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1 Synthesis of Starting Materials

1.1 General Remarks

Reagents. Commercially available materials were used as received without further purification.
NiClglyme (98% purity), Manganese powder (>99.9 trace metal basis), 1,3-Dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone  (DMPU, H;O <0.03%), Chloramine-T trihydrate and
Trimethylphenylammonium tribromide were purchased from Aldrich. 6,6'-dimethyl-2,2'-bipyridine
was purchased from Fluorochem. 4-Toluenesulfonyl chloride, anhydrous MeOH (99.8% purity),
anhydrous N, N-Dimethylacetamide (DMA, 99.5% purity) and anhydrous N-Methyl-2-Pyrrolidone
(NMP, 99.5% purity) were purchased from Acros.

Analytical methods. *H, **C NMR and *°F spectra were recorded on Bruker 300 MHz, Bruker 400
MHz and Bruker 500 MHz at 20 °C. All *H NMR spectra are reported in parts per million (ppm)
downfield of TMS and were calibrated using the residual solvent peak of CHCI3 (7.26 ppm), unless
otherwise indicated. All **C NMR spectra are reported in ppm relative to TMS, were calibrated using
the signal of CDCI; (77.16 ppm). Coupling constants, J, are reported in Hertz. Melting points were
measured using open glass capillaries in a Bulchi B540 apparatus. Flash chromatography was
performed with EM Science silica gel 60 (230-400 mesh). Thin layer chromatography was used to
monitor reaction progress and analyze fractions from column chromatography. To this purpose, TLC
Silica gel 60 F254 aluminium sheets from Merck were used and visualization was achieved using
UV irradiation and/or staining with KMnO, or Bromocresol green solution. MALDI-TOF mass
spectra were collected on a Bruker Autoflex MALDI-TOF mass spectrometer. Samples were
prepared by the dried-droplet protocol, from solutions containing the charge-transfer matrix pyrene

or trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) in THF.
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1.2 Synthesis of L1 and LNiCl, complexes
L3 (HETCAT) and L5 (Aldrich) are commercially available and were used as received. L2*, L4?
L5NiCl,® and L5,Ni* were present in-house having been synthesized according to the described

procedures.

Synthesis of 4,4'-dimethoxy-6,6"-dimethyl-2,2'-bipyridine (L1)

This ligand can be accessed via two routes depending on the quantity required. For synthesis of small
quantities, a reductive cross-coupling of 2-chloro-4-methoxy-6-methylpyridine can be carried out.’
The low efficiency of this reaction and the high cost of the starting pyridine precursor, however,

meant an alternative route was selected for gram scale synthesis.

Me~ "N~ “CI

2-Chloro-4-methoxy-6-methylpyridine: To 2,6-chloro-4-methoxy-pyridine (1.0 g, 5.6 mmol) and
Fe(acac); (0.10 g, 0.28 mmol, 0.05 equiv.) in THF: NMP (25 ml: 6.0 ml) at 0 °C was added MeMgBr
(3.0 M in Et,0, 2.4 ml.,, 7.3 mmol) drop wise. The reaction was stirred for 30 minutes at this
temperature before being quenched with NH4Cl (sat.). The mixture was diluted with H,O and
extracted with EtOAc (3 x 25 ml). The combined organic layers were then washed with brine, dried
(MgSQ,), filtered and reduced in vacuo to give 2-chloro-4-methoxy-6-methylpyridine (0.78 g, 88%)
which was used in the next step without further purification. *H NMR (300 MHz, CDCls) & 6.66 (d, J
=1.9 Hz, 1H), 6.59 (d, J = 2.1 Hz, 1H), 3.82 (s, 3H), 2.46 (s, 2H) ppm. *C NMR (101 MHz, CDCl5)
0 167.7,160.2, 151.7, 108.9, 106.8, 55.6, 24.5 ppm.

MeO OMe
Y/ \
\ VY /
Me Me

4,4'-Dimethoxy-6,6'-dimethyl-2,2"-bipyridine (L1): Following a modified literature procedure®,
Ni(PPhs).Cl, (0.65 g, 1.0 mmol, 0.20 equiv.), Zn powder (0.55 g, 8.4 mmol, 1.7 equiv.) and BuyNI
(2.8 g, 4.9 mmol, 1.0 equiv.) were stirred in THF (0.25 M, 20 ml) for 30 minutes at room
temperature. 2-chloro-4-methoxy-6-methylpyridine (0.78 g, 4.9 mmol) was then added as a solution
in THF (20 ml) and the mixture was heated to 50 °C for 20 h. After allowing to cool to room
temperature, the reaction mixture was poured into 2.0 M aqueous NHj3 solution (170 ml) and CH,ClI,
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(280 ml) and stirred for 30 minutes. The resultant precipitate was removed by filtration, the phases
were separated and the organic layer was dried (MgSQ,), filtered and reduced in vacuo. Purification
by column chromatography (EtOAc) gave L1 (0.30 g, 50%) as a white solid. *H NMR (400 MHz,
CDCl3) 8 7.79 (d, J = 2.4 Hz, 2H), 6.69 (d, J = 2.4 Hz, 2H), 3.93 (s, 6H), 2.58 (s, 6H) ppm. **C NMR
(101 MHz, CDCl3) 6 167.1, 159.3, 157.5, 109.9, 104.3, 55.4, 24.7 ppm. Spectroscopic data matched

those previously reported in the literature.®

\ N/ \N /
Me [OJN©) Me
6,6'-Dimethyl-[2,2"-bipyridine] 1,1'-dioxide: Following literature procedure,’ to 6,6'-dimethyl-2,2'-
bipyridine (6.0 g, 33 mmol) in CHCI3 (0.50 M) was added mCPBA (15 g, 2.6 equiv., 85 mmol) as a
solution in CHCI3. The use of excess mCPBA ensured compete consumption of the intermediate
mono-N-oxide. After stirring for 48 h, the solvent was evaporated and the crude purified by flash
chromatography (hexane: EtOAc) gave 6,6'-dimethyl-[2,2'-bipyridine] 1,1'-dioxide (4.4 g, 62%) as a
white solid. '"H NMR (400 MHz, CDCls) & 7.42 — 7.34 (m, 4H), 7.29 — 7.21 (m, 2H), 2.58 (s, 6H)

ppm. Spectroscopic data matched those previously reported in the literature.?

O,N NO,
\ ,\f }\1 /

Me OO Me
6,6'-Dimethyl-4,4'-dinitro-[2,2'-bipyridine] 1,1'-dioxide: Following literature procedure’, to 6,6'-
dimethyl-[2,2'-bipyridine] 1,1'-dioxide (4.4 g, 20 mmol) dissolved in conc. H,SO,4 (16 ml) and cooled
to 0 °C was added fuming HNO3 (13 ml) drop wise. The mixture was warmed to room temperature
and then heated to 100 °C for 6 h. After cooling to 0 °C, crushed ice (100 g) was added and the
resultant precipitate filtered, washed with H,O (50 ml) and dried under air current. This solid was
then dissolved in CHCI3 and neutralized with solid NaOH (~30 g) to pH~6. The resultant orange
solid was then filtered and washed with H,O and CH,Cl, giving 6,6'-dimethyl-4,4'-dinitro-[2,2'-
bipyridine] 1,1'-dioxide (5.8 g, 92%) which was used without further purification."H NMR (400
MHz, DMSO-dg) & 8.60 (dd, J = 3.4, 0.8 Hz, 2H), 8.53 (dd, J = 3.3, 0.7 Hz, 2H), 2.48 (s, 6H) ppm.

