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Experimental Section

General. All melting points were measured on a Yanagimoto micro melting point apparatus.
IR spectra were recorded on a JASCO FT/IR-4100 spectrometer and absorbance bands are
reported in wavenumber (cm™'). 'H NMR spectra were recorded on JEOL JNM-AL 300 (300
MHz) spectrometer or JEOL INM-ECA 400 (400 MHz) spectrometer or JEOL JNM-ECZ 500
(500 MHz) spectrometer. Chemical shifts are reported relative to internal standard
(tetramethylsilane at du 0.00, CDClz at dn 7.26, CsDs at ou 7.15). Data are presented as
follows: chemical shift (8, ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet), coupling constant and integration. >*C NMR spectra were recorded on JEOL
JNM-ECA 400 (100 MHz) spectrometer or JEOL JNM-ECZ 500 (125 MHz) spectrometer.
Chemical shifts are reported relative to internal standard (CDCl;3 at 6 77.00, C¢Dg at & 128.62).
Mass spectra were recorded on a JEOL JMS 700 instrument with a direct inlet system. Column
chromatography was carried out on Kanto silica gel 60 N (40—50 mesh). Analytical thin layer
chromatography (TLC) was carried out on Merck Kieselgel 60 F2s4 plates with visualization
by ultraviolet, anisaldehyde stain solution or phosphomolybdic acid stain solution. All non-
aqueous reactions were carried out in flame-dried glassware under Ar atmosphere unless
otherwise noted. Reagents and solvents were used without purification. Spherical silica gel
(neutral, 40-50 um) was purchased from Kanto Chemical and used after heating under vacuum
to driness. o-Triazenylphenylboronic acid 1a," and arynophiles 3d,? 3h’,® 3j,? and 3k were
synthesized according to the literature procedures. o-lodoarylamines including 2-iodo-3-
methylaniline, 2-iodo-4-methoxyaniline, and 2-iodo-5-methoxyaniline were synthesized by
reduction of corresponding nitrobenzenes using FeCl3*6H,0 and N2H4*6H>0.% 3-Amino-2-
iodonaphthalene,® 3-amino-4-iodopyridine,” 6-amino-5-iodoquinoline,® and 5-amino-4-iodo-

N-tosylindole” were synthesized according to the literature procedures.



1. Analyses of the reaction of 1 and 3a using Hammett constants.

Me/@\Me

0
_ ' 3a (0.1 mmol) Me Me
Ny NPr2 I N NP2 silica gel (200 mg) R
+ Ri\ ‘ +
B(OH), 5 B(OH), CH,Cl, (1 mL)
rt, 16 h
1d 1f-h or 1f, g' Me Me
(0.2 mmol) (0.2 mmol) 4aa 4fa-ha
Hammett constants of 1g substituent N og kr/ky*
on—0.27 (para) 5-Cl (1f) 023 037 1.30
‘/@[ 5-OMe (1g) -0.27 0.12 127
MeO B(OH), 4-OMe (1g") 0.12 -0.27 0.170
5-CF3(1h) 053 0.49 0.180
05 0-12 (meta) * determined by "H NMR.

To a solution of 1d (0.200 mmol), 1f~h or 1f, g’ (0.200 mmol), and 2,5-
dimethylfuran (3a, 0.100 mmol) in CH>Cl> (1.0 mL) was added silica gel (200 mg). After
stirring at room temperature for 16 h, the organic components were eluted with THF, and filtrate
was concentrated in vacuo to furnish the crude product. The ratio of products 4aa and 4fa—ha
were determined by analyses of the crude products on "H NMR spectroscopy to estimate kr/ku
value.

Obtained kr/kn values were then analyzed using Hammett constants of each
substituent based on triazenyl group (on) and that based on borono group (o). The results of
Hammett plot analyses based on on and o are shown in Figure Sla and S1b, respectively. As
a result, plot of log(kr/kn) displayed linear relationship neither against on nor against og. Thus,

the electronic perturbation does not occur at just one of triazenyl and borono groups.
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Figure S1

On the other hand, it is known that the relationship between log(kr/kn) and Hammett
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constants in the reactions involving electronic perturbation at two sites are represented by
Hammett equation (1), and linear analysis of the equation is undertaken by Jaffé’s equation (2)
and (3).

log(kr/ku) = pnon + ppos (D
log(kr/ku)/on = pn + pp(0p/0oN) (2)
log(kgr/kn) /0o = py(on/0g) + pp 3)

The results of Jaffé’s plot based on equations (2) and (3) are shown in Figure S2a
and S2b, respectively. Both analyses displayed linear relationship in good R? value, and the
each provided negative pn value and positive pg value. These values suggested build-up of
positive and negative charge on the nitrogen atom and the boron atom, respectively, in the rate-

determining step.'?
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2. Time course study of the reaction of 1d and 3a.
silica gel, 200 mg

; (neutral, spherical) Me
N¢N,N Pr, . /@\ 40-50 pm
Me (o) Me
B(OH), CH,Cl, (1 mL)

1d 3a 25 °C, time Me
(0.1 mmol) (0.2 mmol)

To suspension of 2,5-dimethylfuran (3a, 0.100 mmol) and silica gel in CH2Cl» (1.0
mL) was added aryne precursor 1d (0.200 mmol) at 25 °C. After stirring at the same
temperature for indicated time, silica gel was filtered off, and the eluent was concentrated in
vacuo to furnish the crude product. Recovery of 1d and yield of 4aa were estimated by 'H
NMR analysis of the crude product using 1,1,2,2-tetrachloroethane as an internal standard
(Figure S3).

Rate of N> evolution was measured using an eudiometer apparatus.'” The reaction
was performed at 25 °C with the use of 1d (0.800 mmol), 3a (0.400 mmol), silica gel (800 mg),
and CH>Cl; (4.0 mL).
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[a] Determined by "H NMR spectroscopy using 1,1,2,2-tetrachloroethane as an internal
standard. [b] Based on 1d (0.8 mmol).

3. Influence of silica gel and other additives on the reaction of 1d and 3a.

In order to elucidate factors responsible for activation of precursors 1, we
investigated the influence of additives on reaction of 1d and 3a (Table S1). Comparing with
spherical silica gel (entry 1), crushed shape silica gel (purchased from Kanto Chemical or

Merck) displayed lower activity (entries 2 and 3). It seems likely that the activity of silica gel
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depend on magnitude of their specific surface area. In addition, recycling use of spherical silica
gel led to a slight loss of activity (entry 4). Analysis of the recovered silica gel on IR
spectroscopy indicated that both borate and diisopropylamine remained adsorbed on silica gel
surface after the reaction (Figure S4). Thus, we considered the observed loss of activity
attributed to denaturation of silica gel surface. Next, we performed the reaction in the dark, and
no loss of activity was observed (entry 5). Hence, silica gel did not played a role as the photo-
catalyst.!" No reaction was observed with the use of other adsorbent such as alumina (neutral
or basic), and MS 4A (entry 6). Aside from silica gel, Brensted acids induced the generation of
aryne from 1d. (+)-Camphorsulfonic acid [(+)-CSA] led a smooth conversion of 1d in less than
4 h to provide 4aa in 97% yield (entry 7). On the other hand, the use excess amount of acetic
acid displayed lower activity than that of silica gel (entry 8). Thus, we consider that silica gel

did not play a role as a simple Bronsted acid.

Table S1
additive
(200 mg unless otherwise noticed)
1d + 3a 4aa
(0.2 mmol) (0.1 mmol) CH.Cly (1 mL), rt, 16 h

specific surface aria of silica gel (neutral)

spherical (40-50 um, Kanto Chemical) : 630-730 m?/g
crashed shape (40-63 um, Kanto Chemical) : 470-530 m?/g
crashed shape (40-63 um, Merck) : 480-540 m?/g

Entry Additive [Variation from standard conditions] NMR Yield (%)
1 Spherical silica gel Quant.

2 Crushed shape silica gel (Kanto Chemical) 73

3 Crushed shape silica gel (Merck) 73

4 Spherical silica gel (recycled) 84

5 Spherical silica gel [in the dark] Quant.

6 Neutral alumina or Basic alumina or MS 4A NR

7 (£)-CSA (0.2 mmol) [reaction time: 4 h] 97

8 AcOH/CH2Cl; (1:2, 1 mL) [reaction time: 6 h] 47
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4. Typical procedure for the synthesis of o-iodoaryltriazenes: Preparation of 1-(2-

iodophenyl)-3,3-diisopropyltriaz-1-ene.'®

@iNH2
|

2

‘BUONO, BF3°Et,0

THF, -20 °C

then

PryNH, THF-Py (9:1)

-20°Ctort

Ns NP
v
I

S1d

To a solution of 2-iodoaniline 2 (6.57 g, 30.0 mmol) in THF (45 mL) was added
BF3°Et,0 (5.70 mL, 45.0 mmol) and ‘BuONO (5.40 mL, 45.0 mmol) at —20 °C. After stirring

at the same temperature for 1 h, the formed precipitates were collected by suction and washed

with Et;0 to give crude diazonium salt. The crude diazonium salt was added to a solution of

'ProNH (13.0 mL, 90.0 mmol) in THF—pyridine (9:1, 40 mL) at —20 °C, and the mixture was

allowed to warm to room temperature. After stirring overnight, the reaction was quenched with

saturated aqueous NH4Cl, and the whole mixture was extracted with AcOEt. The combined

organic layers were successively washed with brine, were dried over anhydrous Na>SOa.

Filtration and evaporation in vacuo furnished the crude product, which was purified by column
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chromatography (silica gel, 10:1 n-hexane/AcOEt) to give 1-(2-iodophenyl)-3,3-
diisopropyltriaz-1-ene S1d (8.26 g, 83%,) as a yellow solid: 'H NMR (300 MHz, CDCls): &
1.34 (broad doublet, 6H, CH(CH3)2), 1.37 (broad doublet, 6H, CH(CHj3)2), 4.04 (broad septet,
1H, CH(CHj3)2), 5.19 (broad septet, 1H, CH(CH3)2), 6.81 (ddd, J= 8.1, 7.2, 1.5 Hz, 1H, ArH),
7.26 (ddd, J=8.1,7.2, 1.5 Hz, 1H, ArH), 7.35 (dd, /= 8.1, 1.5 Hz, 1H, ArH), 7.83 (dd, J= 8.1,
1.5 Hz, 1H, ArH).

1-(2-Iodo-3-methylphenyl)-3,3-diisopropyltriaz-1-ene (Sle)
Yield 88% (1.22 g); purified by column chromatography (silica gel, 20:1 n-
| hexane/AcOEt); a yellow oil; IR (KBr) v 2968, 1578, 1403, 1243, 1152, 1009,
""Se1e 945 cm™!; TH NMR (400 MHz, CDCls): § 1.34 (broad doublet, 6H, CH(CHj3)2),
1.38 (broad doublet, 6H, CH(CHj3)2), 2.51 (s, 3H, ArCH3), 4.03 (broad septet,
1H, CH(CH3)2), 5.21 (broad septet, 1H, CH(CH3)>), 6.99 (dd, J= 6.0, 2.8 Hz, 1H, ArH), 7.12—
7.16 (m, 2H, ArH); 3C NMR (100 MHz, CDCl3): § 19.1 (CH3), 23.8 (CHs3), 29.0 (CH3), 47.5
(CH), 49.7 (CH), 103.9 (C), 114.5 (CH), 125.8 (CH), 127.9 (CH), 142.4 (C), 151.2 (C); HRMS

(E) calcd for Ci3H20IN3 [M]"345.0702, found 345.0705.

Ns NP
N

1-(4-Chloro-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1f)

N. nep,  Yield 85% (3.11 g); purified by column chromatography (silica gel, 20:1
C|/©; n-hexane/AcOEt); an orange oil; IR (KBr) v 2976, 1550, 1407, 1252, 1157,
S1f 1028, 817 cm™!; 'TH NMR (400 MHz, CDCl3): & 1.32 (d, 6H, J = 6.4 Hz
CH(CH3)2), 1.38 (d, J= 6.4 Hz, 6H, CH(CH5)2), 4.04 (septet, J = 6.4 Hz, 1H, CH(CH3)2), 5.16
(septet, J = 6.4 Hz, 1H, CH(CH3)2), 7.23 (dd, J = 8.4, 2.0 Hz, 1H, ArH), 7.28 (d, J = 8.4 Hz,
1H, ArH), 7.81 (d, J = 2.0 Hz, 1H, ArH); *C NMR (100 MHz, CDCls): § 19.0 (CHs), 23.8
(CH3), 47.9 (CH), 50.0 (CH), 96.3 (C), 117.5 (CH), 128.7 (CH), 130.1 (C), 138.0 (CH), 149.6

(C); HRMS (EI) calcd for C12H;7CIIN3 [M]"365.0156, found 365.0155.

1-(5-Chloro-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1f°)
. Ne NPr, Yield 73% (798 mg); purified by column chromatography (silica gel, 20:1
\©; n-hexane/AcOEt); a yellow oil; IR (KBr) v 2968, 1563, 1403, 1228, 1080,
sif 1013, 929, 802 cm™!; '"H NMR (400 MHz, CDCls): 6 1.33 (d, J = 6.4 Hz,
6H, CH(CHj3)2), 1.40 (d, J = 6.4 Hz, 6H, CH(CH3)2), 4.06 (septet, J = 6.4 Hz, 1H, CH(CH3)z),
5.16 (septet, J = 6.4 Hz, 1H, CH(CHa)2), 6.80 (dd, J = 8.4, 2.4 Hz, 1H, ArH), 7.32 (d, /= 2.4
Hz, 1H, ArH), 7.72 (d, J = 8.4 Hz, 1H, ArH); '*C NMR (100 MHz, CDCl5): § 19.0 (CH3), 23.7
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(CH3), 48.1 (CH), 50.3 (CH), 93.7 (C), 117.2 (CH), 125.9 (CH), 134.8 (C), 139.6 (CH), 151.7
(C); HRMS (EI) calcd for C12H;7CIIN3 [M]"365.0156, found 365.0154.

