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1. General Considerations

All chemicals were obtained from commercial sources and used without further purification.
All Deep Eutectic Solvents in this work, including DES (choline chloride/urea = 1:2) were
prepared following a reported procedure.! Column chromatography and TLC were performed
on silica gel (Kieselgel 60), using UV light and KMnOQOs, or vanillin dip to visualise the
products. Basified silica was prepared by submerging silica gel into petroleum ether containing
2% v/v NEts overnight.

Melting points were determined on an Electrothermal Gallenhamp apparatus and are
uncorrected. Infrared spectra were recorded using a Perkin Elmer 100 series FT-IR
spectrometer, equipped with a beam-condensing accessory (samples were sandwiched between
diamond compressor cells). NMR spectra were measured on Bruker AVANCE 400
spectrometers (*H: 400 MHz, $3C: 101 MHz, 1°F: 377 MHz) at 20 °C. The chemical shifts (5)
are given in ppm relatively to a tetramethylsilane or 1-fluorobenzene standard or the residual
solvent signal. The multiplicity is given in br, s, d, t, g, sept, and m for broad, singlet, doublet,
triplet, quartet, septet, and multiplet. Assignments of some H and *C NMR signals rely on
COSY, HSQC, HMBC and/or DEPT-135 experiments. Single crystal X-ray diffraction data
was collected using Xcalibur PX Ultra A (3aa, 3dd and 5du’) and Agilent Xcalibur 3 E (4aa,
4dq and 5du) diffractometers, and the structures were refined using the SHELXTL? and
SHELX-20132 program systems. Mass spectra (MS) were recorded on a Micromass Autospec
Premier, Micromass LCT Premier or a VG Platform Il spectrometer using EI, CI or ESI
techniques at the Mass Spectrometry Service of Imperial College London. Elemental analyses
were carried out by the Science Technical Support Unit at London Metropolitan University
(UK).

2. Synthesis of Azides

Aryl azides (Eq. 1)* were prepared following a modified literature procedure: The chosen
aniline was added to HCI (1 mL per 1 mmol of aniline; 12 M) in water (1 mL per 1 mmol of
aniline) at 0 °C. A solution of NaNO: (1.2 equiv) in water (1 mL per 1 mmol of aniline) was
added portion-wise and the solution was stirred at 0 °C for 2 h. A solution of NaNs (1.5 equiv)
in water (0.5 mL per 1 mmol of aniline) was added dropwise at 0 °C (CAUTION: vigorous
release of N2) and the reaction was stirred for 2 h and allowed to warm to room temperature.
The aqueous layer was extracted twice with diethyl ether and the combined organic layers were
washed with water, sodium bicarbonate, brine, dried over MgSOQ, filtered and concentrated
under reduced pressure to yield the corresponding pure aryl azide. Benzylic azides were
synthesised at room temperature from the corresponding bromides by nucleophilic substitution
with sodium azide in DMSO (Alvarez procedure, Eq. 2).° 1-Azido-2-ethoxyethane (Eq. 3),°
and 4-azidopyridine’ were prepared following previously reported procedures. 1-
(Azidomethyl)-4-trifluoromethylbenzene was prepared by a modified literature procedure.®
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NH; 1) Hcl, H,0, 0 °C Na
2) NaNO,, H,0, 2 h, 0 °C

(1)
3) NaNg, H,0, 2 h, 0 °C -> RT

R R
R1—Br &, R1_N3 (2)
DMSO, RT
o NaN3
~ \/\Br \/O\/\N3 (3)

DMF, 100 °C, 48 h

1-Azido-4-trifluoromethylbenzene (1a)

n, Following the general procedure for preparation of aryl azides from 4-
FSCQ/ trifluoromethylaniline (15.0 mL, 119.5 mmol), the title compound was obtained

as an orange oil (21.1 g, 95%). Spectroscopic data for this compound is in

accordance with the literature.®
'H NMR (400 MHz, CDCl3) & 7.61 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H); 3C NMR
(101 MHz, CDCl3) 6 143.7, 127.1 (q, J = 33 Hz), 127.0 (q, J = 3 Hz), 124.0 (q, J = 272 Hz),
119.2.

1-Azido-4-nitrobenzene (1b)
N, Following the general procedure for preparation of aryl azides from 4-
OZNQ nitroaniline (10.0 g, 72.4 mmol), the title compound was obtained as a yellow
solid (11.8 g, 99%). Spectroscopic data for this compound is in accordance with
the literature.°
!H NMR (400 MHz, CDCl3) & 8.25 (d, J = 9.0 Hz, 2H), 7.14 (d, J = 9.0 Hz, 2H); °C NMR
(101 MHz, CDCls) & 146.9, 144.6, 125.6, 119.4.

4-Azidobenzonitrile (1c)
n, Following the general procedure for preparation of aryl azides from 4-
NC/©/ aminobenzonitrile (10.0 g, 84.7 mmol), the title compound was obtained as an
off-white solid (11.7 g, 96%). Spectroscopic data for this compound is in
accordance with the literature.
H NMR (400 MHz, CDCl3) § 7.63 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.5 Hz, 2H); °C NMR
(101 MHz, CDCls) 6 144.9, 133.8, 119.8, 118.4, 108.3.

4-Ethylazidobenzoate (1d)
N, Following the general procedure for preparation of aryl azides from 4-
EtOZCQ/ ethylaminobenzoate (10.0 g, 60.5 mmol), the title compound was obtained as a
yellow oil (11.2 g, 97%). Spectroscopic data for this compound is in accordance

with the literature.!!
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IH NMR (400 MHz, CDCl3) 5 8.03 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 4.36 (q, J =
7.0 Hz, 2H), 1.39 (t, J = 7.0 Hz, 3H); 3C NMR (101 MHz, CDCls) § 165.7, 144.6, 131.3,
127.1,118.7, 61.0, 14.3.

1-Azido-4-iodobenzene (1le)
n, Following the general procedure for preparation of aryl azides from 4-iodoaniline
,/@ (10.0 g, 45.7 mmol), the title compound was obtained as a dark brown oily solid
(10.0 g, 89%). Spectroscopic data for this compound is in accordance with the
literature.'?
'H NMR (400 MHz, CDCls) § 7.62 (d, J = 9.0 Hz, 2H), 6.76 (d, J = 9.0 Hz, 2H); 13C NMR
(101 MHz, CDCls) 6 140.0, 138.7, 121.1, 88.3.

1-Azido-4-bromobenzene (1f)
n, Following the general procedure for preparation of aryl azides from 4-
BrO bromoaniline (10.0 g, 58.1 mmol), the title compound was obtained as an orange
oil (11.1 g, 97%). Spectroscopic data for this compound is in accordance with the
literature.*3
'H NMR (400 MHz, CDCls) § 7.44 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H); *3C NMR
(101 MHz, CDClz) 6 139.2, 132.8, 120.7, 117.8.

1-Azido-4-chlorobenzene (19)
N, Following the general procedure for preparation of aryl azides from 4-
mQ chloroaniline (10.0 g, 78.4 mmol), the title compound was obtained as a dark
orange oil (8.0 g, 66%). Spectroscopic data for this compound is in accordance
with the literature.
'H NMR (400 MHz, CDCls) § 7.31 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H); *3C NMR
(101 MHz, CDClz) 6 138.7, 130.2, 129.8, 120.3.

1-Azido-4-fluorobenzene (1h)
n, Following the general procedure for preparation of aryl azides from 4-fluoroaniline
FO (8.53 mL, 90.0 mmol), the title compound was obtained as an orange oil (10.3 g,
84%). Spectroscopic data for this compound is in accordance with the literature.®
'H NMR (400 MHz, CDCls3) § 7.07-7.03 (m, 2H), 7.00-6.96 (m, 2H); *°C NMR (101 MHz,
CDCl3) 6 160.0 (d, J = 244 Hz), 135.8, 120.3 (d, J = 8 Hz), 116.6 (d, J = 23 Hz).

1-Azidobenzene (1i)

N, Following the general procedure for preparation of aryl azides from aniline (9.8 mL,
@ 107.5 mmol), the title compound was obtained as a brown oil (7.5 g, 58%).
Spectroscopic data for this compound is in accordance with the literature.®
'H NMR (400 MHz, CDCls) § 7.31-7.25 (m, 2H), 7.11-7.05 (m, 1H), 6.99-6.93 (m, 2H); $3C

NMR (101 MHz, CDCls) § 140.1, 129.8, 124.9, 119.1.

-S4-



1-Azido-3-trifluoromethylbenzene (1j)
N, Following the general procedure for preparation of aryl azides from 3-

Q trifluoromethylaniline (5.0 mL, 40.0 mmol), the title compound was obtained as an

CFs orange oil (6.7 g, 89%). Spectroscopic data for this compound is in accordance with
the literature.!’
'H NMR (400 MHz, CDCls) & 7.48-7.44 (m, 1H), 7.39-7.37 (m, 1H), 7.24 (s, 1H), 7.20-7.18
(m, 1H); 3C NMR (101 MHz, CDCls3) § 141.0, 132.4 (g, J = 33 Hz), 130.3, 123.5 (¢, J = 273
Hz), 122.1, 121.5(q, J = 4 Hz), 116.0 (g, J = 4 Hz).

1-Azido-3,5-bis(trifluoromethyl)benzene (1k)
FsC N; Following the general procedure for preparation of aryl azides from 3,5-
bis(trifluoromethyl)aniline (3.4 mL, 21.8 mmol), the title compound was
CFs obtained as a yellow oil (5.5 g, 98%). Spectroscopic data for this compound is in
accordance with the literature.!8
'H NMR (400 MHz, CDCls3) § 7.64 (s, 1H), 7.44 (s, 2H); *C NMR (101 MHz, CDCls) & 142.6,
133.6 (g, J =34 Hz), 122.9 (q, J = 273 Hz), 119.3 (q, J = 2 Hz), 118.6 (sept, J = 4 Hz).

4-Azidotoluene (11)
N, Following the general procedure for preparation of aryl azides from p-toluidine
Me@ (10.0 g, 93.4 mmol), the title compound was obtained as a brown solid (11.0 g,
89%). Spectroscopic data for this compound is in accordance with the literature.
'H NMR (400 MHz, CDCl3) 6 7.17 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 2.35 (s, 3H);
13C NMR (101 MHz, CDCls) § 137.2, 134.6, 130.4, 118.9, 20.9.

1-Azido-4-isopropylbenzene (1m)

N, Following the general procedure for preparation of aryl azides from 4-
\((j isopropylaniline (10.0 mL, 73.1 mmol), the title compound was obtained as a red

liquid (11.1 g, 94%). Spectroscopic data for this compound is in accordance with

the literature.®
'H NMR (400 MHz, CDCls3) § 7.21 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H), 2.89 (sept, J
= 7.0 Hz, 1H), 1.23 (d, J = 7.0 Hz, 6H); *C NMR (101 MHz, CDCl3) 5 145.7, 137.4, 127.7,
118.9, 33.6, 24.0.

4-Azidoanisole (1n)
n, Following the general procedure for preparation of aryl azides from p-anisidine
Meo/© (10.0 g, 81.2 mmol), the title compound was obtained as a brown solid (11.3 g,
93%). Spectroscopic data for this compound is in accordance with the
literature.'*
'H NMR (400 MHz, CDCl3) § 6.95 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), 3.79 (s, 3H);
13C NMR (101 MHz, CDCls) § 157.0, 132.3, 120.0, 115.1, 55.5.

-S5-



Mesityl azide (10)
\ Following the general procedure for preparation of aryl azides from mesidine (10.0
/@;3 g, 74.0 mmol), the title compound was obtained as an orange oil (9.3 g, 78%).
Spectroscopic data for this compound is in accordance with the literature.?
'H NMR (400 MHz, CDCls) & 6.86 (s, 2H), 2.36 (s, 6H), 2.28 (s, 3H); *C NMR (101 MHz,
CDCl3) 6 135.3, 134.4, 131.9, 129.5, 20.7, 18.1.

3-Azidopyridine (1p)

M. Following the general procedure for preparation of aryl azides from 3-aminopyridine
ENJ/ (5.0 g, 53.2 mmol), the title compound was obtained as an orange oil (3.7 g, 59%).
Spectroscopic data for this compound is in accordance with the literature.*®
'H NMR (400 MHz, CDCl3) & 8.41-8.36 (m, 2H), 7.38-7.34 (m, 1H), 7.32-7.28 (m, 1H); 13C

NMR (101 MHz, CDCl3) 6 146.0, 141.3, 137.1, 125.9, 124.1.

4-Azidopyridine (1q)

Mo A solution of 4-chloropyridine hydrochloride (7.2 g, 47.7 mmol) in water (20 mL)
N was neutralised with aqueous solution of NaOH (1 M) to pH 7 before adding MeOH

(40 mL). Subsequently, a solution of NaNs (6.2 g, 95.3 mmol) in water (20 mL) was

added and the mixture was heated under reflux overnight, cooled to room temperature,
concentrated under reduced pressure and neutralised with saturated aqueous solution of KoCOsa.
The aqueous layer was extracted twice with diethyl ether and the combined organic layers were
washed with water, brine, dried over MgSQyg, filtered and concentrated under reduced pressure
to yield the title compound as a red oil (4.7 g, 75%). Spectroscopic data for this compound is
in accordance with the literature.?
'H NMR (400 MHz, CDCls) § 8.55-8.51 (m, 2H), 6.97-6.93 (m, 2H); 3C NMR (101 MHz,
CDCl3) 6 151.1, 148.7, 114.1.

Methyl 3-azidothiophene-2-carboxylate (1r)
s Following the general procedure for preparation of aryl azides from methyl 3-
QCOZMe aminothiophene-2-carboxylate (7.5 g, 47.7 mmol), the title compound was
Na obtained as a yellow solid (8.0 g, 91%). Spectroscopic data for this compound is
in accordance with the literature.??
!H NMR (400 MHz, CDCl3) § 7.48 (d, J = 5.5 Hz, 1H), 6.93 (d, J = 5.5 Hz, 1H), 3.88 (s, 3H);
13C NMR (101 MHz, CDCl3) § 161.3, 142.2, 131.2, 122.1, 117.1, 52.1.

Benzyl azide (15)

N, From benzyl bromide (7.0 mL, 58.5 mmol) and NaNs (4.2 g, 64.4 mmol) and
g following the Alvarez procedure® (16 h, RT), the title compound was obtained as a
yellow oil (7.6 g, 98%). Spectroscopic data for this compound is in accordance with the
literature.®
'H NMR (400 MHz, CDCls3) § 7.46-7.34 (m, 5H), 4.36 (s, 2H); **C NMR (101 MHz, CDCls)
0 135.4,128.8, 128.3, 128.2, 54.8.

-S6-



1-(Azidomethyl)-4-trifluoromethylbenzene (1t)

N, 1-Bromomethyl-4-trifluoromethylbenzene (4.5 g, 18.8 mmol) was dissolved in
Fscg DMF (40 mL) and NaNs (1.5 g, 22.6 mmol) was added. The reaction mixture

was stirred at 65 °C for 16 h, then allowed to cool down to room temperature.

Water (100 mL) was added and the aqueous layer was extracted twice with diethyl ether. The
combined organic layers were thoroughly washed with water, brine, dried over MgSOyg, filtered
and concentrated under reduced pressure to yield the title compound as a colourless oil (3.7 g,
97%). Spectroscopic data for this compound is in accordance with the literature.?
'H NMR (400 MHz, CDCls) & 7.63 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 4.40 (s, 2H);
13C NMR (100 MHz, CDCls3) & 139.5, 130.4 (q, J = 33 Hz), 128.3, 125.8 (q, J = 4 Hz), 124.0
(9, J =272 Hz), 54.0.

(1-Azidoethyl)benzene (1u)
From 1-phenylethylbromide (3.4 mL, 24.9 mmol) and NaN3 (1.8 g, 27.4 mmol) and
©/LN3 following the Alvarez procedure® (12 h, RT), the title compound was obtained as a
pale yellow oil (3.4 g, 93%). Spectroscopic data for this compound is in accordance
with the literature.®
'H NMR (400 MHz, CDCl3) & 7.38-7.27 (m, 5H), 4.59 (q, J = 7.0 Hz, 1H), 1.51 (d, J = 7.0 Hz,
3H); 3C NMR (100 MHz, CDCl3) 6 140.9, 128.8, 128.1, 126.4, 61.1, 21.6.

1,4-Bis-(azidomethyl)benzene (1v)

N, From 1,4-bis(bromomethyl)benzene (10.0 g, 37.9 mmol) and NaNs (5.4 g,
Nsﬁ 83.4 mmol) and following the Alvarez procedure® (16 h, RT), the title
compound was obtained as a pale yellow oil (6.2 g, 87%). Spectroscopic data for this
compound is in accordance with the literature.?*

'H NMR (400 MHz, CDCl3) § 7.33 (s, 4H), 4.34 (s, 4H); **C NMR (101 MHz, CDCl3) § 135.4,
128.6, 54.3.

1-Azido-2-ethoxyethane (1w)

1-Bromo-2-ethoxyethane (10.0 mL, 88.7 mmol) was dissolved in DMF (100 mL)
and NaNz (8.7 g, 133.0 mmol) was added. The reaction mixture was stirred at
100 °C for 48 h behind a safety screen, then allowed to cool down to room temperature. Brine
(40 mL) was added and the aqueous layer was extracted four times with diethyl ether. The
combined organic layers were thoroughly washed with water, brine, dried over MgSOyg, filtered
and carefully concentrated under reduced pressure (150 mm Hg, 30 °C) to vyield the title
compound as a yellow oil (7.4 g, 72%).

IR: vmax 2978, 2932, 2870, 2092 (s, N3), 1444, 1379, 1346, 1284 (m), 1116 (s), 1046, 1030,
933, 852, 825 cm™!; 'H NMR (400 MHz, CDCls) § 3.61 (t, J = 5.0 Hz, 2H), 3.55 (g, J = 7.0 Hz,
2H), 3.38 (t, J = 5.0 Hz, 2H), 1.23 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCls) § 69.2,
66.7, 50.8, 15.2; HRMS (EI+) calculated for C4HgO 73.0653, found 73.0658 ([M - N3]¥)

\/o\/\N
3
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3. Dipolar Cycloadditions in DES

General procedure for the dipolar cycloadditions: Azide (1.0 equiv.) and alkene (2.0 equiv.)
were stirred in deep eutectic solvent (choline chloride/urea = 1:2; 0.5 M) at 80 °C for 16 h,
unless stated otherwise. The reaction mixture was cooled down to room temperature, diluted
with water (2 mL per mmol of azide) and pentane/Et2O (3:1; 1 mL per mmol of azide) and
stored at -18 °C overnight. If triazoline precipitated overnight, this was triturated at room
temperature, collected by filtration, washed three times with ice cold pentane/Et2O and
recrystallised from boiling ethanol if necessary. Occasionally, the washings and/or filtrate from
this recrystallisation were further purified by column chromatography as described next, either
to improve the triazoline recovery, or to isolate the corresponding aziridine. If no solid
precipitated at -18 °C, the mixture was extracted with EtOAc, the combined organic phases
were washed with water and brine, dried over MgSOsa, filtered, concentrated under reduced
pressure and purified by column chromatography on basified silica (eluent: petroleum
ether/EtOAc 0—25% gradient basified with 2% v/v NEts unless stated otherwise; reaction
crude was dry-loaded onto stationary phase). Occasionally, the product recovered after column
chromatography required washing with ice-cold pentane/Et,O (1:1).

5-Phenyl-1-[4-(trifluoromethyl)phenyl]-A?-1,2,3-triazoline (3aa): Following the general
procedure from 1-azido-4-trifluoromethylbenzene (5.00 g, 26.7 mmol) and styrene (6.18 mL,
53.4 mmol), the title compound was isolated as a white solid (3.68 g after recrystallisation,
0.82 g after column: 58% overall). From this reaction, 2-phenyl-1-[4-
(trifluoromethyl)phenyl]aziridine 4aa was also isolated as a white solid (1.28 g, 18%) after
column chromatography and recrystallisation from pentane at -18 °C.
2, 3aa: Single crystals for X-ray diffraction were grown from Et,O, CCDC
Faﬁ@ N 1843142; Mp 88.0-90.0 °C; R¢ = 0.49 (petroleum ether/EtOAc = 80:20); IR:
. 7N 7 Vmax 1612 (m), 1523 (m), 1502 (m), 1458, 1431, 1365 (m), 1316 (m), 1193,
® ° 1153 (m), 1111 (s), 1067 (s), 1010 (m), 990 (m), 963 (M), 926 (m), 841 (m),
820 (s), 751 (s), 698 (s) cm™; tHNMR (CDCls, 400 MHz) § 7.45 (d, J=8.5
Hz, 2H, H?), 7.35-7.24 (m, 5H, HA"), 7.15 (d, J = 8.5 Hz, 2H, H®), 4.94 (dd,
J=125; 8.0 Hz, 1H, H®), 4.88 (dd, J = 17.5; 12.5 Hz, 1H, H°), 4.37 (dd, J = 17.5; 8.0 Hz, 1H,
H®); 33C NMR (CDCls, 101 MHz): § 142.9 (C%), 139.5 (C"), 129.5 (C?), 128.4 (C'9), 126.5 (q,
J=3Hz, C?),125.9 (C?), 124.3 (g, J = 269 Hz, C*1), 124.0 (g, J = 33 Hz, CY), 114.4 (C?), 76.1
(C), 57.4 (C%; ®F NMR (CDCls, 377 MHz): § -61.9 (s); HRMS (ES+) calculated for
CisHisNsFs 292.1062, found 292.1058 ([M + H]"); Elemental analysis calculated for
CisH12NsF3: C, 61.85; H, 4.15; N, 14.43, found: C, 61.95; H, 4.27; N, 14.27.
o 4aa: Single crystals for X-ray diffraction were grown from Et.O, CCDC
5 , 1843144; Mp 85.0-87.0 °C; Rr = 0.83 (petroleum ether/EtOAc = 80:20); IR:
>

9

10

vmax 3053, 1614 (m), 1516, 1464, 1418, 1389, 1327 (s), 1279 (s), 1185, 1163
(m), 1127 (m), 1101 (s), 1076 (m), 1065 (s), 1010 (m), 981 (m), 914, 867, 843
o SN, (9), 790,767 (m), 758 (s), 714 (s), 698 (5) cm; *HNMR (CDCls, 400 MHz) &

©/u 7.50 (d, J = 8.5 Hz, 2H, H?), 7.38-7.36 (m, 4H, HAY), 7.34-7.29 (m, 1H, HAY),
7.11 (d, J = 8.5 Hz, 2H, H®), 3.16 (dd, J = 6.5; 3.5 Hz, 1H, Hf), 2.49 (dd, J =
6.5; 1.0 Hz, 1H, HS), 2.47 (dd, J = 3.5; 1.0 Hz, 1H, H5); 3C NMR (CDCls, 101 MHz) & 157.6
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(C%, 138.6 (C), 128.6 (C®), 127.7 (C*°), 126.3 (q, J = 3 Hz, C?), 126.2 (C?), 124.6 (q, J = 32
Hz, CY), 124.4 (g, J = 269 Hz, C!Y), 120.7 (C?), 41.7 (C®), 37.7 (C®); °F NMR (CDCls, 377
MHz): 6 -61.8 (s); HRMS (ES+) calculated for C1sH13NFs 264.1000, found 264.0988 ([M +
H]"); Elemental analysis calculated for C1sH12NFs: C, 68.44; H, 4.59; N, 5.32, found: C, 68.39;
H, 4.69; N, 5.29.

1-(4-Nitrophenyl)-5-phenyl-A?-1,2,3-triazoline (3ba): Following the general procedure at 80

°C for 8 h from 1-azido-4-nitrobenzene (3.00 g, 18.3 mmol) and styrene (4.22 mL, 36.6 mmol),

the title compound was isolated as an orange solid (3.21 g after recrystallisation, 0.10 g after

column: 67% overall).

) 3ba: Mp 128.7-130.9 °C; Rs = 0.22 (petroleum ether/EtOAc = 80:20); IR:

om“@l . Vmax 3032, 1597 (s, NO), 1517 (m), 1496 (s), 1455, 1435, 1372 (w, NO),

N"SN 1324 (s), 1304 (m), 1284 (m), 1203, 1187, 1127, 1115, 1080, 1061 (s), 984,

66_2 959, 920 (m), 906 (m), 843 (s), 810, 750 (s), 711, 695, 688 cm™; *H NMR

’ (CDCls, 400 MHz) § 8.10 (d, J = 9.5 Hz, 2H, H?), 7.38-7.31 (m, 3H, HA"),

7.26 (d, J = 9.5 Hz, 2H, H®), 7.16-7.14 (m, 2H, HA"), 4.99 (dd, J = 12.0;

7.5 Hz, 1H, H°), 4.96 (dd, J = 18.0; 12.0 Hz, 1H, H®), 4.47 (dd, J = 18.0; 7.5 Hz, 1H, H%); 13C

NMR (CDCls, 101 MHz): § 145.2 (CY), 142.1 (C*), 139.0 (C"), 129.7 (C®), 128.7 (C¥9), 125.8

(C?), 125.6 (C?), 114.1 (C3), 76.8 (C°), 57.0 (C®); HRMS (ES+) calculated for C14H13N4O2
269.1039, found 269.1048 ([M + H]").