Spectroscopic data matched those previously reported in the literature.’
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Me OO0 Me
4,4'-Dimethoxy-6,6'-dimethyl-[2,2'-bipyridine] 1,1'-dioxide: Following literature procedure
adapted to our substrate®, to 6,6'-dimethyl-4,4'-dinitro-[2,2"-bipyridine] 1,1'-dioxide (5.8 g, 19 mmol)
dissolved in dry MeOH (190 ml) was added NaOMe (25% solution in MeOH, 3.5 equiv., 15 ml)
drop wise. The mixture was then heated to 80 °C for 90 minutes. After allowing to cool to room
temperature, the solution was neutralized with HCI (conc.) and the precipitate filtered off. The
collected filtrate was concentrated in vacuo giving 4,4'-dimethoxy-6,6'-dimethyl-[2,2'-bipyridine]
1,1'-dioxide (4.1 g, 79%) as an orange solid which was used without and further purification."H
NMR (400 MHz, CDCl3) 4 6.93 (d, J = 3.5 Hz, 2H), 6.88 (d, J = 3.4 Hz, 2H), 3.83 (s, 6H), 2.54 (s,

6H) ppm. Spectroscopic data matched those previously reported in the literature.®

4,4'-Dimethoxy-6,6'-dimethyl-2,2"-bipyridine (L1): Following literature procedure®, to 4,4
dimethoxy-6,6'-dimethyl-[2,2'-bipyridine] 1,1'-dioxide (4.1 g, 15 mmol) dissolved in dry CHCI3 was
added PCl3 (26.0 ml, 20.0 equiv.) drop-wise before being heated to reflux for 3 h. After allowing to
cool to room temperature, the reaction mixture was poured onto ice (~500 g) and the chloroform was
removed in vacuo. The resultant aqueous solution was basified with solid NaOH until pH~10 and
then extracted with CHCI3 (4 x 200 ml). The collected organic layers were dried (MgSQ,), filtered
and evaporated. The resultant pale brown solid was carefully washed with cold EtOH to give 4,4'-
dimethoxy-6,6'-dimethyl-2,2"-bipyridine (3.4 g, 92%) as a white powder. '"H NMR (400 MHz,
CDCl3) 8 7.79 (d, J = 2.4 Hz, 2H), 6.69 (d, J = 2.4 Hz, 2H), 3.93 (s, 6H), 2.58 (s, 6H) ppm. *C NMR
(101 MHz, CDCls) & 167.1, 159.3, 157.5, 109.9, 104.3, 55.4, 24.7 ppm. Spectroscopic data matched
those previously reported in the literature.®
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MeO OMe

/ \
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Me NI Me
Cl” Cl

(4,4'-Me0O-6,6"-Me-bpy)NIiCl, (Ni-1): L1 (0.30 g, 1.2 mmol) and NiCl, (0.15 g, 1.2 mmol) were
dissolved in THF (0.10 M, 12 ml) and refluxed for 24 h. After this time, the reaction mixture was
cooled to RT and filtered. The collected solid was then dissolved in CH,Cl, precipitated with
hexane, filtered again and dried in vacuo to give Ni-1 (0.44 g, 98%) as a purple solid. Note: This
complex is highly hygroscopic and should be stored under inert atmosphere. *H NMR (500 MHz,
CDCl3, paramagnetic) 6 79.2 (s, 2H), 59.9 (s, 2H), 47.8 (s, br, 6H), 12.6 (s, 6H) ppm.

(4,4'-tBu-6,6"-Me-bpy)NiCl;, (Ni-2): L2 (0.15 g, 0.52 mmol) and NiCl, (64 mg, 0.50 mmol) were
dissolved in THF (0.10 M, 5.0 ml) and refluxed for 24 h. After this time, the reaction mixture was
cooled to room temperature and filtered. The collected solid was then dissolved in CH,CI,
precipitated with hexane, filtered again and dried in vacuo to give Ni-2 (0.20 g, 94%) as a purple
solid. Note: This complex is highly hygroscopic and should be stored under inert atmosphere. *H
NMR (500 MHz, CDCls, paramagnetic) 6 76.9 (s, 2H), 60.6 (s, 2H), 31.1 (s, br, 6H), 1.9 (s, 18H)

ppm.
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1.3 Synthesis of Aziridines

General procedure 1 (GP1): Synthesis of (enantiopure) aziridines from amino alcohols.
Following a literature procedure,’® tosyl chloride (2.2 equiv.) was added portion wise at RT to a
stirred mixture of the amino alcohol (1.0 equiv.) and K,COj3 (4.0 equiv.) in CH3CN (0.50 M). After
6 h, the solid was filtered off and washed with EtOAc. The filtrate was concentrated in vacuo and
purified by column chromatography on silica gel (hexane: EtOAc) to afford the pure N-tosyl

aziridines.

General procedure 2 (GP2): Alternative synthesis of aziridines from amino alcohols.

Following a literature procedure,™ tosyl chloride (2.5 equiv.) was added portion wise at RT under
vigorous stirring to a mixture of KOH (35 equiv.), the amino alcohol (1.0 equiv.), water (0.50 M)
and CH,Cl, (0.50 M). After 30 min, ice and water were added and diluted with CH,Cl,. The organic
layer was separated and washed with water, dried (MgSQ,), filtered and concentrated in vacuo. Flash

column chromatography on silica gel (hexane: EtOAc) afforded the pure N-tosyl aziridines.

General procedure 3 (GP3): Synthesis of racemic aziridines from alkenes.

1112 to a mixture of Chloramine-T trihydrate (1.1 equiv.) and alkene

Following a literature procedure,
(1.0 equiv.) in CH3CN (25 mL) at ambient temperature was added PhNMe3Br3 (0.10 equiv.). The
reaction was stirred vigorously for 16 h, the solid was filtered off and the filtrate was concentrated in

vacuo. Flash column chromatography (hexane: EtOAc) afforded the pure N-tosyl aziridines.

General procedure 4 (GP4): Base cyclisation of aziridines containing uncyclized reaction
intermediates.

Note: In certain cases, cyclization to the aziridine was less favourable and trace uncyclized
intermediates often co-eluted with the aziridine. A subsequent base cyclisation was performed to
obtain high purity aziridine in these cases. The resulting material isolated from GP1-3 was dissolved
in CH3CN (5-10 ml), K,COs3 (1.0 equiv.) was added and the mixture was stirred vigorously at 45 °C
for 3 h. The mixture was cooled to RT, filtered and concentrated in vacuo. The material was then
dissolved in CH,CI, (~1 mL) and filtered through a short plug of silica gel (3 x 4 cm) eluting with
hexane: EtOAc (1:1).
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NTs

Me _~o <
2-Hexyl-1-tosylaziridine (1a): Following GP3 with 1-octene (15 mL, 100 mmol), purification by
column chromatography on silica gel (hexane: EtOAc 95:5) afforded l1a as a colorless oil (19 g,
68%). *H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 7.7 Hz, 2H), 2.71 (it, J =
7.3, 4.8 Hz, 1H), 2.63 (d, J = 7.0 Hz, 1H), 2.44 (s, 3H), 2.05 (d, J = 4.6 Hz, 1H), 1.57 — 1.47 (m, 1H),
1.39 — 1.10 (m, 9H), 0.85 (t, J = 7.0 Hz, 3H) ppm. *C NMR (126 MHz, CDCls) & 144.5, 1354,
129.7, 128.1, 40.6, 33.9, 31.7, 31.4, 28.8, 26.8, 22.6, 21.7, 14.2 ppm. Spectroscopic data for la

match those previously reported in the literature.®

H,, _NTs
Me\/M
//D
H

trans-2-Hexyl-1-tosylaziridine-3-d (l1a-d;): Following GP3 with (E)-oct-1-ene-1-d (0.56 ¢, 5.0
mmol), which was synthesized using a literature procedure®, purification by column
chromatography on silica gel (hexane: EtOAc 95:5) afforded 1a-d; as a colorless oil (0.30 g, 21%).
'H NMR (400 MHz, CDCl3) 6 7.87 — 7.79 (m, 2H), 7.37 — 7.30 (m, 2H), 2.71 (dt, J = 7.6, 4.8 Hz,
1H), 2.44 (s, 3H), 2.05 (d, J = 4.7 Hz, 1H), 1.55 — 1.49 (m, 1H), 1.39 — 1.09 (m, 9H), 0.85 (t, J=7.0
Hz, 3H) ppm. *C NMR (101 MHz, CDCls) § 144.5, 135.4, 129.8, 128.2, 40.6, 33.68 (t, J = 25.5
Hz), 31.8, 31.4, 28.8, 26.9, 22.6, 21.8, 14.2 ppm. Spectroscopic data for 1a-d; match with the non-
deuterated analogue 1a.