1-(2-1odo-4-methoxyphenyl)-3,3-diisopropyltriaz-1-ene (S1g)

ey NP Yield 73% (1.06 g); purified by column chromatography (silica gel, 10:1
Voo /©; n-hexane/ AcOEt); a yellow oil; IR (KBr) v 2976, 2359, 2060, 1590, 1423,
S1g 1208, 1017, 809 cm™!; 'H NMR (400 MHz, CDCls): § 1.34 (broad
doublet, 12H, CH(CHj3)2), 3.79 (s, 3H, OCH3), 4.00 (broad septet, |H, CH(CHz3)2), 5.13 (broad
septet, 1H, CH(CH3)2), 6.87 (dd, J=9.2, 2.8 Hz, 1H, ArH), 7.29 (d, J=9.2 Hz, 1H, ArH), 7.38
(d, J=2.8 Hz, 1H, ArH); '*C NMR (100 MHz, CDCls): § 19.2 (CH3), 23.8 (CH3), 47.3 (CH),
49.5 (CH), 55.7 (CH3), 96.7 (C), 115.3 (CH), 117.4 (CH), 123.1 (CH), 144.9 (C), 157.3 (C);

HRMS (EI) calcd for C13H20IN30 [M]"361.0651, found 361.0655.

1-(2-Iodo-5-methoxyphenyl)-3,3-diisopropyltriaz-1-ene (S1g”)
MeO Ne. _NPr, Yield 70% (1.62g); purified by column chromatography (silica gel, 20:1
\©; n-hexane/AcOEt); a yellow oil; IR (KBr) v2972, 1579, 1401, 1265, 1159,
St 1127,1032, 865 cm™'; "TH NMR (400 MHz, CDCl3): § 1.33 (d, J= 6.4 Hz,
6H, CH(CHj3)2), 1.39 (d, J= 6.4 Hz, 6H, CH(CH5)2), 3.80 (s, 3H, OCH3), 4.04 (septet, J = 6.4
Hz, 1H, CH(CH3)2), 5.17 (septet, J = 6.4 Hz, 1H, CH(CH3)2), 6.48 (dd, J = 8.8, 2.8 Hz, 1H,
ArH), 6.97 (d, J = 2.8 Hz, 1H, ArH), 7.68 (d, J = 8.8 Hz, 1H, ArH); *C NMR (100 MHz,
CDCl): 6 19.0 (CH3), 23.7 (CH3), 47.7 (CH), 50.0 (CH), 55.3 (CH3), 85.9 (C), 102.8 (CH),
112.7 (CH), 139.0 (CH), 151.6 (C), 160.4 (C); HRMS (EI) calcd for C13H20IN30 [M]"361.0651,

found 361.0655.

1-[2-Iodo-4-(trifluoromethyl)phenyl]-3,3-diisopropyltriaz-1-ene (S1h)
N NP Yield 84% (1.69 g); purified by column chromatography (silica gel, 20:1
FSC/QI n-hexane/AcOEt); a yellow oil; IR (KBr) v 2976, 1598, 1407, 1256, 1069,
Sth 889 cm™!; 'H NMR (400 MHz, CDCl3): § 1.34 (d, J = 6.4 Hz, 6H,
CH(CHs)2), 1.41 (d, J= 6.4 Hz, 6H, CH(CH3)2), 4.09 (septet, J = 6.4 Hz, 1H, CH(CHs)2), 5.21
(septet, J = 6.4 Hz, 1H, CH(CH3)2), 7.40 (d, J = 8.4 Hz, 1H, ArH), 7.51 (d, J= 8.4 Hz, 1H,
ArH), 8.07 (s, 1H, ArH); 3*C NMR (100 MHz, CDCls): § 19.0 (CH3), 23.7 (CH3), 48.3 (CH),
50.4 (CH), 95.7 (C), 116.8 (CH), 123.4 (q, Jcr = 271 Hz, CF3), 125.6 (q, Jcr = 3.9 Hz, CH),
127.4 (q, Jcr = 32.4 Hz, C), 136.1 (q, Jcr = 3.8 Hz, CH), 153.5 (C); HRMS (EI) calcd for
C13H17F3IN3 [M]399.0419, found 399.0421.



1-(4-Cyano-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1i)
Ne NPr, Yield 86% (1.23 g); purified by column chromatography (silica gel, 10:1
NG /QI n-hexane/AcOEt); a yellow solid; mp 86—87 °C; IR (KBr) v 2974, 2223,
sti 1586, 1466, 1404, 1360, 1261, 1229, 1130, 1026, 831 cm™'; 'H NMR (400
MHz, CDCls): 6 1.35 (d, J= 6.8 Hz, 6H, CH(CH3)2), 1.41 (d, J= 6.8 Hz, 6H, CH(CH3)2), 4.11
(septet, J = 6.8 Hz, 1H, CH(CH3)2), 5.21 (septet, J = 6.8 Hz, 1H, CH(CHz3)2), 7.40 (d, J = 8.4
Hz, 1H, ArH), 7.53 (dd, J = 8.4, 2.0 Hz, 1H, ArH), 8.09 (d, J = 2.0 Hz, 1H, ArH); *C NMR
(100 MHz, CDCls): 6 18.9 (CH3), 23.7 (CH3), 48.8 (CH), 50.8 (CH), 95.8 (C), 108.5 (C), 116.8
(CH), 118.2 (C), 132.3 (CH), 142.6 (CH), 154.2 (C); HRMS (EI) calcd for Ci3H;7IN4 [M]"

356.0498, found 356.0500.

1-(3-Iodonaphthalen-2-yl)-3,3-diisopropyltriaz-1-ene (S1j)
Yield 72% (247 mg); purified by column chromatography (silica gel, 10:1

¢,i|'2

N N'P
| n-hexane/AcOEt); an orange solid; mp 72-74 °C; IR (KBr) v 3044, 2972,
S 1570, 1399, 1271, 1160, 985, 886, 809, 746 cm™'; '"H NMR (400 MHz,

CDCls):  1.36 (d,J= 6.4 Hz, 6H, CH(CH5)>), 1.45 (d,J= 6.4 Hz, 6H, CH(CHj)2), 4.08 (septet,
J= 6.4 Hz, 1H, CH(CH3),), 5.24 (septet, J = 6.4 Hz, 1H, CH(CH3),), 7.34 (dt, J=7.6, 1.2 Hz,
1H, ArH), 7.41 (dt, J=7.6, 1.2 Hz, 1H, AtH), 7.65 (s, 1H, ArH), 7.66 (d, J=7.6 Hz, 1H, AtH),
7.76 (d, J=7.6 Hz, 1H, ArH), 8.39 (s, 1H, ArH); '*C NMR (100 MHz, CDCl5): § 19.2 (CHs),
23.8 (CH3), 47.7 (CH), 49.9 (CH), 96.9 (C), 113.0 (CH), 125.0 (CH), 126.3 (CH), 126.5 (CH),
128.0 (CH), 133.0 (C), 133.9 (C), 138.2 (CH), 147.7 (C); HRMS (EI) calcd for C1H20IN3 [M]"
381.0702, found 381.0702.

3-(3,3-Diisopropyltriaz-1-en-1-yl)-4-iodopyridine (S1k)
'BUONO, BF3Et,0

,\C[NHZ THF, -20 °C N Nay-NPrz
X | then X |

'PryNH, THF-Py (9:1)
-20 °C to rt Stk

[Caution! Diazonium tetrafluoroborates derived from 3-aminopyridines spontaneously
detonate when dry. Never collect them by suction, and avoid preparing them in large
scale.]' To a solution of 3-amino-4-iodopyridine” (880 mg, 4.00 mmol) in THF (16 mL) was
added BF3*Et,0 (2.01 mL, 16.0 mmol) and ‘BuONO (1.66 mL, 14.0 mmol) at —20 °C.'!> After
stirring at the same temperature for 1 h, the precipitates were formed and supernatant solvent
was removed by decantation using syringe as temperature was kept at —20 °C. The precipitate

was washed with Et;0 by repeating decantation twice. The crude diazonium salt was dissolved
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in THF (1 mL), and a solution of ‘Pro,NH (1.68 mL, 12.0 mmol) in THF—pyridine (9:1, 4 mL)
was added at —20 °C. The mixture was allowed to warm to room temperature and stirred
overnight. After completion, the reaction was quenched with saturated aqueous NH4Cl, and
the whole mixture was extracted with AcOEt. The combined organic layers were successively
washed with brine, were dried over anhydrous Na>SOs. Filtration and evaporation in vacuo
furnished the crude product, which was purified by column chromatography (silica gel, 6:1 n-
hexane/AcOEt) to give triazene S1k (1.03 g, 78%,) as a beige solid: mp 85 °C (decomp.); IR
(KBr) v 2972, 1535, 1403, 1275, 1148, 1021, 817 cm™'; '"H NMR (400 MHz, CDCl;3): § 1.33
(d,J=6.4 Hz, 6H, CH(CH5)2), 1.41 (d, J= 6.4 Hz, 6H, CH(CH3)2), 4.07 (septet, J= 6.4 H, 1H,
CH(CHs)2), 5.19 (septet, J= 6.4 Hz, 1H, CH(CHs)2), 7.75 (d, J= 5.2 Hz, 1H, ArH), 7.90 (d, J
=5.2Hz, 1H, ArH), 8.44 (s, 1H, ArH); >*C NMR (100 MHz, CDCl5): § 19.0 (CH3), 23.6 (CH3),
47.8 (CH), 50.3 (CH), 106.1 (C), 133.8 (CH), 139.2 (CH), 145.3 (CH), 147.2 (C); HRMS (EI)
calcd for C1iHi7IN4 [M]"332.0498, found 332.0499.

6-(3,3-Diisopropyltriaz-1-en-1-yl)-5-iodoquinoline (S11)
N NP, The reaction was performed using 6-amino-5-iodoquinoline® (675 mg, 2.50
h(gji' mmol), BF3*Et;0 (1.26 mL, 10.0 mmol) and ‘BuONO (1.04 mL, 8.75
s sl mmol).'® Yield 90% (860 mg); purified by column chromatography (silica
gel, 4:1 n-hexane/AcOEt); a colorless solid; mp 108-110 °C; IR (KBr) v
2972, 1550, 1395, 1236, 1157, 1028, 969, 837 cm™'; 'TH NMR (400 MHz, CDCls): § 1.39 (d, J
= 6.4 Hz, 6H, CH(CHj3)2), 1.45 (d, J = 6.4 Hz, 6H, CH(CH3)2), 4.12 (septet, J = 6.4 Hz, 1H,
CH(CHs)2), 5.32 (septet, J = 6.4 Hz, 1H, CH(CHs)2), 7.42 (dd, J= 8.8, 4.4 Hz, 1H, ArH), 7.92
(d, J=9.2 Hz, 1H, ArH), 7.97 (dd, J=9.2, 0.8 Hz, 1H, ArH), 8.60 (ddd, J = 8.8, 1.2, 0.8 Hz,
1H, ArH), 8.75 (dd, J = 4.4, 1.2 Hz, 1H, ArH); '*C NMR (100 MHz, CDCls): § 19.1 (CH3),
23.8 (CH3), 48.3 (CH), 50.2 (CH), 98.7 (C), 120.9 (CH), 122.4 (CH), 130.2 (CH), 131.4 (C),
140.1 (CH), 147.6 (C), 149.2 (CH), 149.4 (C); HRMS (EI) calcd for CisHi9IN4 [M]*382.0654,

found 382.0655.

5-(3,3-Diisopropyltriaz-1-en-1-yl)-4-iodo-1-tosyl-1H-indole (S1m)
Ne. NPr, The reaction was performed using 5-amino-4-iodo-N-tosylindole” (412
T5N§[| mg, 1.00 mmol), BF3*Et;O (188 uL, 1.50 mmol) and ‘BuONO (178 puL,
— 1.50 mmol). Yield 85% (444 mg); purified by column chromatography
(silica gel, 3:1 n-hexane/CH2>Cl); a colorless amorphous; IR (KBr) v 3141,
2973, 1403, 1241, 1190, 999, 811, 754 cm™!; 'TH NMR (400 MHz, C¢Dg): 8 1.04 (doublet, J =

S1m
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4.8 Hz, 6H, CH(CH3)2), 1.11 (doublet, J = 4.8 Hz, 6H, CH(CHz)2), 1.64 (s, 3H, CH3), 3.50
(septet, J = 4.8 Hz, 1H, CH(CHa)2), 5.14 (septet, J = 4.8 Hz, 1H, CH(CH3)»), 6.45 (d, J = 6.4
Hz, 2H, ArH), 6.65 (d, J = 3.2 Hz, 1H, ArH), 7.41 (d, J=3.2 Hz, 1H, ArH), 7.57 (d, J=17.2
Hz, 2H, ArH), 7.58 (d, J = 7.2 Hz, 1H, ArH), 8.15 (d, J = 7.2 Hz, 1H, ArH); 3*C NMR (100
MHz, CsDs): 6 18.9 (CH3), 21.0 (CH3), 23.6 (CH3),47.6 (CH), 49.7 (CH), 90.0 (C), 113.5 (CH),
114.2 (CH), 115.0 (CH), 126.8 (CH), 127.0 (CH), 128.3 (CH), 128.5 (CH), 129.8 (CH), 132.3
(©), 135.9 (C), 136.7 (C), 144.5 (C), 147.8 (C); HRMS (EI) calcd for C21H25IN4O2S [M]"
524.0743, found 524.0746.