10

4-(5-Phenyl-A?-1,2,3-triazolin-1-yl)benzonitrile (3ca): Following the general procedure
from 4-azidobenzonitrile (3.00 g, 20.8 mmol) and styrene (4.81 mL, 41.6 mmol), the title
compound was isolated as a white solid (2.97 g, 57%) after column chromatography. From this
reaction, 4-(2-phenylaziridin-1-yl)benzonitrile 4ca was also isolated as a white solid (0.19 g,
4%) after column chromatography and recrystallisation from pentane at -18 °C.
2 3ca: Mp 94.0-96.0 °C; Rs = 0.26 (petroleum ether/EtOACc = 80:20); IR: Vmax
Nﬁ@ N 2224 (s, CN), 1605 (s), 1505 (s), 1494 (s), 1456, 1435, 1367 (m), 1354 (m),
N N 1316, 1281, 1180, 1131, 1116, 1081 (m), 1064 (s), 986, 961, 920 (s), 905
966%3 (m), 873, 839 (s), 816 (s), 758 (), 697 (s) cm™; tHNMR (CDCls, 400 MHz)
8 7.50 (d, J = 9.0 Hz, 2H, H?), 7.37-7.29 (m, 3H, HA"), 7.24 (d, J = 9.0 Hz,
2H, H®), 7.15-7.13 (m, 2H, HA"), 4.95 (dd, J = 12.5; 4.5 Hz, 1H, H°), 4.92
(dd, J = 17.0; 12.0 Hz, 1H, H°), 4.43 (dd, J = 17.0; 4.5 Hz, 1H, H®); 3C NMR (CDCls, 101
MHz): § 143.5 (C%), 139.1 (C"), 133.5 (C?), 129.6 (C°), 128.6 (C9), 125.7 (C?), 119.1 (C),
114.7 (C3), 104.9 (CY), 76.5 (C®), 57.1 (C®); HRMS (ES+) calculated for C1sH13N4 249.1140,
found 249.1141 ([M + H]").
Hen 4ca: Mp 69.0-70.2 °C; Rs = 0.61 (petroleum ether/EtOAC = 80:20); IR: Vmax
1, 3057, 2984, 2222 (s, CN), 1598 (s), 1505 (s), 1496 (s), 1459 (m), 1450, 1417,
>

10

. 1386 (), 1314 (m), 1297 (m), 1282 (m), 1179, 1151 (s), 1134, 1115, 1101 (m),
990, 913, 896 (M), 835 (s), 821 (M), 767, 755 (s), 696 (s), 663 (M) cm™; *H

s -5 NMR (CDCls, 400 MHz) & 7.53 (d, J = 8.5 Hz, 2H, H?), 7.40-7.29 (m, 5H,
©/A HAN, 7.08 (d, J = 8.5 Hz, 2H, H?), 3.19 (dd, J = 6.5; 3.5 Hz, 1H, H®), 2.52 (dd,
J=6.5; 0.5 Hz, 1H, H%), 2.50 (dd, J = 3.5; 0.5 Hz, 1H, H5); 3C NMR (CDCls,
101 MHz) § 158.5 (C%), 138.1 (C), 133.3 (C?), 128.6 (C?), 127.8 (C19), 126.1 (C8), 121.1 (C?),
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119.2 (C11), 105.4 (CY), 41.8 (CF), 37.7 (C%); HRMS (ES+) calculated for CisHisN2 221.1079,
found 221.1086 ([M + HT*).

Ethyl 4-(5-phenyl-A?-1,2,3-triazolin-1-yl)benzoate (3da): Following the general procedure
from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and styrene (3.63 mL, 31.4 mmol), the title
compound was isolated as a white solid (2.51 g after recrystallisation, 0.14 g after column: 57%
overall). From this reaction, ethyl 4-(2-phenylaziridin-1-yl)benzoate 4da was also isolated as
a white solid (0.45 g, 11%) after column chromatography and recrystallisation from pentane at
-18 °C.
o 2 | 3da: Mp 123.0-127.0 °C; Rf = 0.35 (petroleum ether/EtOAc = 80:20);
/12\ 0)}1\1@ . IR: vmax 2971, 1702 (s, C=0), 1608 (s), 1518, 1502 (s), 1455, 1422, 1365
13 NN (m), 1307, 1271 (S), 1176 (s), 1106 (S), 1066 (s), 1025 (m), 988, 963 (s),
966_2 925 (s), 872, 851 (m), 830 (m), 764 (s), 748 (s), 691 (s) cm™; 'H NMR
(CDCls, 400 MHz) § 7.92 (d, J = 9.0 Hz, 2H, H?), 7.35-7.28 (m, 5H, H™"),
7.22 (d, J=9.0 Hz, 2H, H®), 4.98 (dd, J = 12.5; 7.5 Hz, 1H, H°), 4.89 (dd,
J=175; 125 Hz, 1H, H®), 4.39 (dd, J = 17.5; 7.5 Hz, 1H, H®), 4.32 (q, J = 7.0 Hz, 2H, H*?),
1.35 (t, J = 7.0 Hz, 3H, H®3); 3C NMR (CDCls, 101 MHz): § 166.2 (C*'), 143.7 (C*), 139.6
(C"), 131.1 (C?), 129.4 (C%), 128.3 (C'7), 125.8 (CB), 124.0 (Ch), 114.1 (C®), 76.0 (C°), 60.6
(C*?),57.3(C"), 14.3 (C*3); HRMS (ES+) calculated for C17H1sN30, 296.1399, found 296.1385
([M + H]"); Elemental analysis calculated for C17H17N3O2: C, 69.14; H, 5.80; N, 14.23, found:
C, 68.97; H, 5.70; N, 14.06.
oo 4da: Mp 32.0-33.3 °C; Rs = 0.67 (petroleum ether/EtOAc = 80:20); IR: Vmax
T 3052, 2991, 1698 (s, C=0), 1601 (s), 1499, 1466, 1390, 1367, 1310, 1267 (s),
1174, 1154, 1129, 1109 (s), 1096 (s), 1065, 1015, 1003, 983, 914, 860 (s), 838,
2 783,771 (s), 760, 728, 699 (s) cm™; 'H NMR (CDCls, 400 MHz) & 7.95 (d, J
s A 8.5 Hz, 2H, H?), 7.37-7.29 (m, 5H, HA"), 7.06 (d, J = 8.5 Hz, 2H, H?), 4.34
©/u (0, J = 7.0 Hz, 2H, H'?), 3.16 (dd, J = 6.5; 3.5 Hz, 1H, H°), 2.50 (dd, J = 6.5;
1.0 Hz, 1H, H°), 2.47 (dd, J = 3.5; 1.0 Hz, 1H, H®), 1.37 (t, J = 7.0 Hz, 3H,
H™%); 3CNMR (CDCls, 101 MHz) & 166.4 (C*!), 158.7 (C*), 138.7 (C"), 130.8 (C?), 128.5 (C?),
127.6 (C9), 126.1 (C?), 124.6 (C1), 120.2 (C?), 60.7 (C?), 41.6 (CP), 37.7 (C°), 14.4 (C);
HRMS (ES+) calculated for C17H1sNO> 268.1338, found 268.1327 ([M + H]").

10

1-(4-lodophenyl)-5-phenyl-A?-1,2,3-triazoline (3ea): Following the general procedure from
1-azido-4-iodobenzene (3.25 g, 13.3 mmol) and styrene (3.07 mL, 26.6 mmol), the title
compound was isolated as a brown solid (2.20 g after recrystallisation, 0.31 g after column:
54% overall). From this reaction, 1-(4-iodophenyl)-2-phenylaziridine 4ea was also isolated as
a yellow solid (0.87 g, 20%) after column chromatography and recrystallisation from pentane
at -18 °C.
L2 s 3ea: Mp 128.0-130.5 °C; R¢ = 0.49 (petroleum ether/EtOAc = 80:20); IR: Vmax
l\©i . 1583 (m), 1480 (s), 1456 (s), 1425, 1397, 1352 (m), 1304 (m), 1275 (m), 1205,
] 7N 1121 (m), 1101 (m), 1070 (m), 1027 (m), 999 (m), 986 (m), 962 (m), 924 (m),
966_{3 909 (m), 838 (m), 827, 801 (s), 759 (s), 722, 693 (s) cm™; *H NMR (CDCls,
400 MHz) § 7.50 (d, J = 9.0 Hz, 2H, H?), 7.35-7.28 (m, 3H, HA"), 7.15-7.13
(m, 2H, HAY, 6.96 (d, J = 9.0 Hz, 2H, H%), 4.90 (dd, J = 12.5; 9.5 Hz, 1H, H°®),
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4.87 (dd, J = 18.5; 12.5 Hz, 1H, H®), 4.33 (dd, J = 18.5; 9.5 Hz, 1H, H%); *3C NMR (CDCls,

101 MHz): § 140.0 (C*), 139.7 (C"), 138.0 (C?), 129.4 (C®), 128.3 (C19), 125.9 (C?¥), 116.8 (C?),

85.0 (CY), 75.8 (C®), 57.7 (C%; HRMS (ES+) calculated for Ci4H13N3l 350.0154, found

350.0154 ([M + H]).

| 4dea: Mp 75.7-76.5 °C; Rs = 0.84 (petroleum ether/EtOAC = 80:20); IR: Vmax

L2 3045, 2985, 1575 (m), 1480 (s), 1463 (s), 1397 (M), 1387 (M), 1313 (m), 1303

3 (m), 1283 (m), 1268 (m), 1228, 1154 (m), 1125, 1104, 1091, 1073, 1058, 998

. x. (m), 983 (m), 915, 871, 825 (s), 773 (m), 759 (m), 721 (s), 691 (s) cmL; H

9©7/6A5 NMR (CDCls, 400 MHz) & 7.53 (d, J = 8.5 Hz, 2H, H?), 7.36-7.35 (m, 4H,

HAN, 7.32-7.27 (m, 1H, HA"), 6.81 (d, J = 8.5 Hz, 2H, H®), 3.07 (dd, J = 6.5;

3.5 Hz, 1H, H®), 2.42 (dd, J = 6.5; 0.5 Hz, 1H, H%), 2.41 (dd, J = 3.5; 0.5 Hz, 1H, H%); *CNMR

(CDCls, 101 MHz) § 154.3 (C*), 138.8 (C), 137.8 (C?), 128.5 (C®), 127.5 (C*?), 126.1 (C?),

122.8 (C3), 85.3 (CY), 41.7 (C®), 37.6 (C°); HRMS (ES+) calculated for C1sH13NI 322.0093,
found 322.0088 ([M + H]").

1-(4-Bromophenyl)-5-phenyl-A?-1,2,3-triazoline (3fa): Following the general procedure
from 1-azido-4-bromobenzene (3.00 g, 15.2 mmol) and styrene (3.50 mL, 30.4 mmol), the title
compound was isolated as a pale yellow solid (2.39 g after recrystallisation, 0.22 g after
column: 56% overall). From this reaction, 1-(4-bromophenyl)-2-phenylaziridine 4fa was also
isolated as a pale yellow solid (0.99 g, 24%) after column chromatography and recrystallisation
from pentane at -18 °C.
2, 3fa: Mp 139.0-140.6 °C; R = 0.50 (petroleum ether/EtOAc = 80:20); IR:
Br@ N vmax 3086, 3025, 2938, 1592 (m), 1484 (s), 1456 (m), 1432 (m), 1411, 1359
. 7” 7' (s), 1307, 1274, 1253, 1204, 1124 (m), 1102, 1085 (s), 1071 (s), 1029, 1003
Qdd (m), 968 (m), 927 (s), 906, 869, 834 (s), 801 (s), 754 (s), 711, 695 (s) cm™;
!HNMR (CDCls, 400 MHz) & 7.35-7.26 (m, 3H, H”"), 7.32 (d, J = 9.0 Hz,
2H, H?), 7.16-7.14 (m, 2H, HA"), 7.07 (d, J = 9.0 Hz, 2H, H%), 4.90 (dd, J =
12.5; 10.0 Hz, 1H, H®), 4.87 (dd, J = 19.0; 12.5 Hz, 1H, H%), 4.33 (dd, J = 19.0; 10.0 Hz, 1H,
H®); ®*CNMR (CDCls, 101 MHz): § 139.7 (C7), 139.4 (C*), 132.1 (C?), 129.4 (C®), 128.3 (C19),
125.9 (C®), 116.4 (C®), 114.8 (CY), 75.8 (C®), 57.8 (C®); HRMS (ES+) calculated for
C14H13N3Br 302.0293, found 302.0288 ([M + H]").
Br 4fa: Mp 58.2-59.4 °C; Rs = 0.85 (petroleum ether/EtOACc = 80:20); IR: vmax
N2 3035, 2978, 1581 (m), 1482 (s), 1462 (s), 1400 (m), 1390 (m), 1313 (m), 1300
~ e (m), 1283 (m), 1272 (m), 1225, 1156 (m), 1126, 1105, 1093, 1066 (m), 1002
g N (m), 984 (m), 915, 871, 828 (s), 775 (m), 760, 726 (s), 692 (s) cm™*; TH NMR
9©7/6u5 (CDCls, 400 MHz) & 7.36-7.32 (m, 4H, H™"), 7.34 (d, J = 8.5 Hz, 2H, H?),
7.32-7.26 (m, 1H, HAY, 6.92 (d, J = 8.5 Hz, 2H, H%), 3.07 (dd, J = 6.5; 3.5 Hz,
1H, H®), 2.43 (dd, J = 6.5; 1.0 Hz, 1H, H%), 2.41 (dd, J = 3.5; 1.0 Hz, 1H, H®%); *CNMR (CDCls,
101 MHz) § 153.6 (C*), 138.8 (C"), 131.9 (C?), 128.5 (C°), 127.4 (C1°), 126.1 (C?), 122.3 (C?),
115.0 (CY), 41.7 (CP), 37.7 (C®); HRMS (ES+) calculated for C14H1sNBr 274.0231, found
274.0230 ([M + H]).
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1-(4-Chlorophenyl)-5-phenyl-A2-1,2,3-triazoline (3ga): Following the general procedure
from 1-azido-4-chlorobenzene (3.00 g, 19.5 mmol) and styrene (4.51 mL, 39.0 mmol), the title
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compound was isolated as an off-white solid (2.80 g after recrystallisation, 0.10 g after column:
58% overall). From this reaction, 1-(4-chlorophenyl)-2-phenylaziridine 4ga was also isolated
as a pale yellow solid (0.94 g, 21%) after column chromatography and recrystallisation from
pentane at -18 °C.
2 3ga: Mp 125.0-129.0 °C; Rs = 0.48 (petroleum ether/EtOAc = 80:20); IR:
C'@ N Vmax2938,1597, 1496 (m), 1485 (s), 1456, 1413, 1354 (m), 1305, 1273, 1124,
. 7N ' 1096, 1088, 1071 (s), 1008, 992, 967, 931 (m), 913 (m), 824 (s), 807 (m), 763
gd‘i (s), 728, 701 (m), 696 cm™; 'H NMR (CDCls, 400 MHz) § 7.35-7.26 (m, 3H,
HAN, 7.18-7.10 (m, 6H, HA"), 4.90 (dd, J = 12.5; 11.0 Hz, 1H, H®), 4.86 (dd,
J =20.0; 12.5 Hz, 1H, H%), 4.32 (dd, J = 20.0; 11.0 Hz, 1H, H°); C NMR
(CDCls, 101 MHz): § 139.8 (C’), 139.0 (C%), 129.4 (C®), 129.2 (C?), 128.3 (C'7), 127.4 (CY),
125.9 (C?®), 116.0 (C®), 75.7 (C®), 57.9 (C®); HRMS (ES+) calculated for C14H13N3CI 258.0798,
found 258.0804 ([M + H]").
4ga: Mp 42.5-43.0 °C; Rs = 0.81 (petroleum ether/EtOAc = 80:20); IR: Vmax
13030, 2924, 1594, 1488 (s), 1463, 1388, 1315, 1300, 1282, 1271, 1224, 1155,
, 1089 (m), 1033, 1009, 912, 830 (s), 741 (s), 697 (s) cm™; *H NMR (CDCls,
4 400 MHz) § 7.37-7.35 (m, 4H, H”"), 7.33-7.27 (m, 1H, HA"), 7.20 (d, J=9.0
o A =5 Hz, 2H, H?), 6.97 (d, J = 9.0 Hz, 2H, H®), 3.07 (dd, J = 6.5; 3.5 Hz, 1H, H®),
(j/A 2.43 (dd, J=6.5; 1.0 Hz, 1H, H®), 2.41 (dd, J = 3.5; 1.0 Hz, 1H, H®); ®*CNMR
(CDCls, 101 MHz) § 153.1 (C%), 138.9 (C"), 128.9 (C?), 128.5 (C°), 127.4
(C19), 127.3 (CY), 126.1 (C®), 121.8 (C?), 41.8 (CP), 37.7 (C°); HRMS (ES+) calculated for
C14H13NCI 230.0737, found 230.0744 ([M + H]").

10

1-(4-Fluorophenyl)-5-phenyl-A?-1,2,3-triazoline (3ha): Following the general procedure
from 1-azido-4-fluorobenzene (3.00 g, 21.9 mmol) and styrene (5.06 mL, 43.8 mmol), the title
compound was isolated as a pale yellow solid (2.84 g after recrystallisation, 0.10 g after
column: 56% overall). From this reaction, 1-(4-fluorophenyl)-2-phenylaziridine 4ha was also
isolated as a yellow solid (0.70 g, 15%) after column chromatography and recrystallisation
from pentane at -18 °C.
2, 3ha: Mp 117.1-119.5 °C; Rf = 0.47 (petroleum ether/EtOAc = 80:20); IR:
F@ N Vmax 1508 (m), 1490 (s), 1455, 1429 (m), 1362, 1306, 1277, 1225 (m), 1165,
N1 (s), 1084 (m), 1074 (s), 1028, 1011, 994 (m), 964 (m), 929 (m), 921, 912
(m), 873, 852, 830 (s), 811 (s), 750 (s), 696 (m) cm™; *H NMR (CDClI3, 400
MHz) § 7.36-7.29 (m, 3H, HA"), 7.18-7.12 (m, 4H, H”"), 6.95-6.91 (m, 2H,
HAN, 4.90 (dd, J = 12.5; 10.0 Hz, 1H, H°), 4.87 (dd, J = 18.5; 12.5 Hz, 1H,
H®), 4.31 (dd, J = 18.5; 10.0 Hz, 1H, H®; C NMR (CDCls, 101 MHz): § 158.5 (d, J = 242
Hz, CY), 140.0 (C"), 136.8 (C*), 129.3 (C?%), 128.2 (C9), 126.0 (C?), 116.2 (d, J = 7 Hz, C),
115.8 (d, J =22 Hz, C?), 75.6 (C®), 58.5 (C®); 1°F NMR (CDCls, 377 MHz): § -121.4 (s); HRMS
(ES+) calculated for C14H13N3F 242.1094, found 242.1095 ([M + H]").
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. 4ha: Mp 31.5-33.0 °C; Rf = 0.79 (petroleum ether/EtOAc = 80:20); IR: Vmax

1, 3045, 2985, 1498 (s), 1462 (m), 1451, 1415, 1389, 1316, 1296, 1277, 1235,

(;3 1209 (s), 1176, 1161 (m), 1148, 1128, 1103, 1093 (m), 1076, 985, 911, 839

. o (s), 814 (m), 766 (s), 760 (s), 699 (s), 676 (m) cm™; *H NMR (CDCls, 400

9@7/6@5 MHz) § 7.36-7.31 (m, 4H, H~"), 7.31-7.25 (m, 1H, HA"), 6.97-6.90 (m, 4H,

10 HAN, 3.05 (dd, J = 6.0; 3.0 Hz, 1H, H®), 2.41 (dd, J = 6.0; 0.5 Hz, 1H, H®),

2.39 (dd, J = 3.0; 0.5 Hz, 1H, H®); 3C NMR (CDCls, 101 MHz) § 158.5 (d, J = 241 Hz, CY),

150.5 (C%), 139.1 (C"), 128.5 (C°), 127.4 (C*?), 126.1 (C?®), 121.5 (d, J = 8 Hz, C?), 115.5(d, J

= 22 Hz, C?), 41.9 (C®), 37.8 (C®%); ®F NMR (CDCls, 377 MHz): § -121.5 (s); HRMS (ES+)
calculated for C14H1sNF 214.1032, found 214.1036 ([M + H]").

1,5-Diphenyl-A?-1,2,3-triazoline (3ia): Following the general procedure from 1-azidobenzene
(3.00 g, 25.2 mmol) and styrene (5.81 mL, 50.4 mmol), the title compound was isolated as a
pale yellow solid (2.90 g after recrystallisation, 0.11 g after column: 54% overall). From this
reaction, 1,2-diphenylaziridine 4ia was also isolated as a yellow oil (1.12 g, 23%) after column
chromatography.
2 3ia: Mp 129.0-132.0 °C; Rf = 0.51 (petroleum ether/EtOAC = 80:20); IR: Vmax
1@ v 3032, 2965, 2938, 1672, 1599 (m), 1503, 1489 (s), 1455 (m), 1358 (m), 1329,
NN 1276, 1113 (m), 1097 (), 1064 (s), 1029 (m), 1000 (m), 985, 964 (m), 928 (m),
. aﬁs 914, 882, 871, 755 (m), 744 (s), 707, 697 (m), 687 (s) cm™; *H NMR (CDCls,
400 MHz) § 7.34-7.17 (m, 9H, HA), 6.97-6.94 (m, 1H, HY), 4.94 (dd, J = 12.5;
8.5 Hz, 1H, H®), 4.85 (dd, J = 17.0; 12.5 Hz, 1H, H®), 4.31 (dd, J = 17.0; 8.5
Hz, 1H, H°); ®*C NMR (CDCls, 101 MHz): & 140.4 (C*), 140.3 (C"), 129.3 (C°), 129.2 (C?),
128.1 (C9), 126.0 (C?®), 122.4 (CY), 115.0 (C?), 75.5 (C®), 58.0 (C®); HRMS (ES+) calculated
for C14H14N3 224.1188, found 224.1186 ([M + H]").
4ia: Rs = 0.79 (petroleum ether/EtOAc = 80:20); *H NMR (CDCls, 400 MHz)
2§ 7.40-7.34 (m, 4H, HA"), 7.30-7.23 (m, 3H, HA"), 7.06-7.04 (m, 2H, HA),
@3 7.00-6.97 (m, 1H, HA"), 3.09 (dd, J = 6.5; 3.5 Hz, 1H, H°), 2.44 (dd, J = 6.5;
ij/Af’ 1.0 Hz, 1H, H®), 2.39 (dd, J = 3.5; 1.0 Hz, 1H, H®); **C NMR (CDCl3, 101
6
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MHz) § 154.5 (C*), 139.4 (C"), 129.0 (C?), 128.4 (C®), 127.3 (C19), 126.1 (C?),
122.5 (CY), 120.5 (C?), 41.5 (C%), 37.5 (C®). Spectroscopic data for this
compound is in accordance with the literature.?

5-Phenyl-1-[3-(trifluoromethyl)phenyl]-A?-1,2,3-triazoline (3ja):
Following the general procedure from 1-azido-3-trifluoromethylbenzene (3.00 g, 16.0 mmol)
and styrene (3.70 mL, 32.0 mmol), the title compound was isolated after column
chromatography as an orange oil (3.52 g, 76%).
2 3ja: Re = 0.44 (petroleum ether/EtOAC = 80:20); IR: vmax 3034, 1615, 1594,
4+ n_ 1490 (m), 1451 (m), 1431, 1360 (m), 1318 (m), 1288 (m), 1165 (m), 1120 (s),
FC” 1o 1107 (s), 1085, 1070 (s), 1029, 1000 (m), 965, 926 (m), 910, 882, 862, 787
(m), 758 (m), 695 (s) cm™; tH NMR (CDCls, 400 MHz) § 7.56 (s, 1H, H*?),
’ 7.37-7.17 (m, 8H, HA"), 4.95 (dd, J = 12.5; 10.0 Hz, 1H, H®), 4.91 (dd, J =
19.5;12.5 Hz, 1H, H%), 4.39 (dd, J = 19.5; 10.0 Hz, 1H, H®); 3C NMR (CDCls,
101 MHz): § 140.9 (C*), 139.6 (C"), 131.6 (g, J = 32 Hz, C®3), 129.8 (C?), 129.5 (C%), 128.4
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(C19), 126.0 (C?), 124.0 (q, J = 272 Hz, C'Y), 118.7 (g, J = 4 Hz, C'?), 117.6 (C3), 111.7 (9, J =
4 Hz, Ch, 76.0 (C%), 57.7 (C%; ®F NMR (CDCls, 377 MHz): § -63.0 (s); HRMS (ES+)
calculated for C1sH13NsF3 292.1062, found 292.1064 ([M + H]™).

1-[3,5-Bis(trifluoromethyl)phenyl]-5-phenyl-A?-1,2,3-triazoline (3ka):
Following the general procedure from 1-azido-3,5-bis(trifluoromethyl)benzene (3.00 g, 11.8
mmol) and styrene (2.70 mL, 23.6 mmol), the title compound was isolated after column
chromatography as an orange solid (2.87 g, 68%).
3ka: Rf = 0.70 (petroleum ether/EtOAc = 80:20); IR: vmax 3034, 1621, 1519,
23 1495, 1477, 1466, 1403 (m), 1358, 1308, 1274 (s), 1171 (m), 1125 (s), 1088,
vy 1074, 1046, 1028, 1008 (m), 964, 925 (m), 909, 871 (m), 782, 757, 698 (s),
“Cw 1) 681 (m) cm?; *HNMR (CDCls, 400 MHz) 8 7.60 (s, 2H, H®), 7.42 (s, 1H,
. HY,7.39-7.30 (m, 3H, HAY), 7.19-7.17 (m, 2H, HA"), 4.98 (dd, J = 12.5; 7.0
0 Hz, 1H, H®), 4.96 (dd, J = 12.5; 12.0 Hz, 1H, H°), 4.48 (dd, J = 12.0; 7.0 Hz,
1H, H%); C NMR (CDCls, 101 MHz): & 141.7 (C*), 138.8 (C7), 132.7 (9, J =
33 Hz, C?), 129.8 (C°), 128.9 (C9), 126.1 (C?®), 123.3 (q, J = 274 Hz, C'%), 115.4 (sept, J =3
Hz, CY), 114.5 (g, J = 3 Hz, C?), 76.7 (C®), 57.7 (C®); °F NMR (CDCls, 377 MHz): § -63.3 (s);
HRMS (ES+) calculated for C1sH12N3sFs 360.0935, found 360.0930 ([M + H]").

