARAAY RAARRAAN T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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YF (376 MHz, CDCl3:+CD3;0D):

-108

T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

DAINTERNALS\.. \Dec 2019\HRMS18130DEC03 12/30/2019 11:39:66 AM AS-60

HRMS18I30DECO03 #18-38 RT: 0.13-0.27 AV: 20 SB: 8 0.02-0.07 NL: 6.91E5

T: FTMS + p ESI Full ms [100.00-1500.00
100 2771272

95
90
85
80
75
70
65
60
55
50
45
40
35
30
25

Relative Abundance

276.1308

278.1304

275.6278 279.1627 284.2952 291.0281
274.0445 2805933, 282.2795 286.0554  288.5824

272 274 276 278 280 282 284 286 288 290 292
m/z

272.0319
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'H (400 MHz, CDC13+CD30D):

W el 0 M O
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T T T
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d P 2 | g5 [g
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13C NMR (100 MHz, CDCl3):
o wn uw ) = wn M 0o
. . . . . . . .. < [es] -~ {0~
oo™y ol o o oo O . . e e e e
oo w ™m ™ —— OO (] [es] o] O W T
— — — o [ uy ™M
@ Residual
° Solvent
(CD;0D)
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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F (376 MHz, CDC13+CD30D):

-106.2

JL“ “/.__..—-—""".——

T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
DAINTERNALS\.. \Dec 2019\HRMS19I30DEC04 12/30/2019 11:41:55 AM AS-61

HRMS1SI30DECO04 #18-34 RT: 0.13-0.25 AV: 17 SB: 8 0.02-0.08 NL: 1.69E6

T: FTMS + p ESI Full ms [100.00-1500.00]
100 303.1428

95

90
85
80
75
70
65
60

55
50
45
40

Relative Abundance

35

30
302.1464

304.1459

300.0380
297.2433 299.0417 301.1423 305.1494 307.1627 309.0387 310.1243 312.0624

296 298 300 302 304 306 308 310 312
m/z
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'H NMR (400 MHz, CDCl3+CD30D):

- e R PR PRPA R BRSSO
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13C NMR (100 MHz, CDCl3+CD30D):
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9F (282 MHz, CDCI3+CD30D):

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

DAINTERNALS\.. AJANZ2020'\HRMS20101JANC11 1/1/2020 3:10:20 PM AS-62

HRMS20I01JANC11 #18-34 RT: 0.13-0.25 AV: 17 SB: 7 0.02-0.07 NL: 3.07E5

T: FTMS + p ESI Full ms [100.00-1500.00]
100 333.1894

95 N,
N° *N
90

=N
85 F
80

75
70
65
60
55
50
45
40
35
30
25 332.1929
20

Relative Abundance

334.1927
15

10
5 33g.a4q7 339.3257
328.2320 330.1650 331.8830 335.1962 337.1472 I | s40.3288
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

T T
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'H NMR (300 MHz, CDCI;+CD30D):
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13C NMR (100 MHz, CDCl):
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13C NMR (100 MHz, CDCl3):
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19F (282 MHz, CDCl:+CD;0D):
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DAINTERNALS\.. \JAN2020\HRMS20I01JANC12 1/1/2020 3:12:17 PM AS-63

HRMS20I01JANC12 #18-33 RT: 0.14-0.25 AV: 16 SB: 7 0.02-0.07 NL: 1.38E6

T: FTMS + p ESI Full ms [100.00-1500.00]
100 291.1425

[§)]
(&)1

[o2]
=]
ub s b b oo oo b b b b b

Relative Abundance
(5,
o

45
40
35 291.3843
30 ‘
252 290.1462
203 [
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105 '
57 /
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L8 e e s e B B s e e s B s e e s s s e e e s s s By s e B B S S
286 287 288 289 290 291 292 293 294 295 296 297
m/z
TH NMR (300 MHz, CDCL:+CD;O0D):
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13C NMR (100 MHz, CDCL:+CD3OD):
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IF (282 MHz, CDCl;+CD3;0D):
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DAINTERNALS!.. \WJAN2020'\HRMS20106JANC25 1/6/2020 1:08:48 PM AS-65