5. Typical procedure for the synthesis of o-triazenylarylboronic acid 1:" Preparation of
2-(3,3-diisopropyltriaz-1-en-1-yl)phenylboronic acid (1d).
"B, ,
©N¢N,N’Pr2 THF, -78 °C ©N¢N,N’Pr2
| then B(OMe)3 B(OH),
s1d -78°Ctort 1

To a solution of S1d (6.62 g, 20.0 mmol) in THF (100 mL) was added "BuLi (1.6 M
in n-hexane, 25.0 mL, 40.0 mmol) at —78 °C. After stirring at the same temperature for 30 min,
a solution of B(OMe)3 (4.50 mL, 40.0 mmol) in THF (20 mL) was added, and the mixture was
allowed to warm to room temperature. After stirring overnight, the reaction was quenched with
water, and the whole mixture was extracted with AcOEt. The combined organic layers were
successively washed with saturated aqueous NH4Cl, were dried over anhydrous Na;SOa.
Filtration and evaporation in vacuo furnished the crude mixture, and EtoO—n-hexane was added
to the mixture. The formed precipitates were collected by suction and washed with Et,O—n-
hexane and dried in vacuo to give 1d (4.33 g, 87%,) as a beige solid: mp 130 °C (decomp.); IR
(KBr) v 3382, 2980, 1587, 1395, 1240, 1101, 1017, 785 cm™!; 'H NMR (300 MHz, CDCls): &
1.32 (broad doublet, 6H, CH(CHj3)2), 1.42 (broad doublet, 6H, CH(CHj3)2), 4.08 (broad septet,
1H, CH(CH3)2), 4.97 (broad septet, 1H, CH(CH3)2), 7.18 (t, J= 7.5 Hz, 1H, ArH), 7.40 (dt, J
=17.5, 1.2 Hz, 1H, ArH), 7.61 (d, J = 7.5 Hz, 1H, ArH), 7.62 (brs, 2H, B(OH)2), 7.92 (d, J =
7.5 Hz, 1H, ArH); *C NMR (100 MHz, CDCls): § 19.2 (CH3), 24.0 (CH3), 47.5 (CH), 49.5
(CH), 115.2 (CH), 124.9 (CH), 131.6 (CH), 135.7 (CH), 156.1 (C) (C-B was not detected.);
HRMS (EI) calcd for Ci12H20BN302 [M]"249.1649, found 249.1651.
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2-(Morpholinodiazenyl)phenylboronic acid (1b)
Ry o
©1N“N’N\) T?4UFL, 78°C ©:N“N’N\)
| then B(OMe); B(OH),
s1b -78°Ctort 1b

Starting material S1b was prepared according to the literature procedure.'® Yield 67% (236
mg); purified by precipitation from Et2O-n-hexane followed by washing with the same solvent;
a beige solid; mp 89 °C (decomp.); IR (KBr) v 3354, 2853, 1590, 1348, 1108, 1013, 770 cm™;
"H NMR (400 MHz, CDCl3):  3.80-3.93 (m, 8H, -N(CH>)20-), 7.05 (brs, 2H, B(OH),), 7.27
(dt, J=17.2, 1.2 Hz, 1H, ArH), 7.43 (dt, J = 7.6, 1.2 Hz, 1H, ArH), 7.60 (d, J = 7.6 Hz, 1H,
ArH), 7.94 (dd, J = 7.2, 1.2 Hz, 1H, ArH); *C NMR (100 MHz, CDCl3): § 66.0 (CHz x 2),
115.76 (CH), 126.5 (CH), 131.8 (CH), 135.9 (CH), 154.5 (C) (C—B was not detected.); MS
(El) m/z 121 ([M-(Mor-N=N)]", 64), 149 ([M-(Mor)]*, 13), 235 ([M]', 6), 327
([boroxine+2H]**, 6).

2-(3,3-Diethyltriaz-1-en-1-yl)phenylboronic acid (1c)
"BuLi,
C[N:N,NElz THF, -78 °C QN:N,NEtz
| thenc B(OMe); B(OH),
S1c -78 °Ctort 1c

Starting material S1c¢ was prepared according to the literature procedure.'® Yield 63% (139
mg); purified by precipitation from Eto2O-n-hexane followed by washing with the same solvent;
a beige solid; mp 105 °C (decomp.); IR (KBr) v 3335, 2968, 1598, 1383, 1116, 1013, 774 cm™!;
'"H NMR (400 MHz, CDCls): § 1.31 (broad triplet, 3H, CH.CH3), 1.36 (broad triplet, 3H,
CHxCH3), 3.75 (broad quartet, 2H, CH>CH3), 3.84 (broad quartet, 2H, CH>CH3), 7.18 (dt, J =
7.2, 1.2 Hz, 1H, ArH), 7.41 (ddd, J= 8.0, 7.2, 1.6 Hz, 1H, ArH), 7.46 (brs, 2H, B(OH)>), 7.64
(d, J=8.0 Hz, 1H, ArH), 7.92 (dd, J = 7.2, 1.6 Hz, 1H, ArH); '3C NMR (100 MHz, CDCl3): &
10.6 (CHs), 14.5 (CH3), 42.0 (CH>), 49.8 (CH»), 115.1 (CH), 125.2 (CH), 131.6 (CH), 135.7
(CH), 155.4 (C) (C-B was not detected.); HRMS (EI) caled for C10Hi16BN3O, [M]7221.1336,
found 221.1336.

2-(3,3-Diisopropyltriaz-1-en-1-yl)-6-methylphenylboronic acid (1e)
o NP Yield 57% (298 mg); purified by precipitation from Et;O-n-hexane followed
@i by washing with the same solvent; a pale yellow solid; mp 120-122 °C ; IR
Me oo (KBr) v 3303, 2976, 1590, 1411, 1224, 1028, 813 cm™'; 'TH NMR (400 MHz,
b CDCI3): 6 1.31 (broad doublet, 6H, CH(CHs)2), 1.40 (broad doublet, 6H,
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CH(CHs)2), 2.62 (s, 3H, ArCH3), 4.06 (broad septet, 1H, CH(CH3)2), 4.95 (broad septet, 1H,
CH(CHz3)2), 7.01 (d, J=17.2 Hz, 1H, ArH), 7.26 (t,J=7.2 Hz, 1H, ArH), 7.41 (d, J=7.2 Hz,
1H, ArH), 7.45 (brs, 2H, B(OH)2); 3C NMR (100 MHz, CDCl3): § 19.2 (CHs3), 23.7 (CH3),
24.0 (CH3), 47.4 (CH), 49.3 (CH), 113.7 (CH), 127.9 (CH), 130.4 (CH), 146.1 (C), 156.5 (C)
(C-B was not detected.); HRMS (EI) calcd for C13H2,BN30, [M]"263.1805, found 263.1802.

5-Chloro-2-(3,3-diisopropyltriaz-1-en-1-yl) phenylboronic acid (1f)
e N Yield 79% (890 mg); purified by precipitation from EtO-n-hexane
/©[ N followed by washing with the same solvent; a beige solid; mp 130 °C
° 1f wor (decomp.); IR (KBr) v 3350, 2980, 1587, 1407, 1028, 909, 826 cm™'; 'H
NMR (400 MHz, CDCl3): 6 1.32 (d, J = 6.4 Hz, 6H, CH(CH;)2), 1.42 (d, J = 6.4 Hz, 6H,
CH(CHs)2), 4.10 (septet, J = 6.4 Hz, 1H, CH(CHz3)2), 4.93 (septet, J = 6.4 Hz, 1H, CH(CH3)>),
7.33 (dd, J = 8.8, 2.4 Hz, 1H, ArH), 7.54 (d, J = 8.8 Hz, 1H, ArH), 7.86 (brs, 2H, B(OH)>),
7.87 (d, J = 2.4 Hz, 1H, ArH); 3C NMR (100 MHz, CDCl;3): & 19.1 (CHs3), 24.0 (CH3), 47.8
(CH), 49.7 (CH), 116.7 (CH), 130.4 (C), 131.5 (CH), 135.2 (CH), 154.5 (C) (C-B was not

detected.); HRMS (EI) calcd for C12H19CIN3O2B [M]*283.1259, found 283.1260.

4-Chloro-2-(3,3-diisopropyltriaz-1-en-1-yl)phenylboronic acid (1f”)
N Ne NP, Yield 71% (282 mg); purified by precipitation from EtO-n-hexane
\©[ " followed by washing with the same solvent; a beige solid; mp 141-144 °C;
1 no IR (KBr) v 3350, 2980, 1587, 1399, 1021, 869 cm™'; "H NMR (400 MHz,
CDCl3): 6 1.32(d,J=6.4 Hz, 6H, CH(CHj3)2), 1.44 (d,J= 6.4 Hz, 6H, CH(CH3)2), 4.11 (septet,
J=6.4 Hz, 1H, CH(CH3)2), 4.94 (septet, J= 6.4 Hz, 1H, CH(CH3)2), 7.14 (dd, J = 8.0, 2.0 Hz,
1H, ArH), 7.56 (d,J=2.0 Hz, 1H, ArH), 7.70 (brs, 2H, B(OH).), 7.85 (d, /= 8.0 Hz, 1H, ArH);
BC NMR (100 MHz, CDCls): § 19.1 (CH3), 24.0 (CHs), 47.9 (CH), 50.0 (CH), 115.4 (CH),
124.8 (CH), 137.0 (CH), 137.7 (C), 157.1 (C) (C-B was not detected.); HRMS (EI) calcd for

C12H19BCIN3O; [M]*283.1259, found 283.1263.

2-(3,3-Diisopropyltriaz-1-en-1-yl)-5-methoxyphenylboronic acid (1g)
o NP Yield 73% (390 mg); purified by precipitation from Et,O-n-hexane
/©: followed by washing with the same solvent; a pale brown solid; mp 88—
e 1g o 90 °C; IR (KBr) v 3367, 2976, 1594, 1399, 1212, 1024, 822 cm™'; 'H
NMR (400 MHz, CDCl3): 6 1.33 (broad doublet, 6H, CH(CHj3)2), 1.39 (broad doublet, 6H,

CH(CHj)), 3.85 (s, 3H, OCHj), 4.03 (broad septet, 1H, CH(CHs)), 4.91 (broad septet, 1H,
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CH(CHa)2), 6.97 (dd, J= 8.8, 2.8 Hz, 1H, ArH), 7.42 (d, J=2.8 Hz, 1H, ArH), 7.58 (d, J=8.8
Hz, 1H, AtH), 7.72 (brs, 2H, B(OH),); '*C NMR (100 MHz, CDCl3): § 19.2 (CH3), 24.0 (CH3),
47.1 (CH), 49.2 (CH), 55.5 (CH3), 116.6 (CH), 118.1 (CH), 118.9 (CH), 150.2 (C), 157.0 (C)
(C-B was not detected.); HRMS (EI) caled for Ci3H22N303B [M]"279.1754, found 279.1748.

2-(3,3-Diisopropyltriaz-1-en-1-yl)-4-methoxyphenylboronic acid (1g’)
e Ne NP, Yield 76% (212 mg); purified by precipitation from EtO-n-hexane
\©: N followed by washing with the same solvent; a pale yellow solid; mp 135—
1g' o 138 °C; IR (KBr) v 3362, 2976, 1597, 1407, 1223, 1124, 808 cm!; 'H
NMR (400 MHz, CDCl3): ¢ 1.32 (d, J = 6.8 Hz, 6H, CH(CH3)2), 1.43 (d, J = 6.8 Hz, 6H,
CH(CH3)2), 3.85 (s, 3H, OCHj3), 4.09 (septet, J = 6.8 Hz, |H, CH(CH3)z2), 4.96 (septet, J = 6.8
Hz, 1H, CH(CH3)»), 6.76 (dd, J = 8.0, 2.4 Hz, 1H, ArH), 7.17 (d, J = 2.4 Hz, 1H, ArH), 7.29
(brs, 2H, B(OH),), 7.85 (d, J = 8.0 Hz, 1H, ArH); >*C NMR (100 MHz, CDCl3): § 19.1 (CH3),
24.0 (CH3),47.6 (CH), 49.6 (CH), 55.1 (CH3), 100.4 (CH), 110.8 (CH), 137.1 (CH), 157.8 (C),
162.4 (C) (C-B was not detected.); HRMS (EI) calcd for C13H22BN303 [M]"279.1754, found

279.1753.