NTs

M
2-Methyl-1-tosylaziridine (1b): Following GP1 with (£)-2-amino-1-propanol (1.5 g, 20 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 8:2) afforded 1b as a white
solid (0.93 g, 22%). *H NMR (400 MHz, CDCls3) § 7.82 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H),
2.90 - 2.76 (m, 1H), 2.61 (d, J = 7.0 Hz, 1H), 2.44 (s, 3H), 2.02 (d, J = 4.6 Hz, 1H), 1.25 (d, J =5.6
Hz, 3H) ppm. *C NMR (101 MHz, CDCl3) § 144.5, 135.6, 129.8, 128.0, 36.0, 34.9, 21.8, 16.9 ppm.
LRMS (ESI): 234 (M+Na)", 212 (M+H)". Spectroscopic data for 1b match those previously reported

in the literature.’®
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Me
2-1sobutyl-1-tosylaziridine (1d): Following GP1 with (z)-leucinol (1.2 g, 10 mmol), purification by
column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1d as a white solid (1.2 g, 48%).
'H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 2.78 (tdd, J = 7.0,
5.9, 4.6 Hz, 1H), 2.62 (d, J = 7.0 Hz, 1H), 2.44 (s, 3H), 2.02 (d, J = 4.6 Hz, 1H), 1.67 — 1.55 (m, 1H),
1.40 — 1.26 (m, 2H), 0.88 (d, J = 6.7 Hz, 3H), 0.87 (d, J = 6.7 Hz, 3H) ppm. *C NMR (101 MHz,
CDCl3) 6 144.5, 135.4, 129.8, 128.1, 40.6, 39.2, 34.2, 26.9, 22.9, 22.06, 21.8 ppm. LRMS (ESI):
253, 238, 224, 212, 155, 139, 98, 91. Spectroscopic data for 1d match those previously reported in

the literature.®

Me NTs
1
2-1sopropyl-1-tosylaziridine (1e): Following GP1 with (z)-valinol (1.0 g, 10 mmol), purification by
column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1e as a white solid (1.6 g, 56%).
'H NMR (400 MHz, CDCls) & 7.83 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 2.61 (d, J = 7.0 Hz,
1H), 2.51 (ddd, J = 7.7, 7.0, 4.6 Hz, 1H), 2.43 (s, 3H), 2.10 (d, J = 4.6 Hz, 1H), 1.42 (dp, J = 7.5, 6.7
Hz, 1H), 0.90 (d, J = 6.9 Hz, 3H), 0.80 (d, J = 6.7 Hz, 3H). *C NMR (101 MHz, CDCls) & 144.6,
135.3, 129.7, 128.2, 46.4, 32.9, 30.3, 21.8, 19.7, 19.2. LRMS (ESI): 239, 224, 155, 146, 139, 91, 84.
Spectroscopic data for 1e match those previously reported in the literature.’

NTs

Ph._<]

(¥)-2-Benzyl-1-tosylaziridine (1f): Following GP3 with allylbenzene (0.59 g, 5.0 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 9:1 —5:1) afforded 1f as a
white solid (0.67 g, 47%). '"H NMR (400 MHz, CDCl3) & 7.71 — 7.67 (m, 2H), 7.24 — 7.20 (m, 2H),
7.18 — 7.13 (m, 3H), 7.07 — 7.02 (m, 2H), 2.95 (tdd, J = 7.0, 5.2, 4.5 Hz, 1H), 2.81 (dd, J = 14.5, 5.2
Hz, 1H), 2.73 — 2.66 (m, 2H), 2.42 (s, 3H), 2.16 (d, J = 4.5 Hz, 1H) ppm. **C NMR (101 MHz,
CDCl3) 6 144.4,137.1, 135.0, 129.7, 128.9, 128.6, 128.0, 126.6, 41.3, 37.6, 33.0, 21.7 ppm. LRMS
(ESI): 287, 172, 155, 132, 117, 105, 91, 77. Spectroscopic data for 1f match those previously
reported in the literature.®®

HPLC: rac (CHIRALPAK® IC, hexane/ EtOH = 88:12, 1 mL/min, 220 nm, tg= 17.644; 18.848).
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DAD1 C, Sig=230,10 Ref=off (C:\CHEM32\1\DATA\2020\MARTIN\JD\ZDP-016\ZDP-001_IC_Hex-EtOH_12_01.D)

mAU — %

250

——18.848

200 |
4 |
150 4 [
100 - , [l ]|
1 | |
50 . |

0 e b / e Boe — ]

5 10 15 20 25 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R R e R |--emeeee |
1 17.644 BV 0.3557 6820.63477 295.02158 49.3863
2 18.848 VB 0.3891 6990.15576 276.35837 50.6137

Totals : 1.38108e4  571.379%

NTs

Ph\\\“<|

(S)-2-benzyl-1-tosylaziridine ((S)-1f): Following GP1 with (—)-2-amino-3-phenyl-1-propanol (0.60
g, 4.0 mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1—5:1)
afforded (S)-1f as a white solid (0.72 g, 63%). *H NMR (400 MHz, CDCl3) & 7.69 (d, J = 8.3 Hz,
2H), 7.21 (d, J = 7.9 Hz, 2H), 7.20 — 7.10 (m, 3H), 7.09 — 7.00 (m, 2H), 2.95 (tt, J = 7.0, 5.0 Hz, 1H),
2.81 (dd, J = 14.5, 5.2 Hz, 1H), 2.74 — 2.64 (m, 2H), 2.42 (s, 3H), 2.16 (d, J = 4.5 Hz, 1H) ppm.*C
NMR (101 MHz, CDCl3) 6 144.4, 137.1, 135.0, 129.7, 128.9, 128.6, 128.0, 126.6, 41.3, 37.6, 33.0,
21.7 ppm. Spectroscopic data for (S)-1f match those previously reported in the literature.’® HPLC:
>99% ee (CHIRALPAK® IC, hexane/i-PrOH = 85/15, 1 mL/min, 220 nm, tg= 18.835).

DAD1 C, Sig=230,10 Ref=off (C:\CHEM32\1\DATA\2020\MARTIN\JD\JD2-019\JD2-019_IC_Hex-EtOH_12_03.D)
mAU ke
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 18.835 BB 0.3884 1.47844e4  585.94495 100.0000

Totals : 1.47844e4 585.94495

HN, NTs

3-((1-Tosylaziridin-2-yl)methyl)-1H-indole  (1g): Following literature  procedure’®  with
tryptophanol (0.48 g, 2.5 mmol), purification by column chromatography (hexane: EtOAc 8:2—6:4)
afforded 1g as a pale yellow solid (0.17 g, 20%). *H NMR (400 MHz, CDCls) & 7.95 (s, br, 1H), 7.69
—7.62 (m, 2H), 7.46 (dg, J = 7.9, 0.9 Hz, 2H), 7.31 (dt, J = 8.2, 0.9 Hz, 1H), 7.18 (ddd, J = 8.2, 7.0,
1.2 Hz, 1H), 7.17 — 7.09 (m, 1H), 7.07 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 6.99 (d, J = 2.3 Hz, 1H), 3.11
—3.05 (m, 1H), 3.01 (ddd, J = 15.1, 5.1, 0.9 Hz, 1H), 2.85 (ddd, J = 15.0, 6.8, 0.9 Hz, 1H), 2.71 (d, J
= 6.7 Hz, 1H), 2.39 (s, 3H), 2.20 (d, J = 4.5 Hz, 1H). *C NMR (101 MHz, CDCls) & 144.3, 136.2,
134.9, 129.5, 127.9, 127.3, 122.4, 122.2, 119.6, 118.7, 111.4, 111.2, 40.8, 33.5, 27.3, 21.8. LRMS:
349 (M+Na)*, 327 (M+H)*. Spectroscopic data for 1g match those previously reported in the

TsO
\I:::]\\//<1?Ts

4-((1-Tosylaziridin-2-yl)methyl)phenyl 4-methylbenzenesulfonate (1h): Following GP1 using L-

literature.*®

tyrosinol hydrochloride (0.20 g, 1.0 mmol), purification by column chromatography on silica gel
(hexane: EtOAC 9:1 —6:4) afforded 1h as a colorless oil (0.15 g, 32%). *H NMR (400 MHz, CDCls)
§7.72 - 7.61 (m, 4H), 7.31 (d, J = 7.7 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 6.99 — 6.91 (m, 2H), 6.80 —
6.71 (m, 2H), 2.93 — 2.78 (m, 2H), 2.70 (d, J = 6.7 Hz, 1H), 2.56 (dd, J = 14.3, 7.4 Hz, 1H), 2.45 (d,
J = 3.1 Hz, 6H), 2.12 (d, J = 4.3 Hz, 1H) ppm. *C NMR (101 MHz, CDCls) & 148.5, 145.5, 144.9,
136.3, 134.9, 132.6, 130.0, 129.9, 129.8, 128.6, 128.0, 122.4, 41.0, 37.0, 32.9, 21.9, 21.8 ppm.
HRMS calcd. for (Co3H2sNNaOsS,) [M+Na]*: 480.0910 found 480.0909. This compound is reported

in literature, but no spectroscopic data is provided.'* 2°

NTs

Meozcm

Methyl 3-(1-tosylaziridin-2-yl) propanoate (1i): Following GP3 with methyl-4-pentanoate (0.23 g,