HRMS20I06JANC25 #18-36 RT: 0.13-0.27 AV: 19 SB: 8 0.02-0.08 NL: 2.08E6
T: FTMS + p ESI Full ms [100.00-1500.00]
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T T T T T T T T T T T T T T T T T T T T T T | T T T T T
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m/z
'H NMR (300 MHz, CDC1;+CD30D):
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13C NMR (100 MHz, CDCl):
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19F (282 MHz, CDCli+CD;0OD):
N, S
~TNCN 7
-
N
F
o)
4
B
\
OH
21
I T I I T T T T T
0 -20 -40 -60 -100 -120 -140 160 -180



DAINTERNALS\20200JAN2020\HRMS20108JAN12 1/8/2020 12:36:07 PM AS-67

HRMS20I08JAN12 #20-33 RT: 0.15-0.24 AV: 14 SB: 8 0.02-0.08 NL: 1.12E7

T: FTMS + p ESI Full ms [100.00-1500.00]
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'H NMR (300 MHz, CDCl3+CD;0D):
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13C NMR (100 MHz, CDCl3+CD30OD):
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13C NMR (100 MHz, CD;0D):
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D:AINTERNALS\2020WJAN2020\HRMS20110JAN17 1/10/2020 12:51:08 PM AS-70

HRMS20110JAN17 #16-24 RT: 0.12-0.18 AV: 9 SB: 8 0.02-0.08 NL: 3.16E5
T: FTMS + p ESI Full ms [100.00-1500.00]
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13C NMR (100 MHz, CDCL:+CD3OD):
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TH NMR (400 MHz, CD;OD):
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13C NMR (100 MHz, CD30D):
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DAINTERNALS\2020\JAN2020\HRMS20127JANO1

1/27/2020 1:10:18 PM

AS-77

HRMS20127JANO1 #20-31

T: FTMS + p ESI Full ms [100.00-1500.00]
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13C NMR (100 MHz, CDCly):
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DAINTERNALS\2020\JAN2020\HRMS20127JAN02 1/27/20201:12:18 PM AS-79

HRMS20127JANO2 #20-32 RT: 0.15-0.23 AV: 13 SB: 8 0.02-0.08 NL: 3.44E6

T: FTMS + p ESI Full ms [100.00-1500.00]
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13C NMR (125 MHz, CDCL;+CD;0D):
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SAIF [HRMS Report]

Data File: HRMS20I02JUL20 Original Data Path: D\INTERNAL NEW'2020\June
2020
Sample [D: AS-80 Sample Name:
Acquisition Date 07/02/20 11:26:54 AM Run Time(min): 0.00
Vial: CStk1-01:20 Injection Volume(ul): 1.00
HRMS20102JUL20 #12-24 RT: 0.11-0.21 AV: 13 SB: 1 0.01 NL: 1.62E5
T: FTMS + p ESI Full ms [100.00-750.00]
1005 238.1406
904 _N
: N
804
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o 705
2 4 340.3680
T 604
c 7
2 I
2 50
o I 1531383
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T 307 490.3965 S101850
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205 185.2009 572.3935
10 H 446.2220 651.2817 | | 733.5477
o:‘.‘lu..l...ﬁi‘mHJM‘I.JWL.“.
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'H NMR (300 MHz, CDCI;+CD;0D):
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13C NMR (100 MHz, CDCL;+CD3OD):
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SATF [HRMS Report]

Data File: HRMS20I12MAY07 Original Data Path: D:\INTERNALS'2020\May 2020
Sample ID: AS-81 Sample Name:

Acquisition Date: 05/12/20 12:02:50 PM R Time(min): 0.00

Vial: Cstk1-01:7 Injection Volume(ul): 1.00

HRMS20M2MAYOQ7 #14-27 RT: 0.11-0.21 AV: 14 SB: 1 0.01 NL: 8.31E8

T: FTMS + p ESI Full ms [100.00-750.00
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13C NMR (100 MHz, CDCl3):
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SAIF [HRMS Report]