5-Phenyl-1-(p-tolyl)-A?-1,2,3-triazoline (3la): Following the general procedure from 4-
azidotoluene (3.00 g, 22.5 mmol) and styrene (5.20 mL, 45.0 mmol), the title compound was
isolated as an off-white solid (2.30 g after recrystallisation, 0.30 g after column: 48% overall).
From this reaction, 2-phenyl-1-(p-tolyl)aziridine 4la was also isolated as a white solid (1.34 g,
28%) after column chromatography and recrystallisation from pentane at -18 °C.
2 s 3la: Mp 105.0-108.0 °C; Rf = 0.56 (petroleum ether/EtOAc = 80:20); IR:
11\@ N, vmax 3031, 2917, 2863, 1612, 1518 (s), 1486 (s), 1457, 1429, 1415, 1351 (m),
. 7N " 1317, 1275, 1206, 1128, 1114, 1091 (s), 1074 (s), 1027, 1017, 996, 967, 932
gd‘s_é (m), 914 (m), 867, 829 (m), 807 (s), 763 (s), 699 (s) cm™; *H NMR (CDCls,
400 MHz) 8 7.35-7.25 (m, 3H, HAY), 7.20-7.16 (m, 2H, HA"), 7.09 (d, J = 8.5
Hz, H®), 7.03 (d, J = 8.5 Hz, H?), 4.92 (dd, J = 12.5; 7.5 Hz, 1H, HS), 4.82
(dd, J=16.5; 12.5 Hz, 1H, H%), 4.28 (dd, J = 16.5; 7.5 Hz, 1H, H®), 2.25 (s, 3H, H!); *CNMR
(CDCls, 101 MHz): & 140.4 (C"), 138.1 (C%), 131.8 (CY), 129.7 (C?), 129.2 (C?), 128.0 (C19),
126.0 (C?), 114.9 (C?), 75.2 (C%), 58.3 (CP), 20.6 (C**); HRMS (ES+) calculated for C1sH16N3
238.1344, found 238.1332 ([M + H]").
1 4la: Mp 50.0-51.0 °C; Rs = 0.82 (petroleum ether/EtOAc = 80:20); IR: Vmax
2 3061, 3032, 2991, 2924, 2870, 1606, 1577, 1508 (s), 1496 (M), 1462 (m), 1449,
31385 (m), 1313 (m), 1292, 1276 (m), 1215, 1155 (m), 1127, 1113, 1091, 1071,
s N 1028, 979 (m), 906, 889, 827 (s), 819 (s), 761 (s), 699 (s), 687 (m) cm™; H
9©/6AS NMR (CDCls, 400 MHz) & 7.37-7.30 (m, 4H, HA), 7.27-7.23 (m, 1H, HA),
7.03 (d, J=8.0 Hz, 2H, H?), 6.92 (d, J = 8.0 Hz, 2H, H%), 3.02 (dd, J = 6.5; 3.0
Hz, 1H, H®), 2.38 (dd, J = 6.5; 1.0 Hz, 1H, H®), 2.35 (dd, J = 3.0; 1.0 Hz, 1H, H%), 2.26 (s, 3H,
C!); 83CNMR (CDCls, 101 MHz) § 152.1 (C%), 139.5 (C"), 131.8 (C1), 129.5 (C?), 128.4 (C°),
127.2 (C9), 126.2 (C?), 120.4 (C?), 41.6 (C"), 37.6 (C®), 20.7 (C*); HRMS (ES+) calculated
for C1sH16N 210.1283, found 210.1293 ([M + H]").

10
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1-(4-1sopropylphenyl)-5-phenyl-A?-1,2,3-triazoline (3ma):
Following the general procedure from 1-azido-4-isopropylbenzene (3.00 g, 18.6 mmol) and
styrene (4.30 mL, 37.2 mmol), the title compound was isolated as a yellow solid (2.09 g after
recrystallisation, 0.25 g after column: 46% overall). From this reaction, 1-(4-isopropylphenyl)-
2-phenylaziridine 4ma was also isolated as a pink solid (1.27 g, 27%) after column
chromatography and recrystallisation from pentane at -18 °C. Aziridine 4ma melted to a red
oil at room temperature.

2 3ma: Mp 102.5-104.5 °C; R¢ = 0.58 (petroleum ether/EtOAc = 80:20); IR:
Vmax 2953 (m), 1613, 1515 (m), 1489 (s), 1466, 1456, 1432, 1361 (m), 1340
12 NN (m), 1308, 1275, 1117 (s), 1086 (s), 1077 (s), 1055 (m), 1015, 996 (m), 970
7=(s 5 (m), 930 (M), 915 (m), 842 (m), 818 (s), 760 (M), 747 (s), 697 (s) cm™; 1H
NMR (CDCls, 400 MHz) § 7.35-7.26 (m, 3H, HA"), 7.21-7.19 (m, 2H, HA),
7.13(d, J = 9.0 Hz, H3), 7.09 (d, J = 9.0 Hz, H?), 4.91 (dd, J = 12.5; 9.0 Hz,
1H, H%), 4.84 (dd, J = 17.0; 12.5 Hz, 1H, H°), 4.27 (dd, J = 17.0; 9.0 Hz, 1H, H%), 2.82 (sept, J
= 7.0 Hz, H'Y), 1.19 (d, J = 7.0 Hz, 3H, H'), 1.18 (d, J = 7.0 Hz, 3H, H'?); 3C NMR (CDCls,
101 MHz): & 143.0 (CY), 140.6 (C"), 138.4 (C%), 129.3 (C®), 128.0 (C19), 127.1 (C?), 126.0 (C?),
114.9 (C®), 75.4 (C%), 58.4 (C"), 33.4 (C™), 24.0 (C*?); HRMS (ES+) calculated for C17H20N3
266.1657, found 266.1658 ([M + H]™).

4ma: Rf = 0.83 (petroleum ether/EtOAc = 80:20); IR: vmax 3028, 2958 (m),
" 2869, 1608 (m), 1509 (s), 1462 (m), 1390 (m), 1362, 1313 (m), 1299, 1273
(m), 1224, 1155 (m), 1128, 1094, 1052, 1013, 987, 913, 834 (s), 784, 753 (s),
4 736,698 (s), 670 cm™; 'THNMR (CDCls, 400 MHz) § 7.39-7.33 (m, 4H, HA",
o LA 7.30-7.25 (m, 1H, HA), 7.11 (d, J = 8.5 Hz, 2H, H?), 6.98 (d, J = 8.5 Hz, 2H,

(j/A H?), 3.07 (dd, J = 6.5; 3.5 Hz, 1H, H®), 2.85 (sept, J = 7.0 Hz, H'Y), 2.44 (dd,

J =6.5; 1.0 Hz, 1H, H°), 2.37 (dd, J = 3.5; 1.0 Hz, 1H, H®), 1.22 (d, J = 7.0
Hz, 6H, C!?); 3C NMR (CDCls, 101 MHz) & 152.3 (C%), 143.0 (CY), 139.6 (C), 128.4 (C9),
127.2 (C9), 126.9 (C?), 126.2 (C?), 120.3 (C?), 41.5 (CP), 37.6 (C), 33.4 (C1), 24.1 (C*?);
HRMS (ES+) calculated for C17H20N 238.1596, found 238.1609 ([M + H]").

1-(4-Methoxyphenyl)-5-phenyl-A?-1,2,3-triazoline (3na): Following the general procedure
from 4-azidoanisole (3.00 g, 20.1 mmol) and styrene (4.64 mL, 40.2 mmol), the title compound
was isolated as an off-white solid (1.99 g after recrystallisation, 0.59 g after column: 51%
overall). From this reaction, 1-(4-methoxyphenyl)-2-phenylaziridine 4na was also isolated
after the filtrate from recrystallisation was treated with NaBH4 (0.15 g, 4.0 mmol) in EtOH (6
mL) at 60 °C for 6 h to reduce the imine by-product. Aziridine 4na was isolated as an orange
oil (1.33 g, 29%) after column chromatography on basified silica (eluent: petroleum
ether/toluene 0—5% gradient basified with 2% NEts).
My 2 g 3na: Mp 100.5-102.0 °C; R¢ = 0.38 (petroleum ether/EtOAc = 80:20); IR:
O@ N_ vmax 3025, 2931, 2837, 1586, 1510 (s), 1482 (s), 1454, 1442, 1430, 1422,
. 7N h 1349, 1302, 1245 (s), 1178 (m), 1120 (m), 1086 (s), 1071 (s), 1041 (m),
. ® ° 1028 (s), 992, 961, 928 (M), 906, 870, 826 (s), 802 (M), 754 (s), 696 (S) cm’
1 1HNMR (CDCl3, 400 MHz) § 7.35-7.26 (m, 3H, HA"), 7.19-7.17 (m, 2H,
HAN, 7.12 (d, J = 9.0 Hz, H%), 6.78 (d, J = 9.0 Hz, H?), 4.90 (dd, J = 12.5;
9.0 Hz, 1H, H®), 4.83 (dd, J = 17.0; 12.5 Hz, 1H, H®), 4.26 (dd, J = 17.0; 9.0 Hz, 1H, H®), 3.73
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(s, 3H, HY); 33C NMR (CDCls, 101 MHz): & 155.4 (Ct), 140.4 (C"), 134.4 (C%), 129.3 (C9),

128.1 (C™), 126.1 (C?), 116.5 (C®), 114.5 (C?), 75.2 (C°), 59.0 (C®), 55.5 (C'Y); HRMS (ES+)
calculated for C15H1sN3O 254.1293, found 254.1287 ([M + H]").

o~ 4na: Rf=0.69 (petroleum ether/EtOAc = 80:20); IR: vmax 3036, 2950, 2833,

> 1606, 1586, 1505 (s), 1463 (m), 1441, 1390, 1293, 1269, 1238 (s), 1179 (m),

s 1156, 1128, 1109, 1095, 1074, 1034 (m), 985, 912, 830 (m), 802, 761 (m), 699

.~ (m),681cm?; 'HNMR (CDCls, 400 MHz) § 7.37-7.32 (m, 4H, HY), 7.28—

9©7/6us 7.25 (m, 1H, HA"), 6.97 (d, J = 8.5 Hz, 2H, H3), 6.79 (d, J = 8.5 Hz, 2H, H?),

3.74 (s, 3H, HY), 3.01 (dd, J = 6.5; 3.5 Hz, 1H, H®), 2.39 (dd, J = 6.5; 0.5 Hz,

1H, H®), 2.35 (dd, J = 3.5; 0.5 Hz, 1H, H®); ¥*C NMR (CDCls, 101 MHz) & 155.2 (CY), 147.9

(C%, 139.5 (C"), 128.4 (C9), 127.2 (C19), 126.2 (C?), 121.3 (C?), 114.3 (C?), 55.5 (C'Y), 41.9

(C®), 37.8 (C°); HRMS (ES+) calculated for C1sH1sNO 226.1232, found 226.1230 ([M + H]*).

1-Mesityl-5-phenyl-A?-1,2,3-triazoline (30a): Following the general procedure from mesityl
azide (3.00 g, 18.6 mmol) and styrene (4.30 mL, 37.2 mmol), the title compound was isolated
as a pale yellow solid (2.65 g after recrystallisation, 0.11 g after column: 56% overall). From
this reaction, 1-mesityl-2-phenylaziridine 4o0a was also isolated as a pale yellow solid (0.50 g,
11%) after column chromatography and recrystallisation from pentane at -18 °C. Aziridine 4oa
melted to a pale yellow oil at room temperature.
P 30a: Mp 126.6-128.6 °C; Rf = 0.47 (petroleum ether/EtOAc = 80:20); IR:
” 4w vmax 2952, 2925, 1605, 1585, 1491, 1477 (s), 1456 (m), 1433, 1378, 1361,
\q?” ' 1327, 1295, 1277, 1262, 1204, 1158, 1090 (s), 1074 (s), 1032 (s), 990, 927
d“_é (m), 906 (m), 860 (m), 772 (m), 757, 734, 701 (s) cm™; *H NMR (CDCls, 400
L 7®  MHz)§7.26-7.25 (m, 3H, HA), 7.15-7.13 (m, 2H, H*), 6.79 (s, 2H, H?),
° 4.86 (dd, J = 15.5; 12.0 Hz, 1H, H%), 4.73 (dd, J = 12.0; 9.0 Hz, 1H, H®), 4.62
(dd, J = 15.5; 9.0 Hz, 1H, H%), 2.22 (s, 3H, HY), 1.97 (s, 6H, H'?); *C NMR (CDCls, 101
MHz): § 139.3 (C’), 137.8 (C1), 136.8 (C?), 134.4 (C*, 129.5 (C?), 128.6 (C®), 128.2 (C9),
128.0 (C?¥), 72.6 (C), 61.4 (CP), 20.9 (C™), 18.5 (C*?); HRMS (ES+) calculated for C17H20N3
266.1657, found 266.1663 ([M + H]™).
", 40a: Rf = 0.82 (petroleum ether/EtOAC = 80:20); IR: vmax 3032, 2980, 1598
/@ (m), 1488 (s), 1464 (m), 1451, 1393 (m), 1314 (m), 1298, 1275 (m), 1222,
7 5 1152 (m), 1129, 1101, 1078, 1058, 1025, 1001, 986, 912, 895, 855, 758 (s),
s . ) 721 (m), 694 (s) cm™; 'HNMR (CDCls, 400 MHz) § 7.41-7.34 (m, 4H, HA"),
9©/GAS 7.30-7.26 (m, 1H, HA"), 6.77 (s, 2H, H?), 3.04 (dd, J = 6.5; 3.5 Hz, 1H, H°),
10 2.45 (dd, J = 3.5; 0.5 Hz, 1H, H®), 2.41 (dd, J = 6.5; 0.5 Hz, 1H, H°), 2.26 (s,
6H, H'?), 2.22 (s, 3H, H!!); 3 C NMR (CDCls, 101 MHz) & 148.6 (C*), 140.0 (C"), 131.2 (C}),
129.8 (C?),129.0 (C%), 128.6 (C®), 127.4 (C*°), 126.2 (C?), 43.2 (C®), 41.1 (C®), 20.7 (C%), 19.4
(C'?); HRMS (ES+) calculated for C17H2oN 238.1596, found 238.1596 ([M + H]™).

3-(5-Phenyl-A?-1,2,3-triazolin-1-yl)pyridine (3pa): Following the general procedure at 70 °C
for 24 h from 3-azidopyridine (1.50 g, 12.5 mmol) and styrene (2.89 mL, 25.0 mmol), the title
compound was isolated as an orange solid (1.70 g after recrystallisation, 0.03 g after column:
62% overall). From this reaction, 3-(2-phenylaziridin-1-yl)pyridine 4pa was also isolated as an
orange oil (0.34 g, 14%) after column chromatography.
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1 N1 3pa: Mp 119.3-121.2 °C; Rs = 0.08 (petroleum ether/EtOAc = 80:20); IR: Vmax
Oi N_ 2984, 1585 (m), 1572, 1489 (s), 1455, 1429 (s), 1400, 1363 (m), 1339, 1241,

- 1194, 1130, 1110 (m), 1085 (s), 1073 (s), 1047 (m), 1028, 1018, 984, 962 (m),
Z ° 927 (m), 913 (m), 804 (s), 756 (s), 707 (s), 696 (s) cm™*; *H NMR (CDCls, 400
i MHz) § 8.44 (d, J = 2.5 Hz, 1H, HY), 8.22 (dd, J = 4.5; 1.5 Hz, 1H, H'), 7.60

(ddd, J = 8.5; 2.5; 1.5 Hz, 1H, H3), 7.38-7.27 (m, 3H, HA"), 7.19-7.17 (m, 3H,

HY), 4.95 (dd, J = 12.5; 9.0 Hz, 1H, H°), 4.92 (dd, J = 18.0; 12.5 Hz, 1H, H), 4.39 (dd, J =

18.0; 9.0 Hz, 1H, H%); 3 CNMR (CDCls, 101 MHz): § 143.7 (C1), 139.2 (C"), 136.8 (C*), 136.4

(C), 129.5 (C%), 128.5 (C9), 126.0 (C?), 123.7 (C?), 121.8 (C?), 76.0 (C®), 57.5 (C®); HRMS
(ES+) calculated for C13H13N4 225.1140, found 225.1137 ([M + H]").

1 4pa: Rs = 0.17 (petroleum ether/EtOACc = 80:20); vmax 3030, 2982, 1580 (m),

2N 1573 (m), 1476 (s), 1463 (m), 1420 (s), 1392 (m), 1316 (m), 1298 (m), 1282

f (m), 1224, 1160, 1099, 1041, 1033, 1018, 911, 807 (m), 778, 763, 734 (s), 709

A AR (s), 697 (s) cm™; tHNMR (CDCls, 400 MHz) & 8.40 (d, J = 2.5 Hz, 1H, HY),

©/A 8.25 (d, J = 4.5 Hz, 1H, HY), 7.39-7.36 (m, 4H, HA"), 7.32-7.28 (m, 2H, HA),

7.16 (dd, J = 8.0; 4.5 Hz, 1H, H?), 3.12 (dd, J = 6.0; 3.5 Hz, 1H, H°), 2.48 (dd,

J =6.5; 0.5 Hz, 1H, H%), 2.47 (dd, J = 3.5; 0.5 Hz, 1H, H°; *C NMR (CDCls, 101 MHz) §

150.5 (C*), 143.9 (C1), 143.2 (C'Y), 138.5 (C"), 128.6 (C?), 127.7 (C'9), 127.7 (C?), 126.2 (C?),

123.5 (C?), 41.5 (C®), 37.4 (C®; HRMS (ES+) calculated for Ci3H1sN, 197.1079, found

197.1084 ([M + H]").

Methyl 3-(5-phenyl-A?-1,2,3-triazolin-1-yl)thiophene-2-carboxylate (3ra):
Following the general procedure at 60 °C for 32 h from methyl 3-azido-2-thiophenecarboxylate
(3.00 g, 16.4 mmol) and styrene (3.77 mL, 32.8 mmol), the title compound was isolated as a
pale yellow solid (1.55 g, 33%) after column chromatography.
Nt /1n 3ra: Mp 95.6-98.1 °C; Rf = 0.38 (petroleum ether/EtOAc = 80:20); IR: vmax
i{ © 3119, 3092, 3012, 2951, 1692 (s, C=0), 1575, 1545 (m), 1502 (s), 1430 (s),
1N \4 vy 1410 (m), 1309, 1298, 1281 (m), 1245 (s), 1204 (m), 1114 (m), 1091 (m), 1069
2 7,5 (m), 1023 (s), 1002, 969, 958 (m), 928 (m), 904 (m), 834, 779 (s), 769, 754 (5),
8 742 (m), 700 (s), 650 (m) cm™; *H NMR (CDCls, 400 MHz) 6 7.38 (d, J = 5.5
0 g Hz, 1H, HY), 7.33 (d, J = 5.5 Hz, 1H, H?), 7.22-7.16 (m, 3H, H"), 6.95-6.92
(m, 2H, HAY), 5.85 (dd, J = 12.0; 5.5 Hz, 1H, H®), 4.79 (dd, J = 17.0; 12.0 Hz,
1H, H®), 4.60 (dd, J = 17.0; 5.5 Hz, 1H, H®), 3.82 (s, 3H, H'?); 3C NMR (CDCls, 101 MHz):
5 161.4 (CY), 143.6 (C*), 139.4 (C"), 130.4 (Ch), 128.8 (C°), 128.1 (C™°), 126.5 (C?), 124.2
(C?), 112.1 (C?), 76.0 (C®), 58.3 (C®), 52.0 (C'?); HRMS (ES+) calculated for C14H14N30,S
288.0807, found 288.0810 ([M + H]™).

1-Benzyl-5-phenyl-A?-1,2,3-triazoline (3sa): Following the general procedure at 85 °C for 16
h from benzyl azide (3.00 g, 22.5 mmol) and styrene (5.21 mL, 45.0 mmol), the title compound
was isolated as a dark yellow oil (1.51 g, 28%) after column chromatography. From this
reaction, 1-benzyl-2-phenylaziridine 4sa was also isolated as a yellow oil (1.37 g, 29%) after
column chromatography.
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L, 3sa: Rf = 0.45 (petroleum ether/EtOAC = 80:20); IR: vmax 3030, 2913, 1602,

5 1491 (m), 1455 (m), 1431, 1355, 1329, 1262, 1219, 1157, 1090, 1057 (m),

Q . 1028 (m), 1002, 969, 934 (m), 911, 845, 818, 756 (s), 698 (s), 663 cm™; *H

1N "N NMR (CDCls, 400 MHz) § 7.37-7.28 (m, 6H, HAY), 7.20-7.16 (m, 4H, HAY,

=¢ s 517 (d,J=15.0 Hz, 1H, HY), 4.61 (dd, J = 15.5; 11.5 Hz, 1H, H°), 4.13 (d, J

=15.0 Hz, 1H, H), 4.13 (dd, J = 12.0; 11.5 Hz, 1H, H°), 4.01 (dd, J = 15.5;

12.0 Hz, 1H, H°); ®CNMR (CDCls, 101 MHz): § 138.9 (C"), 135.5 (C%), 128.9

(CHAY, 128.8 (CHAY, 128.6 (CHA), 128.2 (CHAY), 127.8 (CHAY), 127.3 (CHA), 74.1 (C), 60.3

(C®), 51.9 (C*); HRMS (ClI+) calculated for C1sH16N3 238.1339, found 238.1328 ([M + H]*);

Elemental analysis calculated for CisHisNs: C, 75.92; H, 6.37; N, 17.71, found: C, 75.72; H,
6.22; N, 17.53.

2 4sa: R = 0.62 (petroleum ether/EtOAc = 80:20); IR: vmax 3030, 2978, 2829,

1©% 1603, 1495 (m), 1452 (m), 1388, 1356, 1325, 1310, 1263, 1212, 1196, 1143,

" 1085, 1065, 1028 (m), 949, 911, 827, 749 (m), 731 (s), 696 (s) cm™; *H NMR

o A2, (CDCls, 400 MHz) § 7.37-7.19 (m, 10H, HAY, 3.69 (d, J = 14.0 Hz, 1H, H™),

©/M 3.60 (d, J = 14.0 Hz, 1H, H?), 2.50 (dd, J = 6.5; 3.5 Hz, 1H, H®), 1.98 (d, J =

3.5 Hz, 1H, H%), 1.84 (d, J = 6.5 Hz, 1H, H%); ¥*C NMR (CDCls, 101 MHz) &

140.1 (C%, 139.1 (C"), 128.3 (CHA"), 128.2 (CHA"), 127.8 (CHA"), 126.9 (CHA"), 126.8 (CHA),

126.2 (CA), 64.7 (CY), 41.5 (C®), 37.9 (C®); HRMS (ES+) calculated for C1sH1sN 210.1283,

found 210H.1290 ([M + H]™). Spectroscopic data for this compound is in accordance with the

literature.?®

5-Phenyl-1-[4-(trifluoromethyl)benzyl]-A2-1,2,3-triazoline (3ta): Following the general
procedure at 85 °C for 24 h from 1-(azidomethyl)-4-(trifluoromethyl)benzene (3.00 g, 14.9
mmol) and styrene (3.45 mL, 29.8 mmol), the title compound was isolated as an orange oil
after column chromatography and solidified when triturated with pentane/Et.O (6:1) at -18 °C
to give a pale yellow solid (1.90 g, 42%). From this reaction, 2-phenyl-1-[4-
(trifluoromethyl)benzyl]aziridine 4ta was also isolated as a pale yellow solid (0.91 g, 22%)
after column chromatography and recrystallisation from pentane at -18 °C. Aziridine 4ta
melted to a pale yellow oil at room temperature.
12 3ta: Mp 55.2-56.6 °C; Rf=0.44 (petroleum ether/EtOACc = 80:20); IR: vmax 1619,
', 1510, 1493, 1422, 1321 (s), 1272, 1166 (m), 1153 (m), 1120 (s), 1110 (s), 1065
3 (s), 1034, 1017 (s), 1002, 928 (s), 910, 883, 857 (m), 848, 842, 827 (m), 789, 752
Y N (s), 731,697 (s), 668 cm™; tHNMR (CDCls, 400 MHz) § 7.56 (d, J = 8.0 Hz, 2H,
H?), 7.37-7.31 (m, 3H, HA"), 7.29 (d, J = 8.0 Hz, 2H, H®), 7.18-7.15 (m, 2H, HA),
9 5.11 (d, J = 15.0 Hz, 1H, HY), 4.65 (dd, J = 16.0; 11.5 Hz, 1H, H®), 4.26 (d, J =
10 15.0 Hz, 1H, HY), 4.13 (dd, J = 12.0; 11.5 Hz, 1H, H°), 4.07 (dd, J = 16.0; 12.0
Hz, 1H, H%); **C NMR (CDCls, 101 MHz): 5 139.8 (C%), 138.4 (C"), 130.1 (q, J
=32 Hz, C1), 129.1 (C?), 129.0 (C®), 128.4 (C*°), 127.3 (C?), 125.6 (q, J = 4 Hz, C?), 124.0 (q,
J = 273 Hz, C*?), 74.3 (C®), 60.8 (C®), 51.6 (C™); °F NMR (CDCls, 377 MHz): § -62.7 (8);
HRMS (CI+) calculated for C1sH15N3F3 306.1213, found 306.1200 ([M + H]").

-S18-



2 4ta: Rs = 0.67 (petroleum ether/EtOAC = 80:20); IR: vmax 3044, 2981, 2828,
3 @% 1619, 1606, 1497, 1467, 1452, 1418, 1392, 1323 (s), 1258, 1214, 1161 (m),
w1119 (s), 1107 (s), 1086, 1065 (s), 1031, 1018 (m), 948, 824, 746 (m), 727, 697
5 (m) cm™; H NMR (CDCls, 400 MHz) § 7.54 (d, J = 8.0 Hz, 2H, H2), 7.47 (d,
9©/6A5 J=8.0Hz, 2H, H3), 7.31-7.20 (m, 5H, HAY), 3.74 (d, J = 14.5 Hz, 1H, HY),
3.60 (d, J = 14.5 Hz, 1H, H!), 2.47 (dd, J = 6.5; 3.5 Hz, 1H, H9), 2.00 (d, J =
3.5 Hz, 1H, H%), 1.82 (d, J = 6.5 Hz, 1H, H%); *C NMR (CDCls, 101 MHz) & 143.3 (C*), 139.8
(C7), 129.2 (g, J = 32 Hz, CY), 128.4 (C?), 127.9 (C?), 127.1 (C™), 126.1 (C?), 125.3 (9, J = 3.5
Hz, C?), 124.3 (q, J = 273 Hz, C1?), 64.1 (C1), 41.7 (C®), 38.1 (C®): °F NMR (CDCls, 377
MHz): § -62.5 (s); HRMS (ES+) calculated for C1sHisNFs 278.1157, found 278.1153 ([M +
HIY).

1,4-Bis[(5-phenyl-A2-1,2,3-triazolin-1-yl)methyl]benzene (33va): Following the general

procedure at 80 °C for 24 h from 1,4-bis(azidomethyl)benzene (0.93 g, 4.9 mmol) and styrene

(2.26 mL, 19.6 mmol), the title compound was isolated as a white solid (0.29 g after

recrystallisation, 0.09 g after column: 20% overall). From this reaction, 5-phenyl-1-{4-[(2-

phenylaziridin-1-yl)methyl]benzyl}-A?-1,2,3-triazoline 34va (orange oil, 0.52 g, 29%), 1-[4-

(azidomethyl)benzyl]-5-phenyl-A2-1,2,3-triazoline 31va (yellow oil, 0.08 g, 6%) and 1,4-

bis[(2-phenylaziridin-1-yl)methyl]benzene 44va (yellow oil, 0.02 g, 1%) were also isolated
after column chromatography.