2-(3,3-Diisopropyltriaz-1-en-1-yl)-5-(trifluoromethyl)phenylboronic acid (1h)
\ r Yield 77% (490 mg); purified by precipitation from Et;O-n-hexane
/©[ N followed by washing with the same solvent; a colorless solid; mp 93—
° 1h ner 96 °C; IR (KBr) v 3363, 2984, 1610, 1411, 1112, 925, 837 cm™'; '"H NMR
(400 MHz, CDCl3): 6 1.35 (d, J= 6.8 Hz, 6H, CH(CH5)2), 1.44 (d, J = 6.8 Hz, 6H, CH(CHj3)2),
4.14 (septet, J = 6.8 Hz, 1H, CH(CHz3)2), 4.99 (septet, J = 6.8 Hz, 1H, CH(CHa)2), 7.61 (dd, J
= 8.8, 2.0 Hz, 1H, ArH), 7.67 (d, J = 8.8 Hz, 1H, ArH), 7.73 (brs, 2H, B(OH)2), 8.20 (d, J =
2.0 Hz, 1H, ArH); '*C NMR (100 MHz, CDCls): § 19.1 (CH3), 24.0 (CHs), 48.2 (CH), 50.1
(CH), 115.5 (CH), 124.5 (q, Jcr = 271 Hz, CF3), 126.4 (q, Jcr = 31.5 Hz, C), 128.3 (q, Jcr =
3.8 Hz, CH), 132.9 (q, Jcr = 3.8 Hz, CH), 158.6 (C) (C—B was not detected.); HRMS (EI) calcd
for C13H19BF3N30, [M]"317.1522, found 317.1524.

Fa

5-Cyano-2-(3,3-diisopropyltriaz-1-en-1-yl)phenylboronic acid (1i)
Ne NP, Yield 64% (351 mg); purified by precipitation from Et;O-n-hexane
/©[ " followed by washing with the same solvent; a yellow solid; mp 146—
" 1i oo 149 °C; IR (KBr) v 3363, 2980, 2219, 1594, 1407, 1028, 914, 738 cm ;
'H NMR (400 MHz, CDCl3): § 1.36 (d, J = 6.8 Hz, 6H, CH(CH;)2), 1.45 (d, J = 6.8 Hz, 6H,
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CH(CHs)2), 4.17 (septet, J = 6.8 Hz, 1H, CH(CHs)2), 4.98 (septet, J = 6.8 Hz, 1H, CH(CH3)z),
7.61 (brs, 2H, B(OH)2), 7.63 (dd, J=8.8, 1.6 Hz, 1H, ArH), 7.66 (dd, /= 8.8, 0.4 Hz, 1H, ArH),
8.23 (d, J= 1.6 Hz, 1H, ArH); '*C NMR (100 MHz, CDCls): § 19.0 (CH3), 24.0 (CH3), 48.6
(CH), 50.4 (CH), 107.7 (C), 115.9 (CH), 119.6 (C), 134.8 (CH), 140.5 (CH), 159.0 (C) (C-B
was not detected.); HRMS (ESI) calcd for C13H20BN4O, [M+H]"275.1674, found 275.1679.

[3-(3,3-Diisopropyltriaz-1-en-1-yl)naphthalen-2-yl|boronic acid (1j)
NN Yield 75% (182 mg); purified by precipitation from Et,O-n-hexane
" followed by washing with the same solvent; a pale red solid; mp 125 °C

B(OH),
1] (decomp.); IR (KBr) v 3374, 2980, 1733, 1594, 1372, 1152, 886, 746 cm™!;

'"H NMR (300 MHz, CDCls): § 1.37 (broad doublet, 6H, CH(CH3)2), 1.48 (broad doublet, 6H,
CH(CH3)2), 4.13 (broad septet, 1H, CH(CH3)2), 5.05 (broad septet, 1H, CH(CH3)2), 7.38 (ddd,
J=8.1,6.9,1.2 Hz, 1H, ArH), 7.46 (ddd, J=8.1, 6.9, 1.2 Hz, 1H, ArH), 7.53 (brs, 2H, B(OH)>),
7.81 (d, J = 8.1 Hz, 1H, ArH), 7.86 (d, J = 8.1 Hz, 1H, ArH), 7.89 (s, 1H, ArH), 8.49 (s, 1H,
ArH); 3C NMR (100 MHz, CDCl3): & 19.3 (CH3), 24.1 (CHs), 47.6 (CH), 49.6 (CH), 111.5
(CH), 124.7 (CH), 127.2 (CH), 127.9 (CH), 128.6 (CH), 131.4 (C), 135.5 (C), 137.4 (CH),
152.5 (C) (C-B was not detected.); HRMS (EI) calcd for C16H22BN302 [M]"299.1805, found
299.1806.

[3-(3,3-Diisopropyltriaz-1-en-1-yl)pyridin-4-yl|boronic acid (1k)
Yield 41% (207 mg); purified by precipitation from Et2O-n-hexane followed

~_Ns NPr,
N\ " by washing with the same solvent; a pale yellow solid; mp 164 °C (decomp.);
B(OH),
1k IR (KBr) v 3231, 2976, 1830, 1407, 1236, 1056, 909, 854, 778 cm™'; '"H NMR

(400 MHz, CDCl3): & 1.33 (d, J= 6.4 Hz, 6H, CH(CH5)>), 1.45 (d, J= 6.4 Hz, 6H, CH(CH;),),
4.12 (septet, J= 6.4 Hz, 1H, CH(CH3)2), 5.00 (septet, J = 6.4 Hz, 1H, CH(CH3)2), 7.30 (s, 2H,
B(OH),), 7.72 (d, J= 4.8 Hz, 1H, ArH), 8.41 (d, J = 4.8 Hz, 1H, ArH), 8.86 (s, 1H, ArH); 1°C
NMR (100 MHz, CDCLs): & 19.1 (CH3), 23.9 (CH3), 47.5 (CH), 50.0 (CH), 128.7 (CH), 138.5
(CH), 145.4 (CH), 150.7 (C) (C-B was not detected.); HRMS (EI) calcd for C11H19BN4O> [M]"
250.1601, found 250.1600.

[6-(3,3-Diisopropyltriaz-1-en-1-yl)quinolin-5-yl]boronic acid (11)
Yield 55% (246 mg); purified by precipitation from Et;O-n-hexane

Ns . ro
ng: N followed by washing with the same solvent; a beige solid; mp 131 °C
N B(OH),
~ (decomp.); IR (KBr) v 2980, 1587, 1367, 1236, 1092, 822 cm™!; 'H NMR

1l
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(400 MHz, CDCl3): 6 1.37 (d, J= 6.4 Hz, 6H, CH(CH5)2), 1.48 (d, /= 6.4 Hz, 6H, CH(CH3)2),
4.16 (septet, J = 6.4 Hz, 1H, CH(CH3)2), 5.01 (septet, J = 6.4 Hz, 1H, CH(CH3)2), 7.40 (dd, J
= 8.8, 3.6 Hz, 1H, ArH), 7.71 (brs, 2H, B(OH)2), 8.12 (d, /= 9.2 Hz, 1H, ArH), 8.14 (d, J =
9.2 Hz, 1H, ArH), 8.79 (d, J= 3.6 Hz, 1H, ArH), 9.56 (d, J= 8.8 Hz, 1H, ArH); >*C NMR (100
MHz, CDCls): 6 19.2 (CH3), 24.0 (CH3), 48.2 (CH), 50.0 (CH), 119.8 (CH), 121.4 (CH), 133.3
(C), 133.4(CH), 137.6 (CH), 147.1 (C), 148.6 (CH), 155.8 (C) (C—B was not detected.); HRMS
(ESI) calcd for C17H26BNsO, [M+H]" 329.2143, found 329.2146 [Molecular ion peak was
detected as dimethyl boronate (Ar-B(OMe)), because MeOH was used as a solvent for

ionization.].

[5-(3,3-Diisopropyltriaz-1-en-1-yl)-1-tosyl-1H-indol-4-yl|boronic acid (1m)
Ne NPr Yield 63% (227 mg); purified by precipitation from Et,O-n-hexane
\g:[ followed by washing with the same solvent; a pale gray solid; mp 148 °C
e 1mB(OH)Z (decomp.); IR (KBr) v 3352, 2976, 1577, 1409, 1167, 814, 762 cm™%; 'H
NMR (400 MHz, CDCIl3): 6 1.31 (broad doublet, 6H, CH(CHj3)2), 1.42
(broad doublet, 6H, CH(CHs)2), 2.31 (s, 3H, ArCHj3), 4.08 (broad septet, 1H, CH(CH3)2), 4.92
(broad septet, 1H, CH(CH3)2), 7.17 (d, J = 6.0 Hz, 2H, ArH), 7.47 (d, J = 2.8 Hz, 1H, ArH),
7.55 (d, J=2.8 Hz, 1H, ArH), 7.65 (d, J = 7.2 Hz, 1H, ArH), 7.72 (d, J = 6.0 Hz, 2H, ArH),
7.96 (brs, 2H, B(OH)), 8.03 (d, J = 7.2 Hz, 1H, ArH); *C NMR (100 MHz, CDCl3): § 19.1
(CH3), 21.5 (CHz3), 24.0 (CHa3), 47.6 (CH), 49.5 (CH), 112.6 (CH), 112.9 (CH), 116.5 (CH),
126.6 (CH), 126.7 (CH), 129.7 (CH), 132.6 (C), 135.4 (C), 136.7 (C), 144.7 (C), 153.2 (C) (C-
B was not detected.); HRMS (ESI) caled for C23H3:BN4O4S [M+H]470.2232, found 470.2230
[Molecular ion peak was detected as dimethyl boronate (Ar-B(OMe),), because MeOH was

used as a solvent for ionization.].

6. Procedure for the large scale reaction of o-triazenylarylboronic acid 1d and 2,5-
dimethylfuran (3a) induced by silica gel.

silica gel, 10.0 g

; (neutral, spherical>
N¢N,N Pr, . /@\ 40-50 pm
Me o) Me
B(OH). CH,Cl, (50 mL)

t, 16 h Me

1d 3a
(10.0 mmol) (5.00 mmol)

To a suspension of 2,5-dimethylfuran (3a, 0.534 mL, 5.00 mmol) and silica gel
(neutral, spherical, 40—50 um, 10.0 g, used after heating under vacuum to dryness) in CH>Cl
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(50 mL) was added aryne precursor 1d (2.49 g, 10.0 mmol). After stirring at room temperature
for 16 h, silica gel was filtered off using CH>Cl as the eluent, and the eluent was concentrated
in vacuo to furnish the crude product, which was purified by column chromatography (silica
gel, 10:1 n-hexane/AcOEt) to give cycloadduct 4aa (810 mg, 94%) as a colorless oil: 'H NMR
(300 MHz, CDCls): & 1.89 (s, 6H, CH3), 6.77 (s, 2H, CH=CH), 6.97 (dd, J = 3.0, 5.1 Hz, 2H,
ArH), 7.13 (dd, J= 3.0, 5.1 Hz, 2H, ArH).”

7. Typical procedure for the silica gel induced reactions of o-triazenylarylboronic acid 1

and arynophiles.

= N~‘N/N1Pr2 silica gel (200 mg/mL) X
R*Qei)‘ + arynophile 3 R @ !
B(OH), (1 equiv) CHCl (0.1 M) Y-’

rt, 16 h 4

1 (2 equiv)

To a suspension of arynophile 3 (0.100 mmol) and silica gel (neutral, spherical, 40—
50 um, 200 mg, used after heating under vacuum to dryness prior to use) in CH2Cl, (1.0 mL)
was added aryne precursor 1 (0.200 mmol). After stirring at room temperature for 16 h, silica
gel was filtered off, and the eluent was concentrated in vacuo to furnish the crude product. 'H
NMR yield was estimated by analysis of the crude product using 1,1,2,2-tetrachloroethane as
an internal standard. The crude product was purified by column chromatography to give adduct
4.

1,4,5-Trimethyl-1,4-dihydro-1,4-epoxynaphthalene (4ea)'’
Yield 84% (15.7 mg); purified by column chromatography (silica gel, 10:1 n-

Me

hexane/AcOEt); a yellow oil; 'H NMR (400 MHz, CDCl3): § 1.86 (s, 3H, CHs),

ol 2.01 (s, 3H, CH3), 2.36 (s, 3H, ArCHs), 6.72 (d, /= 7.6 Hz, 1H, ArH), 6.75 (d, J =

dea 5.2 Hz, 1H, CH=CH), 6.80 (d, J = 5.2 Hz, 1H, CH=CH), 6.86 (t, J = 7.6 Hz, 1H,
ArH), 6.95 (d, J=17.6 Hz, 1H, ArH).

6-Chloro-1,4-dimethyl-1,4-dihydro-1,4-epoxynaphthalene (4fa)
Yield 98% (from 1f, 20.2 mg); purified by column chromatography (silica gel,

Me

C' 10:1 n-hexane/AcOEt); a yellow oil; IR (KBr) v 3075, 2976, 1590, 1379, 1303,

1140, 862 cm™'; 'H NMR (400 MHz, CDCLs): & 1.86 (s, 3H, CHs), 1.87 (s, 3H,
CHs), 6.75 (d, J= 5.2 Hz, 1H, CH=CH), 6.77 (d, J= 5.2 Hz, 1H, CH=CH), 6.94
(dd, J= 7.6, 2.0 Hz, 1H, ArH), 7.01 (d, J = 7.6 Hz, 1H, AtH), 7.09 (d, J = 2.0 Hz, 1H, ArH);

Me
4fa
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13C NMR (100 MHz, CDCls): § 15.1 (CHs), 15.2 (CHs), 88.4 (C x 2), 119.1 (CH), 119.4 (CH),
124.2 (CH), 130.5 (C), 146.3 (CH), 146.9 (CH), 151.1 (C), 155.1 (C); HRMS (EI) calcd for
C12H11C10 [M]*206.0498, found 206.0496.