2.0 mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —7:3) afforded
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1i along with uncyclized intermediate 1i*'. This mixture was submitted to a base cyclisation step
(GP4) to afforded 1i (0.15 g, 22%) as a colorless oil. *H NMR (400 MHz, CDCls) & 7.83 — 7.78 (m,
2H), 7.38 — 7.30 (m, 2H), 3.65 (s, 3H), 2.82 (ddt, J = 7.9, 6.9, 4.6 Hz, 1H), 2.65 (d, J = 7.0 Hz, 1H),
2.45 (s, 3H), 2.36 — 2.19 (m, 2H), 2.11 (d, J = 4.5 Hz, 1H), 1.99 (dtd, J = 14.3, 7.7, 4.6 Hz, 1H), 1.55
(dtd, J = 14.0, 7.7, 6.1 Hz, 1H) ppm. **C NMR (101 MHz, CDCls) & 172.8, 144.6, 134.8, 129.7,
128.0, 51.6, 39.1, 33.9, 30.8, 26.4, 21.6 ppm. IR (neat, cm™): 2999, 2953, 1732, 1597, 1494, 1438,
1365, 1320, 1206, 1156, 1091. HRMS calcd. for (Cy3H17NNaO,S) [M+Na]™: 306.0770 found
306.0770.
Chao~x

5-Chloropent-1-ene (S1): Following literature procedure, pent-4-en-1-ol (10 g, 0.12 mol) was
dissolved in the mixture of CH,Cl, (30 ml) and pyridine (1.0 ml). The mixture was cooled to 10 °C,
and SOCI; (15 g, 0.13 mol) was added drop wise with stirring. Vigorous gas evolution occurred. The
reaction was stirred overnight at RT and poured over ice. The organic phase was separated and
washed additionally with NaHCOj3 (sat.) and brine, dried (MgSO,) and distilled under atmospheric
pressure. The target product S1 (B.P. = 104 — 105 °C) was obtained as a colorless liquid (1.5 g, 12%)
and used in the next synthetic step without any further purification. *H NMR (400 MHz, CDCls) §
5.78 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.11 — 4.99 (m, 2H), 3.55 (t, J = 6.6 Hz, 2H), 2.26 — 2.17 (m,
2H), 1.92 — 1.82 (m, 2H). Spectroscopic data for S1 match those previously reported in the

literature.?

NTs

Cha <

2-(3-Chloropropyl)-1-tosylaziridine (1j): Following GP3 with S1 (0.28 g, 2.7 mmol), purification
by column chromatography on silica gel (hexane: EtOAc 9:1 —5:1) afforded 1j as a colorless oil
(0.26 g, 36%). 'H NMR (400 MHz, CDCls) & 7.85 — 7.80 (m, 2H), 7.37 — 7.33 (m, 2H), 3.54 — 3.45
(m, 2H), 2.79 — 2.72 (m, 1H), 2.64 (d, J = 7.0 Hz, 1H), 2.45 (s, 3H), 2.09 (d, J = 4.5 Hz, 1H), 1.90 -
1.81 (m, 1H), 1.80 — 1.73 (m, 2H), 1.46 — 1.37 (m, 1H) ppm. *C NMR (101 MHz, CDCls) § 144.8,
135.2, 129.9, 128.1, 44.1, 39.3, 34.0, 29.9, 28.7, 21.8 ppm. IR (neat, cm™): 2999, 2957, 2871, 1597,
1446, 1402, 1319, 1305, 1291, 1235, 1156, 1090, 929, 875, 815, 712, 690, 659, 567, 549. HRMS
calcd. for (C12H16CINNaO,S) [M+H]": 296.0482 found 296.0479.

NHTs

Cl
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AN

Cl

2-(4-Chlorobutyl)-1-tosylaziridine (1k): Following GP3 with 6-chloro-1-hexene (0.66 mL, 5.0
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1k as a
colorless oil (1.4 g, 91%). *H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 7.8
Hz, 2H), 3.42 (td, J = 6.6, 1.0 Hz, 2H), 2.71 (tt, J = 6.9, 4.5 Hz, 1H), 2.64 (d, J = 7.0 Hz, 1H), 2.44
(s, 3H), 2.07 (d, J = 4.5 Hz, 1H), 1.84 — 1.54 (m, 3H), 1.48 — 1.22 (m, 3H) ppm. *C NMR (101
MHz, CDCls) 6 144.7, 135.2, 129.8, 128.1, 44.7, 40.1, 33.8, 31.9, 30.7, 24.3, 21.8 ppm. LRMS: 287
(M+), 252, 238, 210, 184, 172, 155, 132, 91. Spectroscopic data for 1k match those previously

reported in the literature.™

NTs

Ph/w

2-Phenethyl-1-tosylaziridine (1l): Following GP3 with 4-phenyl-1-butene (4.5 mL, 30 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 11 as a colorless
solid (5.7 g, 63%). *H NMR (400 MHz, CDCls)  7.84 (d, J = 8.3 Hz, 2H), 7.37 — 7.32 (m, 2H), 7.30
—7.24 (m, 2H), 7.21 — 7.16 (m, 1H), 7.14 — 7.10 (m, 2H), 2.78 (it, J = 7.7, 4.7 Hz, 1H), 2.67 — 2.54
(m, 3H), 2.45 (s, 3H), 2.06 (d, J = 4.6 Hz, 1H), 1.93 — 1.83 (m, 1H), 1.73 — 1.62 (m, 1H) ppm. **C
NMR (101 MHz, CDCl3) 6 144.6, 140.8, 135.2, 129.8, 128.6, 128.4, 128.1, 126.2, 39.9, 34.0, 33.3,
33.1, 21.8 ppm. LRMS (ESI): 301 (M+), 260, 184, 155, 117, 91, 77. Spectroscopic data for 11 match
those previously reported in the literature.™®

General procedure 5 (GP5): Synthesis of propenylated and butenylated arenes (S2-4).

To a flame-dried 250 mL round-bottom flask was added aryl or benzyl bromide (1.0 equiv.) and
anhydrous THF (0.50 M). The reaction flask was cooled to 0 °C while under an atmosphere of
nitrogen and allylmagnesium bromide was added drop wise (1.0 M in Et,0O, 1.1 equiv.). The reaction
was stirred for 2 h at 0 °C and then allowed to warm to RT before being quenched with H,O. The
layers were separated and the aqueous layer was extracted with Et,O (3 times). The combined
organic fractions were washed with Na,SQO, (sat.), brine and dried (MgSQ,). Purification of the crude

reaction mixture by column chromatography was carried out when necessary.
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1-(But-3-en-1-yl)-4-chlorobenzene (S2): Following GP5 with 4-chlorobenzyl bromide (3.1 g, 15
mmol, 1.0 equiv.), purification by column chromatography on silica gel (hexane: EtOAc 95:5)
afforded S2 (1.9 g, 76%) as a colorless oil. *H NMR (400 MHz, CDCls) § 7.26 — 7.22 (m, 2H), 7.13
—7.09 (m, 2H), 5.82 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.08 — 4.94 (m, 2H), 2.68 (dd, J = 8.8, 6.7 Hz,
2H), 2.35 (qq, J = 7.8, 6.5, 1.4, 0.6 Hz, 2H) ppm. *C NMR (101 MHz, CDCl3) & 140.4, 137.8,
131.7, 129.9, 1285, 115.4, 35.5, 34.8 ppm. Spectroscopic data for S2 match those previously
reported in the literature.?