33va: Mp 158.4-160.5 °C; R = 0.13 (petroleum ether/EtOAc = 80:20); IR:

[_<§::> vmax 2911, 1603, 1490 (m), 1457, 1440, 1426, 1363, 1346, 1327, 1257

L\ 1210, 1153, 1113, 1080, 1053 (m), 1032 (m), 1016 (m), 935 (m), 913 (m),

N 878, 855, 840, 768, 752 (s), 696 (s), 668 (m) cm™; *H NMR (CDCls, 400

@8 MHz) § 7.38-7.32 (m, 6H, HA), 7.19-7.17 (m, 4H, HA), 7.11 (s, 4H, H®),

4 5.08(d,J=15.0Hz, 1H, H%, 4.63 (dd, J = 15.5; 11.0 Hz, 1H, H°), 4.16 (d,

s NN J=15.0 Hz, 1H, H®), 4.13 (dd, J = 12.0; 11.0 Hz, 1H, H®), 4.03 (dd, J =

26‘5_2 15.5; 12.0 Hz, 1H, H%); **C NMR (CDCls, 101 MHz): 5 138.8 (C7), 135.2

1 (C%, 129.0 (C?), 129.0 (C?), 128.2 (Ch), 127.3 (C?), 74.2 (C®), 60.5 (C"),

51.6 (C°); HRMS (ES+) calculated for C24H2sNg 397.2141, found 397.2129

([M +HT").
18 34va: Rf = 0.21 (petroleum ether/EtOAc = 80:20); IR: vmax 3030, 2974,
" 2923, 1604, 1513, 1492 (m), 1455, 1421, 1389, 1349, 1261, 1215, 1156,
1516 1064 (m), 1033 (m), 1019 (m), 970, 935 (m), 911 (m), 830, 751 (s), 731 (s),
N 12 698 (s) cm™; *H NMR (CDCls, 400 MHz) § 7.35-7.15 (m, 12H, HA"), 7.11
13 1, (d, J=8.0 Hz, 2H, H”"), 5.15 (d, J = 15.0 Hz, 1H, H?), 4.59 (dd, J = 15.5;

. 11.5 Hz, 1H, H%), 4.11 (dd, J = 12.5; 11.5 Hz, 1H, H®), 4.09 (dd, J = 15.0;
4w 15Hz 1H, H™), 3.99 (dd, J = 15.5; 12.5 Hz, 1H, H%), 3.68 (dd, J = 14.0;
. 6.0 Hz, 1H, H'?), 3.58 (dd, J = 14.0; 4.5 Hz, 1H, H'?), 2.50 (dt, J = 6.5; 3.0
. ® ° Hz, 1H, H¥), 1.99 (d, J = 3.0 Hz, 1H, H), 1.85 (dd, J = 6.5; 1.0 Hz, 1H,
H®); ¥C NMR (CDCls, 101 MHz) § 140.0 (CY), 138.9 (C7), 138.8 (C™),
134.1 (C%), 128.9 (CH”"), 128.8 (CHA"), 128.3 (CH™"), 128.1 (CHA"), 128.0
(CHAY, 127.3 (CHAY), 126.9 (CHAY, 126.2 (CHAY), 74.0 (C®), 64.4 (C?), 60.2 (C?), 51.6 (C1Y),
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41.5 (C%), 38.0 (C*3); HRMS (ES+) calculated for C2sH25N4 369.2079, found 369.2084 ([M +
HI).

Ne 12 31lva: R = 0.33 (petroleum ether/EtOAc = 80:20); IR: vmax 2923, 2093 (s, N3),

', 1720, 1675, 1601, 1514, 1491, 1455, 1421, 1345, 1252 (m), 1066, 1033, 1020,

s 970, 935, 915, 879, 845, 817, 757 (m), 699 (s) cm™*; *HNMR (CDCls, 400 MHz)

sy 87.37-7.30(m, 3H, HA), 7.27-7.25 (m, 2H, HAY), 7.20-7.17 (m, 4H, H~"), 5.14

"N N (d, J=15.0 Hz, 1H, HY), 4.63 (dd, J = 15.5; 11.0 Hz, 1H, H®), 4.33 (s, 2H, H'?),

. =t 5 416 (d, J =15.0 Hz, 1H, H'Y), 4.14 (dd, J = 12.0; 11.0 Hz, 1H, H°®), 4.03 (dd, J

=15.5;12.0 Hz, 1H, H°); ®*CNMR (CDCls, 101 MHz): § 138.7 (C"), 135.7 (C),

135.0 (C%), 129.2 (CHA"), 129.0 (C®), 128.4 (CHA"), 128.2 (C9), 127.3 (C?), 74.1

(C®), 60.4 (C°), 54.4 (C*?), 51.5 (C); HRMS (El+) calculated for C1sH16Ns 292.1436, found
292.1447 (IM]").

10

44va: Rs = 0.30 (petroleum ether/EtOAc = 80:20); IR: vmax 3030, 2972,
2923, 1668, 1605, 1514, 1495, 1451, 1419, 1389, 1351, 1257, 1197, 1143,
1108, 1084, 1064, 1033 (m), 1019 (m), 950, 913, 798, 748 (s), 697 (s) cm’
L 14 NMR (CDCls, 400 MHz) § 7.34-7.19 (m, 14H, HA"), 3.64 (d, J = 14.0
Hz, 1H, H®), 3.59 (d, J = 14.0 Hz, 1H, H®), 2.48 (dd, J = 6.5; 3.5 Hz, 1H,
f HE), 1.96 (d, J = 3.5 Hz, 1H, H®), 1.82 (d, J = 6.5 Hz, 1H, H%); *C NMR
9 N7 °  (CDCls, 101 MHz) & 140.2 (C%), 137.8 (C7), 128.3 (C?), 127.9 (C?), 126.8

7 (C1), 126.2 (C?), 64.5 (C%), 41.5 (C®), 38.0 (C®); HRMS (ES+) calculated for

Co4H25N2 341.2018, found 341.2023 ([M + H]Y).

1-(2-Ethoxyethyl)-5-phenyl-A?-1,2,3-triazoline (3wa): Following the general procedure at 70

°C for 16 h from 1-azido-2-ethoxyethane (3.00 g, 26.1 mmol) and styrene (6.03 mL, 52.2

mmol), the title compound was isolated as an orange oil (0.91 g, 16%) after column

chromatography (eluent: petroleum ether/EtOAc 0—10% gradient basified with 2% v/v NEts).

From this reaction, 1-(2-ethoxyethyl)-2-phenylaziridine 4wa was also isolated as a yellow oil

+  (0.25g, 5%) after column chromatography.

1\/0\?’/\ GN/ "N 3wa: Rf = 0.51 (petroleum ether/EtOAc = 80:20); IR: vmax 3032, 2974,

2 ; 5 2865, 1602, 1489 (m), 1456, 1378, 1351, 1323, 1266, 1113 (s), 1079 (m),

8 1027 (m), 972, 935 (m), 847, 817, 756 (m), 699 (s) cm™*; HNMR (CDCls,

0 9 400 MHz) & 7.37-7.27 (m, 3H, HA"), 7.25-7.20 (m, 2H, HA"), 4.67 (dd, J =

16.0; 12.0 Hz, 1H, H%), 4.50 (dd, J = 12.0; 11.0 Hz, 1H, H®), 4.05 (dd, J = 16.0; 11.0 Hz, 1H,

H®), 3.78 (dt, J = 14.0; 5.0 Hz, 1H, H*), 3.65-3.55 (m, 2H, H3+ H*), 3.51-3.36 (m, 3H, H? +

H?), 1.16 (t, J = 7.0 Hz, 3H, HY); BCNMR (CDCls, 101 MHz): § 139.6 (C7), 128.9 (C°), 128.1

(C19), 127.2 (C?), 74.1 (C%), 68.7 (C3), 66.3 (C?), 62.3 (C?), 47.8 (C*, 15.2 (CY); HRMS (ES+)
calculated for C12H18N30 220.1450, found 220.1453 ([M + H]").

lL 4wa: Rf = 0.69 (petroleum ether/EtOAc = 80:20); IR: vmax 3032, 2975, 2930,

° 2864, 1606, 1496, 1451, 1379, 1350, 1311, 1247, 1208, 1114 (s), 1086 (m),

’ H 41064, 1029, 931, 832, 793, 738 (s), 696 (s) cm™; *H NMR (CDCls, 400 MHz) &

8 "\ 7.31-7.18 (m, 5H, HA), 3.65 (td, J = 6.0; 1.5 Hz, 2H, H3), 3.52 (qd, J = 7.0; 2.5

Hz, 1H, H?), 3.49 (qd, J = 7.0; 2.5 Hz, 1H, H?), 2.70 (dt, J = 12.0; 6.0 Hz, 1H,

H%), 2.56 (dt, J = 12.0; 6.0 Hz, 1H, H*), 2.41 (dd, J = 6.5; 3.5 Hz, 1H, H®), 1.93

(d, J = 3.5 Hz, 1H, H%), 1.74 (d, J = 6.5 Hz, 1H, H®), 1.18 (t, J = 7.0 Hz, 3H, HY); 3C NMR
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(CDCls, 101 MHz): § 140.2 (C7), 128.2 (C°), 126.8 (C9), 126.3 (C?), 70.1 (C?), 66.6 (C?), 60.9
(C4, 41.1 (CP), 37.3 (CP), 15.2 (C); HRMS (ES+) calculated for C1,H1sNO 192.1388, found
192.1388 ([M + HT").

Ethyl 4-[5-(4-chlorophenyl)-A?-1,2,3-triazolin-1-yl]benzoate (3db): Following the general
procedure at 80 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and 4-chlorostyrene
(3.79 mL, 31.4 mmol), the title compound was isolated as a pale yellow solid (1.65 g after
recrystallisation, 0.35 g after column: 39% overall).
3db: Mp 126.4-128.6 °C; Rs = 0.30 (petroleum ether/EtOACc = 80:20); IR: vmax 2976, 1699 (s,
o 2, C=0), 1605 (s), 1508 (s), 1488 (m), 1475, 1450, 1410, 1366, 1351
13/12\0)}1\1@ m (m), 1308, 1275 (s), 1201, 1181 (m), 1131 (m), 1116 (s), 1104 (s),
N N 1089 (m), 1063 (s), 1025 (m), 1013 (m), 979 (m), 959, 951, 945 (m),
7/6 5 919 (s), 870, 847 (m), 842, 821 (s), 766 (s), 692 (M), 632, 604 cm?;
8 'HNMR (CDCls, 400 MHz) & 7.94 (d, J = 9.0 Hz, 2H, H?), 7.31 (d, J
c’10 9 = 8.5 Hz, 2H, H%), 7.19 (d, J = 9.0 Hz, 2H, H%), 7.09 (d, J = 8.5 Hz,
2H, H?8), 4.97 (dd, J = 12.5; 7.5 Hz, 1H, H®), 4.89 (dd, J = 17.5; 12.5 Hz, 1H, H°), 4.37 (dd, J
=17.5; 7.5 Hz, 1H, H%), 4.32 (q, J = 7.0 Hz, 2H, H'?), 1.35 (t, J = 7.0 Hz, 3H, HY); ®°CNMR
(CDCls, 101 MHz): § 166.1 (C'), 143.4 (C*), 138.1 (C"), 134. 2 (C%9), 131.1 (C?), 129.7 (C%),
127.2 (C®), 124.2 (Ch), 114.1 (C?), 75.9 (C), 60.7 (C*?), 56.7 (CP), 14.4 (C*%); HRMS (ES+)
calculated for C17H17N302Cl 330.1009, found 330.1017 ([M + H]").

Ethyl 4-[5-(4-methoxyphenyl)-A2-1,2,3-triazolin-1-yl]benzoate (3dc):
Following the general procedure from 4-ethylazidobenzoate (1.00 g, 5.2 mmol) and 4-
vinylanisole (1.38 mL, 10.4 mmol), the title compound was isolated as a pale yellow solid (1.19
g, 70%) after recrystallisation.
2,2 3dc: Mp 72.3-76.5 °C; Rf = 0.20 (petroleum ether/EtOAc = 80:20);
13/12\0)}1\@ . IR:vmax 2977, 1702 (s, C=0), 1607 (s), 1512 (s), 1499 (s), 1466 (m),
N TN 1446, 1361 (m), 1307, 1278 (S), 1247 (s), 1175 (s), 1123 (s), 1111 (s),
L6 51077 (s), 1023 (s), 988 (M), 960, 941, 922 (s), 846 (m), 837 (m), 825,
8 814 (s), 765 (s), 693 (m) cm™*; tH NMR (CDCl3, 400 MHz) & 7.92 (d,
g ° J=9.0 Hz, 2H, H?), 7.23 (d, J = 9.0 Hz, 2H, H%), 7.06 (d, J = 8.5 Hz,
14 2H, H?), 6.85 (d, J = 8.5 Hz, 2H, H%), 4.95 (dd, J = 12.5; 7.5 Hz, 1H,
H®), 4.88 (dd, J = 17.5; 12.5 Hz, 1H, H®), 4.37 (dd, J = 17.5; 7.5 Hz, 1H, H°), 4.31 (9, J= 7.0
Hz, 2H, H?), 3.77 (s, 3H, H'%), 1.35 (t, J = 7.0 Hz, 3H, H®); 3C NMR (CDCls, 101 MHz): §
166.2 (C11), 159.5 (C19), 143.7 (C%, 131.5 (C"), 131.1 (C?), 127.1 (C?), 123.9 (CY), 114.8 (C?),
114.1 (C?), 76.0 (C®), 60.7 (C*?), 56.8 (C®), 55.3 (C'4), 14.4 (C*®); HRMS (ES+) calculated for
C18H20N303 326.1505, found 326.1491 ([M + H]").

Ethyl 4-[5-(4-chlorophenyl)-A?-1,2,3-triazolin-1-yl]benzoate (3dd): Following the general
procedure at 80 °C for 24 h from 4-ethylazidobenzoate (1.50 g, 7.8 mmol) and 1-
vinylnaphthalene (2.32 mL, 15.6 mmol), the title compound was isolated as a yellow solid
(1.14 g, 42%) after column chromatography. From this reaction, ethyl 4-[2-(naphthalen-1-
yl)aziridin-1-yl]benzoate 4dd was also isolated as an orange oil (0.35 g, 14%) after column
chromatography.
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9 2, 3dd: Single crystals for X-ray diffraction were grown from Et,0,

. /12\0%1\1@ . CCDC 1843143 Mp 122.6-126.8 °C; Rr = 0.30 (petroleum

N" SN ether/EtOAC = 80:20); IR: vmax 2983, 1704 (s, C=0), 1606 (s), 1507

s, 7/6 5  (s),1472, 1366 (m), 1312, 1273 (s), 1232, 1182 (m), 1107 (s), 1089

0 18 7 (m), 1075 (m), 1033 (m), 1017 (s), 988, 955, 928 (s), 876, 846 (M),

10 19 6796 (s), 765 (s), 734 (M), 717, 693 (m) cm™*; *H NMR (CDCls, 400

MHz) § 7.95-7.92 (m, 2H, HA"), 7.90 (d, J = 9.0 Hz, 2H, H?), 7.79

(d, J = 8.0 Hz, 1H, HA"), 7.65-7.55 (br m, 2H, HA"), 7.34 (t, J = 8.0 Hz, 1H, HA"), 7.20 (d, J =

9.0 Hz, 2H, H%), 7.10 (br s, 1H, HAY, 5.67 (br s, 1H, H®), 5.08 (dd, J = 17.0; 12.5 Hz, 1H, H®),

4.40 (br dd, J = 17.0; 5.0 Hz, 1H, H%), 4.30 (q, J = 7.0 Hz, 2H, H*), 1.33 (t, J = 7.0 Hz, 3H,

H®3); 13C NMR (CDCls, 101 MHz): & 166.1 (C'?), 143.8 (C%), 134.2 (C*), 133.9 (C*), 131.1

(C?), 129.8 (CA), 129.4 (CHA), 128.7 (CHA), 126.9 (CHA"), 126.2 (CHA"), 125.7 (CHA"), 124.0

(CY), 122.7 (CA1), 122.1 (CHA"), 114.0 (CB), 75.1 (C®), 60.7 (C'?), 53.4 (C%), 14.3 (C*); HRMS
(ES+) calculated for C21H20N302 346.1556, found 346.1548 ([M + H]").

NN 4dd: Rs = 0.54 (petroleum ether/EtOAC = 80:20); IR: vmax 3048, 2981, 1704

IR (s, C=0), 1601 (s), 1508 (m), 1463, 1416, 1366 (m), 1345, 1306, 1268 (s),

1166 (s), 1150 (s), 1099 (s), 1016 (m), 983, 908, 855 (m), 800 (m), 773 (s),

I 2 s 134,701 (m) cm™; *HNMR (CDCls, 400 MHz) § 8.11 (d, J = 9.0 Hz, 1H,

14 45

sl | HAY, 7.97 (d, =85 Hz, 2H, H?), 7.88-7.84 (m, 1H, HA"), 7.77 (d, J = 8.0
° v 19 Hz, 1H, HAY, 7.72 (d, J = 7.0 Hz, 1H, HAY), 7.54-7.46 (m, 2H, HA"), 7.45 (t,
5% " J=75Hz 1H, HA), 7.10 (d, J = 8.5 Hz, 2H, H®), 4.33 (g, J = 7.0 Hz, 2H,

H'?), 3.69 (dd, J = 6.5; 3.5 Hz, 1H, H°), 2.61 (dd, J = 6.5; 1.5 Hz, 1H, H®), 2.41 (dd, J = 3.5;
1.5 Hz, 1H, H®), 1.36 (t, J = 7.0 Hz, 3H, H®); 3C NMR (CDCls, 101 MHz): & 166.2 (C'Y),
159.0 (C*), 134.5 (CA"), 133.3 (CA"), 131.4 (C*), 130.9 (C?), 128.7 (CA"), 127.8 (CHA"), 126.2
(CHA"), 125.8 (CHA"), 125.6 (CHA), 124.5 (CY), 123.6 (CHA), 122.9 (CHAY, 120.1 (C?), 60.6
(C*?),39.8 (C"), 37.1 (C®), 14.3 (C*®); HRMS (ES+) calculated for C21H20NO, 318.1494, found
318.1504 ([M + H]").

Ethyl 4-[2-(pyridin-4-yl)aziridin-1-yl]benzoate (4de): Following the general procedure from
4-ethylazidobenzoate (3.00 g, 15.7 mmol) and 4-vinylpyridine (3.41 mL, 31.4 mmol), the title
compound was isolated as a yellow solid (1.33 g, 31%) after column chromatography (eluent:
petroleum ether/EtOAc 0—75% gradient basified with 2% v/v NEtz).

o 4de: Mp 121.2-122.5 °C; Rs = 0.08 (petroleum ether/EtOAc = 80:20); IR: Vmax
10 3 22980, 1698 (s, C=0), 1599 (s), 1557, 1509, 1474, 1421, 1392, 1368, 1330 (M),

O,

1

2 1312 (m), 1278 (s), 1210, 1176, 1154 (m), 1122, 1102 (s), 1071, 1023, 998, 989
S (m), 962, 923, 890, 875, 857 (M), 826 (S), 772 (s), 753, 732, 704 (m), 668, 620
N s cm®; 'HNMR (CDCls, 400 MHz) § 8.59 (d, J = 5.5 Hz, 2H, H®), 7.96 (d, J =

5 77 85Hz 2H, H?),7.31(d, J=5.5Hz, 2H, H%), 7.04 (d, J = 8.5 Hz, 2H, H%), 4.35

s~2" (g, J = 7.0 Hz, 2H, HY), 3.13 (dd, J = 6.5; 3.0 Hz, 1H, H°®), 2.57 (dd, J = 6.5;

1.0 Hz, 1H, H), 2.46 (dd, J = 3.0; 1.0 Hz, 1H, H), 1.38 (t, J = 7.0 Hz, 3H, H'?);

13C NMR (CDCls, 101 MHz): § 166.2 (C*9), 157.8 (C*), 150.0 (C®), 147.9 (C"), 130.9 (C?),

125.2 (CY), 121.2 (C?), 120.2 (C?), 60.8 (C'1), 40.3 (C"), 38.0 (C®), 14.4 (C*?); HRMS (ES+)
calculated for C16H17N202 269.1290, found 269.1309 ([M + H]").
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Ethyl 4-[5-(4-methoxybenzyl)-A?-1,2,3-triazolin-1-yl]benzoate (3df):
Following the general procedure at 80 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7
mmol) and 4-allylanisole (4.82 mL, 31.4 mmol), the title compound was isolated as a pale
yellow solid (2.01 g after recrystallisation, 0.19 g after column: 41% overall). From this
o o, reaction, ethyl 4-[2-(4-methoxybenzyl)aziridin-1-yl]benzoate 4df
12 )X\1©\ was also isolated as a yellow oil (0.13 g, 3%) after column

13/\0 1 4 N
N~ SN chromatography.

s/6 5 3df: Mp 94.7-96.4 °C; Rt = 0.20 (petroleum ether/EtOAc = 80:20);

7 IR: Vimax 2991, 2944, 2837, 1693 (s, C=0), 1602 (s), 1585, 1510 (),
o 1497 (s), 1366 (s), 1305, 1273 (s), 1242 (s), 1212 (m), 1176 (s), 1130
%% (m), 1109 (m), 1079 (), 1062 (s), 1032 (5), 91 (m), 941 (5), 922 (5),

'« 851 (s), 818 (m), 809 (m), 769 (s), 743 (M), 698 (m) cm%; 'H NMR
(CDCls, 400 MHz) § 8.08 (d, J = 9.0 Hz, 2H, H?), 7.39 (d, J = 9.0 Hz, 2H, H®), 7.02 (d, J = 8.5
Hz, 2H, H®), 6.84 (d, J = 8.5 Hz, 2H, H°), 4.43 (dd, J = 15.5; 2.5 Hz, 1H, H%), 4.38 (q, J = 7.0
Hz, 2H, H'2), 4.36-4.30 (m, 1H, H®), 4.24 (dd, J = 15.5; 11.0 Hz, 1H, H5), 3.79 (s, 3H, H4),
3.00 (dd, J = 14.0; 3.0 Hz, 1H, H%), 2.55 (dd, J = 14.0; 8.5 Hz, 1H, H®), 1.41 (t, J = 7.0 Hz,
3H, H3); 3C NMR (CDCls, 101 MHz): § 166.2 (C1), 158.7 (C1), 143.5 (C%), 131.5 (C?), 130.3
(C?), 127.3 (C7), 124.0 (CY), 114.3 (C9), 114.0 (C?), 70.3 (C5), 60.8 (C12), 55.3 (C14), 53.7 (CF),
35.9 (C*), 14.4 (C*%); HRMS (ES+) calculated for C1gH22N30s 340.1661, found 340.1660 ([M
+HJ").

o 110\/13 4df: Rs = 0.40 (petroleum ether/EtOAc = 80:20); IR: vmax 2982, 2836,
, U™ 1706 (s, C=0), 1602 (s), 1509 (s), 1463, 1443, 1417, 1397, 1366, 1307,
3 1268 (s), 1245 (s), 1166 (s), 1100 (s), 1033 (m), 856, 838, 804, 775 (s),

41\/@(?\ 757, 729, 702 (m) cm®; 'H NMR (CDCls, 400 MHz) § 7.85 (d, J = 8.5

O " Hz, 2H, H?), 7.25 (d, J = 8.5 Hz, 2H, H?), 6.90 (d, J = 8.5 Hz, 2H, H),

o8 6.79 (d, J = 8.5 Hz, 2H, H%), 4.31 (q, J = 7.0 Hz, 2H, H'?), 3.82 (s, 3H,

H#), 2.90 (dd, J = 14.0; 5.0 Hz, 1H, H®), 2.75 (dd, J = 14.0; 7.5 Hz, 1H, H'®), 2.36-2.31 (m,
1H, HS), 2.28 (d, J = 3.5 Hz, 1H, H®), 2.16 (d, J = 6.0 Hz, 1H, H®), 1.35 (t, J = 7.0 Hz, 3H, HY);
13C NMR (CDCls, 101 MHz) § 166.4 (C1), 159.1 (C9), 158.4 (C*%, 131.0 (C"), 130.7 (C?),
129.9 (C¥), 124.2 (Ch), 120.2 (C?), 114.0 (C®), 60.6 (C*?), 55.3 (C*), 41.8 (C®), 38.6 (C®), 34.0
(C®), 14.4 (C*¥¥); HRMS (ES+) calculated for C1gH22NO3 312.1600, found 312.1600 ([M +
HIY.

Ethyl 4-{5-[(trimethylsilyl)methyl]-A?-1,2,3-triazolin-1-yl}benzoate (3dg):
Following the general procedure at 80 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7
mmol) and allyltrimethylsilane (4.98 mL, 31.4 mmol), the title compound was isolated as a
yellow solid (2.16 g after recrystallisation, 0.80 g after column: 62% overall).
o ., 3dg: Mp 65.6-67.6 °C; R¢ = 0.54 (petroleum ether/EtOAc = 80:20);
11/10\0%\1@ N IR: vmax 2964, 2910, 1698 (s, C=0), 1603 (s), 1515 (m), 1495 (s),
NN 1475, 1360 (s), 1339, 1310 (m), 1273 (s), 1249 (s), 1214, 1176 (s),
7% 1128 (m), 1106 (s), 1063 (m), 1046 (s), 1026 (m), 1003 (m), 923 (s),
/s/\ 876 (m), 845 (s), 829 (s), 767 (s), 695 (s) cm™; TH NMR (CDCls, 400
8 MHz) & 8.05 (d, J = 9.0 Hz, 2H, H?), 7.27 (d, J = 9.0 Hz, 2H, H3),
4.41-4.34 (m, 1H, H®), 4.36 (q, J = 7.0 Hz, 2H, H¥?), 4.22-4.14 (m, 2H, H® H°®), 1.39 (t, J =

-S23-



7.0 Hz, 3H, H'Y), 1.19 (dd, J = 14.5; 1.5 Hz, 1H, H"), 0.71 (dd, J = 14.5; 11.0 Hz, 1H, H"), 0.10
(s, 9H, H8); C NMR (CDCls, 101 MHz): § 166.3 (C°), 143.3 (C*), 131.3 (C?), 123.9 (CY,
114.2 (C3), 72.4 (C®), 60.7 (C19), 50.5 (C%), 20.6 (C"), 14.4 (C1), -1.1 (C?); HRMS (ES+)
calculated for C1sH24N30Si 306.1638, found 306.1640 ([M + H]").