Data File HRMS20I12MAY09 Onigmal Data Path: D:\INTERNALS\2020\May 2020
Sample ID: AS-82 Sample Name:
Acquisition Date 05/12/20 12:06:47 PM Run Time(min): 0.00
Vial: CStk1-01:9 Injection Volune(ul) 1.00
HRMS20112MAY09 #14-27 RT: 0.11-0.21 AV: 14 SB: 1 0.01 NL: 4.24E6
T: FTMS + p ESI Full ms [100.00-750.00
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"H NMR (400 MHz, CDCl3+CD;0D):
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13C NMR (100 MHz, CDCI3+CD3OD):
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SAIF [HRMS Report]
Data File: HRMS20102JUL18 Original Data Path: D:\INTERNAL NEW'2020\June
2020

Sample ID: AS-103 Sample Name:
Acquisition Date 07/02/20 11:22:57 AM Run Time(min): 0.00
Val: CStk1-01:18 Tnjection Volume(ul) 1.00
HRMS20102JUL18 #12-25 RT: 0.11-0.21 AV: 14 SB: 1 0.01 NL: 2.29E6
T: FTMS + p ESI Full ms [100.00-750.00]
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'H NMR (400 MHz, CDCl3+CD30D):
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SAIF [HRMS Report]

Data File HRMS20I29DEC24 Original Data Path:
Sample ID: AS-228 Sample Name
Acquisition Date: 12/29/20 12:32:21 PM Run Time(min)

Vial: CStk1-01:24 Injection Volume(ul):

HRMS20129DEC24 #30-60 RT: 0.25-0.50 AV: 31 SB: 1 0.01 NL: 4.54E5
T: FTMS + ¢ ESI Full ms [100.00-750.00]

D:\INTERNAL NEW'2020'DEC
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13C NMR (100 MHz, CDCL:+CD3OD):
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DAINTERNAL NEW!...\HRMS21107JAN10

1/7/2021 11:16:33 AM

AS-222

HRMS21107JAN10 #40 RT: 0.34 AV:1 SB: 7 0.03-0.08 NL: 2.00E5

T: FTMS + c ESI Full ms [100.00-750.00]
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13C NMR (100 MHz, CDCL;+CD;0D):
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SATF [HRMS Report]

Data File HRMS20I23DEC21 Criginal Data Pathy D:\INTERNAL NEW'2020'DEC
2020

Sample ID: AS221 Sample Name

Acquisition Date: 12/23/20 11:35:38 AM Run Time (min): 0.00

Vial Cstk1-01:21 Injection Vohume(ul) 1.00

HRMS20I23DEC21 #30-60 RT: 0.25-0.50 AV: 31 SB: 1 0.01 NL: 1.83E5
T: FTMS + ¢ ESI Full ms [100.00-750.00]
100— 237.0345
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'H NMR (400 MHz, CDCI;:+CD30D):
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DAINTERNAL NEW'..\HRMS21115JAN18

1/15/2021 12:23:21 PM 231(-ve)

HRMS21115JAN18 #41 RT: 0.38 AV: 1 SB: 6 0.02-0.08
T: FTMS - p ESI Full ms [100.00-1000.00]
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IH NMR (300 MHz, CDCl;+CD;0OD):
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13C NMR (100 MHz, CDCl3+CD3OD):
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D:AINTERNAL NEW\..\HRMS21119FEB18
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2/19/2021 11:16:18 AM

AS254(-ve)

HRMS21119FEB18 #29-50 RT: 0.24-0.41 AV: 22 SB: 7 0.03-0.08 NL: 4.22E6

T: FTMS + ¢ ESI Full ms [100.00-750.00]
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'"H NMR (500 MHz, CDCl3):
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13C NMR (125 MHz, CDCL):
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Sample Name HRMS21115JUL11 Position Wial 11

Inj Vol 2 InjPosition

Data Filename AS-314.d ACT Method

ISOCRATIC.m

User Name
IRM Calibration Status
Acquired Time

it Name 1

Success
F/15/2021 1:05:24 PM

SampleType Sample

Comment

x105 |t Scan (0.2397 min) AS-314.d
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308.1199