NTs

SO

2-(4-Chlorophenethyl)-1-tosylaziridine (1m): Following GP3 with S2 (2.0 g, 12 mmol)
purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1m as a white
solid (1.05 g, 26%). M.P: 46 - 48 °C. 'H NMR (400 MHz, CDCls) & 7.92 (d, J = 8.3 Hz, 2H), 7.44
(d, J =7.9 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 2.86 (ddt, J = 7.8, 7.0, 4.6 Hz,
1H), 2.77 — 2.61 (m, 3H), 2.55 (s, 3H), 2.15 (d, J = 2.5 Hz, 1H), 1.97 (dddd, J = 13.6, 8.7, 7.5, 4.8
Hz, 1H), 1.73 (dtd, J = 14.2, 8.1, 6.3 Hz, 1H) ppm. *C NMR (126 MHz, CDCl;) 5 144.7, 139.2,
135.1, 132.0, 129.8, 129,8 128.6, 128.1, 39.5, 34.1, 33.1, 32.4, 21.7 ppm. IR (neat, cm™): 2926,
2862, 1597, 1492, 1452, 1405, 1320, 1305, 1231, 1157, 1090, 1015. HRMS calcd. for
(C17H1sCINNaO,S) [M+Na]": 358.0639 found 358.0633.

/@/\/\
FsC

1-(But-3-en-1-yl)-4-trifluoromethylbenzene (S3): Following GP5, 4-trifluoromethylbenzyl
bromide (1.5 ml, 10 mmol, 1.0 equiv.) afforded S3 (1.4 g, 68%) as a colourless oil. In this case, no
purification was carried out. *H NMR (400 MHz, CDCl3) & 7.53 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.9
Hz, 2H), 5.83 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.10 — 4.97 (m, 2H), 2.77 (dd, J = 8.7, 6.8 Hz, 2H),
2.39 (tdt, J = 7.8, 6.6, 1.4 Hz, 2H) ppm. *C NMR (101 MHz, CDCls) § 146.1, 137.5, 128.9, 128.4
(9, J = 32.0 Hz), 125.9, 124.5 (g, J = 271.0 Hz), 125.4 (q, J = 3.8 Hz), 115.6, 35.3, 35.2 ppm. °F
NMR (376 MHz, CDCl3) 6 -62.02. Spectroscopic data for S3 match those previously reported in the

literature.?*
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1-Tosyl-2-(4-(trifluoromethyl)phenethyl) aziridine (1n): Following GP3 with S3 (1.4 g, 7.0
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1n as a
white solid (0.95 g, 37%). M.P: 80 - 83 °C. *H NMR (400 MHz, CDCls)  7.88 — 7.76 (m, 2H), 7.52
(d, J =8.0 Hz, 2H), 7.38 — 7.31 (m, 2H), 7.24 (d, J = 8.0 Hz, 2H), 2.77 (ddt, J = 8.0, 6.9, 4.6 Hz,
1H), 2.72 — 2.66 (m, 2H), 2.61 (d, J = 6.9 Hz, 1H), 2.45 (s, 3H), 2.06 (d, J = 4.5 Hz, 1H), 1.94 (dddd,
J =132, 8.7, 7.6, 4.6 Hz, 1H), 1.65 (dtd, J = 14.4, 8.1, 6.6 Hz, 1H) ppm. *C NMR (126 MHz,
CDCl3) 6 144.9 (q, J = 1.1 Hz), 144.8, 134.9, 129.8, 128.8, 128.5 (q, J = 32.3 Hz), 128.1, 6 125.4 (q,
J=3.9Hz), 124.3 (d, J = 269.4 Hz), 39.3, 34.1, 32.9, 32.8, 21.7 ppm. **F NMR (376 MHz, CDCl3) &
-62.45. IR (neat, cm™): 3067, 2936, 1615, 1456, 1415, 1317, 1234, 1154, 1115, 1093, 1063, 1017.
HRMS calcd. for (C1gH1sFsNNaO,S) [M+Na]*: 392.0903 found 392.0892.

/@/\/\
Br

1-(But-3-en-1-yl)-4-chlorobenzene (S4): Following GP5, 4-bromobenzyl bromide (6.8 g, 27 mmol,
1.0 equiv.) gave S4 (5.4 g, 89%) as a colourless oil. In this case, no purification was carried out. *H
NMR (300 MHz, CDCls) & 7.45 — 7.32 (m, 2H), 7.11 — 6.95 (m, 2H), 5.82 (ddt, J = 16.9, 10.2, 6.6
Hz, 1H), 5.10 — 4.93 (m, 2H), 2.66 (dd, J = 8.8, 6.6 Hz, 2H), 2.42 — 2.27 (m, 2H) ppm.

Spectroscopic data for S4 match those previously reported in the literature.?*

NTs

O

2-(4-Bromophenethyl)-1-tosylaziridine (S5): Following GP3 with S4 (3.2 g, 15 mmol, 1.0 equiv.),
purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded S5 (2.5 g, 44%)
as a white solid. M.P. = 46 — 49 °C. *H NMR (400 MHz, CDCl3) & 7.86 — 7.78 (m, 2H), 7.40 — 7.36
(m, 2H), 7.38 — 7.31 (m, 2H), 7.04 — 6.96 (m, 2H), 2.75 (ddt, J = 7.9, 7.0, 4.7 Hz, 1H), 2.62 — 2.54
(m, 3H), 2.45 (s, 3H), 2.04 (d, J = 4.6 Hz, 1H), 1.87 (dddd, J = 13.6, 8.7, 7.5, 4.7 Hz, 1H), 1.62 (dtd,
J =143, 8.1, 6.4 Hz, 1H) ppm. *C NMR (101 MHz, CDCls) & 144.7, 139.8, 135.1, 131.7, 130.3,
129.8, 128.2, 120.1, 39.5, 34.1, 33.1, 32.6, 21.8 ppm. IR (neat, cm™): 3274, 3055, 2956, 2931, 2892,
1596, 1488, 1450, 1399, 1317, 1291, 1223, 1151, 1112, 1088, 1007. HRMS calcd. for
(C17H1gBrNNaO,S) [M+Na]™: 402.0134 found 402.0122.
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General procedure 6 (GP6): Cross-coupling of S5 with aryl-boronic acids

A flame dried Schlenk flask was charged with S5, boronic acid (1.3 equiv.), PdCl,(dppf) (2.0 mol%)
and Na;COs (ag. 1.0 M) under a flow of argon. Then a mixture of PhMe:EtOH:H,0 (3:2:1, 0.08 M),
degassed in advance, was added into the flask. The resulting reaction was heated to 80 °C and stirred
at this temperature overnight (the reaction progress can be monitored by TLC). Upon completion, the
reaction was cooled to RT and diluted with H,O. The organic phase was separated and the aqueous
phase was extracted with EtOAc. The combined organic fractions were dried (MgSO,) and
concentrated in vacuo. The crude was purified by column chromatography on silica gel (hexane:

EtOAc 2:1 —1:1) to afford the product. If necessary, the product can be washed with Et,O for

Ac I

1-(4'-(2-(1-Tosylaziridin-2-yl)ethyl)-[1,1'-biphenyl]-4-yl) ethan-1-one (10): Following GP6 with
(4-acetylphenyl)boronic acid (0.49 g, 1.5 equiv.), S5 (0.76 g, 2.0 mmol, 1.0 equiv.) afforded 10 as a

additional purification.
NTs

white solid (0.72 g, 86%) after purification by column chromatography on silica gel (hexane: EtOAc
9:1). M.P. = 126 — 127 °C. *H NMR (400 MHz, CDCl5) 5 8.02 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.3
Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 8.2
Hz, 2H), 2.87 — 2.76 (m, 1H), 2.68 (m, 2H), 2.67 — 2.64 (m, 4H), 2.45 (s, 3H), 2.08 (d, J = 4.6 Hz,
1H), 1.94 (dddd, J = 13.6, 8.7, 7.5, 4.8 Hz, 1H), 1.70 (dtd, J = 14.2, 8.1, 6.4 Hz, 1H) ppm. *C NMR
(126 MHz, CDCl3) 6 197.9, 145.6, 144.7, 141.1, 137.9, 135.9, 135.2, 129.8, 129.2, 129.1, 128.2,
127.5, 127.2, 39.7, 34.2, 33.2, 32.8, 26.8, 21.8 ppm. IR (neat, cm™): 3004, 2925, 1672, 1601, 1527,
1493, 1446, 1421, 1398, 1360, 1336, 1308, 1264, 1234, 1160, 1088. HRMS calcd. for (C,5H25NO3S)
[M+Na]": 442.1447 found 442.1463.