Ethyl 4-[2-(hydroxymethyl)aziridin-1-yl]benzoate (4dh): Following the general procedure
o._o._~ at80°Cfor24hfrom 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and allyl alcohol
% ¢ (2.13mL, 31.4 mmol), the title compound was isolated as a yellow solid (0.56 g,
’ 16%) after column chromatography (eluent: petroleum ether/EtOAc 0—50%
4 gradient basified with 2% v/v NEts).
SA\/OH 4dh: Mp 43.5-45.9 °C; Rs = 0.05 (petroleum ether/EtOAc = 80:20); IR: vmax
® 7 1 3321 (br, OH), 2986, 2926, 2905, 1702 (s, C=0), 1601 (s), 1506, 1477, 1467,
1451, 1407, 1368, 1347, 1308 (m), 1272 (s), 1203, 1164 (s), 1124 (m), 1098 (s), 1038 (s), 1024
(m), 975, 939 (m), 884, 870, 863 (m), 853, 810, 779 (s), 742, 704 (s), 632, 614 cm™*; tHNMR
(CDCls, 400 MHz) § 7.93 (d, J = 8.5 Hz, 2H, H?), 7.03 (d, J = 8.5 Hz, 2H, H3), 4.34 (0, J= 7.0
Hz, 2H, H®), 4.03 (ddd, J = 12.0; 5.0; 3.0 Hz, 1H, H), 3.63 (dt, J = 12.0; 6.0 Hz, 1H, H), 2.46
(dg, J=6.0; 3.0 Hz, 1H, H®), 2.38 (d, J = 3.0 Hz, 1H, H®), 2.21-2.11 (br m, 1H, HY), 2.16 (d,
J=6.0 Hz, 1H, H°), 1.37 (t, J = 7.0 Hz, 3H, H%); *C NMR (CDCls, 101 MHz): § 166.4 (C?),
158.3 (C*), 130.8 (C?), 124.8 (CY), 120.5 (C?), 62.9 (C"), 60.7 (C®), 41.0 (CP), 31.4 (C®), 14.4
(C*%); HRMS (ES+) calculated for C12H16NO3 222.1130, found 222.1133 ([M + H]*).

3

Ethyl 4-(5-hexyl-A?-1,2,3-triazolin-1-yl)benzoate (3di): Following the general procedure at

85 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and 1-octene (4.92 mL, 31.4

mmol), the title compound was isolated as an off-white solid (1.06 g after recrystallisation,

0.99 g after column: 43% overall). From this reaction, ethyl 4-(2-hexylaziridin-1-yl)benzoate

4di was also isolated as an orange oil (0.71 g, 16%) after column chromatography (eluent:
petroleum ether/EtOAc 0—15% gradient basified with 2% v/v NEtz).

A, 23 3di: Mp 58.5-60.7 °C; R = 0.46 (petroleum ether/EtOAc = 80:20);

15 /14\0)}3\@ n_ IR: vmax 2956, 2923, 2854, 1711 (s, C=0), 1605 (s), 1505 (s), 1479,

N ' 1466, 1425, 1365 (s), 1313, 1272 (s), 1176 (s), 1123 (m), 1108 (s),

7¢® ° 1085 (m), 1062 (s), 1024 (m), 989, 922 (s), 880, 844 (s), 763 (s), 728,

o/ % 695 (m)cm™; 'HNMR (CDCls, 400 MHz) § 8.04 (d, J = 9.0 Hz, 2H,

10 H?),7.31 (d, J=9.0 Hz, 2H, H3), 4.42 (dd, J = 17.0; 11.5 Hz, 1H, H°),

4.36 (g, J=7.0 Hz, 2H, H'*), 4.31 (dd, J = 17.0; 5.5 Hz, 1H, H°), 4.10

(dddd, J = 11.5; 8.5; 5.5; 2.5 Hz, 1H, H°), 1.74-1.65 (m, 1H, H"),

1.49-1.38 (m, 1H, HY), 1.39 (t, J = 7.0 Hz, 3H, H®), 1.32-1.12 (br m, 8H, H® + H® + H? +

H), 0.86 (t, J = 7.0 Hz, 3H, H'?); ¥*C NMR (CDCls, 101 MHz): § 166.3 (C'%), 143.6 (C%),

131.3 (C?), 123.9 (CY), 113.9 (C?), 71.0 (C®), 60.7 (C'*¥), 52.6 (C®), 31.6 (C7), 31.3 (C?), 28.9

(C%), 24.3 (C9), 22.5 (C™), 14.4 (C™), 14.0 (C*?); HRMS (ES+) calculated for Ci17H26N30;

304.2025, found 304.2029 ([M + H]*); Elemental analysis calculated for C17H25N302: C, 67.30;

H, 8.31; N, 13.85, found: C, 67.17; H, 8.47; N, 13.68.

1"
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Oy O~ 4di: Rs = 0.66 (petroleum ether/EtOAc = 80:20); IR: vmax 2957, 2927,

1 14 2856, 1710 (s, C=0), 1603 (s), 1508 (m), 1463, 1406, 1366, 1307 (m),

1268 (s), 1199, 1166 (s), 1101 (s), 1018, 944, 897, 854 (m), 774 (m), 725,

4 702 (m) cm; 'H NMR (CDCls, 400 MHz) & 7.92 (d, J = 8.5 Hz, 2H, H?),

SWZ 6.98 (d, J = 8.5 Hz, 2H, H%), 4.34 (g, J = 7.0 Hz, 2H, H'%), 2.16-2.08 (m,

79 1 3H, H5 HP), 1.66-1.50 (br m, 4H, H; H8), 1.44-1.25 (br m, 6H, H%; H™;

HY), 1.37 (t, J = 7.0 Hz, 3H, H), 0.91 (t, J = 7.0 Hz, 3H, H'?); 3C NMR (CDCls, 101 MHz)

5 166.4 (C?), 159.4 (C%), 130.7 (C?), 124.1 (CY), 120.3 (C?), 60.6 (C'4), 40.4 (C%), 34.1 (C®),

33.1 (C7), 31.8 (C?), 29.2 (C%), 27.6 (C), 22.6 (C'Y), 14.4 (C™), 14.1 (C!?); HRMS (ES+)
calculated for C17H26NO2 276.1964, found 276.1969 ([M + H]").

Ethyl 4-[5-(2-oxopyrrolidin-1-yl)-A?-1,2,3-triazolin-1-yl]benzoate (3dj):
Following the general procedure at 75 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7
mmol) and N-vinyl-2-pyrrolidinone (3.35 mL, 31.4 mmol), the title compound was isolated as
an off-white solid (3.14 g, 66%) after recrystallisation.
., A, 2 s 3dj: Mp 109.8-111.0 °C; R¢ = 0.05 (petroleum ether/EtOAc = 80:20);
13 /\0)}1\@ ~_ IR:vmax 2984, 1701 (s, C=0), 1678 (s, C=0), 1605 (s), 1501 (m), 1463,
N)_\/N 1427 (m), 1416 (m), 1357 (m), 1314, 1262 (s), 1236 (s), 1184 (s), 1170
°—N"® % (m), 1110 (s), 1075, 1045 (s), 1020 (s), 1004 (m), 985, 932 (s), 919 (s),
o 7 o 865,848 (s), 769 (s), 695 (m) cm™; 'HNMR (CDCls, 400 MHz) § 8.05
(d, J=8.5Hz, 2H, H?), 7.40 (d, J = 8.5 Hz, 2H, H%), 6.38 (dd, J = 9.0;
3.5 Hz, 1H, H®), 4.42 (dd, J = 18.0; 3.5 Hz, 1H, H%), 4.35 (g, J = 7.0 Hz, 2H, H*®), 4.34 (dd, J
=18.0; 9.0 Hz, 1H, H%), 2.94 (td, J = 9.0; 5.0 Hz, 1H, H'?), 2.62 (td, J = 9.0; 6.5 Hz, 1H, H9),
2.38 (ddd, J = 17.0; 9.5; 6.0 Hz, 1H, H®), 2.27 (ddd, J = 17.0; 9.5; 7.5 Hz, 1H, H¥®), 2.00-1.88
(m, 1H, H%), 1.87-1.75 (m, 1H, H®), 1.39 (t, J = 7.0 Hz, 3H, H®); ®*C NMR (CDCls, 101 MHz):
§ 175.3 (C"), 166.1 (CY), 142.0 (C%), 131.5 (C?), 125.2 (CY), 114.3 (C?), 68.9 (C®), 60.8 (C*?),
58.8 (C5), 41.4 (C19), 30.4 (C8), 17.5 (C®), 14.4 (C*®); HRMS (ES+) calculated for C1sH19N4O3
303.1457, found 303.1467 ([M + H]").

Ethyl 4-(5-butoxy-A?-1,2,3-triazolin-1-yl)benzoate (3dk): Following the general procedure
at 65 °C for 16 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and butyl vinyl ether (4.06
mL, 31.4 mmol), the title compound was isolated as a white solid (3.64 g after recrystallisation,
0.22 g after column: 85% overall).
o, 23 3dk: Mp 67.1-68.9 °C; Rf = 0.41 (petroleum ether/EtOAc = 80:20);
13 /12\0)}1\@ ~. IR:vmax 2957, 2870, 1706 (s, C=0), 1607 (s), 1579, 1518, 1503 (m),
“}_/ 1426, 1367 (m), 1315, 1267 (s), 1235, 1192, 1182 (m), 1130, 1121,
® ® 1107 (m), 1066 (s), 1025 (s), 986 (M), 947 (s), 907, 881, 849 (s), 823,
8 ! 766 (), 693 (m) cm™*; *HNMR (CDCls, 400 MHz) § 8.06 (d, J = 9.0
o Hz, 2H, H?), 7.49 (d, J = 9.0 Hz, 2H, H3), 5.66 (dd, J = 8.5; 2.0 Hz,
1H, H°), 4.52 (dd, J = 18.5; 2.0 Hz, 1H, H°), 4.37 (g, J = 7.0 Hz, 2H,
H'2), 4.21 (dd, J = 18.5; 8.5 Hz, 1H, H%), 3.08 (dt, J = 8.5; 6.5 Hz, 1H, H’), 2.97 (dt, J = 8.5;
6.5 Hz, 1H, H"), 1.47-1.40 (m, 2H, H®), 1.40 (t, J = 7.0 Hz, 3H, H®®), 1.31-1.17 (m, 2H, H%),
0.81 (t, J = 7.5 Hz, 3H, H%); 33C NMR (CDCls, 101 MHz): § 166.2 (C'1), 142.9 (C%), 131.2
(C?), 125.0 (CY), 114.4 (C3), 81.0 (C®), 70.0 (C®), 63.2 (C"), 60.8 (C*?), 31.3 (C?), 19.2 (CY),
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14.4 (C*), 13.7 (C®): HRMS (ES+) calculated for C1sH22Nz03 292.1661, found 292.1665 ([M
+HJ").

Ethyl 4-[5-(allyloxy)-A2-1,2,3-triazolin-1-yl]benzoate (3dl):
Following the general procedure at 60 °C for 24 h from 4-ethylazidobenzoate (3.00 g, 15.7
mmol) and allyl vinyl ether (3.41 mL, 31.4 mmol), the title compound was isolated as a white
solid (1.60 g, 37%) after column chromatography.
o .24 3dl: Mp 56.0-57.3 °C; Rf = 0.29 (petroleum ether/EtOAc = 80:20);
12}\0)}0\@ n IR:vmax 2984, 1709 (s, C=0), 1607 (s), 1578, 1519, 1505 (m), 1462,
“}_\/N 1426, 1367 (m), 1336, 1317, 1274 (s), 1184 (m), 1171 (m), 1129,
o'% 5 1108 (m), 1084 (m), 1063 (s), 1022 (s), 983 (m), 948 (s), 929 (s), 879,
887 848 (s), 824, 781, 767 (s), 695 (m), 659, 631 cm™; *H NMR (CDCls,
\ 400 MHz) § 8.07 (d, J = 9.0 Hz, 2H, H?), 7.49 (d, J = 9.0 Hz, 2H, H®),
5.77 (ddt, J = 16.0; 11.0; 5.5 Hz, 1H, H®), 5.69 (dd, J = 8.0; 2.0 Hz, 1H, H®), 5.21 (ddd, J =
16.0; 1.5; 1.0 Hz, 1H, H%), 5.15 (dd, J = 11.0; 1.5 Hz, 1H, H®), 4.57 (dd, J = 18.5; 2.0 Hz, 1H,
H®), 4.37 (q, J = 7.0 Hz, 2H, HY), 4.25 (dd, J = 18.5; 8.0 Hz, 1H, H°), 3.67 (ddt, J = 12.0; 5.5;
1.0 Hz, 1H, H"), 3.61 (ddt, J = 12.0; 5.5; 1.0 Hz, 1H, H’), 1.40 (t, J = 7.0 Hz, 3H, H'?); 13C
NMR (CDCls, 101 MHz): § 166.2 (C'°), 142.8 (C%), 132.9 (C?), 131.3 (C?), 125.1 (CY), 117.9
(C%), 114.5 (C®), 80.8 (C"), 70.5 (C®), 65.2 (C’), 60.8 (C1Y), 14.4 (C*?); HRMS (ES+) calculated
for C14H18N303 276.1348, found 276.1347 ([M + H]").

Ethyl 4-(5-methoxy-5-methyl-A2-1,2,3-triazolin-1-yl)benzoate (3dm):
4-Ethylazidobenzoate (1.00 g, 5.2 mmol) and 2-methoxypropene (2.02 mL, 20.8 mmol) were
stirred in DES (5 mL) in a vial fitted with a screw cap at 75 °C for 96 h. The reaction mixture
was cooled down to room temperature, diluted with water (3 mL) and left at -18 °C overnight.
The precipitate was collected, triturated with cold acetone and dried under reduced pressure to
give the title compound as a white solid (1.20 g, 87%).
o QL 23 3dm: Mp 53.1-55.3 °C; Rs = 0.29 (petroleum ether/EtOAc = 80:20);
1 /\o%\@ '~ IR:vmax 2983, 1706 (s, C=0), 1606 (s), 1513, 1496 (m), 1473, 1378,
N ) 1351 (m), 1309, 1291, 1269 (s), 1240 (m), 1211 (m), 1174 (m), 1141,
° 0\6 ® 1115 (m), 1102 (s), 1043 (s), 999 (m), 934 (m), 877, 858 (s), 829 (s),
" 767 (s), 695 (M) cmt; *H NMR (CDCls, 400 MHz) & 8.06 (d, J = 9.0
Hz, 2H, H?), 7.56 (d, J = 9.0 Hz, 2H, H%), 4.57 (d, J = 19.0 Hz, 1H, H°), 4.38 (g, J = 7.0 Hz,
2H, H19), 4.17 (d, J = 19.0 Hz, 1H, H), 2.94 (s, 3H, H), 1.79 (s, 3H, H¥®), 1.40 (t, J = 7.0 Hz,
3H, H); 3C NMR (CDCls, 101 MHz): § 166.2 (C°), 142.5 (C*), 131.0 (C?), 125.6 (C1), 115.9
(C?), 90.1 (C"), 75.0 (C®), 60.8 (C*9), 50.5 (C"), 23.7 (C?®), 14.4 (C*); HRMS (ES+) calculated
for C13H18N303 264.1348, found 264.1350 ([M + H]").

Ethyl 4-(5-phenyl-A?-1,2,3-triazolin-1-yl)benzoate (3dn): Following the general procedure
at 90 °C for 16 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and isopropenylbenzene (4.07
mL, 31.4 mmol), the title compound was isolated as an off-white solid (1.96 g after
recrystallisation, 0.52 g after column: 51% overall).

-S26-



o 2, 3dn: Mp 88.7-90.2 °C; R = 0.38 (petroleum ether/EtOAc = 80:20);

. /*2\0)}1\1@ n_ IR: vimax 2997, 1696 (s, C=0), 1604 (s), 1573, 1496 (s), 1462, 1447,

N N 1390, 1367, 1346 (m), 1307, 1267 (s), 1179 (s), 1157, 1101 (s), 1073,

;% ° 1028 (s), 952, 925, 908 (m), 870, 850 (m), 818, 761 (s), 693 (s), 667

8 cm®; 'HNMR (CDCls, 400 MHz) & 7.86 (d, J = 9.0 Hz, 2H, H?),

0o 7.41-7.36 (m, 2H, HAY), 7.33-7.29 (m, 3H, HAY), 7.14 (d, J = 9.0 Hz,

2H, H3), 4.64 (d, J = 17.0 Hz, 1H, H®), 4.42 (d, J = 17.0 Hz, 1H, H®), 4.31 (q, J = 7.0 Hz, 2H,

H2), 1.78 (s, 3H, H'), 1.34 (t, J = 7.0 Hz, 3H, H®3); 13C NMR (CDCls, 101 MHz): & 166.2

(C11), 143.1 (C*), 142.9 (C7), 130.8 (C?), 129.3 (C?), 127.9 (C10), 125.3 (C?), 124.1 (CY), 114.9

(C%), 84.8 (C%), 63.0 (C%), 60.6 (C12), 22.3 (C), 14.4 (C13); HRMS (ES+) calculated for
CisH20N30, 310.1556, found 310.1558 ([M + H]").

Ethyl 4-(5,5-diphenyl-A?-1,2,3-triazolin-1-yl)benzoate (3do): Following the general

procedure at 100 °C for 72 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and 1,1-

diphenylethylene (5.88 mL, 31.4 mmol), the title compound was isolated as a white solid (1.41

g, 24%) after column chromatography. From this reaction, ethyl 4-(2,2-diphenylaziridin-1-

yl)benzoate 4do was also isolated as a white solid (0.60 g, 11%) after column chromatography.

9O 2, 3do: Mp 99.6-102.8 °C; R =0.41 (petroleum ether/EtOAc = 80:20);

13/12\0 » 1 ‘o IR: vmax 2975, 1703 (s, C=0), 1604 (s), 1505 (s), 1446, 1421, 1390,

N" N 1367, 1338 (m), 1275 (s), 1180 (m), 1172 (m), 1106 (s), 1068 (m),

O 7 58 1047 (s), 1014 (m), 1002, 980 (s), 950 (s), 854, 844 (m), 767 (s), 760

Q (s), 698 (s), 673, 627 cm:: 'H NMR (CDCls, 400 MHZ) 5 7.78 (d, J

10 =85Hz 2H, H?), 7.36-7.25 (m, 10H, HA", 7.20 (d, J = 8.5 Hz, 2H,

H3), 5.09 (s, 2H, H%), 4.27 (9, J = 7.0 Hz, 2H, H®), 1.31 (t, J = 7.0

Hz, 3H, H®); ®*C NMR (CDCls, 101 MHz): § 166.2 (C'1), 144.0 (C*), 141.0 (C7), 130.5 (C?),

128.8 (C°), 128.0 (C19), 127.8 (C?), 124.1 (CY), 115.7 (C?), 88.6 (C®), 70.3 (C®), 60.6 (C'?), 14.4

(C®); HRMS (ES+) calculated for C23H22N302 372.1712, found 372.1703 ([M + H]").

NP 4do: Mp 71.1-73.8 °C; Rf = 0.53 (petroleum ether/EtOAc = 80:20); IR: vmax

M2 3057, 2979, 1706 (s, C=0), 1599 (s), 1506 (m), 1462, 1445, 1416, 1365, 1348,

1308, 1269 (s), 1170 (s), 1103 (s), 1045, 1019 (m), 953, 916, 855 (m), 775 (s),

732 (m), 695 (s), 638, 628, 617 cm™’; *H NMR (CDCls, 400 MHz) § 7.76 (d, J

= 8.5 Hz, 2H, H?), 7.28-7.18 (m, 10H, H~"), 6.81 (d, J = 8.5 Hz, 2H, H°), 4.27

(9, J=7.0 Hz, 2H, H'?),3.01 (s, 2H, H%), 1.31 (t, J = 7.0 Hz, 3H, H®®); B°CNMR

(CDCls, 101 MHz): § 166.5 (C*1), 153.9 (C*), 139.1 (C"), 130.3 (C?), 128.9 (C?),

128.2 (C8), 127.6 (C9), 123.9 (CY), 120.8 (C?), 60.6 (C*?), 52.6 (CP), 40.2 (C);
14.4 (C'%); HRMS (ES+) calculated for C23sH22NO> 344.1651, found 344.1637 ([M + H]").

Ethyl 4-(3a,4,5,6,7,7a-hexahydro-1H-4,7-methano-benzo-A?-1,2,3-triazolin-1-yl)benzoate
(3dp): 4-Ethylazidobenzoate (1.00 g, 5.2 mmol) and 2-norbornene (0.54 g, 5.7 mmol) were
stirred in DES (10 mL) at room temperature for 16 h. The mixture was diluted with water (10
mL) and the precipitate was washed with water and dried under reduced pressure to give the
title compound as a white solid (1.48 g, 99%).
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o 2, 3dp: Mp 87.6-89.2 °C; Rf = 0.40 (petroleum ether/EtOAc = 80:20);
/1"’\0)}1\1@ N IR: vmax 2976, 2959, 2872, 1699 (s, C=0), 1604 (s), 1575, 1513 (m),
1 N N 1a 1488 (m), 1453, 1422, 1367 (s), 1311 (m), 1299, 1274 (s), 12186,
WoC Y7 1174 (s), 1161, 1126 (m), 1106 (s), 1087 (s), 1047 (m), 1035, 1023
o g (m), 1010 (m), 978 (s), 964, 954 (s), 913 (s), 891, 871, 844 (s), 766
(s), 754 (s), 711, 695 (s), 633 cm™; 'HNMR (CDCls, 400 MHz) § 8.02 (d, J = 9.0 Hz, 2H, H?),
7.30 (d, J = 9.0 Hz, 2H, H3), 4.63 (d, J = 9.0 Hz, 1H, H°), 4.36 (q, J = 7.0 Hz, 2H, H'?), 3.73
(d, J=19.0 Hz, 1H, H®), 2.81 (s, 1H, H"), 2.65 (s, 1H, H'?), 1.70-1.58 (m, 2H, H8), 1.43-1.31
(m, 2H, H®), 1.39 (t, J = 7.0 Hz, 3H, H®®), 1.19 (d, J = 11.0 Hz, 1H, H'%), 1.09 (d, J = 11.0 Hz,
1H, H*); BCNMR (CDCls, 101 MHz): § 166.2 (C*!), 143.7 (C*), 131.3 (C?), 123.5 (C}), 113.1
(C3), 86.8 (C®), 60.7 (C'?), 59.7 (CP), 41.1 (C7), 39.8 (C19), 32.1 (C%), 25.4 (C8), 24.8 (C°), 14.4
(C®); HRMS (ES+) calculated for C16H20N302 286.1556, found 286.1553 ([M + H]").

Ethyl 4-(trans-2,3-diphenylaziridin-1-yl)benzoate (4dq): Following the general procedure
at 100 °C for 48 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and trans-stilbene (5.65 g,
31.4 mmol), the title compound was isolated as a white solid (2.90 g, 53%) after column
chromatography (eluent: petroleum ether/EtOAc 0—10% gradient basified with 2% v/v NEt3).
0O~ 4dq: Single crystals for X-ray diffraction were grown from Et,O, CCDC
1843145 Mp 121.3-123.1 °C; R¢ = 0.58 (petroleum ether/EtOAc = 80:20);
3 IR: vmax 2977, 1698 (s, C=0), 1601 (s), 1499 (m), 1461 (m), 1454, 1406,
4 1362 (m), 1308 (m), 1271 (s), 1214, 1169 (s), 1144 (m), 1113 (m), 1101 (s),
A 1072, 1014, 898, 851 (s), 773 (s), 760 (m), 748 (m), 718 (m), 706 (s), 693
9@? © (s), 664 cm™; *H NMR (CDCls, 400 MHz) & 7.83 (d, J = 8.5 Hz, 2H, H?),
8 7.33-7.28 (m, 6H, HAY), 7.20-7.16 (m, 4H, HA"), 6.75 (d, J = 8.5 Hz, 2H,
H°), 4.31 (g, J = 7.0 Hz, 2H, HY), 3.68 (s, 2H, H%), 1.35 (t, J = 7.0 Hz, 3H, H'?); ®*C NMR
(CDCls, 101 MHz): § 166.6 (C9), 152.8 (C*), 135.7 (C®), 130.5 (C?), 128.4 (C?), 127.8 (C°),
127.2 (C"), 123.9 (CY), 120.3 (C?), 60.6 (C™), 50.2 (C°), 14.4 (C'?); HRMS (ES+) calculated
for C23H22NO2 344.1651, found 344.1654 ([M + H]™).