310.1203

294 296 298 300 302 %04

'H NMR (500 MHz, CDCl):
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13C NMR (125 MHz, CDCl):
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Sample Name HRMSZ1115JUL13 Position Vial 13 Instrument Name Instrument 1 User Name

Inj Vol 2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  AS-261B.d ACQ Method ISOCRATIC.m Comment Acquired Time 7/15/2021 1:12:37 PM

x10 & |+ Scan (0.2766 min) AS-2618.d

1.4
-\ O
1.3

289.1109

1.2
1.1+

14
0.9 2z
0.8
0.7
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0.5
0.4

2881150

200.1142

0.34
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0.1+

8§8nts vs.%ﬁasss—to—c%%(?ge (m/z 95 300 305
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'"H NMR (400 MHz, CD30D):
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13C NMR (100 MHz, CD;0D):
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HRMS21128JAN33_210128132019 1/28/2021 1:20:19 PM AS239(-ve)

HRMS21128JAN33_210128132019 #24-46 RT: 0.25-0.41 AV: 23 SB: 5 0.02-0.07 NL: 3.09E6

T: FTMS - p ESI Full ms [100.00-1000.00]
1005 271.1370
3 N,
E 9‘N N
.

907 N
857

Relative Abundance
W W s A~ 0 O O NN
o o o (4] [=] (5] o [4,] [=] (4] [=]

270.1409

NN
(=T

272.1401

- =
g o o,

256.1078  261.1356 269.2125 273.1432  p79.9235 283.0601 289.1474 297.1525
T | T T T T | T T T T I T T T T | T T T T | T T T T I T T T I T T T T | | I
255 260 265 270 275 280 285 290 205 300

m/z
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'H NMR (300 MHz, CD;0D):
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13C NMR (100 MHz, CD;0D):
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SATF [HRMS Report]

Data File: HRMS21I20JAN16 Original Data Path: D:\INTERNAL NEW'2021\Jan
2021

Sample ID: AS243(-ve) Sample Name:

Acquisition Date 01/20/21 12:23:59 PM Run Time(min). 0.00

Vial: CStk1-01:16 Injection Vohume(ul): 1.00

HRMS21I120JAN18 #25-57 RT: 0.25-0.50 AV: 33 SB: 1 0.01 NL: 1.26E86
T: FTMS - p ESI Full ms [100.00-1000.00]
100— 373.2052

705 327.1999

Relative Abundance
(4]
T

= 655.4073

103 441.1922 1699-3940

| 1909282 | |, | s41.1170 7553308 8643201  965.6031
D s e e s I s e s sy s B B B B B I B By Bty B B B B B B p
200 300 400 500 600 700 800 900 1000

m/z

-

TH NMR (300 MHz, CDCl3):
S72
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13C NMR (100 MHz, CDCl):
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DAINTERNAL NEW\..\HRMS21102MARO07 3/2/2021 11:08:34 AM AS-257

HRMS21102MARO7 #29-49 RT: 0.26-0.41 AV: 21 SB:7 0.02-0.07 NL: 1.20E6
T: FTMS + ¢ ESI Full ms [100.00-750.00]
145.0748

100 N
95 9‘N N
191.0927
90 247.1554
OH

151.1151
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o
o

40 I‘
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: : 389.1882
'!‘I"'I"\H'|'|"'U‘ " | L m.|.|.‘.‘ o .'.!'.}‘.‘..J,.l.|‘l“,I‘..'IHh‘... | ‘\I' ﬁ?s.?ﬂ?:ﬂ 449-—3869H |
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'H NMR (300 MHz, CDCl): m'z
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13C NMR (125 MHz, CDCl3):
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SAIF [HRMS Report]

Data File: HRMS21125MAR19 Onginal Data Path: D:\INTERNAL NEW'2021'Mar
2021

Sample [D: AS-259 Sample Name:

Acquisition Date: 03/25/21 11:59:01 AM Run Time(min): 0.00

Vaal CStk1-01:19 Injection Volume(ul) 1.00

HRMS21125MAR19 #32-65 RT: 0.25-0.50 AV: 34 SB: 1 0.01 NL: 5.75E5
T: FTMS + ¢ ESI Full ms [100.00-750.00]