NTs

~
\ NBoc

tert-Butyl 2-(4-(2-(1-tosylaziridin-2-yl)ethyl)phenyl)-1H-pyrrole-1-carboxylate (1p): Following
GP6 with N-Boc-2-pyrroleboronic acid (0.82 g, 1.3 equiv.), S5 (1.1 g, 2.9 mmol, 1.0 equiv.)
afforded 1p as a yellow viscous oil (0.55 g, 39%) after purification by column chromatography on
silica gel (hexane: EtOAc 8:2). *H NMR (400 MHz, CDCls) & 7.85 (d, J = 8.3 Hz, 2H), 7.35 (d, J =
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7.9 Hz, 2H), 7.33 (dd, J = 3.3, 1.8 Hz, 1H), 7.25 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.21 (t,
J=3.3Hz, 1H), 6.15 (dd, J = 3.3, 1.8 Hz, 1H), 2.79 (ddt, J = 7.8, 6.9, 4.7 Hz, 1H), 2.66 — 2.58 (m,
3H), 2.45 (s, 3H), 2.09 (d, J = 4.6 Hz, 1H), 1.91 (dddd, J = 13.5, 8.6, 7.5, 4.8 Hz, 1H), 1.67 (dtd, J =
14.5, 8.0, 6.9 Hz, 1H), 1.36 (s, 9H) ppm. **C NMR (101 MHz, CDCls) & 149.5, 144.7, 139.8, 135.2,
135.0, 132.4, 129.8, 129.4, 128.2, 127.7, 122.6, 114.4, 110.7, 83.6, 39.9, 34.1, 33.3, 32.9, 27.8, 21.8
ppm. IR (neat, cm™): 2979, 2931, 1734, 1597, 1515, 1474, 1456, 1393, 1370, 1309, 1255, 1144,
1091. HRMS calcd. for (C26H3oN2NaO4S) [M+Na]™: 489.1818 found 489.1822.

Ph\[rOM
0]
Pent-4-en-1-yl benzoate (S6): To a 100 mL round-bottomed flask under nitrogen, pent-4-en-1-ol
(2.9 mL, 1.0 equiv., 28 mmol) and EtzN (7.8 mL, 2.0 equiv., 56 mmol) were dissolved in CH,Cl, (20
mL),. To this solution cooled to 0 °C, benzoyl chloride (3.9 g, 3.3 mL, 28 mmol) was added drop
wise over 10 min. The reaction mixture was stirred for an additional 50 min at 0 °C and at room
temperature for 3 h. The reaction mixture was quenched with HCI (1.0 M, 50 mL), the layers were
separated and the aqueous layer was extracted with Et,O (30 mL). The combined organic layers were
washed with aqueous NaHCOg3 (50 mL), dried (MgSO,) and filtered. After evaporation of the solvent
under reduced pressure, purification by column chromatography on silica gel, eluting with hexane:
Et,0 (98:2) gave S6 (4.6 g, 87 %). 'H NMR (400 MHz, CDCl3) 6 8.09 — 7.99 (m, 2H), 7.62 — 7.49
(m, 1H), 7.48 — 7.38 (m, 2H), 5.85 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.07 (dq, J = 17.1, 1.7 Hz, 1H),
5.04 — 4.99 (m, 1H), 4.34 (t, J = 6.6 Hz, 2H), 2.27 — 2.17 (m, 2H), 1.93 — 1.80 (m, 2H) ppm. *C
NMR (101 MHz, CDCl3) 6 166.7, 137.6, 132.9, 130.5, 130.3, 129.6, 128.4, 115.5, 64.4, 30.3, 28.0

ppm. Spectroscopic data for S6 match those previously reported in the literature.®

Pho O~ <
T
3-(1-Tosylaziridin-2-yl) propyl benzoate (1qg): Following GP3 with S6 (0.57 g, 3.0 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1q as a white
solid (0.44 g, 41%). *H NMR (400 MHz, CDCls) § 8.04 — 7.97 (m, 2H), 7.87 — 7.73 (m, 2H), 7.61 —
7.52 (m, 1H), 7.49 — 7.39 (m, 2H), 7.33 (d, J = 7.9 Hz, 1H), 4.26 (td, J = 6.3, 2.2 Hz, 2H), 2.86 —
2.76 (m, 1H), 2.67 (d, J = 6.9 Hz, 1H), 2.42 (s, 3H), 2.11 (d, J = 4.5 Hz, 1H), 1.86 — 1.68 (m, 3H),
1.53 — 1.40 (m, 1H). *C NMR (101 MHz, CDCl3) & 166.6, 144.7, 135.2, 133.1, 130.3, 129.8, 129.7,
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128.5, 128.2, 64.1, 39.7, 34.0, 28.1, 26.3, 21.7. LRMS (ESI): 359, 254, 237, 204, 155, 105, 91.

Spectroscopic data for 1g match those previously reported in the literature.™

O
%OM

o)
Pent-4-en-1-yl furan-3-carboxylate (S7): Following literature procedure,®® a round-bottom flask
was flame dried and charged with furan-3-carboxylic acid (0.56 g, 5.0 mmol), CH,CI, (25 ml),
DMAP (61 mg, 0.50 mmol) and pent-4-en-1-ol (0.43 g, 5.0 mmol). A solution of DCC (1.0 g, 5.0
mmol) in CH,Cl, (1.0 M, 5.0 ml) was then added and reaction was stirred at RT overnight. The
resulting mixture was filtered through a pad of silica gel eluted with hexane: EtOAc (95:5) and the
filtrate was concentrated in vacuo to afford S7 as a colorless liquid (0.79 g, 88%). *H NMR (400
MHz, CDCl3) & 8.01 (dd, J = 1.6, 0.8 Hz, 1H), 7.42 (t, J = 1.7 Hz, 1H), 6.74 (dd, J = 1.9, 0.8 Hz,
1H), 5.83 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.09 — 4.98 (m, 2H), 4.26 (t, J = 6.6 Hz, 2H), 2.22 — 2.14
(m, 2H), 1.87 — 1.78 (m, 2H) ppm. Spectroscopic data for S7 match those previously reported in the

O
%OMTS

O

literature.?®

3-(1-Tosylaziridin-2-yl) propyl furan-3-carboxylate (1r): Following GP3 with S7 (0.80 g, 4.4
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —8:2) afforded 1r
as a colorless oil (0.53 g, 34%). 'H NMR (400 MHz, CDCls) 6 7.98 (dd, J = 1.6, 0.8 Hz, 1H), 7.85 —
7.80 (m, 2H), 7.42 (t, J = 1.7 Hz, 1H), 7.36 — 7.31 (m, 2H), 6.72 (dd, J = 1.9, 0.8 Hz, 1H), 4.24 —
4.14 (m, 2H), 2.83 — 2.77 (m, 1H), 2.65 (d, J = 6.9 Hz, 1H), 2.43 (s, 3H), 2.09 (d, J = 4.6 Hz, 1H),
1.79 — 1.66 (m, 3H), 1.47 — 1.39 (m, 1H) ppm. *C NMR (101 MHz, CDCl;) & 163.1, 147.8, 144.8,
143.9, 135.1, 129.8, 128.1, 119.4, 109.9, 63.7, 39.7, 34.0, 28.2, 26.2, 21.8 ppm. IR (neat, cm™):
3149, 2957, 1718, 1597, 1578, 1507, 1452, 1404, 1304, 1234, 1155, 1076, 1007, 970, 942, 898, 873,
815, 762, 712, 691, 660, 603, 568, 550. HRMS calcd. for (C17H1sNNaOsS) [M+H]": 372.0876 found
372.0871.

S18



General procedure 7 (GP7): Synthesis of pentenylated phenols (S8-11).

To the phenol (1.1 equiv.) and K,COj3 (2.0 equiv.) in CH3CN (1.0 M) was added 5-bromopent-1-ene
(1.0 equiv.). The reaction mixture was heated to 80 °C for 16 h and then allowed to cool to RT. The
mixture was diluted with Et,O (25 ml) and filtered, washing with Et,O until all product had eluted.

Purification was carried out by column chromatography (hexane: EtOAc 95:5).