Ethyl 4-(cis-2,3-diphenylaziridin-1-yl)benzoate (4dr): Following the general procedure at
110 °C for 16 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and cis-stilbene (5.64 mL, 31.4
mmol), the title compound was isolated as a white solid (1.97 g, 36%) after column
chromatography (eluent: petroleum ether/EtOAc 0—2% gradient basified with 2% v/v NEts).
oy_o._~_ 4dr:Mp79.7-83.2 °C; Rt = 0.66 (petroleum ether/EtOAc = 80:20); IR: vmax
(oo 2975, 1704 (s, C=0), 1602 (s), 1506, 1495, 1477, 1455, 1413 (m), 1364,
1308, 1274 (s), 1167 (m), 1141 (m), 1104 (m), 1071, 1039, 1027 (m), 922,

o 899, 859 (m), 794, 771 (m), 752 (m), 727, 693 (s), 658, 647, 622, 613
5 cm™; IHNMR (CDCls, 400 MHz) § 7.98 (d, J = 8.5 Hz, 2H, H?), 7.29-7.25

O 6 O (m, 4H, HAY), 7.23-7.13 (m, 8H, HAY), 4.36 (g, J = 7.0 Hz, 2H, H), 3.70
% (s, 2H, H%), 1.39 (t, J = 7.0 Hz, 3H, H'?); 3C NMR (CDCls, 101 MHz): &

166.4 (C19), 158.9 (C%), 135.2 (C®), 131.0 (C?), 127.9 (C7), 127.7 (C?), 127.2 (C®), 124.9 (CY),
119.6 (C3), 60.7 (C11), 49.2 (C), 14.4 (C*2); HRMS (ES+) calculated for C23H2:NO; 344.1651,
found 344.1660 ([M + H]").
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Ethyl 4-(cis-2-methyl-3-phenylaziridin-1-yl)benzoate (4ds): Following the general
procedure at 90 °C for 32 h from 4-ethylazidobenzoate (1.50 g, 7.8 mmol) and cis-
propenylbenzene (2.04 mL, 15.6 mmol), the title compound was isolated as a yellow oil (0.46
g, 21%) after column chromatography (eluent: petroleum ether/EtOAc 0—2% gradient
basified with 2% v/v NEts).
0.__0O 4ds: Rs = 0.64 (petroleum ether/EtOAc = 80:20); IR: vmax 2982, 2925,
" 2P 1707 (s, C=0), 1602 (s), 1508 (m), 1450, 1417 (m), 1366, 1308, 1267 (),
1165 (s), 1144 (m), 1099 (s), 1046, 1018 (m), 904, 856 (m), 774 (m), 729

] (m), 699 (s) cm; *HNMR (CDCls, 400 MHz) & 7.94 (d, J = 8.5 Hz, 2H,

6/\5 H2), 7.43-7.34 (M, 4H, HAY, 7.33-7.27 (m, 1H, HAY), 7.05 (d, J = 8.5 Hz,
N 2H, H%), 4.34 (g, J = 7.0 Hz, 2H, H'?), 3.35 (d, J = 6.5 Hz, 1H, HS), 2.59
5 (dg, J = 6.5; 6.0 Hz, 1H, H®), 1.37 (t, J = 7.0 Hz, 3H, H3), 1.16 (d, J = 6.0

Hz, 3H, H); ®*C NMR (CDCls, 101 MHz): § 166.4 (C!'), 159.5 (C*), 136.2 (C"), 130.9 (C?),
128.2 (C9), 127.6 (C?), 127.2 (C9), 124.4 (CY), 119.7 (C?), 60.6 (C'?), 46.5 (CP), 42.1 (C®), 14.4
(C1), 13.4 (C¥); HRMS (ES+) calculated for C1gH20NO, 282.1494, found 282.1497 ([M +
HIY.

Ethyl 4-(trans-2-methyl-3-pentylaziridin-1-yl)benzoate (4dt): Following the general
procedure at 95 °C for 32 h from 4-ethylazidobenzoate (3.00 g, 15.7 mmol) and trans-2-octene
(4.90 mL, 31.4 mmol), the title compound was isolated as a pale yellow oil (0.90 g, 21%) after
column chromatography (eluent: petroleum ether/EtOAc 0—2% gradient basified with 2% v/v
NEts).

OO 4dt: Rf=0.60 (petroleum ether/EtOAC = 80:20); IR: vmax 2958, 2929, 2857,
Lo 1709 (s, C=0), 1602 (s), 1507 (m), 1459, 1416, 1381, 1366, 1307, 1268 (s),
; 1197, 1165 (s), 1100 (s), 1020, 854 (m), 775 (m), 726, 705 (m) cm™; *H

s NMR (CDCls, 400 MHz) & 7.92 (d, J = 8.5 Hz, 2H, H?), 6.90 (d, J = 8.5

yif’/g\/”\ Hz, 2H, H®), 4.34 (q, J = 7.0 Hz, 2H, H'), 2.27 (qd, J = 5.5; 3.0 Hz, 1H,
7 g 10 12 H6 200 (td, J = 6.0; 3.0 Hz, 1H, H®), 1.64-1.46 (m, 3H, H®; H0), 1.43—
1.28 (m, 5H, H8; H% HY), 1.37 (t, J = 7.0 Hz, 3H, H®), 1.14 (d, J = 5.5 Hz, 3H, H7), 0.90 (t, J
=7.0 Hz, 3H, H'?); BC NMR (CDCls, 101 MHz): § 166.6 (C'3), 155.2 (C*), 130.6 (C?), 123.7
(Ch, 120.5 (C?), 60.5 (C4), 46.5 (C®), 40.3 (C®), 31.7 (C?), 31.7 (C°), 27.3 (C*9), 22.6 (C1Y),
15.6 (C"), 14.4 (C), 14.0 (C'); HRMS (ES+) calculated for Ci7H26NO, 276.1964, found
276.1972 ([M + H]).

Ethyl cis-4-[4-(cyclohexylmethylene)-A2-1,2,3-triazolin-1-yl]benzoate (3du): Following the
general procedure at 95 °C for 96 h from 4-ethylazidobenzoate (0.33 g, 1.7 mmol) and
cyclohexylallene (0.50 mL, 3.4 mmol), the title compound was isolated as a yellow solid (0.04
g, 7%) after column chromatography (eluent: petroleum ether/EtOAc 0—10% gradient
basified with 2% v/v NEts). From this reaction, ethyl 4-[4-(cyclohexylmethyl)-1H-1,2,3-
triazol-1-yl]benzoate 5du was also isolated as a white solid (0.12 g, 23%) after column
chromatography (eluent: petroleum ether/EtOAc 10—25% gradient basified with 2% v/v
NEts). Attempted recrystallisation of triazoline (3du) from boiling MeOH yielded ethyl ethyl
4-{4-[cyclohexyl(hydroperoxy)methyl]-1H-1,2,3-triazol-1-yl }benzoate Sdu’ as a white solid
(0.01 g, 2%)).
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o 3du: IR: vmax 2921 (m), 2850 (m), 1697 (s, C=0), 1607 (s),

" )MQC’ 1517 (m), 1448 (m), 1436 (s), 1384 (s), 1365 (m), 1313 (m),
0 12 4 N_
4 N7 SN 1275 (s), 1180 (m), 1172 (m), 1129 (m), 1105 (s), 1081 (),
6 5\ 11018 (s), 992 (m), 973 (m), 915 (m), 892 (m), 850 (s), 825
7 8

s 10 (m), 767 (s), 691 (m) cm™; 'H NMR (CDCls, 400 MHz) &
8.06 (d, J=9.0 Hz, 2H, H?), 7.30 (d, J = 9.0 Hz, 2H, H?), 6.17

(dt, J =10.0; 4.0 Hz, 1H, H7), 4.37 (g, J = 7.0 Hz, 2H, H'®), 4.35 (dd, J = 4.0; 1.0 Hz, 2H, H®),

2.13-2.00 (m, 1H, HY), 1.83-1.73 (m, 4H, H®), 1.73-1.66 (m, 1H, H®), 1.40 (t, J = 7.0 Hz,

3H, H'%), 1.36-1.19 (m, 5H, HY).

5du: Single crystals for X-ray diffraction were grown from

(o]
" )4@1 TBME/Et,0, CCDC 1843146 Mp 110.4-112.1 °C; R¢ = 0.38
Ak NS (petroleum ether/EtOAC = 80:20); IR: vmax 2980, 2920 (m),
6 s .« 2851(m), 1713 (s, C=0), 1608 (m), 1519 (m), 1446 (m), 1412

78\~ (m), 1366 (M), 1312, 1275 (s), 1232 (m), 1198, 1177 (m),
1109 (s), 1044 (s), 1027 (m), 992 (m), 960, 893, 851 (m), 828,
786, 768 (s), 689 (M) cm™; *H NMR (CDCls, 400 MHz) & 8.20 (d, J = 9.0 Hz, 2H, H?), 7.84
(d, J=9.0 Hz, 2H, H3), 7.78 (s, 1H, H9), 4.42 (g, J = 7.0 Hz, 2H, H'®), 2.68 (d, J = 7.0 Hz, 2H,
H7), 1.80-1.63 (m, 6H, H®), 1.43 (t, J = 7.0 Hz, 3H, H), 1.31-1.11 (m, 3H, H%), 1.07-0.95
(m, 2H, H%); 3C NMR (CDCls, 101 MHz): 3 165.5 (C12), 148.1 (C%), 140.2 (C%), 131.2 (C?),
130.2 (CY), 119.6 (C?), 119.1 (CF), 61.4 (C*3), 38.1 (CT), 33.4 (CB), 33.1 (C?), 26.4 (C1), 26.2
(C19), 14.3 (C*); HRMS (ES+) calculated for C1gH24N302 314.1869, found 314.1874 ([M +
HIY).
o Sdu’: Single crystals for X-ray diffraction were grown from
M@C\ MeOH, CCDC 1843147. R¢ = 0.08 (petroleum ether/EtOAC
” “w™w ., 6 =80:20); BH NMR (CDCls, 400 MHz) 5 8.43 (br s, 1H, H5),
FE,S,O” 8.21 (d, J = 9.0 Hz, 2H, H?), 8.04 (s, 1H, H®), 7.86 (d, J = 9.0
7o Hz, 2H, H3), 5.03 (d, J = 7.0 Hz, 1H, H7), 4.43 (q, J = 7.0 Hz,
2H, H'), 2.04-1.96 (M, 2H, H®), 1.81-1.62 (m, 3H, H®),
1.44 (t, J = 7.0 Hz, 3H, H), 1.30-1.07 (m, 6H, H®); 13C NMR (CDCls, 101 MHz): & 165.4
(C12), 148.2 (C%), 139.9 (CY), 131.3 (C?), 130.6 (CY), 120.2 (C®), 119.8 (C?), 84.7 (C7), 61.5
(C3), 40.8 (CB), 29.1 (C%), 28.8 (C%), 26.2 (C), 25.9 (C%), 25.8 (C), 14.3 (C*); HRMS
(ES+) calculated for C1gH24N304 346.1767, found 346.1758 ([M + H]™).

13
/0

14

4. Crystallographic Data

Tables S1 and S2 provide a summary of the crystallographic data for the structures of 3aa,
3dd, 4aa, 4dq, 5du and 5du’. The absolute structures of 4aa, 4dq and 5du’ could not be
reliably determined [Flack parameters 0.0(10), 0.2(7) and 0.1(3) respectively]. CCDC 1843142
to 1843147.
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Table S1. Crystal data, data collection and refinement parameters for the structures of 3aa,

3dd and 4aa.
Data 3aa 3dd 4aa
formula C1sH12F3N3 C21H19N302 CisH12F3N
solvent 0.25(C4H100) — —
formula weight 309.81 345.39 263.26
colour, habit colourless blocky colourless blocky colourless blocks
temperature / K 173 173 173
crystal system Monoclinic monoclinic orthorhombic
space group P2i/c (no. 14) P21/c (no. 14) Pna2: (no. 33)
alA 5.6803(5) 12.8553(5) 27.0703(18)
b/A 22.150(2) 5.5968(2) 5.7522(4)
c/A 23.2022(16) 24.4632(9) 8.0156(5)
o/ deg 90 90 90
B/ deg 90.281(7) 92.110(3) 90
v / deg 90 90 90
V/A3 2919.2(5) 1758.90(12) 1248.14(14)
Z 82 4 4
Dc/gem3 1.410 1.304 1.401
radiation used Cu-Ka Cu-Ka Mo-Ka
uw/mm 0.969 0.688 0.113
260 max / deg 148 147 57
no. of unique reflns
measured (Rint) 5581 (0.0666) 3371 (0.0265) 1611 (0.0219)
obs, |Fo| > 2632 2566 1477
no. of variables 424 245 172
R1(obs), wRz(all)® 0.0915, 0.2987 0.0421, 0.1185 0.0489, 0.1228

@ There are two crystallographically independent molecules; ® Ry = Z||Fo| — |Fe|/Z|Fo|; WR2 = {Z[W(Fo? — Fc?)?] /
E[W(Fo?)}2; wt = 62(Fo?) + (aP)? + bP.
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Table S2. Crystal data, data collection and refinement parameters for the structures of 4dq,
5du and 5du’.

Data 4dq 5du Sdw’
formula C23H21NO2 C18H23N304 C18H23N30:
solvent — — —
formula weight 343.41 345.39 313.39
colour, habit colourless blocks colourless plates colourless blocky
temperature / K 173 173 173
crystal system monoclinic monoclinic monoclinic
space group P21 (no. 4) P21 (no. 4) P21/c (no. 14)
alA 5.66625(19) 5.35503(14) 12.8362(5)
b/A 18.3197(5) 10.1690(2) 11.1053(4)
c/A 17.6253(6) 32.7300(7) 11.7668(4)
o/ deg 90 90 90
B /deg 90.314(3) 92.720(2) 92.584(4)
v/ deg 90 90 90
VA3 1829.55(10) 1780.32(7) 1675.64(11)
Z 42 42 4
Dc/gem 1.247 1.289 1.242
radiation used Mo-Ka Cu-Ka Mo-Ka
w/ mmt 0.079 0.757 0.082
20 max / deg 57 147 57
no. of unique reflns
measured (Rint) 6266 (0.0226) 4567 (0.0393) 3343 (0.0165)
obs, |Fo| > 5285 3891 2478
no. of variables 494 492 210
R1(obs), wRz(all)® 0.0421, 0.0791 0.0493, 0.1355 0.0431, 0.0989

@ There are two crystallographically independent molecules; ® Ry = Z||Fo| — |Fe|/Z|Fo|; WR2 = {Z[W(Fo? — Fc?)?] /
E[W(Fo?)}2; wt = 62(Fo?) + (aP)? + bP.

X-Ray crystal structure of 3aa: Inspection of reciprocal space plots of the diffraction data
collected for a crystal of 3aa revealed substantial twinning, with the initial indexing using only
ca. 52% of the observed spots. Unfortunately, despite numerous efforts, no attempts at
modelling the twinning gave any noticeable improvement over the standard, non-twin, data
processing. The consequences of this unresolved twinning can be seen in the elevated final
agreement factors, with R1(obs) in excess of 0.09 and wR2(all) only just under 0.30. However,
despite the evident issues, the structure derived from this data clearly shows both the nature
and geometry of the compound.

The structure of 3aa was found to contain two independent molecules, 3aa-A and 3aa-B, in
the asymmetric unit. The included diethyl ether solvent molecule was found to be disordered
across a centre of symmetry, and this was modelled by using one complete, 50% occupancy
orientation. The geometry of the unique orientation was optimised, and all of the non-hydrogen
atoms were refined anisotropically.
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C16A C17A

Figure S1. Structure of one (3aa-A) of the two independent molecules present in the crystal
of 3aa (50% probability ellipsoids).

Figure S2. Structure of one (3aa-B) of the two independent molecules present in the crystal
of 3aa (50% probability ellipsoids).

X-Ray crystal structure of 3dd: The terminal ethyl unit of the C9-bound ethyl formate moiety
in the structure of 3dd was found to be disordered. Two orientations were identified of ca. 87
and 13% occupancy, their geometries were optimised, the thermal parameters of adjacent
atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy
orientation were refined anisotropically (those of the minor occupancy orientation were refined
isotropically).
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Cc22

Figure S3. Crystal structure of 3dd (50% probability ellipsoids).

X-Ray crystal structure of 4aa: The structure of 4aa was found to crystallise in a polar space
group (Pna21), but the absolute structure could not be reliably determined [Flack parameter x
=0.0(10)].

F10A
F10B

Figure S4. Crystal structure of 4aa (50% probability ellipsoids).

X-Ray crystal structure of 4dq: The structure of 4dq was found to crystallise in a chiral space
group (P21), with two crystallographically independent molecules (4dg-A and 4dg-B) of
opposite chirality. It is thus unsurprising that the absolute structure could not be reliably
determined [Flack parameter x = 0.2(7)]. Attempts to solve the structure in the related
centrosymmetric space group P2:/m proved unsuccessful. The C10B-based ethyl ester moiety
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of the second independent molecule was found to be disordered. Two orientations were
identified of ca. 78 and 22% occupancy, their geometries were optimised, the thermal
parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms
of the major occupancy orientation were refined anisotropically (those of the minor occupancy
orientation were refined isotropically).

Figure S5. Structure of one (4dg-A) of the two independent molecules present in the crystal
of 4dq (50% probability ellipsoids).

» C17B

y C18B

Figure S6. Structure of one (4dg-B) of the two independent molecules present in the crystal
of 4dq (50% probability ellipsoids).
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X-ray crystal structure of 5du: The structure of 5du was found to crystallise in the
centrosymmetric space group P2:/c.

Figure S7. Crystal structure of 5du (50% probability ellipsoids)

X-Ray crystal structure of 5du’: The structure of 5du” was found to contain two independent
molecules, 5du’-A and 5du’-B, in the asymmetric unit. The C17B-based cyclohexyl unit and
the O23B-based peroxy moiety were both found to be disordered, and two orientations were
identified in each case, of ca. 67:33 and 69:31% occupancy when treated separately. As both
groups bond to the same carbon atom, C16B, and the relative occupancies of the two
orientations in each case were so similar, the two disorders were treated as linked with a
common occupancy, which refined to ca. 68:32%. The geometries of the two orientations were
optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the
non-hydrogen atoms of the major occupancy orientation were refined anisotropically (those of
the minor occupancy orientation were refined isotropically). The peroxy hydrogen atom on
024A was located from a AF map and refined freely subject to an O—H distance constraint of
0.90 A. As the peroxy group is disordered in the second independent molecule it is not
surprisingly that the associated hydrogen atoms could not be located from a AF map and so
they were added to the atom list in calculated positions (the SHELX HFIX 147 command) with
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a O—H distance of 0.90 A. The structure was found to crystallise in a chiral space group (P21),
but the absolute structure could not be reliably determined [Flack parameter x = 0.1(3)].

Figure S8. Crystal structure of 5du’ (50% probability ellipsoids).

5. References

L A. P. Abbott, G. Capper and S. Gray, ChemPhysChem, 2006, 7, 803—806.

2 SHELXTL v5.1, Bruker AXS, Madison, WI, 1998.

8 SHELX-2013, G.M. Sheldrick, Acta Cryst., 2015, C71, 3-8.

+ 0. Berger, A. Kaniti, C. Tran van Ba, H. Vial, S. A. Ward, G. A. Biagini, P. G. Bray and P.
M. O’Neill, ChemMedChem, 2011, 6, 2094-2108.

°S. G. Alvarez and M. T. Alvarez, Synthesis, 1997, 413-414.

¢ J. Kuehhorn, H. Huebner and P. Gmeiner, J. Med. Chem., 2011, 54, 4896-4903.

" G. LAbbé and L. Beenaerts, Tetrahedron, 1989, 45, 749-756.

8Y. Liu, Q. Xiao, Y. Liu, Z. Li, Y. Qiu, G.-B. Zhou, Z.-J. Yao and S. Jiang, Eur. J. Med. Chem.,
2014, 78, 248-258.

°C. C. Ciocoiu, N. Nikoli¢, H. H. Nguyen, G. H. Thoresen, A. J. Aasen and T. V. Hansen, Eur.
J. Med. Chem., 2010, 45, 3047—-3055.

Y, Li, L.-X. Gao and F.-S. Han, Chem.—Eur. J., 2010, 16, 7969-7972.

11 R. M. Meudtner, M. Ostermeier, R. Goddard, C. Limberg and S. Hecht, Chem.—Eur. J., 2007,
13, 9834-9840.

12N. Faucher, Y. Ambroise, J.-C. Cintrat, E. Doris, F. Pillon and B. Rousseau, J. Org. Chem.,
2002, 67, 932-934.

13 Knepper, S. Vanderheiden and S. Braese, Eur. J. Org. Chem., 2006, 1886—-1898.

14 C.-Z. Tao, X. Cui, J. Li, A.-X. Liu, L. Liu and Q.-X. Guo, Tetrahedron Lett., 2007, 48, 3525—
3529.

15 0. llovich, O. Aberg, B. Langstroem and E. Mishani, J. Label. Compd. Radiopharm., 2009,
52, 151-157.

-S37-



® A. Quchi, B. Z. S. Awen, R. Hatsuda, R. Ogura, T. Ishii, Y. Araki and O. Ito, J. Phys. Chem.
A, 2004, 108, 9584-9592.

17 H. C. Bertrand, M. Schaap, L. Baird, N. D. Georgakopoulos, A. Fowkes, C. Thiollier, H.
Kachi, A. T. Dinkova-Kostova and G. Wells, J. Med. Chem., 2015, 58, 7186—-7194.

18 D. Destro, S. Sanchez, M. Cortigiani and M. F. A. Adamo, Org. Biomol. Chem., 2017, 15,
5227-5235.

9], Das, S. N. Patil, R. Awasthi, C. P. Narasimhulu and S. Trehan, Synthesis, 2005, 1801
1806.

2 S, Al-Benna, M. J. Sarsfield, M. Thornton-Pett, D. L. Ormsby, P. J. Maddox, P. Brés and M.
Bochmann, J. Chem. Soc., Dalton Trans., 2000, 4247—4257.

LS, W. Kwok, J. R. Fotsing, R. J. Fraser, V. O. Rodionov and V. V. Fokin, Org. Lett., 2010,
12, 4217-4219.

22, Ren and N. Jiao, Chem. Comm., 2014, 50, 3706-3709.

2 K. Asano and S. Matsubara, Org. Lett., 2010, 12, 4988-4991.

24P, Ramirez-Lopez, M. C. De La Torre, H. E. Montenegro, M. Asenjo and M. A. Sierra, Org.
Lett., 2008, 10, 3555-3558.

2 W. Chamchaang and A. R. Pinhas, J. Org. Chem., 1990, 55, 2943-2950.

% 3) I. D. G. Watson and A. K. Yudin, J. Org. Chem., 2003, 68, 5160-5167; b) A. M.
Kawamoto and M. Wills, J. Chem. Soc., Perkin Trans. 1, 2001, 1916-1928.

-S38-



32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

F-2000

Me=EONOTANO N nm—
©LoQInnn T a0 aNA
MMM MmNMeN Mo M — =
B s NP
\\/O\/”\NS
1w
i I J
F|—|
o
o
™
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 2.5 2.0 1.5 1.0 0.5 0.0
N o© [=2} O
- N ~N —
o O =) %
O O n —
(. |
\\/O\/”\NS
1w
" A . VM M~ h JLWJJWNVMMMN*mﬂwwMANWMMJ v " J{ l
/. T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 50 45 40 35 30 25 20 15 10 5 0

55
f1 (ppm)

3500

3000

2500

2000

1500

1000

500




13000

12000

11000

10000

9000

8000

7000

6000

5000
4000
3000
2000
1000

F-1000

(11584
12984
SE€Y
8€'y
6Evr
vTvk\
P8’y
L8V
ww.¢uﬁ
16'%
[{a4
6’y
S6'v
L6V

PT°L
IT’L

veL
wN.NU/
6T L~k
T€L
€L
SE'L
WL
'L

FsC

\‘N

3aa

Foot

Fooz

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

7.0 6.5 6.0 5.5 5.0 4.5

7.5

8.0

8.5

3400
3200

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600
400
200
0

FsC

€L —

TT°9L—

3aa

6EHTT—
sz0eT

mm.NNﬁ&
8b'E2T\
08'€2T -
€T
SbTT)
$9°521
5851
64°92T
75'9714
95'92T
09'921H
£6°821-
7'821-
15°621
£5°6€T
88'7HT

e i\

==

200

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

60



[ Louuy
15000
14000
13000
12000
11000
10000
[F9000

8000

7000

6000

5000

4000
3000
2000
1000

0

F-1000

CF4

4aa

18°¢C
€5°C

LT°E
45 _

6’
05 NW -

8T'E
6T°E

L
y'L
€L
€L
ve'L
SE'L
9€’L

LEL
8€'L
0¥’
|4
SL
bS'L

M

E00'¢

Foo'1

Kooz
00°
W%.N

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

3500

3000

2500

2000

1500

1000

500

f1 (ppm)

CF,

69'LE—
LT —

6€°02T
99'02T
60'€2T
L0721
6€'H2TH
12421
Y0'STTA
8£'S2TA
L1921
VeaTas |
€921 W
PE'9ZT
LE'92T
99'/21
8b'871
19'82T
v9'8ET—

9'LST—

4aa

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



[-£4UUU

7.38
7.36
7.35
7.33
7.32
7.27
7.26
7.25
7.16
7.15
7.14
5.02
4.9
4,98
4.95
4.92
4.52
4,49
4.49
4.46
4.45
442

23000

814
811

%
\;
é
i

22000
O:N
N 21000

N ’ QN 20000
19000
18000
17000
3 ba 16000
15000
14000
13000
12000
11000
10000
[F9000
8000
7000
6000
| 5000
f 4000
3000

!

F-1000

1.96-1
2.99
2.00
1.974

-2000

I
' , 2000
i il J 1000
J X DN, L———-—0
T
[o)}
S
T
85 80 75 70 65 60 55 50

3800
O5N 3600
N~ SN 3400

3200

~-145.15

—142.08

_~138.97
129.65
128.68
125.77
125.60
114.11
76.77
56.99

A
<

L3000
L2800
3ba 12600
L2400
L2200
L2000
L1800
L1600
L1400
L1200
L1000
800

1600

. 1400

200

I S | —_ . "

I--200
T T T T T T T T T T T T T T T T 4

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



25000

20000

15000

10000

5000

LEY
Va4
1344
&'y
14474
n*ék\
68'%
NQ¢MM

S6'v
96'v
66'%

€T°L
€T°L
ST'L
ST'L
€L
cm.muﬁ
(44
€L
SE'L
LE°L
Ly'L
6L

NC

°N

3ca

J

Frot
Fsoz

p€6'T
00'C
00°€
Kooz

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.5

1200
1100
1000
900

800

700

600

500

400

300
200
100

N
3ca

NC

90°/5—

9Y'9L—

16'70T—

LPIT—
TT6TT—
bLSeT—
65821~
656217
£5EET—
60'6€T—
ShEpT—

0 Y

=100

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



24000

R RORRRSR 200
CN -22000

21000

7.54
7.52
7.40
7.38
7.36
7.35
7.34
7.31
7.31
7.30
7.09
7.07
3.20
3.19
3.19
3.18
2.53
2.51
2.51
2.50

20000
19000

N 18000
j( 17000
16000
15000
4ca 14000
113000
12000
111000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000
—

[-1000

t»
——
(_47

.00 ———=
L

--2000

-42.041

.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 0 3.5 3.0

N
%)

4.5 4, 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

F45UU

158.47
~138.07
133.26
128.58
127.75
~126.08
121.13
711924
105.43
—41.75
—37.68

/

CN

4000

3500

3000

4ca

2500

2000

1500

1000

| 500

N ! JKWMJ ULN,J v Jow L0

T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



o o 9o 9o o o o o 9o o o
S © & & © © o6 © © © o 9 9 O 9o 9o 9o o o 1=
S © © © © © © ©o© © © O © © © © o © © o 2
2 % 5 58 2 3 2 9 0 8 8 R 8 R 2 22 KR 8 o 7
e s e v v e s sy s v e e e e e e s T
L
€T
¢m.ﬁWY — > FL6'C
9€'T w
=
£
=
o ]
=
1]
T
[yr]
O
67 ')
1€
[45%4
PE'Y
LEY
8e'p -
Wv— T/
/

b,
9T,
L
€L
8Tt
€L _
€L I
MEM

e

16~
6L

w61
me.ﬁ
66°C

F16'1

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

9.5

2600
2400
2200
2000
1800
1600

1400

1200

1000

800

600
400
200

o

N N

PEPT— =z

3da

/0

6C°L5—
¥9°09—

10°9L—

3

SOPIT—

66'€CT
ﬁm.mNﬁM

TEBTT~

15621,

i

mo.ﬁmﬁ.\.