100 191.0928
.| N N
904 N_
3 N
804
3 OH
o 707
g M
° = 5b
= n
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(] .|
é 402
o 5 1450761
= 303.2179
= 240.1496 456.3372
20
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0‘..‘."".‘!.“|.|.<“‘.¥." ‘”‘.a.-!:i..ﬁ‘.".‘..":.."‘..l'..' :
100 200 300 400 500 600 700
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'H NMR (400 MHz, CDCl;): . oo :
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13C NMR (125 MHz, CDCl3):
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SAIF [HRMS Report]

Data File HRMS21I02MARO06 Original Data Path: D:\INTERNAL NEW'\2021\Mar
2021

Sample ID: AS-268 Sample Name:

Acquisition Date: 03/02/21 11:06:37 AM Run Time(min): 0.00

Vial: Cstk1-01:6 Injection Volume(ul): 1.00

HRMS21102MAROB #29-60 RT: 0.25-0.50 AV: 32 SB: 1 0.01 NL: 1.24ES6
T: FTMS + ¢ ESI Full ms [100.00-750.00]
143.0925

100
3 9~NNN
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e OH
o 707 5¢c
g 7
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c .
= I
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£ 404
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ot bo il bbb b S361052._ 6101841 6842032
100 200 300 400 500 600 700
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TH NMR (300 MHz, CDCls):
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13C NMR (100 MHz, CDCl):
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SATF [HRMS Report]

Data File HRMS21104MARO6 Original Data Path: D-\INTERNAL NEW'2021\Mar
2021

Sample ID: AS271 Sample Name:

Acquisition Date 03/04/21 11:26:22 AM Run Time(mir) 0.00

Vial: CStk1-01:6 Injection Vohume(ul): 1.00

HRMS21104MAROQE #28-58 RT: 0.25-0.50 AV: 31 SB: 1 0.01 NL: 1.34ES6

T: FTMS + c ESI E 0.00-750.00]
100 185.1390 N
90— %N N

- V=N
- OH

704 5d
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Relative Abundance
[42]
T
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= m 1. 279.1587| | 393.2291 4591668  536.1639  610.1827 6842012
e o

[ L e i o T AN L i R
100 200 300 400 500 800 700
miz
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'"H NMR (400 MHz, CDCl3):
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13C NMR (100 MHz, CDCly):
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Data File

SATF [HRMS Report]

HRMS20I0STUL15 Original Data Path: D NTERNAL NEW\2020\July
2020
Sample ID: AS-128 Sample Name:
Acquisition Date: 07/09/20 11:05:42 AM Run Time(min): 0.00
fial: Cstkl-01:15 Injection Volume{ul): 1.00

HRMS20108JUL15 #12-23 RT: 0.12-0.21 AV: 12 SB: 1 0.01 MNL: 1.21E6

T: FTMS + p ESI Full ms [100.00-500.00
100+ 177.0768 233.1395
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'H NMR (400 MHz, CDCls):
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13C NMR (100 MHz, CDCl3):
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Sample Name HRMS21T15JUL12 Position vial 12 Instrument Name Instrument 1 User Name
Inj Vol 2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  AS-313.d ACQ Method ISOCRATIC.m Comment Acquired Time 7/15/2021 1:08:59 PM

x10 4 |* Scan (0.2464 min) AS-313.d
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'H NMR (300 MHz, CDCI;+CD30D):
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13C NMR (125 MHz, CDCl3+CD;0D):
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HRMS21117FEB11_210217143731

2117/2021 2:37:31 PM

AS239(-VE)

HRMS21117FEB11_210217143731 #38 RT:

T: FTMS - p ESI Fdll ms [100.00-1000.00]
1005
953
905
857
80
755
703
657
607
55
50
45

Relative Abundance

403
35
303
257

198.9414
197.8900
|

195.0509
T

200.0627

0.35 AV:1 SB:6 0.02-0.07 NL: 7.91E4
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! AR A |
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1 T