/@/OM
M602C

Methyl 4-(pent-4-en-1-yloxy) benzoate (S8): Following GP7, methyl 4-hydroxybenzoate (2.43 g,
1.1 equiv.) afforded S8 (2.9 g, 87%) as an oil. *"H NMR (400 MHz, CDCls) & 8.02 — 7.94 (m, 2H),
6.94 — 6.86 (m, 2H), 5.85 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.07 (dg, J = 17.1, 1.7 Hz, 1H), 5.01 (ddt,
J=10.2, 2.0, 1.2 Hz, 1H), 4.02 (t, J = 6.4 Hz, 2H), 3.88 (s, 3H), 2.30 — 2.19 (m, 2H), 1.96 — 1.85 (m,
2H) ppm. Spectroscopic data for S8 match those previously reported in the literature.”’

NTs
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Methy! 4-(3-(1-tosylaziridin-2-yl)propoxy) benzoate (1s): Following GP3 with S8 (0.44 g, 2.0
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —8:2) afforded 1s
as a white solid (0.21 g, 27%). M.P: 67 - 69 °C. *H NMR (500 MHz, CDCls) § 7.99 — 7.95 (m, 2H),
7.83—7.78 (m, 2H), 7.33 — 7.29 (m, 2H), 6.87 — 6.83 (m, 2H), 3.97 (td, J = 6.2, 2.3 Hz, 2H), 3.88 (s,
3H), 2.83 (ddt, J = 8.1, 6.9, 4.5 Hz, 1H), 2.65 (d, J = 6.9 Hz, 1H), 2.42 (s, 3H), 2.09 (d, J = 4.6 Hz,
1H), 1.88 (dddd, J = 13.3, 8.9, 6.3, 4.4 Hz, 1H), 1.85 — 1.76 (m, 2H), 1.53 — 1.42 (m, 1H) ppm. *C
NMR (126 MHz, CDCls) 6 167.0, 162.7, 144.7, 135.2, 131.7, 129.8, 128.1, 122.7, 114.2, 67.1, 52.0,
39.8, 34.0, 28.0, 26.6, 21.8 ppm. IR (neat, cm™): 2953, 2923, 2880, 1700, 1611, 1513, 1442, 1397,
1318, 1292, 1269, 1218, 1193, 1173, 1154, 1118, 1098, 1029, 1005. HRMS calcd. for
(C20H23NNaOsS) [M+Na]™: 412.1189 found 412.1180.

/@/OM
F

1-Fluoro-4-(pent-4-en-1-yloxy) benzene (S9): Following GP7, 4-fluorophenol (1.8 g, 1.1 equiv.)
gave S9 (2.0 g, 74%) as a colorless oil. *H NMR (400 MHz, CDCls) & 7.01 — 6.91 (m, 2H), 6.87 —
6.78 (m, 2H), 5.85 (ddtd, J = 16.9, 10.1, 6.7, 0.9 Hz, 1H), 5.06 (dp, J =17.2, 1.7 Hz, 1H), 5.00 (ddt,
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J=10.2, 2.0, 1.2 Hz, 1H), 3.93 (t, J = 6.4 Hz, 2H), 2.29 — 2.19 (m, 2H), 1.93 — 1.81 (m, 2H) ppm.
F NMR (376 MHz, CDCls) & -124.10 ppm. Spectroscopic data for S9 match those previously
reported in the literature.?

NTs

SN
AT

2-(3-(4-Fluorophenoxy)propyl)-1-tosylaziridine (1t): Following GP3 with S9 (0.90 g, 5.0 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 9:1 — 8:2) afforded 1t as a
colorless oil (0.37 g. 41%). M.P: 55 — 57 °C. 'H NMR (400 MHz, CDCls) & 7.84 — 7.77 (m, 2H),
7.34 — 7.30 (m, 2H), 7.01 - 6.90 (m, 2H), 6.85 — 6.73 (m, 2H), 3.94 — 3.79 (m, 2H), 2.82 (ddt, J =
8.1, 7.0, 4.5 Hz, 1H), 2.64 (d, J = 7.0 Hz, 1H), 2.43 (s, 3H), 2.09 (d, J = 4.6 Hz, 1H), 1.91 — 1.80 (m,
1H), 1.82 — 1.71 (m, 2H), 1.54 — 1.41 (m, 1H) ppm. *C NMR (101 MHz, CDCls) & 158.5, 156.1,
155.1 (d, J = 2.2 Hz), 144.7, 135.2, 128.9 (d, J = 172.8 Hz), 115.9 (d, J = 23.0 Hz), 115.5 (d, J = 8.0
Hz).67.5, 39.9, 34.0, 28.1, 26.7, 21.7. **F NMR (376 MHz, CDCls) & -124.19 (tt, J = 8.3, 4.3 Hz)
ppm. IR (neat, cm™): 3071, 3055, 2953, 2932, 2879, 1595, 1504, 1474, 1392, 1318, 1293, 1245,
1200, 1154, 1095, 1028. HRMS calcd. for (C1gH21FNO3S) [M+H]": 350.1221 found 350.1225.

/©/O\/\/\
NC

4-(Pent-4-en-1-yloxy) benzonitrile (S10): Following GP7, 4-hydroxybenzonitrile (1.2 g, 10 mmol),
gave S10 as a colorless oil (1.9 g, 99%). *H NMR (400 MHz, CDCls) & 7.61 — 7.53 (m, 2H), 6.97 —
6.89 (m, 2H), 5.84 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.06 (dq, J = 17.0, 1.6 Hz, 1H), 5.02 (ddt, J =
10.2, 1.8, 1.2 Hz, 1H), 4.01 (t, J = 6.4 Hz, 2H), 2.29 — 2.19 (m, 2H), 1.91 (tt, J = 7.0, 6.4 Hz, 2H)
ppm. *C NMR (126 MHz, CDCl3) § 162.5, 137.5, 134.1, 119.4, 115.7, 115.3, 103.9, 67.7, 30.1, 28.2

ppm. Spectroscopic data for S10 match those previously reported in the literature.?®

NTs

O~
e

4-(3-(1-Tosylaziridin-2-yl)propoxy) benzonitrile (1u): Following GP3 with S10 (0.94 g, 5.0
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —6:4) gave 1u as a
white solid (0.93 g, 52%). M.P: 63 — 65 °C. *H NMR (400 MHz, CDCl3) & 7.82 (d, J = 8.3 Hz, 2H),
7.59 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 4.02 (t, J = 6.0 Hz, 2H),
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2.87 (ddt, J = 8.7, 7.0, 4.3 Hz, 1H), 2.65 (d, J = 7.0 Hz, 1H), 2.45 (s, 3H), 2.10 (d, J = 4.5 Hz, 1H),
1.99 — 1.79 (m, 3H), 1.55 — 1.42 (m, 1H) ppm. *C NMR (101 MHz, CDCls) § 162.3, 144.8, 135.1,
134.1, 129.8, 128.1, 119.4, 115.3, 104.0, 67.2, 39.6, 34.1, 28.0, 26.5, 21.8 ppm. IR (neat, cm™):
2915, 2223, 1604, 1573, 1506, 1476, 1403, 1304, 1259, 1157, 1087, 1019. HRMS calcd. for
(C20H2:N205S) [M+H]*: 357.1267 found 357.1260.

NTs

HO_~o <
9-(1-Tosylaziridin-2-yl) nonan-1-ol (1v): Following literature procedure®® with 10-undecen-1-ol
(4.0 ml, 20 mmol, 2.0 equiv.), 1v was isolated with trace uncyclized intermediate after purification
by column chromatography on silica gel (CH.Cl,: Et,O 2:1). This mixture was submitted to a base
cyclization (GP4) to give 1v in >98% purity (2.5 g, 74%). 'H NMR (400 MHz, CDCls3) & 7.86 — 7.79
(m, 2H), 7.37 — 7.29 (m, 2H), 3.63 (t, J = 6.6 Hz, 2H), 2.72 (tt, J = 7.3, 4.8 Hz, 1H), 2.63 (d,J=7.0
Hz, 1H), 2.44 (s, 3H), 2.05 (d, J = 4.6 Hz, 1H), 1.61 — 1.47 (m, 4H), 1.41 — 1.13 (m, 12H) ppm. **C
NMR (101 MHz, CDCl5) 6 144.5, 135.4, 129.8, 128.1, 63.2, 40.6, 34.0, 32.9, 31.4, 29.5, 29.5, 29.4,
29.1, 26.9, 25.8, 21.8 ppm. LRMS (ESI): 701 (2M+Na), 679 (2M+H), 362 (M+Na), 340 (M+H).