P9'6ET—
69'€PT—

9T'99T—

W YA

i

o

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



24000
23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
F9000
8000
7000
6000
5000
4000
3000
2000
1000

1000

OINNOTNLHODAN T NN NNV SN QN
QMMM NNSQ M B br B DA MMM
NRNNNNNNNNNNNN LT e R BN NN N —_—
N T sttt S\ SN SN S
g0 0
N
4da
|
[
I
1
I
I
M Mu - m o
T T, T T T T
Isa) o © N =} ~ 1) =3
R Qe a < @ < <
- < = ~ =] ~ )
T T T T T T T T T T T T T T T T T T T
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 0.0
f1 (ppm)
n < N TN mMma o
0 ~ © R HnA Y I 3 5
0 =] B SONG TS e d “
© in M ANASNN S = N <
— — — Rl R R R | O <+ ™ —
| | I NN [ |
g0 0
N
4da
1
, ST N 1. | I S ) e L J
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0

90
f1 (ppm)

F-2000
/

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

Y




11000

10000

9000

8000

7000

6000

5000

4000

3000
2000
1000

~-1000

8Ty
€
[45%4
PV
SE€'Y
8e'Y
[4:h4
S8'p~:

68'%
06'v
€6’y

S6'9
6’9
€T°L
mHN/
8C'L
0€’L
1€,
€L
SE'L
6v°L
182

N

3ea

i

Foot

Fooz

Azgt
761
1-00°€
H\.cm.H

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

1200
1100
1000
900

800

700

600

500

400

300

200
100

N

3ea

69°/5—

9L'SL—

MWWWWMWMWWMWWWM-o

96'+8—

¢8'9TT—

£8'STT~

LT8TT~

8€°6¢T~

L6°LET~,

89'6ET~
10051

WMWW

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
F9000
8000
7000
6000
5000
4000
3000
2000
1000
0
F-1000

TNOLAN—HODONN O © N WO W R
MmN ceecee N
NNNNNNNNNNGS O 0o ed [ ENEN]
B e N Y N ~
|
/ J N
4ea
it i
I
I
T T T T
Q — N n o —
a53 o S S
- - — — o
T T T T T T T T T T T T T T T T T
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 0.0
f1 (ppm)
& SR TLER N o o
< 0 N L ANECEN] ~ L e
n Mo NN 3 - N
— — o 0 T ™
N/ e (. |
N
4ea
VWWWL'W i o g ol S R——— iy o v Wi 'J "
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0

80
f1 (ppm)

=-2000

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

--100



10000

[F9000

8000

7000

6000

5000

4000

3000

2000
1000

[Ty
15584
[4%4
Py
SE€Y
6€Y
(434
S8y
68'%
06'v
€6’y

90°L
80°L
144
IT’L
IT’L
9T’L
8C'L
0€’L
€L
€L
€L
SE'L

P

~N

/

AN

Br

f

3fa

JL_O

0.0

_ >

L6°T

16°T

Foos

0.5

2.0 1.5 1.0

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5
f1 (ppm)

8.0

1400
1300
1200
1100
1000

900

800

700

600

500

400

300

200

100

QN
3fa

Br

¥8'L5—

9L'SL—

LWWMWMWWMWMWWWWWWWWWWWW -0

P8HPIT~

Tvo1T-—

06'SCT~
8C'8CT~

6€°6¢T"

MUWWW

80°CET~"

6£°6ET~_
0,651

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



7.36
7.35
7.33

/

731
730
&3

~-6.91

7.03q

3.08

< :

3.07
3.07
3.06
2.44
2.44

1.991

2.42
2.41
241

/
5

Br

4fa

2.02=

3600V

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

[F-2000

7

7.5

7.0

153.59

6.5

—138.83
_~131.85

6.0

128.47
L127.44
N\ 126.10

wUd

g/

5.5

~-122.27

—114.95

5.0

4.5

4.0 3.
f1 (ppm)

2.0

—41.73
—37.66

1.5

1.0

0.5

Br

4fa

0.0

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

90

80
f1 (ppm)

70

F4uuu

3800

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

=-200



11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

9Ty
0E'y
1€y
€€~
SEY-T
8y
[4:a4
S8~
88'v-F
06'%
[{34
€6'v

(1) 4
L
|44
IT’L
8T°L
STL
9T’L
8C'L
6C°L
1€L
€L
SE'L

Cl

N

/

3ga

F8T'S
Fooe

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 0.0
f1 (ppm)

8.0

2600
2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

o

QN

Cl

€6'L5—

€L'SL—

20911 —

16'SCT
mm.nwﬁ/
ST'8TT~

3ga

M

"

Lk 4

"N

9T'6CT
LE'6CT

96'8ET~
9L'6€T~"

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

60



7.36
7.35
7.31
7.31
7.31
7.30
7.29
7.28
7.27
7.20
7.18
6.97
6.95
3.08
3.07
3.06
3.05
2.43
2.41
2.41
2.40
2.40

13000
Cl
12000
11000
N -10000
9000
8000
4ga
7000
6000
5000
4000

3000

2000

1000

A =
ji

p—

-

—

S

1.05
1.95
o 71/1.994

4.08~1
1.001
2.00=

[F-1000

T T T T T T T T T T T T T T
8.0 7.5 7. 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
f1 (ppm)

400000

127.43
127.43
126.10
121.78

380000

153.08
—138.87

128.93

128.47
—41.78
—37.70

/
AN
{

Cl
360000

340000
1320000
N 300000
280000
1260000
4 ga F240000
1220000
1200000
180000
1160000
140000
1120000
1100000
80000

60000

140000

20000

JU ) ) A "

[-20000
/

T T T T T T T
70 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



12000

7.35
7.34
7.32
7.30
7.28
7.18
7.18
7.16
7.15
7.14
7.13
7.12
6.95
6.92
6.90
4.93
4.92
4.90
4.89
4.85
4.82
4.36
4.33
4.32
4.30
4.28
4.25

|
|
:
§

N 11000

10000

/ 9000

3 h 3 8000

7000
6000
5000
4000
3000

2000

1000

1.004

[-1000

6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
f1 (ppm)

f-2400

116.27
116.20
115.95
115.73
75.59
58.47

2300

—-159.68
—157.28
—139.95
—136.80
129.33
212820
“-126.00

¢

L2200
N L2100
12000
L1900
L1800
L1700
3ha L1600
L1500
L1400
L1300
L1200
L1100
L1000
Lo00
800
L700
L600
500
L400
L300
| 1200

1
] L
e L Y e A “UWMMMWL.'Jhn*M.r* TN e~ R T Mprtdbari 0

F-100

T T T T T T T T T
80 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0

90
f1 (ppm)



S S o o o o o o o o o S
IS] 1S3 IS} <] S <] 1S3 1S3 <] S <] =3
=1 3 1S3 S 3 =1 3 3 1S] 1S IS] S
T T ? hid i N i T i i T ? !
©
=
<t
8¢ N./.
o*.mw — — ESo'c
w'e
$0°€
vo.mw. — Foot

Foov

00°1
00y

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

5.0 4.5 4.0
f1 (ppm)

7.0 6.5 6.0 5.5

7.5

8.0

8.5

4000
3500

3000

2500

2000

1500

1000

500

0

18°'Le—
[8'Ty—

EP'STT
mo.mzv.
0511
wm.ﬁNﬁV.
[A%° 45N

4ha

ok

8€'LTT-7

Mot

mv.wwﬂ.\
TT6ET—

18°0ST—

[AWAS)
TL'6ST—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



8000
7500

7000
6500
6000

5500

5000

4500

4000

3500

3000

2500
2000
1500

1000

500
0

[F-500

8Ty

0g'y

[45%4 ~
PP
8%
P8y
mm.¢v.
88’y
[{a4
6’y
S6'v
L6V

¥6'9

969

£6'9

LrL

6T°L

0z, -
1L

€TL~ /
ST'L

@

6C°L

€L

€€,

be'L

3ia

I

Foot

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

8.5

650

600

550

500

450

400

350

300

250

200

150

100

50
0

=50

€085 —

St'SL—

6PIT—
8€'CCT
ma.mNHW
£0'8CT \
8T'6CT Vs
6C°6CT

Nm.ox
EP'0PT >

3ia

18T, P S

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



[-11000

10000
[F9000
8000
7000
6000
5000
4000
3000
2000
1000

o

6£'C
o¢dt\
e
m*.Nk\

80°€
60°€
oT'e
oTe

969
86’9
00°Z
€0°L
S0°L
1L
oL
vT'L
9T’L
8C'L
6C°L
€€°L
SE'L
LEL
6€°L

el

5500

--1000

0.0

0.5

4ia

1.5 1.0

2.0

2.5

J

4.5 4.0 3.5
f1 (ppm)

5.0

55

6.0

6.5

-

7.0

I

7.5

8.0

8.5

bS'LE—
05" Ty —

05021
ww.mﬁw
€T°97T

sz121
0v'8TT-7
sese1

8E'6ET—

8v'PST—

5000
4500
4000
3500
3000
2500
2000
1500
1000
500
-0

4ia
10

20

30

40

110 100 90 80 70 60 50
f1 (ppm)

120

150 140 130

160

70



11000
10000

[F9000
8000
7000
6000
5000
4000
3000
2000
1000

[45%4
9Ey
LEY
6EY
1344

Elﬂ\.

98'v
mw.¢V =

€6t
6’y
96V
L6V

9L
8L
81,4
0C°L
T
YT LA
STLA
9T LA}
LT
(TL
6C°L
67
0g4
7€
ve' L
bEL
e
924

qu

FaC

|

f1 (ppm)

9€'L
JApA

Foot

Fooz

%cm.n

060

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.0

8.5 8.0 7.5 7.0 6.5 6.0 55

9.0

Fo5U0
6000
5500
5000
4500

4000

3500

3000

2500

2000

1500

1000
500

qu

FiC

€L'(5—

€0'9L—

69°TTT+
LTI
9L TITA
08'TTTA
95°LTT
G9'8TT+
89'8TT1
2L 81T
9/'81T
166111
19221+
7E°STTA

£0°82T+
Zb'821+
8b'621+
08'621

86'SCT W
L
3
L
3

[420\

L]

P TET~
9L'TET
80°CET
LS'6ET~
980T

|

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



13000

12000

11000

10000

[F9000

8000

7000

6000

[-1000

5000
4000
3000
2000
1000

FsC

\‘N

FiC

3ka

L,

Foot

Fooz

861

00°€
HH.u_u.H

Eezet

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

8.5

9.0

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

FsC

§9'LS—

°LIL—

PhpTTY
Ly PTTA
0511+
€511+
LTSTT
0E'STTH
VE'STT
LE'STTY
TH'STT
PhSTTA
Lb'STTA
06T~
16'T2T
79421
0T°92T+
€€°/2T
16'821+

8L'6CT

NNde/m

|
W

SSTET
88°2€T-/

TTEET

08'8ET—
SO TPT—

\‘N

FsC

3ka

o

Al

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



26000

24000

22000

20000
18000

16000

14000

12000

10000

8000

6000

4000

2000

[F-2000

STC—

ST
he%
6T v
1€P
6L

4 a4
mw.¢uv

98’y
06'v
(a4
€6'v
S6'v

L
Y0'L
80°L
(1) 4
JAWA
mﬁ.mww

6T°L
ST'L
9T’L
8C'L
0€’L
[44
veL

“N

3la

S

B

F

iy

00°€

€6°T
S6°T
16'1
00°€

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

2500

2000

1500

1000

500

09°0¢—

ST'85—

wSL—

Po'PIT—

86'S2T
mm.aﬁ
T6TT~
B.mﬁ“
b TET

L0°8ET—
6£0pT—

“N

3la

hr Al )

A

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



o o =} o o =} o
S S S S S S S o
S S S S S S S S
=] n S e} <1 n S =]
i T T < i T T il ?
N
H o
<t
97T
€€T 7
€€T
PET
PET
L£7T — =
Visrd —_— M
6£C
6€C

00°€
10€

No.mwv T

€0°€

16°9
€69

0L

b0'L

€L

STl -
9L S -
€L

L — ==
©'L

be'L

sl

sl

(E'L

LE'L

3400
3200

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 0.0
f1 (ppm)

8.0

69'0C—

19°Le—
YO T —

9€°02T—
ey
i
8 TET

€5°6ET—

607CST—

3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

200

10

4la

20

30

40

50

60

70

100 90 80
f1 (ppm)

110

120

130

150 140

160




[F16000
15000

14000

13000

12000

11000

10000

9000
8000
7000
6000
5000
4000
3000
2000
1000

[-1000

8T'T
81T
61T
0T

9.'C
8L'C
08¢

8¢
€8¢
S8°C
/8T

| 7474
9Ty
8TY-T
(1154
08'v
€8y
¢w.¢v.
8V
68'v
16'v
[4a4
v6'v

80°L
(1) 4
L
Pr°L
6T°L
0L
ﬁNNN

LTL
6C°L
1€,
€L
SE'L

o,

I

3ma

F009

Foot

Foot

Froz

00
00z
ooe

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.5

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

w0vc—

9e'EE—

9€85—

AN Vi

68'PTT—

0'9CT

60°£CT M
208217
8T'6CT /

EP'8ET~
85°0PT—
86'CHT—

3ma

LLLTPAEY FAPIRSRPRPWIRRIR]) PPN PO IS STSATIN po

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



23000
22000
21000
20000
19000
18000
17000

16000

15000

14000

13000

12000

11000

[-10000

9000

8000

7000

6000

5000

4000

3000

2000

1000
0

[-1000
~-2000

1T~

4dma

S

[xatd

9€'C
9€'C
LET
LE7T
[ard
€b'C
Sb'e
i ard
08'C
Nwduv
¥8'C
S8'C
L8°C

06'C
90'€
L0°E
80°€
60°€

£6'9
6691
oﬁ.mg
[4ve
ST
9L+
92’41
[TLA
[TL
87/
8L
6717
0L
0€°L
e
e
1£4
8e'/]
mm.g
oL

N e

[/

009

00T
00T

Frot

Fo00°1

86T
+00'C
+00°'T
oov

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

5500
5000
4500
4000
3500

3000

2500

2000

1500

1000
500

4ma

TT've—

syee””
1926~
05" Th~_

s

€€'0CT—
9T'9CT
L8'9TT~:

L

wENﬁ\
mm.wﬁ.\

¢9'6ET—
L67CHT—

8C'CST—

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



28000
26000
24000
22000
20000

18000

16000

14000

12000

10000

8000

6000

4000
2000
F-2000

—Q

€L'E— —_—

g
wm.v%
8Tyl
o€
g
€8

£8f T
8

88"y

06

6%

€6

LLI~
8497
(AN -
€11 —
D.im

614

0z
9714
Veal
67'L
€L
1€
€L
€4

3na

R

-

¥00°€

Foo'1

— Fooe

EL6'T

<6
g
Rio¢

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0 3.5
f1 (ppm)

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

-850
800
750
700
650
600
550
500
450
400
350
300

250

200

150

100

3na

—0

6p'9G—

§6'85—

1T8L—

0S'PTT~

PSOTT—

ET'9CT—

mo.wwﬁ.\.
mN.mNT\
8EPET—

6€°0PT—

9€'SST—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



NS o WO
MmN
NSNS IS NN

RERENERENEN

\7.25
6,98
*-6.96
6.80
6.78
3.74
3.02
3.01
3.00
3.00
2.40
2.38
2.35
2.35

N
4
/
Y

O/ -50000
45000
N 40000
-35000
4na -30000
-25000
-20000
-15000

10000

5000

(N

4.00~
1.00%

6.5 6.0 5.5 5.0 4.5 3.5

21100 ——-

o 12011
2.01=x
3.00—=

8.0 7.5 7. 4.0
f1 (ppm)

2400

155.21
147.90
139.53
_~128.41
127.22
126.17
~121.29
—114.31
55.53

—41.87
—37.76

\

o il 2300
12200
12100
2000
1900
1800
1700
1600
1500
4na
1400
1300
11200
1100
1000
900
800
1700
600
500
400
300
200

100
te sy o ”UJWM\-J MR 4 A AT —— TS MJ im0

F-100

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



7.26
7.25
7.25
7.15
7.14
7.13
7.13
—6.79

|

/1

—2.22
—1.97

30a

3.001
1.95-1
Lo =

3.001

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

F-2000

139.27
137.79
136.76
—~134.39
129.48
128.59
128.23
127.92

/
/
h

61.35

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

F-100

7
[oNeNe)
S3& S
S
T T T T T
6.0 5.5 5.0 5 4.0
f1 (ppm)
©
n
o
~
T T T T
110 100 90

80
f1 (ppm)

70

3%
Q9%
I
N
N “N
3o0a
20 15 6



55000

50000

45000

40000

35000

30000

25000

20000

15000

10000
5000
0

e
wN.NM%
(144

w'e
SH'C
9T

€0'e
P0'€
S0'€
S0'€

LL9—

9L
wN.mu/
0€° /L~

veL
9€’L
LE°L
6€°L
WL

40a

kéod

009
£00°T
u/ooé

18

00T

F-5000

A/
-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.0

3600
3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600
400
200

EP'6T~
19°0¢"

Ty~
ST'Ep—

4441

sean /
95'87T~"
206217

4o0a

N

7/

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



[-15000
14000
13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
1000

F-1000

pE'Y
LEY
8€'y
or'y
'y
1424
88'%
16'%
6’y
S6'v
L6V
86'v
LT[A
LTLA
81"/
6T/
LT LA
6C'LA
0€'£A
1€/
TELA
[4A
PE'LA
vE'L
9"y
9€'L
6S'L
65"/
mm.DW

09°2L
192
192
194
9L
18
w8
w8
€78
'8
SP'8

AL

il

3pa

Foot

Fooz

Rosz
Rooe
€60

F6°0
E06°0

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

8.0

8.5

9.0

1600
1500
1400
1300
1200
1100
1000

900

800

700

600

500

400

300

200
100
0

~-100

3pa

bS'LS—

¥0'9L—

18'TZT~_
TL€TT~2

WWMWW

Wb kbl

WP

66'SCT~
SH'8CT—

8v'6217

£'oET
mw@ﬁ%
17661

69°EPT—

" 1

sl luh

L A

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



[T£3UUuU

8.40
8.39
8.26
8.24
7.37
7.36
7.32
7.31
7.30
7.29
7.28
7.26
7.17
7.16
7.15
7.14
3.14
3.13
3.12
3.11
2.49
2.48
2.47

|
|

122000
121000
| N 20000
i 19000
N 18000
17000

" /

15000
4 pa 14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

e

-l A L Lo

b

[F-1000

0.95=
0.95-T
1.004*
0.981

4.00
2.00

=-2000

8.0 7.5 7.0 6.5 6.0 5.5 5.0

5 42.00=

9.0 8.

%]

4.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

4400

128.59
127.68
127.66
126.18
123.51

4200

—150.45
143.92
143.22

\

—138.50
—41.50
—37.40

¢
\

=N 4000
| 3800
3600
3400
3200
3000
4 pa 2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

U 200
w n . :

T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Y

[F-2000

OO ITNAOONLWL T MMM QW IT M MO NDWOM™™=N o
MMM AT100000 DDRDD ©@RNRNYEin, o
NINNINNNNOOOUOO nLwnwnwn T T ™
el ) et Sy BRI 0 p
O
WoON
- TNT N
3ra
[T}
i 1 I
| N -
e, T T T T
~NINO ® o n wn o
QoS a S S o S
oom— ~— - ™M
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4,0 3 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
< B2 IRBER N © nooN
5 © g SHBST ~ ) N9
\(e) T ™M MmAaNANANAN — n [+2) —
— —_ — o — ~ n n C)
T SN A [ S/
O
o
N
NN
3ra
|
I
JWWMM VAo TN M At M
T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0

90
f1 (ppm)

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

Y

F-100




Y
24000
23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
[-10000
[F9000
8000
7000
6000
5000
4000
3000
2000
1000
0
F-1000

[F-2000
/

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
F-100

N MMEANWO N O AN T NOoOWOWULMHOLL AN
MO NNNH A e eReQMHHHHHOQ9 0
NINNININNNNNNNN (ol Vol ol o o R e )
iy et N T SN et
N
N N
3sa
I
|
1
|
|
| |
T N T
(= [ee] o o o
o o (=) o o o
O ™ S — ~N -
T T T T T T T T T T T T T T T T T T
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 0.0
f1 (ppm)
W YT OMN WO~
0 OO —ANM =2 n ~
0 NG B DB DB NIN Q N «
™M MMANANANAN NN < o —
o o o o ™~ O mn
[ S
N
N N
3sa
I
oy — oth TR T ——— 'A'.M ' N L M A ST
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 8 60 50 40 30 20 10 0

0 70
f1 (ppm)



18000

17000

16000
15000
14000
13000

12000

11000

10000

9000

8000

7000

6000

5000

4000
3000
2000
1000

F-1000

187
mw.ﬁ.r/.:

L6'T
L6'T 7

L¥'T
iard
6v°C
05'¢

JARS
T9°€~
S9€-7
69°¢

6T°L
6T’
0L
wL
vT'L
9TLE
8C'L
0€’L
€L
SE'L
LEL

[

/

4sa

-

E00°T
E00°T

£86°0

Fooz

T-00'8
%00

3000
2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

0.0

0.5

1.0

1.5

2.0

16°'LE—
' Tr—

2.5

3.0

3.5

TLv9—

5.0 4.5 4.0
f1 (ppm)

5.5

6.0

6.5

7.0

oN.wNﬁ
Nw.mNﬁW
16°9CT
08°/cT-f
vm.wwﬁu\
Dm.mNH

7.5

80°6ET~
0T 0bT-"

8.0

8.5

=

4sa

v

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

f1 (ppm)



25000

20000
15000

10000

5000

b0y
[0
o'y
0Ty
€T
9Tb-}
Ve~
e
65~
€9'b-F
59
99

89'%
Uy
60'S
€r's

ST'L
oT’L
LT°L
8T°L
6C°L
ﬁm.muM
€L
SE'L
9€’L
LE°L
SS°L
LS'L

3ta

Fooz
460

Feot

F00°1

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

4.5

7.5 7.0 6.5 6.0 5.5 5.0

8.0

8.5

.0

4000
3800

3600

3400

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

200

LSTS—

18°09—

€€V —

66'61T7
69°22T
6€'52T
05521
£5°52T
95'52T
09'52T
Vealras
60'82T+
6€'871+
20'62TA
90'6¢1+
29'62T
g.oﬁu\\

I e

9T'0€T
85°0€T
PP'8ET~
€8'6ET-"

iy

!

T

3ta

e

RO TR

Wifhurial TV MU

Uy

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



25000
20000
15000
10000
5000

4ta

FiC

Nw.H
RAAN —
66T -
o0e/

9W'T
@.NW. -

8¥'C
6v°C

85°€
ﬁo.muw

we
wn.MK\

UL ﬁ LL

//

0L
0L
L
voL

sl

7L —_— = ——
8T'L >
67, ——
€L

9L

8b't

€57,

ssL

00T
00T

E86'0

Fo00'1
F00°T

Foew
161
s6'1

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0

5000
4500
4000
3500

3000

2500

2000

1500

1000
500
0

4ta

FiC

T1'8€—
SO TP —

TP9—

bZ'0CT
b672CT
61'57T
€2'STTH
(ST
TE'STT
$9'STT
£1°92T+
S0°LTTA
8821
PT'8ZT

L

8€'8CT~

n o

89'871
00°62T
ze6eT
9’621
6L'6ET—

TEerT—

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



e o o o oo o9 o9 9o o o
o o o o oo o o o o o o o o o
o o o oo oo o o oo oo oo o 9 @ 9 o
T N @ o o v 4 ¥ &N o o o o o ~
A R\ B P R U AN U, . SRV AR B .
—
=
a5
=
N
=
®
=
©
o
=
o
..
;
=

66'¢
(a4
€0y
90y
60%
ay

wﬁé.\.

M.W / = To.m
o®”¢./.

ww.w B === To00¢
9%

%”mv —_ ———= Tz

157
ny
ny
6T'¢
6T'¢ 200
AN — = Koo
€€, T — F oo
vE'L
9L
(€L
8€'L

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

4.5

5.0

5.5

7.5 7.0 6.5 6.0

8.0

1200
1100
1000
900
800
700
600
500
400
300

200

100

33va

9IS —

€5°09—

LTYL—

0€'LeT

02'8ZT~\L

96'8¢T
00°6ZT

0T'SET—
6L'8ET—

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150



10000

[F9000
8000

7000

6000
5000
4000
3000
2000
1000

beTH
b8TH
58T+
98T+
66'T1
002
821
621
052
1571
1574
S5°EA
[5°EA
65°€
09°€A
S9°E
L9°E
69°€1
0L'€
96°€
66°E
00°pA
€07
L0°bA
ke
60"t
0Tt
T
AR
bTb

STy

95t

mm.vW
09t \

€9'v

€6~
AN

D

T

-

(1) 4
L
IT’L
IT’L
8T°L
wL
ST'L
(TL
8C'L
0€’L
1€,
1€,
€L
€L

// /!