T T T T T
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"H NMR (300 MHz, CDCl3):
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13C NMR (100 MHz, CDCI3):
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AS262(-ve)

ppm

HRMS21103MARO6 #36 RT: 0.32 AV:1 SB:7 0.02-0.08 NL: 2.62E5

T: FTMS + ¢ ESI Full ms [100.00-750.00]

100
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55
50
45
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35

Relative Abundance
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T
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232 234 236

m/z
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'H NMR (400 MHz, CDCl3):
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13C NMR (100 MHz, CDCl3):
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SAIF [HRMS Report]

Data File: HRMS20I02TUL21 Original Data Path: D:\INTERNAL NEW'\2020\June
2020
Sample ID: AS-85 Sample Name:
Acquisition Date: 07/02/20 11:28:53 AM Run Time(min): 0.00
Vial: Cstk1-01:21 Injection Volume(ul): 1.00
HRMS20102JUL21 #12-24 RT: 0.11-0.21 AV: 13 SB: 1 0.01 NL: 1.66E86
T: FTMS + p ESI Full ms [100.00-500.00]
147.0550 N=N
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80 193.07186
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2 70;
c ] 9
5 60
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2 7
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o 7
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= 404
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O s s B sy B ) s s B S By S S N S A S N LA S e
150 200 250 300 350 400 450 500
m/z
TH NMR (400 MHz, CDCL):
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13C NMR (100 MHz, CDCl3):
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SAIF [HRMS Report]

Data File: HRMS20I06JUL06 Original Data Path: D-\INTERNAL NEW'\2020\July
2020

Sample ID: as-114 Sample Name:

Acquisition Date 07/06/20 12:07:18 PM Run Time(miz): 0.00

Vial: Cstk1-01:6 Injection Volume(ul): 1.00

HRMS20106JULODG #12-25 RT: 0.11-0.21 AV: 14 &B: 1 0.01 NL: 2.65E86
T: FTMS + p ESI Full ms [100.00-750.00]
100 211.0381 9\

267.1008
90
= 165.0214
80— Cl

Relative Abundance
(4]
T
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e 325.1540 419.3157 533.1944 8634540 o oy
s 4850809 | , 599.3232 | | :

R L B B L R L L A e e
200 300 400 500 600 700
m/z
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'"H NMR (400 MHz, CDCl3):
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SAIF [HRMS Report]

Duin Fils; HRMS20120JULOS Cciginal Data Path; DAINTERNAL NEW'\2020\July
2020

Samplc 10: as-134 Sample Name:

Acquisition Date: 072020 11:45:17 AM Run Time{min): 0.00

Vial: CSik1-01:8 Injection Volume(ul): 1.00

HRMS20I120JULO8 #12-23 RT: 0.11-0.21 AV: 12 SB: 1 0.01 NL: 5.06E5

T: FTMS + ¢ ESI Full ms [100.00-750.00]
358.0360

100 N=N
3 I \
90 %N _N
807 OH
3 302.9734
3 704 1
'E 60_3 417.0890 1
= .
- 256.9568
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2 3
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R L A I | hl w1 e 543.3421 663.4528 732 5467
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miz
TH NMR (400 MHz, CDCl;):
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13C NMR (100 MHz, CDCl;):
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SAIF [HRMS Report]
Data File, HRMS20I07JUL09 Origmal Data Path: DANTERNAL NEW\2020\July
2020
Sample I AS-IODO Sample Name:
Acquisition Date: 07/07/20 11:31:11 AM Bum Timaimm): 0.00
Val CStk1-01:9 Injection Volume(ul) 1.00
HRMS20I07JULO9 #13-25 RT: 0.11-021 AV: 13 SB: 1 0.01 NL: 1.80E5
T: FTMS + p ESI Full ms [100.00-750.00]
140.0016
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E 40:
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O—l J. L LLtks
otk A LA L e
200 300 400 500 600 700
miz
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'"H NMR (500 MHz, CDCls):
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13C NMR (125 MHz, CDCL):
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AS-257

HRMS21102MARO7 #29-49 RT: 0.26-0.41 AV: 21 SB:7 0.02-0.07 NL: 1.20E6
T: FTMS + ¢ ESI Full ms [100.00-750.00]
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