6-Methoxy-1,4-dimethyl-1,4-dihydro-1,4-epoxynaphthalene (4ga)'”

ve Yield 98% (from 1g, 19.9 mg); purified by column chromatography (silica gel,

MeO 10:1 n-hexane/AcOEt); a yellow oil; 'H NMR (300 MHz, CDCl3): & 1.85 (s,

1" 3H,CH), 1.86 (s, 3H, CH3), 3.76 (s, 3H, OCH3), 6.40 (dd, /= 7.5, 2.1 Hz, 1H,
e

492 Arf]), 6.73 (d,J=5.1 Hz, IH, CH=CH), 6.76 (s, |H, AtH), 6.77 (d, J= 5.1 Hz,
1H, CH=CH), 6.99 (d, J = 7.5 Hz, 1H, AtH).

1,4-Dimethyl-6-(trifluoromethyl)-1,4-dihydro-1,4-epoxynaphthalene (4ha)'®

ve Yield 68% (16.2 mg); purified by column chromatography (silica gel, 10:1 n-

F3C hexane/AcOEt); a yellow oil; 'TH NMR (300 MHz, CDCl3): § 1.90 (s, 3H, CH3),

1”191 (s, 3H, CH3), 6.77 (d,J = 5.4 Hz, IH, CH=CH), 6.79 (d, J = 5.4 Hz, IH,
4ha  CH=CH), 7.18 (d,J=7.8 Hz, 1H, ArH), 7.28 (d, J= 7.8 Hz, 1H, ArH), 7.31 (s,
1H, ArH).

6-Cyano-1,4-dimethyl-1,4-dihydro-1,4-epoxynaphthalene (4ia)'®
Yield 96% (18.9 mg); purified by column chromatography (silica gel, 4:1 n-

Me

NC hexane/AcOEt); a brown oil; 'H NMR (300 MHz, CDCls): & 1.89 (s, 3H, CH),

T 1.90 (s, 3H, CH3), 6.76 (d, J = 5.4 Hz, 1H, CH=CH), 6.79 (d, J = 5.4 Hz, IH,
42 CH=CH), 7.19 (dd, J=7.2, 1.2 Hz, 1H, AtH), 7.33 (s, 1H, ArH), 7.36 (dd, J =
7.2, 1.2 Hz, 1H, AtH).

1,4-Dimethyl-1,4-dihydro-1,4-epoxyanthracene (4ja)'”
Yield 93% (20.7 mg); purified by column chromatography (silica gel, 10:1 n-

Me

hexane/AcOEt); a purple solid; 'H NMR (300 MHz, CDCls): § 1.96 (s, 6H,
Me

CH3), 6.70 (s, 2H, CH=CH), 7.41 (dd, J = 6.0, 3.3 Hz, 2H, ArH), 7.43 (s, 2H,
42 ArH),7.70 (dd, J = 6.0, 3.3 Hz, 2H, ArH).
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5,8-Dimethyl-5,8-dihydro-5,8-epoxyisoquinoline (4ka)*"
me The reaction was performed using 1k (25.0 mg, 0.100 mmol), 3a (53.4 pL, 0.500
mmol), silica gel (200 mg), and CH>Cl> (1.0 mL). Yield 62% (10.8 mg); purified
ve DYy column chromatography (silica gel, AcOEt only); a colorless solid; '"H NMR
(300 MHz, CDCls): 6 1.88 (s, 3H, CHs), 1.94 (s, 3H, CH;), 6.74 (d, /= 5.4 Hz, 1H,
CH=CH), 6.80 (d, J=5.4 Hz, IH, CH=CH) , 7.10 (d, J = 4.8 Hz, 1H, ArH), 8.30 (d, /= 4.8
Hz, 1H, ArH), 8.33 (s, 1H, ArH).

7,10-Dimethyl-7,10-dihydro-7,10-epoxybenzo[f|quinoline (4la)
ve Lhereaction was performed using 11 (29.9 mg, 0.100 mmol), 3a (21.4 pL, 0.200
O" mmol), silica gel (200 mg), and CH2Cl> (1.0 mL). Yield 63% (14.0 mg); purified
N g by column chromatography (silica gel, 3:2 n-hexane/AcOEt); a colorless oil; IR
4la (KBr) v 3049, 2976, 1512, 1381, 1296, 1149, 885, 728 cm™!; 'H NMR (400 MHz,
CDCl3): 6 2.01 (s, 3H, CH3), 2.27 (s, 3H, CH3), 6.94 (d, J=5.2 Hz, 1H, CH=CH), 7.00 (d, J =
5.2 Hz, 1H, CH=CH), 7.34 (dd, J= 8.0, 4.0 Hz, 1H, ArH), 7.62 (d, J = 8.0 Hz, 1H, ArH), 7.87
(d, J= 8.0 Hz, 1H, ArH), 8.35 (d, J = 8.0 Hz, 1H, ArH), 8.81 (dd, J=4.0, 1.6 Hz, 1H, ArH);
3C NMR (100 MHz, CDCls): § 15.3 (CH3), 18.5 (CH3), 89.1 (C), 90.5 (C), 120.5 (CH), 121.0
(CH), 122.7 (C), 127.2 (CH), 130.7 (CH), 146.3 (C), 148.1 (CH), 148.4 (CH), 149.7 (CH),

150.0 (C), 153.0 (C); HRMS (EI) calcd for CisHi3NO [M]*223.0997, found 223.0998.

6,9-Dimethyl-3-tosyl-6,9-dihydro-3H-6,9-epoxybenzo[e]indole (4ma)
Yield 96% (35.0 mg); purified by column chromatography (silica gel, 4:1 n-
O" hexane/AcOEt); a pale yellow solid; mp 167-169 °C; IR (KBr) v 3369, 2972,
TsN 2243, 1594, 1372, 1144, 997, 850, 734 cm™!; '"H NMR (400 MHz, CDCl;): §
dma 1.91 (s, 3H, CH3), 2.04 (s, 3H, CH3), 2.34 (s, 3H, ArCH3), 6.65 (dd, J=4.0, 0.8
Hz, 1H, ArH), 6.83 (d, /= 5.2 Hz, 1H, CH=CH), 6.85 (d, /=5.2 Hz, 1H, CH=CH), 7.12 (d, J
= 8.0 Hz, 1H, ArH), 7.20 (d, J = 8.0 Hz, 2H, ArH), 7.58 (d, J =4.0 Hz, 1H, ArH), 7.60 (dd, J
= 8.0, 0.8 Hz, 1H, ArH), 7.72 (d, J = 8.0 Hz, 2H, ArH); '3C NMR (100 MHz, CDCl3): § 15.5
(CH3), 16.6 (CH3), 21.5 (CH3), 89.2 (C), 89.3 (C), 105.6 (CH), 108.9 (CH), 115.1 (CH), 124.5
(C), 126.8 (CH), 128.2 (CH), 129.8 (CH), 133.6 (C), 134.9 (C), 144.9 (C), 145.4 (C), 146.9
(CH), 147.9 (CH), 148.5 (C); HRMS (EI) calcd for C21Hi9NO3S [M]" 365.1086, found

365.1082.
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1-Acetyl-1,4-dihydro-1,4-epoxynaphthalene (4ab)”

Yield 91% (17.0 mg); purified by column chromatography (silica gel, 10:1 n-

hexane/AcOEt); a colorless oil; 'H NMR (400 MHz, CDCls): § 2.40 (s, 3H,
COCHs), 5.80 (d, J=1.8 Hz, IH, CH-CH=CH), 6.98-7.07 (m, 4H, CH=CH, ArH),
7.24-7.29 (m, 2H, ArH).

9-(tert-Butoxycarbonyl)-1,4-dihydro-1,4-epiminonaphthalene (4ac)*"
Yield 82% (19.9 mg); purified by column chromatography (silica gel, 4:1 n-
B°° hexane/AcOEL); a yellow oil; "H NMR (300 MHz, CDCls): § 1.37 (s, 9H, ¢-Bu),
4ac 5.48 (brs, 2H, NCH), 6.92-6.98 (m, 4H, CH=CH and ArH), 7.25 (brs, 2H, ArH).

1-(4-Methoxycarbonylphenyl)-1,2,3-benzotriazol (4ad)?
N Yield 68% (17.1 mg); purified by column chromatography (silica gel, 3:1 n-
©[N\:N hexane/AcOEt); a colorless solid; 'TH NMR (400 MHz, CDCl5): 6 3.99 (s, 3H,
CO.CH»), 7.48 (t,J = 7.6 Hz, 1H, ArH), 7.61 (t, J = 7.6 Hz, 1H, ArH), 7.82
saq CoMe (d,J=8.4Hz, 1H, ArH), 7.94 (d, J = 8.4 Hz, 2H, ArH), 8.18 (d, /= 8.4 Hz,
1H, ArH), 8.30 (d, J = 8.4 Hz, 2H, ArH).

1-Ethoxycarbonylmethyl-1,2,3-benzotriazol (4ae)”
N Yield 81% (16.6 mg); purified by column chromatography (silica gel, 2:1 n-
@EN\'N hexane/AcOEt); a colorless solid; "H NMR (400 MHz, CDCl3): & 1.27 (t, J =
4aeLC°2E‘ 7.2 Hz, 3H, CO,CH,CHs), 4.26 (q, J=7.2 Hz, 2H, CO.CH>CH3), 5.43 (s, 2H,
NCH>COy), 7.40 (ddd, J=8.4, 6.3, 1.5 Hz, 1H, ArH), 7.46-7.56 (m, 2H, ArH),
8.10 (dt, J = 8.4, 0.9 Hz, 1H, ArH).

1-Phenylmethyl-1,2,3-benzotriazol (4af)”
N Yield 75% (15.7 mg); purified by column chromatography (silica gel, 3:1 n-
@EN'N hexane/AcOEt); a colorless solid; 'H NMR (300 MHz, CDCl3): & 5.85 (s, 2H,
(.
s " NCH,Ph), 7.26-7.43 (m, 8H, ArH), 8.07 (dd, J= 8.7, 1.2 Hz, 1H, ArH).

2-tert-Butyl-3-phenyl-2,3-dihydrobenzo|d]isoxazole (4ag)>"
oh Yield 96% (24.2 mg); purified by column chromatography (silica gel, 20:1 n-

@Ntm hexane/AcOEt); a brown solid; "H NMR (300 MHz, CDCls): § 1.17 (s, 9H, «-
4ago Bu), 5.58 (s, 1H, Ar.CH), 6.76-6.81 (m, 2H, ArH), 6.87 (d, J = 6.6 Hz, 1H,
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ArH), 7.13 (t, J = 7.8 Hz, 1H, ArH), 7.21-7.26 (m, 1H, AtH), 7.31 (t, J = 7.8 Hz, 2H, ArH),
7.39 (d, J= 7.8 Hz, 2H, ArH).

Ethyl (2-benzoylphenyl)acetate (4ah)*?
o Yield 51% (13.7 mg); purified by column chromatography (silica gel, 4:1 n-
Giiph hexane/AcOEt, then CH2Cl,); a colorless oil; 'H NMR (300 MHz, CDCls): &
111 (t, J = 7.2 Hz, 3H, OCH,CHz), 3.88 (s, 2H, ArCH>), 4.01 (q, J = 7.2 Hz,

2H, OCH>CH3), 7.30-7.49 (m, 6H, ArH), 7.57 (t, J = 7.8 Hz, 1H, ArH), 7.81

(dd, J=17.8 Hz, 2H, ArH).

4ah

Methyl 2-[Methyl(phenyl)amino]benzoate (4ai)>>) and N-methylacridone (4ai’)*?
4ai: Yield 75% (18.2 mg); purified by column chromatography

o)
COMe (silica gel, 20:1 to 3:2 n-hexane/AcOEt); a colorless oil; 'H NMR
@[N/Ph ! O
Me
4ai

N (300 MHz, CDCl3): & 3.28 (s, 3H, NCH»), 3.58 (s, 3H, OCH;),
e 6.63 (d,J=8.1 Hz, 2H, ArH), 6.73 (t, J= 7.5 Hz, 1H, ArH), 7.15
(dd, J = 8.1, 1.5 Hz, 2H, ArH), 7.22-7.29 (m, 2H, ArH), 7.52 (dt, J= 7.5, 1.5 Hz, 1H, ArH),
7.79 (dd, J=17.5, 1.5 Hz, 1H, ArH).
4ai’: Yield 22% (4.7 mg); a colorless solid; 'TH NMR (300 MHz, CDCls): § 3.91 (s, 3H, NCH5),
7.31 (t,J=17.5 Hz, 2H, ArH), 7.54 (d, J = 8.4 Hz, 2H, ArH), 7.74 (ddd, J = 8.4, 7.5, 1.8 Hz,

2H, ArH), 8.57 (dd, J= 7.5, 1.8 Hz, 2H, ArH).