/

e,

34va

00T
E00°T

F00°T

00T
Eo0'1

10T
Fooe

Foot

Foo'1

002
L oo
7001

00'6

2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900

45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0

8.0

8.5

10'8€—
bS T —

800
700
600
500
400
300
200
100
F-100

10

FYRTY NPT )

34va
20

30

i

40

50

99 TS —

ST'09—

L
60

6£¥9—

70

w0vL—

6T°9CT
16°9CT
1€

f1 (ppm)

110 100 90

120

10821

[4%:74%
6C'8CT
¥8'8¢T
6'8¢CT
60"ET
8L'8ET
98'8€T
00°0vT

B e B o

130

140

byt
150

Avieiak

i

160




7.37
7.36
7.36
7.35
7.33
7.32
7.31
7.27
7.25
7.19
7.18
7.18
7.17
7.16
7.16

|
|

4.65
4.62
4.61
4.59
—4.32
4.18
4.15
4.14
4.12
4.10
4.05
4.02
4.01
3.98

¥

_~5.15
~5.11

i

10000
Ns
9000
8000
7000
6000
31va
5000
4000

3000

2000

1000

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 0.0

1700

129.24
128.96
128.42

1600

_-138.66
13572
213497
128.22
127.28
74,09
—60.44
—54.39
—51.53

L
\

N3

1500
1400
1300
N™ °N L1200
1100
1000
900

31va

800

700
600
500
400
300
200

100

I PRI A [ ‘J e el bl Laineh! bk AL S b ettt bl At v ol bl sl u]‘ Fo
e} i i ey WIS AT Wepogioiny Ry v W IR YA P YA AP TS T il L]

T T T T T T T T T T 4

T T T T T
50 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

o

[F-2000

THOOWOWWOUITMAN—IODN O MmO OQONNOLUMA
MOANSNNNNN = AR RITE R 0D
L N e N T N N N T N Y MmO M NANANAN A A A
e gt N N R =
P:Eié:::k
44va
I
| i
I I
|
1lfr
I ‘ﬂ\
n
T T T T
3 ) 0 0o
< < < QS
i < il N
T T T T T T T T T T T T T T T T T T
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 0.0 -0.5
f1 (ppm)
1n © N YT
— N NN [3e} O N
SN BN G O ] AR
T ™M NN AN AN < - N
— — o = [t=] T ™
[ ~ [
N
44va
|
|
Il
. L . " o ORI BN B A oy s
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 60 50 40 30 20 10 0

80 70
f1 (ppm)

AUy

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

o




23000

22000
20000
19000
18000
17000
16000
15000

14000
13000
12000
11000
10000
[F9000
8000
7000
6000
5000
4000

3000
2000
1000

0

1000
[-2000

L
wL
vT'L
vo'L
0€’L
€L
€L
€€°L—2
ve'L
SE'L
9€'L
9€’L
LE°L

N 21000

N,

|

3wa

A

Fooe

Fs.m
Rgoz
Foo1

H\wm.o

Fieo
Fos0

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

f1 (ppm)

7.0 6.5 6.0 55 5.0

7.5

3.0

o o o o o
o o o o o o o o o o o o o o
< [32] o~ — o o o o o o o o o o
T T T T T * T ? i i T N T 2
=
fa
=
N
s
g
e
oT'ST— OV \w
8LLy— W
€679
2699~ i
99'89~ W
L0t — 3
Yada: W
20821
9g'ge1
bO'6ET— -

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160



15000

14000
13000
12000
11000
10000
[F9000
8000
7000
6000
5000
4000
3000
2000
1000
[-1000

2600

9T'Tq
81T+
0C'TH
mnég
mm.jﬁ
€6'T1

6T+

0v'Z
0h'2
ey
il
esefl
S5°ZH
9524
85
6574
L9

%.Num

0T
e
€LC

e
8t'c

8b'c

6t°€

6b°€
06°¢-
15°¢
z5'e
75'e]
€5€ ]
£5°¢
bSE
19°€
£9°€
b€
v9'e]
S9°¢
S9°e
99°¢
19°€
89°¢
69°¢

6T°L
1L
€L
€L
YL
9T’L
(TL
8C'L
6C°L
0€’L

o

0.5 0.0

4wa

1.0

b

1.5

2.0

2.5

3.0

3.5

5.5 5.0 4.5 4.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

0T'ST—

€€'/E—
PP —

06'09—

19'99—
90'0L—

(2921~
8,971
618217

Yoyt —

2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

10

4wa

20

v

30

40

50

60

70

80
f1 (ppm)

100 90

110

120

150 140 130

160

170



O

N~ °N

Cl
3db

-

1.37
1.35
1.34

st
\

- @

2.00
3.001

3.001

9.5

9.0

166.08

~143.41
13812
13422
13113

Z~129.65

s
/

-~127.22
-~124.23

114.05

4.0

U'l_

0 45
f1 (ppm)

75.88

—60.71
—56.66

20

P

Cl
3db

14.35

N~ °N

Ao il
el "

y

el

iy

"

il IV s

23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0
F-1000

/-—2000

2500

2000

1500

1000

500

T
180

T
170

T
160

T T
150 140

T
130

T
120

T T
100 90 80

f1 (ppm)

60

50 40



70000

65000
60000
55000
50000
45000
40000

35000

30000

25000

20000

15000

10000
5000
0

F-5000

mm.H)/

SE'T
nm.ﬁk\

e
me/
eh
433
vEy
9y
8Ey—
ore”
8%
8
v
68
€6
6y
9%
86

8'9
98'9~\
S0'L~
e
LT
VoL

16'L~,
6L

O\

0

3dc

U

F00°€

=00'¢
Froe

Fooz

61
00
00

Ev6'1

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200
100

9EPT—

60'SS—
$8'95~"
§9'09—

S6'SL—

80'PIT~.
LLYTT

€6°€TT~-
80°/TT~
SOTET~
TS TET

TLerT—

6v'65T—

1991 —

“N

0

O\

3dc

|

b

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



S 8 8 8 8 8 8 8 8 8 o © ©o © o o o o o S
S © © & © & © & & & & & & & & & & © o S
2 & 8 8 8 ¥ 3 8 2 2 8 8 R 8 B @ 8 & €8 o 7
1 1 1 1 1 1 1 1 1 1 [l 1 1 1 I 1 1 1 1 1 ]
)
€T 4
mm.ﬁWw — F00°€
SE'T
=
s
N o
s
=
O
T
o
= O
8Ty
;144
1% 4
cey 00C
JAS AN S == = =
wm.¢.\. / = 00°'T
W'y
fad4
0'S
L0'S = .
80'eF — = Feot

ﬁﬁ.mk\

89'G—

or'L
6T,
s
€L
beL
S
S5
(5L
65°L
092
Nﬁw
8L
8.“\
68'L
16°L
6L
6L

Feso

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 0.0
f1 (ppm)

8.5

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300
200
100

€EPT—

Tv'es—

§9'09—

T1'8L—

YOpTT—
60zt
wm.@/
20bTT~E
99521~
or'oe1 /]
6921
£9°8TT
et
7861
€I'TET
€6°E€T
€T'pET
08'€bT

PT'99T—

/0

3dd

|
b “‘ LA A el ...J. A bty

WA

Ll

Ui Ll o

Iy

[

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



19000

18000

17000
16000
15000
14000
13000

12000

11000

10000

[F9000

8000

7000

6000

5000

4000

3000
2000
1000

F-1000

vm.ﬁ./.

9g'T
mm.ﬁ\.

(Vx4
ov'c
w'e
W'e

09°C
19°C
a9C
9¢C

89°€
69°€
0L'e
1€

0g'y
[4%4

9Ey

mo.j
114
mv.ﬁ
St'Lq
Ly'Ly
8"/
0S°Z7
187/
1572+
€52+

1L W
€L,
wn.m./

8/L'L—

S8
98°L
(8L

96°L
86'L
01’8
as

4dd

JL

F00°€

00T
00T

00T

E00C

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

6000

5500

5000
4500

4000

3500

3000

2500

2000

1500

1000
500

€TLE—
SL'6€E—

£5°09—

[4N114t
98czt
09°€CT
€5'PCT
$9'SCT
wn.mNH.\.
ST'9CT
mm.mNH..\
0£'8CT
S8'0€T
EP'TET
TEEET
9P PET

€0'65T—

TT°99T—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

80



o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o (=] o o o o o o o
o n o n o wn o n o n o n o n o wn o o n
A P R N T P s L LD AR PR LA S P M L LA

z |

R —

=
Q <
=
©)]

9’1 /
wm.HW _ F20'€
ob'T W
Stz
9T +10'T
Yiwd €01
85T
e
€r'e 00"
mH.mW 00'1
bTe
€€y
bey - 102
9"y )
8e"y
€0°L~ —— 100C
e >
0g'L .
_”MNV. u Fo00'c
S6L~, .
P F00c
85'8 HHW .
S.wv g F00C

1200

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

AN 4%

00'8€—~
€0 —

SL09—

ST0eT7
erier’.
sz
b6'0ET~.

JA:WA4 S
96'6vT—

6/°LST—

1991 —

1100
1000
900
800
700
600
500
400
300
200
100

A—— WWWMWWWWWWMMW "

i
=N
/

0.~

10

4de

0

20

30

40

50

60

70

100 90 80
f1 (ppm)

110

120

130

140

160 150

170

Ll

180



50000

45000
40000

35000

30000

25000

20000

15000

10000

5000

0

mm.._”./.

w1
w'T /

[4°K4
1) NW
oy
ey
0'e

6L7E~,

0y
€y
7474

LT
0£'v
1€
€
£€'7
bE b
se'p
SEP
9"
L€
6€1
ov']
Tt
Tt
s
Sy
£8'9

§8'9-\
104~
€0
AN
Al

L0°8~,
018"

3df

I

S

F00°€

E00°1

E00°T

F00°€
00T

00°T
Moo.m
00°T

F00'C
F00'¢

00T

Es86'1

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0

1400
1300

1200
1100
1000
900
800

700

600

500

400

300

200

100
0

el —

68'SE—

€re5—
9zss<
2209~

9¢'0L—

¢o.¢:
0EPTT >

0PI~
CELTT~C
0€°0ET~C
SY'TET

PSEPT—

PL8ST—

PT99T1—

N N
3df

0

wiiwwmwmw MWW%WWW

L

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



19000
18000
17000
16000
15000
14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

F-1000

€T

mm.ﬁ#
NM.H)
mﬁ.mg
E.EK

mNNg

mwdg _—
€77

e
€€
€€
.TM.N./ |
v@N)w
mWNM
SEC

€L~

E.NN I

9L'C
8LC
88¢C
68°C
6T
€6'C

4df

[4: 3
6CY
0g'y
[4%4
PP

o
08'9

689~
1697
VL~
9L

v8' L~
98’

00°€
2007
£ 00T

00'1
€01
201
00'E

Foo0c

(6T
#00C

=£0'¢

EI16'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

9.0

2500
2400

2300
2200
2100

2000
1900
1800
1700

1600

1500

1400

1300
1200

1100

1000

900
800

700

600

500

400
300
200
100

-100

9EPT—

0ve"
G5'8E~
SLTh~

ST'SS—
95°09—

OPIT—

ST'0CT—
LTPCT—
68°6CT
wo.cmﬁW
mmdmﬁ

LE'8ST~_
90'65T~"

LE799T—

C)“\

4df

A

b b Lt

A
L

L

e

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



160000

|
i
é

441
439
438
437
436
434
422
4.20
419
417
416
4.16
141
1.39
1.38
1.21
121
1.18
117
0.75
0.72
0.71
0.68
—0.10

_-8.06
X.8.04
728
X7.26

150000

140000

130000
/ / 120000

[ / / s

110000

100000

# N, 190000

80000
3dg Si— 70000
60000
50000
40000
30000
20000

I I i 10000

_
_

0

F-10000

1.901
2.00—=
3.001
2.001
3.001
1.00I
1.004
9.001

T T T T T T T T T T T T T T T T T 4

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 0.5 0.0

w
«n
w
)
N
«n
N
)
=
»n
[
o

4.0
f1 (ppm)

[[LOUU

50.46
-1.10

1700

166.27
143.28
—131.31
—123.85
114,17
72.40
60.72
—20.61
—14.40

1600
1500
1400
1300
1200
1100
/\O ’N\‘N 1000
900

3dg sSi— 800

/

700
600
500
400
300
1 200

100

M»mmwwmmmww e o A i me Ho

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



14000

13000

12000

11000

10000

[F9000

8000
7000

6000
5000
4000
3000
2000
1000

[F-1000

0L~
[vAd

6L~
v6'L

OH

4dh
{_—;\ \A‘A_ _0

F00°€

00°1
€L°0
00T
00T

EFeo1

00T

E00°¢

E/6'T

ES6'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5

7500
7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000
500

SEPT—

LETE—

10 TP —

L 09~
16'C9—

esoer
At
LLOET~

T€85T—

8€'99T—

CH

4dh

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



24000

22000
20000
18000

16000

14000

12000

10000

8000

6000
4000
2000
[-2000

¥8'0
98'0
(8'0
€T
ST'T
AR
6T'T
€T
vTT
Via
6TT
€T
ve'T
SE'TA
9¢'T
8¢'T+
66T
T
€514
A
Tas
9%'T
Ras
6v'1
(9T
89'T
0,1
0L
1274
[7as
mn.g
VLT
90
L0
80"
80
60"
0T+
1T
1T
[4%2
£T7p
£T'b
671
1€
Ve
Se'v]
9y
Vins
6€
Ob'bq
[aas!
liaa
0g'L
[434
€08~
508"

L___-o

0

F00°€

Fors

3di

00°€
00°1
Foo'1

Fo0'1

—— Foov

Ep6'T

E16'1

2.5 2.0 1.5 1.0 0.5 0.0

3.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5
f1 (ppm)

8.5

2600

2400

2200
2000
1800
1600
1400
1200
1000

800
600

400

200

00'¥T~.
(laztd

8522~
(The—
1682~
T€°TE

651

657G —

TL£09—

L6'0L—

PO ETT—

S8'€CT—

0E'TET—

9 ePT—

ST'99T—

W

3di

/0

L g T

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



25000

20000

15000

10000

5000

o

68 o.)
16'0q
260
ﬁm.j
€€
€T
PET
SE'TA

LETH ﬁ
6€'TA
SS'TH
8S'T

mmé%

19'T—

Tr—

60°C
01'C
11°e
€1'¢
44

€
€€y
PP
9Ey

169~
002~

16'2~,
6L

lt

4di

__J

F00°€

Fsoe
Foov

F16C

E00'¢

F88'1

481

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

3400
3200

3000

2800
2600
2400
2200

2000

1800

1600

1400

1200

1000

800

600

400

200

E.E
6ev1"
79T~
(5'LT

61°67

mw.ﬂmw
90"~
AR
6°0b—

85°09—

T€0CT—
ETHCT—

PLOET—

Pr'6ST—

99T —

4di

iy

By

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



12000

11000
10000
[F9000
8000
7000
6000
5000
4000
3000
2000
1000
[-1000

o

LT
6T
I+ 1A

N

A%
08'T-
18'T4
78T+
£8'T
¥8'T+
S8'TH
06'TH
06T+

26'TH ﬁ
£€6'TH
6T
S6'T+
96'TA w
16T
617
€TT-E
x4

a4

Viard

67T

0£'C

1€°T

€67
SE'T
972
1£77
677
0v'Z
e
6571
19'¢4
297
€97
97
597
16'24
€67
¥6'C
567
967
16"
1€
vE'r]
SE
L€
6€1
[iaa
b
L£79

8’9

6€'9

0v'9

6€° L~
WL

+0°'8~_
908"

F00°€

ot
o0t

Fore
£00'T

00T

|

Friry

Foo0'1

|

6.5

F00'C

Fooz

JL,,JLL

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

7.5 7.0

8.0

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

8€PT—
W LT—

or'0E—

wr—

£€8'8G~
809

£8'89—

0EvIT—

ST'SCT—

1S TET—

L6 THPT—

0T'99T—

6C'SLT—

100

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190



24000
23000

22000

21000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000
10000
9000
8000
7000

6000

5000

4000
3000
2000

1000
0

[-1000
--2000

180

€80

[T1

61T

0z'T

[

@t

€T

A

sT'T

sT'1

92’1
rat
ras
67T+
€T
8e'T]
0b'T
LA
T
5T
b
9b°T-
62
967
16'T4
867
86°7
00°€-
90°€
L0°€
80°€
60"
OT'€
e
LT
0'v
[1aa
e ag
SE'p
9€"p
8€"
Ob'
6b"p
05"
S
S5
§9'61
§9'6
£9°S

£9'S”
8b'L
052

S0°8~_
108

—n

Lb_hJL__

3dk

F00°€

E60C
F00°S

00T
500'1

€01
00T
201

E00'T

Fo00'c

FS6'T

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

9.0

1300

1200

1100
1000
900
800
700

600

500

400

300

200

100
Y

ST
6epT
8T'6T—

€C'TE—

18°09—
€C°€9—

66'69—

86'08—

lca4%%

S6'VCT—

CTET—

6T —

Y991 —

3dk

/0

WWWWWW WMWWMWWMMW

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



12000

11000

10000
[F9000
8000
7000
6000
5000
4000

3000

2000

1000

0

--1000

8¢'T
ob'T
w'T
6S'E1
T9'€q
79'€A
$9'€
S9'€
99°€
89°€
69°€
TP
(X424
9T’ v
8C'v
SEA
9€"#
8E'7
or'y
Sy
SS'Y
69'Y
65"t
$T'S
4%
9IT's
9IT's
6T'S
6T'S
€S

MN.muN
89'S

oh.mMM
s

vL'S

SL'S

9/'S

6L'S

18'S

8'S

AN
052"

S0'8~.
808~

- \\N

N\/_/o\/\

3dl

S0

L

F00°€

Fooz

00T
500z
€0'1

Fes1

S6°0
06°0

EF16°1

Fv6'1

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)

9.0

1800
1700

1600

1500

1400

1300

1200
1100
1000

900

800

700

600

500

400

300

200

100
o

8E€PT—

28'097
ST'59—
0L~

78'08—

ESPIT—
€6'LTT—

80°SZT—
STTET~
88'CET

8T —

61°99T—

"

VI

TP
Ll

bt

L

AR AT Wl

-

W

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



35000

\
L
i

4.59
4.55
4.41
4.39
4.37
4.35
4.19
4.14
2.94
—1.79
1.42
1.40
1.38

807
X.8.05
757
X7.55

30000

g

20000

3dm O\ F15000

10000

5000

1.931
1.971
3.000 ——
3.00=
3.00

AN

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2500

50.51
23.67
14.38

2400

166.17
142.54
—131.04
—125.58
11591
90.09
75.00
60.84

2300
2200
0 2100
2000

0 N. L1900
1800
ﬁ 1700
3dm O\ 1600
1500
1400
1300
1200
L1100
1000
900
800
700
1600
500
400
300
200
100

ok iy " I
Y W PP, PRI e il Ll ‘ " VRRET O REY W RN WA S Wy Wi s iy AP Yl ik

F-100
v

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



45000
40000
35000
30000
25000
20000
15000
10000
5000

8Ty
ome
®y
YEb7
ov'h \
vry
19
99

€T°L
ST'L
0€’L
1€L
[44
€L

9e' L2
wm.m%
ov'L

S8/~
88’

3dn

/0

1300
1200

2.5 2.0 1.5 1.0 0.5 0.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5
f1 (ppm)

8.0

8.5

SEPT—

1€ —

¥9°09—
007€9—

08'¥8—

€6'PTT—

11T

mm.mﬁM
S8'/ZT~
8T'6Z1;
pgroer

€6'ChT
S.mwﬁv

LT°99T—

1100
1000
900
800
700
600
500
400
300
200
100
0

/

10

20

3dn

F o o
40 30

50

60

70

80

f1 (ppm)

100 90

110

120

130

160 150 140

170

MMJWWMW IR B A



1.95

10.00]
2.00 1

5.09

4.30
4.28
4.26
4.25
1.32
1.31
1.29

/
T4
L
\

3do

3.00

21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
[F9000
8000
7000
6000
5000
4000
3000
2000

1000

[F-1000

166.15

—143.96
—141.04

130.49
128.76
127.99

/
e
X
\

I

127.82
124.08

—115.68

4.5 4.0 3.5
f1 (ppm)

88.62
70.28
60.61
14.37

/0 N,

3do

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

T T
90 80 70 60 50 40 30 20 10 0

f1 (ppm)

4200

4000

3800

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

F-200



7.25
7.24
7.22
4.29
4.27
4.26
4.24
3.01
1.33
1.31
1.30

777
7.7
_6.82
X6.80

13000

/7
N\
/
T4
L
AN

12000

/ O O\/ 11000
;o) / f /

9000

8000

A"

4 d o) 6000

5000
4000
3000

2000

[ 1000

F-1000

1.91
10.00

1.95 1
2.00
-42.00 4
3.00 4

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4. 3.5

w
o

.5 4.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7500

166.53
153.91
—139.13
130.27
128.90
128.18
127.57
123.85
120.81
60.55
52.58
40.22
14.40

/7
Y
N\
\

7000
OO~ 6500
6000
5500
N 5000

4500

Q 4000

4do 3500

3000
2500
2000
1500

1000

500

J . | J

T T T T T T T T T 4

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



F9000
8500

8000

7500

7000

6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500
F-500

Y

L0'T
01’1
8T'T
0T

LE'T
mm.ﬂMK
TV T~%

&1
8s'1f
€97
o1
99T
69T

§9'C—
18'¢—

we~
vLe"
€€y
Sey
(£
6

|24

6T L~
1€°L

10°8~,
€08~

A

3dp

00T

F00'C
E86°0

— MN - 00T
— g - 00T

L

—_— 00T

_— Ev6'1

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.5

[F25uU
5000

4500
4000
3500
3000

2500

2000

1500

1000

500

o' PT—
6LV~
agT4d
S0cE—

LL6E~
SO TP~

PL65~
§9°09~"

¥8'98—

80°€TT—

SH'ECT—

SCTET—

89'€PT—

PT99T1—

3dp

/0

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



7500

7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

F-500

o

900

v/
-0.5

PET
mm.HwW
LET

89'€—

6Tt
o€y
[4%4
PP

£L°9~
9,9

LT'L
mﬁ.nwv
6T°L

9T’L
6C°L
1€,

[A: A
8L

0.0

0.5

1.0

2.5 2.0 1.5

3.0

3.5

4.0
f1 (ppm)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

L

8.5

9.0

LEYT—

1°0S—

65°09—

1€0ZT~
€6°€CT~_
[ W4
om.RﬁW
6£'82T
bS'0ET
€L5eT"

€8'CST—

95'99T—

-850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

¢
.
"([ j

4dq

10

20

30

40

50

60

70

100 90 80
f1 (ppm)

110

120

160 150 140 130

170




o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o
o wn o wn o n o n o n o wn o n o o n
\d i N P ? P P T il ? ? i N T T P ? !

O .

= =]

L81~ <
6ET- — O - = £00°€
. O
ore— S— — 7 =007
ey
ey - —e 1202
£ =
66
VT2
STL
e
ey — 1208
0TL —_— 200
L
8T'L
87'L
L6'L~_ .
o> —_ 161

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 0.0
f1 (ppm)

8.5

3200
3000

2800

2600
2400
2200

2000

1800

1600

1400

1200

1000

800

600

0P vT—

IT'6v—

09—

8561 T~
8421
Frades:
:.EW
€621
et
oT'SET

88'83T—

8€'99T—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

80



o o o o o o o o o o o o o o o o o o

o o o o o o o o o o o o o o o o o o o o o o o o o o b=}

o o o o o o o o o o o o o o o o o o o o o o o o o o t=1

n < ™ o~ — o [} [*) ~ [} n < [32] o~ — o o o o o o o o o o — ~N

s Yy .ty YT
—_—

STT

o - +00°€

hm.ﬁv — E00°€

66T

957 "

(ST -

657 o F20'1

%.N\ <

297

e F 007

®y

mm.w Teoe

£

WL

907,

8Tl

€L

€L

e 2007

iy 00'1

oy ———— 00

NE\

£t

MM.MV o0z

1500
1400

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

5.0 45 4.0
f1 (ppm)

7.5 7.0 6.5 6.0 55

8.0

8.5

LEET~
6€ T~

€T —
€59 —

€9°09—

99'6TT~
9E'PCT

vm.mwﬁﬂ
vaNHN
mﬁ.wmﬁ.\
L8'0ET

0C°9eT—

9b'6ST—

Tv'991—

1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

O._~

10

@]
4ds
20

30

40

50

60

70

90 80
f1 (ppm)

100

110

120

W memmmwwmw MWWWWWWWWMW

160 150 140 130

170




16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000

5000

4000

3000
2000
1000

0

[F-1000

889~
169"

16'2~,
6L

/

/

I

[

e

Aipg
=00°€
P08

H\mo.m

860
00T

Ev0'C

EG6'T

E161

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

F30Uu
2800

2600

2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

200

0

€0'bT
ﬁvéﬁww
S5ST

£9'72—
e
YL TE

vm.ﬂmUV
0€°0b—

05'9p—

05°09—

8¥'0CT—
99'€CT—

65°0ET—

PT'SST—

65'99T—

L0 NP
N
4dt

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



8500
8000
7500
7000

6500
6000

5500

5000

4500
4000

3500

3000

2500

2000

1500

1000

500

0

500

PEY
SEY
SE'Y
9E'y
8€Y
or'y

ST'9
91’9
(19
81’9
619
09

8T/~
1L

v0'8~.
108

Wl

Fors

E-00°€
Fors

Feo1

ooy

Ez60

E00'¢

E96'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

2.0

14000

13000
12000
11000
10000
F9000
8000
7000
6000

5000

4000

3000

2000

1000

16'0
66'0
207
901
ST'T
8T'T
07’1
€T
971
67 T~E
I~
1
Sb'T
597
89'T
0T
SLT
81
892~
697"

6EY
1344
1324
1424

8L'L
mﬁV
g/
618~
1787

Fooz

Fooz

60
wmmmé

61

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)



1500

1400

1300

1200
1100
1000
900
800
700
600
500
400
300

200

100
o

PeYT—

oH.oN
mmdNUY

o0'ge~
seee/
c0'8e—

0P’ 19—

ET6TT~,
19611~

8T'0ET~
[zatacd

ot —

60"8vT—

¢5'S9T—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

3800

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800
600
400
200
F-200

TR

60°T
T
LT'T
0zt
wt
9C'1
wNHur
W=

w1
m¢.H\\
85T
S9'T
89T
SLT
6L'T
66'T
[Ax4

124
[4 a4
1344
Sty

205~
v0'S"

S8~
817
v0'8—
0787
s’
sv'8”

= M/mﬁ.m

F00°€

= =o€
= Mroo.m

m\oo.m

—_— 1007

I

LN TR

5660

]
—) Fee
A 680

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.0



4200

165.39
148.17
139.87

13125

13056

120,19

2119.77
84.71
61.49
40.78
29.08
25.77

—1431

L4000
3800
L3600
3400
A0 N_ L3200
13000
L2800
Sdu’ HOO L2600
L2400
L2200
12000
L1800
L1600
L1400
L1200
L1000
800

| L600

400

o
I W Wi Yoo i YUy Y L i Y L Ll " MM -0

F-200

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