3’-(1H-Benzotriazol-1-yl)-5’-O-tert-butyldimethylsilyl-3’-deoxythymidine (4aj)*
Vo Yield 87% (40.0 mg); purified by column chromatography (silica gel,
o kafo 1:2 n-hexane/CH,Cl,); a colorless amorphous; 'H NMR (400 MHz,
TBson‘ (7(“” CDCls): § 0.11 (s, 3H, SiCHs), 0.14 (s, 3H, SiCHz), 0.96 (s, 9H, ‘Bu),
NNiN 2.00 (s, 3H, ArCHs), 2.72 (ddd, J = 14.0, 8.4, 6.0 Hz, 1H, H-2’a), 3.22
\© 4aj (dt,J=14.0,6.0 Hz, 1H, H-2"b), 3.79 (dd, J=11.6, 2.0 Hz, 1H, H-5a),
4.07 (dd, J=11.6, 2.0 Hz, 1H, H-5’b), 4.63—4.64 (m, 1H, H-4"), 5.58 (dt, J= 8.8, 5.2 Hz, 1H,
H-3), 6.57 (t,J= 6.4 Hz, 1H, H-1"), 7.42 (t, J = 7.6 Hz, 1H, ArH), 7.53-7.59 (m, 3H, ArH X

2 and N-CH=C), 8.13 (d, /= 8.4 Hz, 1H, ArH), 8.34 (s, 1H, NH).
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1-(tert-Butyldimethylsilyloxy)-1-(E)-styrylbenzocyclobutane (4ak)
o Yield 58% (19.4 mg); purified by column chromatography (silica gel, 10:1 n-
Z hexane/CH>Cl> + 1% Et3N); a colorless oil; IR (KBr) v 2928, 1459, 1254,
@fms 1223, 1069, 966, 835 cm™"; 'H NMR (400 MHz, C¢Ds): 8 —0.18 (s, 3H,
4ak SiCH3), —0.06 (s, 3H, SiCH3), 0.86 (s, 9H, ‘Bu), 3.18 (d, /= 14.0 Hz, 1H,
PhCHH), 3.25 (d, J = 14.0 Hz, 1H, PhCHH), 6.34 (d, J= 15.6 Hz, 1H, Ph-CH=CH-), 6.73 (d,
J=15.6 Hz, 1H, Ph-CH=CH-), 6.84 (t,J = 7.2 Hz, 2H, ArH), 6.88-6.98 (m, SH, ArH), 7.04
(d, J=17.2 Hz, 2H, ArH); 3C NMR (100 MHz, C¢Ds): § 3.0 (CH3), —2.8 (CH3), 18.4 (C),
26.0 (CH3), 49.1 (CH»), 81.5 (C), 122.8 (CH), 124.4 (CH), 126.9 (CH), 127.5 (CH), 127.6
(CH), 128.2 (CH, overlapping with CsDs), 128.8 (CH), 129.7 (CH), 134.3 (CH), 137.4 (C),

141.9 (C), 149.8 (C); HRMS (FAB) calcd for C2;HasOSi [M]*336.1909, found 336.1905.

8. Typical procedure for the solid-state reactions of o-triazenylarylboronic acid 1 and

N¢N,N’Pr2 silica gel (200 mg) X

+ arynophile 3 ;

B(OH), (0.1 mmol) rt,16h v

1d stirring with magnetic stirrer
(0.2 mmol)

arynophiles.

4aa-ai

The mixture of aryne precursor 1d (0.200 mmol), arynophile 3 (0.100 mmol), and
silica gel (neutral, spherical, 40-50 um, 200 mg, heated under vacuum to dryness prior to use)
was stirred at room temperature. After 16 h, filtration with THF and evaporation in vacuo
furnished the crude product, which was analyzed on 'H NMR using 1,1,2,2-tetrachloroethane

as an internal standard to estimate the yield of 4.
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1-(2-Iodo-3-methylphenyl)-3,3-diisopropyltriaz-1-ene (Sle)

T _—- - o “ o o - DFILE 3-Me2-iodoC6H3N=N-N
RESces-Saza o o 2 BED S COMNT single_pulse
B VAN “ - £ aaa = DATIM 2020-12-02 17:06:40
OBNUC 1H
wl% ‘ \ / ‘ EXUOD single_pulse.ixp
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OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
o SCANS 16
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SLVNT CDCL3
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a3 i e N - oo 0BNUC 13C
EXMOD single_pulse_dec
\/ ‘ \/ ‘ ‘ ‘ OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 28214
FREQU 25125.63 Hz
SCANS 1800
ACQTM 1.0433 sec
FD 2.0000 sec
PWl 3.60 usec
IRNUC 1H
CTEMP 20.8 ¢
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BF 1.20 Hz
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|
i
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1-(4-Chloro-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1f)

GrseoEons Cooes  Tozsa suwen =
EEEEERR R FEEEE B
EEEEERER EEERE IS 1 FEEEE g
PN SN0 e S R RN :
Ju DFILE ¥Y306 1H-normal-1-1 I
f COMNT single pulse
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EXREF 0.00 ppm
BF 0.12 Hz
RGAIN a0
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DFILE YY306_E13C-1-1 I.al

o~ o 0 o © o &0 e
bt 2 06 2 o o2 o e =y COMNT single pulse decoug
3’ g'; E’,ﬁ : @ ‘;.:J @ 3-'; g ﬁ gg:;rg igéu—w—ug 11:44:48
— R -
EXMOD single pulse dec
v ‘ V ‘ ‘ OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 1300
ACQTM 1.0433 sec
FD 2.0000 sec
PWl 3.60 usec
IRNUC 1H
CTEMP 19.5 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 1.20 Hz
RGAIN 60
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1-(5-Chloro-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1f)
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DFILE YY297_1H-normal- 1-

COMNT single pulse

DATIM 2020-08-20 11:49:24

OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACQTM 4.3673 sec
PD 5.0000 sec
PWl 3.35 usec
IRNUC 1H
CTEMP 24.5 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 38
cl Ns _NPr,
N
|
S1f'
DFILE YY297 E13C-1-1 I.al
COMNT single pulse decoup

DATIM 2020-08-20 11:52:24

MHz
KHz

ppm
Hz

OBNUC 13C

EXMOD single_pulse_dec
OBFRQ 100.53
OBSET 5.35
OBFIN 5.86
POINT 26214
FREQU 25125.63
SCANS 1500
ACQTM 1.0433
FD 2.0000
PW1 3.60
IRNUC 1H

CTEMP 24,7
SLVNT CDCL3

EXREF 77.00
BF 1.20
RGAIN 60



1-(2-Iodo-4-methoxyphenyl)-3,3-diisopropyltriaz-1-ene (S1g)
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DFILE OMe 1H-normal-1-1.als
COMNT single pulse

DATIM 2020-09-08 11:29:32
OBNUC 1H

EXMOD single_pulse.ixp
OBFRQ 399.78 MHz
OBSET
OBFIN

EXREF 0.00 ppm
BF 0.12 Hz

N+ NPr
N 2

MeO |
S1g

DFTLE OMe_E13C-1-1 T.als
NT single puls ipled
DATIM 2020-09-08 11:32:33

OBNUC 13C

EXMOD single pulse dec
OBFRQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 iz
SCANS 1500
ACOTM 1.0433 sec
P 2.0000 sec
Pl 3.60 usec
TRNUC 11

CrEMP 23.5 ¢
SLVNT COCLI

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60



1-(2-Iodo-5-methoxyphenyl)-3,3-diisopropyltriaz-1-ene (S1g’)

20

WMo S MW W) 0 N0 M i@ s OV
SV -G W O WMo oo w o m
Yoo A OO0 000 Mmoo
L e R R - I T T TSI IR T I ] o

1.319
— 0.000

12.42

- ]
o
3 1
o
|
—
]
=] = N o
1 S 2
o =] = -l -
o o €
. i iﬂt
PPM
10.0 0.0
o« o @ @ ~ o0 ® o @ o @
o™~ uy w [+)] wy oy Qoo o ™M - <
B s @ w ~ @ ™o we © o ~ o
o o~ @ o~ o oo w oo~ @ o
o h @ — =} @ ~ i~ W oo o
- - — - -

PPM
I\I\II\I\|HI\I\II\|\IHI\I\I|\I\II\I\Il\I\I\II\I‘II\I\I\II‘I\II\I\I\II\I\II\I\|\II\I\II\|\I\III\I\|\II\I\II\|\I\II\I\II\I\I\II\I‘II\I\II\I‘I\II\I\II‘I\I\II\I\|I\I\IHI\|\II\IHHlHHHHIIHHIHH
.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 20.0 80.0 70.0 0.0 50.0 40.0 30.0 20.0 10.0 O

30

DFILE 5-Me0O-2-iodoCEH3N=N
COMNT single pulse

DATIM 2020-06-08 16:55:01
OBNUC 1H

EXMOD single pulse.jxp

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 26214

FREQU 6002.40 Hz

SCANS 16

ACQTM 4.3673 sec

PD 5.0000 sec

PW1 3.35 usec

IRNUC 1H

CTEMP 22.5 ¢

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.17 Hz

RGATIN 36
MeO N+ _N'Pr,

N
|
s1g’

DFILE 5-Me0-2-iodoCEH3N=N
COMNT single pulse decoup
DATIM 2020-06-08 16:58:00
OBNUC 13C

EXMOD single pulse dec

OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 512
ACQTM 1.0433 sec
PD 2.0000 sec
PWl 3.60 usec
IRNUC 1H

CTEMP 22.6 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.17 Hz
RGATIN 60



1-[2-Iodo-4-(trifluoromethyl)phenyl]-3,3-diisopropyltriaz-1-ene (S1h)

-y B = B B e s R e s — s~ (=] DFILE 4(‘:F3-2iOdOC6H3N=N-N
Eosnay MEEEREEEE BaaEn S COMNT single_pulse
N N Wan N0 R S DATIM 2020-10-27 11:28:59
OBNUC 1H
\ %%/ W w I\ EXMOD single pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.1% KHz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
of ACQTM 4.3673 sec
) D 5.0000 sec
B PWl 3.35 usec
IRNUC 1H
CTEMP 19.8 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
I
1
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N
C FsC [
5 2 g g . Sth
S o J g 3
o
{ | o W a
PPM!
I T T T T T
10.0 0.0
SN MOTOORGONO M @O 0 cafey o o o DFILE 4CF3-2iodoC6H3N=N-N
FHEECERSRETLURENYER P e I A COMNT single pulse decoup
PR T T T VT e A S @ o oo DATIM 2020-10-28 11:21:0@
WMOHMOMONNNNNNNNNNAAD [ (el uy = o~ OBNUC 13C
R I = IR e IR R e Rk R A
EXMOD single_pulse_dec
\%I%K%// / \/ ‘ OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
i FREQU 25125.63 Hz
SCANS 2600
SETY micaa B 4 ACQTM 1.0433 sec
fene et - 2.0000 sec
- usec
TITT &7 T T Thwe 1a
f CTEMP 20.7 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 1.20 Hz
RGAIN 60
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1-(4-Cyano-2-iodophenyl)-3,3-diisopropyltriaz-1-ene (S1i)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
BOINT
FREQU
SCANS
ACOTM
PD
EWl
IRNUC
CTEME
SLVNT
EXREF
BF
RGAIN

NC

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOTM
FD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

2-iodo-4-CN-C6H3N=N

single pulse

2021-02-06 14:23:19

1H

single_pulse.

399.78
4.19
7.29
26214
6002.40
8
4.3673
5.0000
3.35
1H

21.3

CDCL3
0.00
0.0%
38

Jxp
MHz
KHz
Hz

ppm
Hz

2-iodo-4-CN-CEH3N=N

single pulse

decoup

2021-02-06 14:25:10

13C

single_pulse_dec

100.53
5.35
5.886
26214
25125.63
840
1.0433
2.0000
3.60
1H

21,2

CDCL3
77.00
0.09
60

MHz
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ppm
Hz



1-(3-lodonaphthalen-2-yl)-3,3-diisopropyltriaz-1-ene (S1j)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
BOINT
FREQU
SCANS
ACOTM
PD
EWl
IRNUC
CTEME
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOTM
FD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

naphthalene iodonat
single pulse
2020-09-28 14:31:19
1H
single_pulse.jxp
399.78 MHz
4.1% KHz
7.29 Hz
26214
6002.40 Hz
16
4.3673 sec
5.0000 sec
3.35 usec
1H
20.86 ¢
CDCL3
0.00 ppm
0.12 Hz
36

Ns NP
N2

s1j

naphthalene iodonat
single pulse decoup
2020-09-28 14:34:25
13cC
single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.63 Hz
1500
1.0433 sec
L0000 sec
3.60 usec

[

1H
20.4 ¢
CDCL3
0.00 ppm
1.20 Hz
60



3-(3,3-Diisopropyltriaz-1-en-1-yl)-4-iodopyridine (S1k)

TIRage NESES52058 99998 S | comr sineis ouiee 00
R ] R R e = == ] [ NNy =] —
N e R I R & DATIM 2021-02-15 13:20:17
OBNUC 1H
% P N \W I\%W EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACQTM 4.3673 sec
. PD 5.0000 sec
| PWH1 3.35 usec
IRNUC 1H
CTEMP 22.9 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 16
13
1 lo-
I
1
NZ | Ny -NPr2
=} \ I
8 2 . 3
5 o B S1k
'8 | I
PEM
| T ‘ T I T ‘ T T T | T |
10 8 [3 4 2 0
L o 9o = = o 22}14;? pg.fridine iodonation
e N s o mnd o N o & single pulse decoup
oo o™ © e o - o DATIM 2020-09-18 11:21:24
R =1 B o o OBNUC 13C
EXMOD single_pulse_dec
\H \ ﬂ ‘ ‘ OBFRQ 100.53 MHz
OBSET 5.35 Kz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 1500
ACQTM 1.0433 sec
ED 2.0000 sec
PW1 3.60 usec
IRNUC 1H
CTEMP 22.7 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
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6-(3,3-Diisopropyltriaz-1-en-1-yl)-5-iodoquinoline (S11)

DFILE quinoline iodonatic

o ) O o0 A (=]
A S COMNT single pulse
R - DATIM 2020-11-19 11:17:03
OBNUC 1H
\“V EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.1% KHz
i OBFIN 7.29 Hz
K POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACQTM 4.3673 sec
PD 5.0000 sec
b PW1 3.35 usec
S IRNUC 1H
CTEMP 20.1 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 42
8.8 8.6 ala !
EEEFEE IEEEE
bbbl Michiel!
S|
@
Ta I Ns NP
N r
N 2
, N |
i o I =
. o 4 S1l
[= CJ ) . u
T o z
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PPM
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DFILE guincline icdonatic

o = o~ ™ 0 o) 0 — ) o o ™M w oo
a3 5 I8 93 = i el oo COMNT single pulse decoup
O T - I o o - o DATIM 2020-11-19 11:20:04
L B P < N B o o OBNUC 13C
EXMOD single_pulse_dec
V/ v v ‘ \ / ‘ ‘ oBFRQ 700.53 Wz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 28214
FREQU 25125.63 Hz
SCANS 2000
ACQTM 1.0433 sec
FD 2.0000 sec
PWl 3.60 usec
IRNUC 1H
CTEMP 20.6 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
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5-(3,3-Diisopropyltriaz-1-en-1-yl)-4-iodo-1-tosyl-1H-indole (S1m)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
BOINT
FREQU
SCANS
ACOTM
PD
EWl
IRNUC
CTEME
SLVNT
EXREF
BF
RGAIN

TsN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOTM
FD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

5- (iPr2N-N=N)-4-iod
single pulse
2020-07-31 10:25:20

1H
proton.jxp
500.1¢&
2.41
6.01
26214
7507.51
64
3.4918
5.0000
3.00
1H
24.0
CeDe
7.15
0.22
46

Ns

S1m

MHz
KHz
Hz

ppm
Hz

_NiPr,

5= (iPr2N-N=N) -4-iod
single pulse decoup
2020-07-31 10:35:02

13cC
carbon. jxp
125.71
7.87
4.21
26214
31645.57
1024
0.8284
2.0000
3.46
1H
24.0
C6D6
128.00
0.22
36

MHz

ppm
Hz



2-(Morpholinodiazenyl)phenylboronic acid (1b)

T T e R L] canw o =
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DFILE EKBO 1H-normal-1-1 1.
COMNT single pulse
DATIM 2020-10-29 11:31:54
OBNUC 1H
EXMOD single_pulse.ixp
TOnE OBFRQ 39978 MHz
R OBSET
e OBFIN
wg/ POTNT
FREQU
SCANS
RCQTM
D
Pl
TRHUC 10
CTEMP 20.3 o
SLVNT COCL3
EXREF 0.00 ppm
BF 0.12 Bz
RGATN 4z
T
‘, (\
1
N\\N,N\)
fi B(OH),
1b
w0
= 2
“ =
A
T X Ak
PEM
T T T T T T T T T T
10 B 6 4 0
= e & =xy @
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b ® £ 0 & na% s
- G o8 o i @
5 LR = [y b
2 PERRE I =
I
DFILE EKBO_E13C-1-1 T.als
COMNT single pulse decoupled
DATIM 2020-10-30 11:18:58
OBNUC 13C
EXMOD single pulse dec
OBFRQ 100.53 Miz
OBSET 5.35 Kz
OBFIN 5.86 Hz
POTNT 26214
FREQU 25125.63 Hz
SCANS 2200
RCOTM 1.0433 sac
PD 2.0000 sec
Pl 3.60 usec
TRNUC 10
CTEMP 20.2 ¢
SLVNT COCL3
EXREF 71.00 ppm
BF 1.20 Hz
RGATN 60
i
| | 1
|
PEM
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2-(3,3-Diethyltriaz-1-en-1-yl)phenylboronic acid (1¢)
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DFILE Y344 10-normal-1-1 1
COMNT single_pulse
OATIM 2020-10-22 13:48:47
aBNuC 11
EXMOD single_pulse.jxp
-3 = GBERQ 395.78 Miz
EE et OBSET 4.19 Kiz
neen T OBFIN 7.29 Hz
\hV \ { POINT 26214
FREQU 6002.40 Hz
SCANS 16
k3 ACOTH 4.3673 o
' “ PD 4.0000
E oWl 3.35 usec
[ 1RNC 11
[} CTEMP 20.0 &
- SLVNT €DCL3
EXREF 0.00 ppm
BF 0.12 0z
RGATN 42
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E l\ 1c
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PEM|
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m TEm = SEEW L ]
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8 55 8 2 [ap ey : 9 a3
DFILE YY344 E13C-1-1 [.als
COMNT single pulse decoupled
DATIM 2020-09-25 11:20:21
OBNUC 13C
EXMOD single pulse dec
QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 1500
Acg™ 1.0433 see
D 2.0000 sec
W1 3.60 usec
TRNUC 1H
CTEMP 20.6 o
SLVNT CDEL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN &0
| |
|
|
J |
PN
LR AL LA L L AR LY ALY LA ) AL LR R I T U U UL R R U U L B R
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2-(3,3-Diisopropyltriaz-1-en-1-yl)phenylboronic acid (1d)

MODNCNOYNMTBVONNRDADMD  TAMDS O DFILE 1d.als procd.als
MONOAMMOOXVEWOMIN®NYTO®@W MmO NO O COMNT 1d
AW O T TTONDNAAADD O A DO T T =
I A e e e e e e U e [ DATIM Mon Feb 15 17:44:30
OBNUC 1H
%#% W \@ ‘ EXMOD NON
OBFRQ 300.40 MHz
OBSET 130.00 KHz
OBFIN 1150.00 Hz
POINT 32768
FREQU 6006.01 Hz
SCANS 16
ACQTM 5.4558 sec
PD 1.5440 sec
PWl 5.30 usec
IRNUC 1H
CTEMP 24.2 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.01 Hz
- RGAIN 15
&
o
[TTT T[T TTTr[TTTT q\l ;
gloo 7.95 .50 7.25 7.po w 5 O , N¢N,N Pr2
ol Te S
i [ B(OH
© = (OH),
S o 1d
. f
PEM
L T ) W L L R e L R T i W i i
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0 -3.0 -4.0 -5/.0

w T @ o e T
- -] -1 om =i o n
A ° B & « ER=3+1 o a A
@ WA T w e e < o
w0 mom N - e L a A
a a4 = - !

DFILE YY334 F13C-1-1 T.als
COMNT single pulse decoupled
OATIM 2020-09-14 11:22:232

GBNUC 13C
EXMOD single_pulse_dec
OBFRO 100.53 MHz
OBSET 5.35 Kbz
OBFIN 5.86 Hz
BOINT 26214
FREQU 25125.63 Hz
SCANS 1200
ncgT™ 1.0433 sec
2 2.0000 sec
W1 3.60 usec
TRNUC 11

CTEMP 21.3
SLVNT CDCL

EXREF 771.00 ppm
BF 1.20 Hz
RGATN &0

PEM|
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2-(3,3-Diisopropyltriaz-1-en-1-yl)-6-methylphenylboronic acid (1e)

LI EE e = e T Y
ITARANOER * & i ] 8
e e - - - &
| DFILE 6-Mo—2-(1Pr2N3) C6H3B (0
COMNT single pulse
OATIM 2020-11-13 11:20:24
QBNUC 111
EXMOD single_pulse.jxp
OBFRQ 395,78 MHz
OBSET 4.19 Kiiz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
- ACOTH A4.3673 sec
@ N 5.0000 sac
o ol 3.35 usec
TRNUC 111
14 CTEMP 19.2
| SLYNT CDCL3
| EXHEF 0.00 ppm
BF 0.12 Hz
‘ RGAIN S
T |
1.5 1.4
SE T
o
5859 2a |
S \ \ ;
! | Ny -NPr2
: |
B o
- 2
- 2 . B(OH),
r d ‘ i Me
) 0" E |
|
: ‘ 1e
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T[T [T T T E 2
7.3 1.2 7.1 7.0 6.9 © “ i
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s |
PEM|
T T T T T T T T T
10 8 3 a 2 0
& S en a TSEC ao R
o ~ o 9 e . an e
- - o - ol o o a
5 H 25 o S g SR
E] = a4 2
| DFILE 6-Mo-2- (iPr2N3) C6HIB(Q
COMNT single pulse decoupled
DATIM 2020-11-13 11:23:24
OBNUC 13
EXMOD single pulsa dec
QBERQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 1800
AcgT™ 1.0433 soc
D 2.0000 sec
W1 3.60 usec
TRNUC 1H
CTEMP 19.4 ¢
SLUNT CDCL3
FXREF 77.00 ppm
BF 1.20 Hz
RGAIN &0
]
1
1
1
]
1
u J
NI
PEM|
LI — L N S A S L L S B B T T T T T T T [ T T T 1
290 175 150 125 100 ) 50 25




5-Chloro-2-(3,3-diisopropyltriaz-1-en-1-yl) phenylboronic acid (1f)

Gem e e MO E e @MBem = @ mmw o
PR iap Ry GeNme MM o - S =1
Emmmin e e MEmmD HHO00 2 SEnA 8
e e e AT TeTeT seTTT o A &

/ DFILE el B(ON)2_ 1i-normal-1
COMNT single pulse

DATIM 2020-10-07 13:22:21

aBNuC 11
EXMOD single_pulse.jxp
OBFRQ 395,78 MHz
| OBSET 4.13 Kiiz
! OBEIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACOT™ 4.3673 =
D 5.0000
oWl 3.35 usec
( TRNUC 111
CTEMP 20.3 ©
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 0z
RGATN 1

57O EY EIED
SCo g ESa3
EEE R REELE
7| Y .
{ 1
|
o
2
\
i
: N NPTz
IR o o - o Cl B(OH)Z
i} EE s g
: E £ 5 . 1f
- | K
PPM|
T T T T T T
10.0 0.0
= = = e == —
z EEE 3 B S S
| %3 2 gea nR 5 3
z 258 S s g5 G
- - - o
| | DFILE ¢l B{OH)2 E13C-1-1 T.a
COMNT single pulse decoupled
‘ DATIM 2020-10-07 13:25:21
omue 130
EXMOD single pulse dec
OBFRQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 1000
ACOTM 1.0433 sec
PD 2.0000 sec
W1 3.60 usec
TRNUC 1H
CTEMP 20.8 o
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGATN &0
1
|
|
1
1
)
|
J "
PPM|
TITTIT \Il\II\IIHI‘HHIHH‘IHIHIH'H IHIH|I\IIHHIlHIHIHIlHHIIH\‘IHHIIHlHIHIHIlHH IHI‘HHIIHI‘HHIHH‘IHIIHHlIHH IHlHI T |HI IIHI‘HIIHIH'HIHIHI TITTTITTT
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4-Chloro-2-(3,3-diisopropyltriaz-1-en-1-yl)- phenylboronic acid (1f°)

Fr@oRonons Nn@an CNDom oo an )
BEGhASIIEY Ghmam NS85 2IgnA E}
e e e T AT cweTe TowTT e &
L |
\‘ DFILE Y299 10-normal-1-1 1
COMNT single_pulse
OATIM 2020-08-21 10:30:56
aBNuC 11
EXMOD single_pulse.ixp
GBERQ 395.78 Miz
r OBSET 4.13 Kiiz
OBFIN 7.29 Hz
POINT 26214
FREQU £002.40 Hz
SCANS 16
@ ACOT™ 8.3673
o D 5.0000
- oWl 3.35 usec
s TRNUC 111
CTEMP 24.8 o
SLYNT €OCL3
FXREF 0.00 ppm
BF 0.12 0z
RGATN a2
rEE ET o
an [[EE ]R8
88 ||w8 | [B3ES
el
ANAL 7
of i [
|
B |
o
cl N NPTz
B(OH),
L 1f
|
ad
PEM
T T T T T T |
10.0 0.0
w 3] = = HEE =% T
o o S b aor o3 oo
2 85 S n =Sk RS E
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5 55 3 B [ :% o A
| ! DFILE YY299 E13C-1-1 T.als
\ COMNT single pulse decoupled
| DATIM 2020-08-21 10:34:02
OENUC 130
EXMOD single pulse dec
QBERQ 100.53 Miz
GBSET 5.35 KHz
OBEIN 5.86 Hz
BOINT 26214
FREQU 25125.63 Nz
SCANS 1500
Acg™ 1.0433 see
D 2.0000 sec
W1 3.60 usec
TRNUC 11
CTEMP 25.0 ¢
SLVNT CDEL3
EXREF 77.00 ppm
BE 1.20 Hz
RGAIN &0
i
1
1
|
1
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PN
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2-(3,3-Diisopropyltriaz-1-en-1-yl)-5-methoxyphenylboronic acid (1g)
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DFILE MeO B(OH)Z_ 1H-normal-
COMNT single pulsa

DATIM 2020-09-15 10:54:04

OBNUC 111
EXMOD single_pulse.jxp
OBFRQ 395.78 MHz
OBSET 4.13 Kz
OBFIN 7.28 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACOTM 4.3673 =

PD 4.0000

Pl 3.35 usec
IRNUC 111

CTEMP 20.9
SLVNT CDCL3

EXREF 0.00 ppm
BEF 0.12 Hz
RGAIN a8

Ns _NPr
N 2

MeO B(OH),

19

DFTLE MeO B (OH}2_F13c-1-1 1.
COMNT singlo pulse decoupled
DATIM 2020-09-15 10:57:05

OENUC 130
EXMOD single pulse dec
QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 1500
Acg™ 1.0433 see
D 2.0000 sec
W1 3.60 usec
TRNUC 1H

CTEMP 21.1 ¢
SLYNT €DCL3

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN &0



2-(3,3-Diisopropyltriaz-1-en-1-yl)-4-methoxyphenylboronic acid (1g’)
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4-MeO-2- (iPr2N3) CENID (
COMNT single pulse
OATIM 2020-06-08 16:16:58

OBNUC 111
EXMOD single_pulse.jxp
OBFRQ 395.78 MHz
OBSET 4.13 Kz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS

ACOTM

PD

Pl 3.35 usec
IRNUC 111

CTEMP 2.1 ¢
SLVNT CDCL3

EXREF 0.00 ppm
BEF 0.17 Hz
RGAIN 40

MeO Ns NP
e N )

B(OH),
19

DFTLE 4-MaQ-2- (i Pr2N3) CEHIB
COMNT singlo pulse decoupled
DATIM 2020-06-08 16:21:04

OENUC 130
EXMOD single pulse dec
QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 201
Acg™ 1.0433 s
D 2.0000
W1 3.60
1

22.6 ¢
SLYNT €DCL3
EXREF 77.00 ppm
BF 0.17 Hz
RGAIN &0



2-(3,3-Diisopropyltriaz-1-en-1-yl)-5-(trifluoromethyl)phenylboronic acid (1h)

FhnovsraTod Do S
Gh3eIandde BERAT 3
AOECLEEEEN EEEEE ]
R R s
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DFILE CF3_ 10-normal-1-1 1.a
COMNT single pulss
DATIM 2020-09-01 13:27:26
OBNUC 111
EXMOD single_pulse.jxp
OBFRQ 395,78 MHz
OBSET 4.19 Kbz
OBFIN 7.29 Hz
POINT 26214
FREQU
SCANS
ncgT™
D
W1
TRNUC 1H
CTEM 22.3
SLVNT CDCL
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN as
2 o
! .
i
N+ . NPry
| N
FsC B(OH),
8.2
o “
ks o
4 . =
X &
P
PEM
T T T T
10.0 0.0
e B R s 3 T -
£ Mm@ m DN T D @ ~ o - noe
5 CRARGSNAdLINARNRT aRE -] a8
@i 0l el 0 @@ B8 W e D e o® - a
FEEEE R TR [ 2% aa
A 4a000088SSSSssNNNnn
U | DFILE CF3 F13C-1-1 T.als
COMNT single pulse decoupled
‘ DATIM 2020-09-01 13:30:34
GBNUC 13C
| EXMOD single_pulse dec
! OBFRQ 100.53 MHz
OBSET 5.35 Kbz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 1500
ACOTH 1.0433 =
P> 2.0000
il 3.60
— - - IRNUC 11
Mimbomneans o = CTEMP 22.3 ¢
nonanenae e “ ‘t SLYNT £DCL3
R R I 1 EXREF 71.00 ppm
T T BF 1.20 0z
RGATN &0
'
e
s A '
TTIT T[T I ITIT[rrrT
30.0 127.5  125.0  122.5
PEM,
AL LA LA A LAY LA LA ) AL LR L A LR L T A LA LR LR B LA B
209.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0  70.0  6€0.0 50.0 40.0 30.0 20.0  10.0  0{0
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5-Cyano-2-(3,3-diisopropyltriaz-1-en-1-yl)phenylboronic acid (1i)
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DFILE CN B(OM) 2 10-normal-1
COMNT single pulss
DATIM 2020-10-21 13:47:28
OBNUC 111
EXMOD single_pulse.ixp

3

OBFRQ 95.78 Mz
OBSET 4.13 Kz
OBFIN 7.28 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ACOTM 4.3673 =

PD 4.0000

Pl 3.35 usec
IRNUC 111

CTEMP 19.4 ¢
SLVNT CDCL3

EXREF 0.00 ppm
BEF 0.12 Hz
RGAIN 40

Ns _NPr
N 2

NC

DFTLE CN B{ON)2 E13C-1-181.a
COMNT single pulse decoupled
DATIM 2020-10-21 13:50:35
OBNUC 13C

EXMOD single pulse dac

QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 1500
Acg™ 1.0433 see
D 2.0000 sec
W1 3.60 usec
TRNUC 1H

CTEMP 19.1 ¢
SLYNT €DCL3

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN &0

B(OH),



[3-(3,3-Diisopropyltriaz-1-en-1-yl)naphthalen-2-yl]|boronic acid (1))

L RoIYRRLLRaILNTgeNRRE @ 2 T 2 pELLE naphchalene BIOW 2
zgsigeNgegenIooasn e 3 8 28 = COMNT naphthalene B(OH)2
@ = === [~ ==~~~ ~>~fM™>@™@~f~@>= 0 < - =3 DATIM Wed Jan 27 15:38:38
OBNUC 1H
RMJ—L%\"‘M%J ‘ v | EXMOD NON
OBFRQ 300.40 MHz
OBSET 130.00 KHz
CBFIN 1150.00 Hz
POINT 32768
FREQU 6006.01 Hz
! SCANS 16
ACQTM 5.4558 sec
PD 1.5440 sec
PW1 5.20 usec
IRNUC 1H
CTEMP 24.9 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 17
i
Ny NPr2
B(OH),
1j
g o
K : i
I Jﬂ L L]
PPM
HH|||||IHHIIIIII\HIIIIH TTTTTTITTTTITTITI T I T T ITTITI T I TTT ||||\HH‘IIIIH\HIIIII
114.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

152,470
111. 509
77.338
77.222
77,022
76.707
43,647
47.588
24.123
19.279

COMNT singlo pulse decoupled

DFILE naphthalene B(OH)}2 E13
DATIM 2020-09-29 09:5%: 60

OENUC 130
EXMOD single pulse dec
QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 1500
Acg™ 1.0433

D 2.0000

W1 3.60
TRNUC 1H

CTEMP 20.3 ¢
SLVNT CDEL3

EXREF 0.00 ppm
BF 1.20 Hz
RGAIN &0

n |

PEM|
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[3-(3,3-Diisopropyltriaz-1-en-1-yl)pyridin-4-yl]|boronic acid (1k)
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\ rJ \ \ L\ DFILE pyridine B(OM2_ 1li-no
| | COMNT single pulsa
] OATIM 2020-11-11 11:57:20
QBNUC 111
EXMOD single_pulse.jxp
OBFRQ 395,78 MHz
OBSET
OBFIN
POINT
FREQU
SCANS
AcgT™
PD
Wl 3.35 usec
u TRNUC 11
- CTEM 19.3 ¢
I SLUNT CDCL3
- FXREF 0.00 ppm
BF 0.12 Hz
RGATN 46
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DFILE pyridine B(OH)2 E13c-1
COMNT single pulse decouplad
OATIM 2020-11-11 12:00:20
QBNUC 13C
EXMOD single_pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 Kilz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
BCANS 1200
ACOTH 1.0433 =
N 2.0000
oW1 3.60 usec
TRNUC 111
CTEMP 19.2 ¢
SLVNT CDCL3
EXHEF 79.00 ppm
BF 1.20 Hz
RGAIN &0
o
o '
I
b i
PPM|
T 1 L B B L B B T T T [ T T T T [ T T T
290 175 150 125 100 15 50 25




[6-(3,3-Diisopropyltriaz-1-en-1-yl)quinolin-5-yl]boronic acid (11)
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DFILE quinoline B(OM)Z  1H-n
COMNT single pulss
DATIM 2020-11-28 11:3,
OBNUC 111

EXMOD single_pulse.ixp

1

OBFRQ 395,78 MHz
OBSET 4.19 Kbz
OBFIN 7.29 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 16
ncgT™ 4.3673 sec
D 5.0000 sec
W1 3.35 usec
TRNUC 1H

19.6
SLVNT CDCL
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50

—=Z

1l

DFILE quinoline E13C-1-1 1.a
COMNT single pulse decoupled
DATIM 2020-12-08 11:22:10
GBNUC 13C

EXMOD single_pulse_dec

OBFRQ 100.53 MHz
OBSET 5.35 Kiz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 3000
ACOTM 1.0433
PD 2.0000
Pl 3.60
IRNUC 111

19.4 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BEF 1.20 Hz
RGAIN &0

Ns NP
N2

B(OH),



[5-(3,3-Diisopropyltriaz-1-en-1-yl)-1-tosyl-1H-indol-4-yl|boronic acid (1m)
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DFILE 5- (iPr2N-N=N)-N-TaIndo
COMNT single_pulse
OATIM 2020-07-31 09:15:37

OBNUC 111
EXMOD proton. jxp

OBFRQ 500.16 MHz
OBSET 2.41 Kiz
OBFIN 6.01 Hz
POINT 26214
FREQU 1507.51 Hz
SCANS 8
ACOTM 3.4918 see
PD 5.0000 sec
Pl 3.00 usec
IRNUC 111

CTEMP 23.9 ¢
SLVNT CDCL3

EXREF 0.00 ppm
BEF 0.22 Hz
RGAIN 4%

Ns NP
N2
TsN B(OH),

1m

DFTLE 5= (iPr2N-N-N}-N-TsIndo
COMNT singlo pulse decoupled
DATIM 2020-07-31 09:17:23

GENUC 130
EXMOD carbon. jxp
QBERQ 125.77 iz
OBSET 7.87 KHz
OBFIN 1.21 Hz
POINT 26214
FREQU 31645.57 Nz
SCANS 512

Acg™ 0.8204 5
D 2.0000 sec
W1 3.46 usec
TRNUC 1H

CTEMP 20.1 ¢
SLYNT €DCL3

EXREF 77.00 ppm
BF 0.22 Hz
RGAIN £l



6-Chloro-1,4-dimethyl-1,4-dihydro-1,4-epoxynaphthalene (4fa)
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DFILE YY311 1f-normal-1-1 1

COMNT single_pulse

DATIM 2020-10-12 11:39:53

OBNUC 111
EXMOD single_pulse
OBFRO 399.78
OBSET 4.19
OBFIN 7.2
POINT 26214
FREQU 600240
SCANS 16
ncgT™ 4.3673
2 5.0000
Pl 3.35
TRNUC 11

20.6
SLVNT CDCL
EXREF 0.00
BF 0.12
RGATN 40

DFILE Y¥311 F13C-1-1 T.als
COMNT single pulse decoupled
OATIM 2020-10-12 11:42:54

Sixp
MHz
Kiiz
Hz
Hz

usee

ppm
Hz

Cl

MHz
Kiz
Hz

OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 100.53
OBSET 5.35
OBFIN 5.86
POINT 26214
FREQU 25125.63
SCANS 1500
ACOTM 1.0433
PD 2.0000
Pl 3.60
IRNUC 111

20.7
SLVNT CDCL3
EXREF 77.00
BEF 1.20
RGAIN &0

4fa

Me



7,10-Dimethyl-7,10-dihydro-7,10-epoxybenzo[f]quinoline (41a)
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DFILE 200716-1__1H-normal-1-

COMNT single pulss

DATIM 2020-07-16 11:30:52
OBNUC 111

EXMOD single_pulse.ixp

OBFRQ 395.78 MHz
OBSET 4.13 Kz
OBFIN 7.28 Hz
POINT 26214
FREQU 6002.40 Hz
SCANS 8
ACOTM 4.3673 =

PD 4.0000

Pl 3.35 usec
IRNUC 111

CTEMP 2.2
SLVNT CDCL3

EXREF 0.00 ppm
BEF 0.17 Hz
RGAIN 36

=

DFTLE 200716-1 E13C-1-1 proc
COMNT singlo pulse decoupled

DATIM 2020-07-16 11:37:00
OENUC 130
EXMOD single pulse dec

QBERQ 100.53 Miz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Nz
SCANS 512
Acg™ 1.0433 see
D 2.0000 sec
W1 3.60 usec
TRNUC 1H

CTEMP 22.3 ¢
SLYNT €DCL3

EXREF 77.00 ppm
BF 0.17 Hz
RGAIN &0

4la

Me

Me



6,9-Dimethyl-3-tosyl-6,9-dihydro-3H-6,9-epoxybenzo[e]indole (4ma)
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COMNT single pulse
OATIM 2020-09-01 15:36:02
aBHuC 111
EXMOD single_pulae.ixp
OBFRQ 399.78 MHz
OBSET 1.13 Kiiz
OBETN 7.28 Hz
POINT 26214
FREQU £002.40 Hz
SCANS 16
ncgm™ 4.3613 sec
PD 5.0000 sec
W1 3.35 usec
TRNUC 1H
22.6
SLUNT COCL3
EXREF 0.00 ppm
BF 0.12 Hz
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VA f M COMNT mingle pulse decoupled
11 OATIM 2020-09-02 10:28:27
amNuc 13¢
EXMOD single_pulae_dec
OBFRQ 100.53 MHz
OBSET 5.35 Kiiz
OBETN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
BCANS 2000
ACOTM 1.0433 =
D 2.0000
a1 3.60
TRNUC 11
22.7 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN &0
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1-(tert-Butyldimethylsilyloxy)-1-(E)-styrylbenzocyclobutane (4ak)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
D
PW1
IRNUC
CTEME
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGATN

1-TBSO-1-stylylBenz

single pulse

2021-02-10 11:18:55

1H

single_pulse.

399.78
4.19
7.29
26214
6002.40
8
4.3673
5.0000
3.35
1H

21.0

C6D6
0.00
0.09
36

Ph

jxp
MHz
KHz
Hz

ppm
Hz

OTBS

4ak

1-TBSO-1-stylylBenz
DEPT with decouplin
2021-02-10 12:02:36
13C

dept.jxp
100.53
5.35
5.86
26214
25125.63
512
1.0433
2.,0000
10.80
1H
21.1
CED6
128.00
0.089
50

MHz
KHz
Hz

Hz

sec

sec
usec

ppm
Hz