Spectroscopic data for 1v match those previously reported in the literature.*

TsO™ > "X
Hex-5-en-1-yl 4-methylbenzenesulfonate (S11): A solution of hex-5-en-1-ol (3.6 ml, 30 mmol, 1.0
equiv.) in CH.CI, (60 mL) was cooled down to 0 °C. EtsN (5.0 mL, 36 mmol, 1.2 equiv) and p-
toluenesulfonyl chloride (5.7 g, 30 mmol, 1.0 equiv) were added subsequently. After addition, the
reaction mixture was warmed to RT and stirred for 5 h. A aqueous solution of NaHCO3 (sat.) was
then added and the aqueous phase was extracted with EtOAc (3 x 60 ml). The combined organic
phases were washed with brine (30 ml), dried (MgSQO,), filtered and concentrated in vacuo.
Purification by column chromatography on silica gel (hexane: EtOAc 96:4 —92:8) gave (6.4 g,
83%) as a colorless liquid. *H NMR (400 MHz, CDCls): § 7.81 — 7.77 (m, 2H), 7.37 — 7.31 (m, 2H),
5.72 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 4.99 — 4.91 (m, 2H), 4.03 (t, J = 6.4 Hz, 2H), 2.45 (s, 3H),
2.00 (m, 2H), 1.65 (m, 2H), 1.46 — 1.36 (m, 2H) ppm. **C NMR (126 MHz, CDCls): § 144.8, 138.0,
133.4,130.0, 128.0, 115.2, 100.1, 70.6, 33.0, 28.4, 24.7, 21.8 ppm. Spectroscopic data for S11 match

those previously reported in the literature.®
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4-(1-Tosylaziridin-2-yl) butyl 4-methylbenzenesulfonate (1w): Following GP3 with S11 (0.64 g,
2.5 mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —8:2) afforded
1w as a colorless oil (0.57 g, 55%). *H NMR (400 MHz, CDCls) 5 7.84 — 7.76 (m, 2H), 7.80 — 7.73
(m, 2H), 7.38 — 7.33 (m, 2H), 7.36 — 7.30 (m, 2H), 3.91 (td, J = 6.4, 1.1 Hz, 2H), 2.67 (tt, J = 7.1, 4.5
Hz, 1H), 2.59 (d, J = 7.0 Hz, 1H), 2.45 (s, 6H), 2.01 (d, J = 4.5 Hz, 1H), 1.65 — 1.51 (m, 3H), 1.37 —
1.18 (m, 3H) ppm. *C NMR (126 MHz, CDCl3) § 144.9, 144.8, 135.1, 133.2, 130.0, 129.8, 128.1,
128.0, 70.2, 39.8, 33.8, 30.7, 28.2, 22.9, 21.8 ppm. IR (neat, cm™): 2927, 2867, 1597, 1495, 1455,
1354, 1320, 1232, 1174, 1157, 1094, 1019. HRMS calcd. for (Co0H2sNNaOsS,) [M+Na]*: 446.1066
found 446.1060.

NTs

NC o~

4-(1-Tosylaziridin-2-yl) butanenitrile (1x): Following GP3 but keeping the reaction scale to 1.0
mmol, hex-5-enenitrile (3 x 0.12 mL, 3 x 1 mmol) afforded 1x as a yellow oil (0.20 g, 25%) after
purification of the combined reactions by column chromatography on silica gel (hexane: EtOAc 8:2
—6:4). 'H NMR (400 MHz, CDCls) & 7.83 — 7.77 (m, 2H), 7.38 — 7.31 (m, 2H), 2.73 (ddt, J = 8.5,
7.0,4.2 Hz, 1H), 2.61 (d, J = 7.0 Hz, 1H), 2.44 (s, 3H), 2.36 (td, J = 7.1, 2.5 Hz, 2H), 2.07 (d, J = 4.5
Hz, 1H), 1.89 (dddd, J = 14.3, 8.4, 6.5, 3.9 Hz, 1H), 1.67 (dqd, J =8.9, 7.1, 1.9 Hz, 2H), 1.42 - 1.28
(m, 1H) ppm. *C NMR (101 MHz, CDCls) & 145.0, 134.8, 129.9, 128.1, 119.2, 38.7, 33.8, 30.0,
23.0, 21.7, 16.5 ppm. IR (neat, cm™): 2941, 2246, 1597, 1455, 1404, 1319, 1291, 1233, 1157, 1091.
HRMS calcd. for (C13H16N2Na0O,S) [M+Na]*: 287.0825 found 287.0820.

NTs

Etozc/\/\/M

Ethyl 9-(1-tosylaziridin-2-yl) nonanoate (1y): Following GP3 with ethyl undec-10-enoate (1.2 mL,
5.0 mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —8:2) afforded
1y as a colourless oil (1.2 g, 63%). *"H NMR (400 MHz, CDCls) § 7.92 (d, J = 8.3 Hz, 2H), 7.43 (d, J
=7.9Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 2.81 (tt, J = 7.3, 4.8 Hz, 1H), 2.73 (d, J = 7.0 Hz, 1H), 2.54
(s, 3H), 2.37 (t, J = 7.5 Hz, 2H), 2.15 (d, J = 4.6 Hz, 1H), 1.75 — 1.58 (m, 3H), 1.47 — 1.24 (m,
14H).13C NMR (101 MHz, CDCl3) 6 174.0, 144.5, 135.4, 129.8, 128.2, 60.3, 40.6, 34.5, 33.9, 31.4,
29.3,29.2, 29.2, 29.1, 26.9, 25.1, 21.8, 14.4. IR (neat, cm™): 2928, 2855, 1731, 1597, 1457, 1373,
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1323, 1305, 1232, 1184, 1158, 1090, 1033. HRMS calcd. for (CooH31NNaO4S) [M+Na]": 404.1866
found 404.1859.
NTs

C

7-Tosyl-7-azabicyclo[4.1.0]heptane (1z) Following GP3 with cyclohexene (4.1 ml, 40 mmol),
purification by column chromatography on silica gel (hexane: EtOAc 9:1) afforded 1z as a white
solid (2.5 g, 25%). *H NMR (500 MHz, CDCl3) & 7.84 — 7.79 (m, 2H), 7.35 — 7.29 (m, 2H), 2.97 (p,
J = 1.6 Hz, 2H), 2.44 (s, 3H), 1.83 — 1.73 (m, 4H), 1.45 — 1.33 (m, 2H), 1.27 — 1.16 (m, 2H) ppm.
LRMS: 251, 223, 210, 197, 155, 96, 91. *C NMR (101 MHz, CDCl3) 6 144.1, 136.1, 129.7, 127.8,
39.9, 22.9, 21.8, 19.6 ppm. Spectroscopic data for 1z match those previously reported in the

literature.®

et

2-Ethyl-1-((4-methoxyphenyl)sulfonyl) aziridine (laa): Following GP1 but with 4-
methoxybenzenesulfonyl chloride (6.7 g, 2.2 equiv., 33 mmol) instead of TsCl, (%)-2-amino-1-
butanol (1.4 mL, 15 mmol) afforded 1laa as a white solid (1.4 g, 39%) after purification by column
chromatography on silica gel (hexane: EtOAc 3:1). M.P. =59 — 61 °C. *H NMR (400 MHz, CDCls)
6 7.87 (d, J = 8.9 Hz, 2H), 7.00 (d, J = 8.9 Hz, 2H), 3.88 (s, 3H), 2.67 (tt, J = 7.4, 4.7 Hz, 1H), 2.61
(d, J = 6.7 Hz, 1H), 2.06 (d, J = 4.5 Hz, 1H), 1.64 — 1.56 (m, 1H), 1.30 —1.38 (m, 1H), 0.84 (t, J = 7.4
Hz, 3H). *C NMR (126 MHz, CDCls) & 163.7, 130.3, 129.9, 114.3, 55.8, 41.8, 33.7, 24.6, 11.0. IR
(neat, cm™): 3098, 3995, 2980, 2969, 2931, 2873, 2849, 1592, 1578, 1501, 1462, 1445, 1320, 1304,
1258, 1229, 1154, 1143, 1098, 1020. HRMS calcd. for (C11H1sNNaO,S) [M+Na]": 264.0665 found
264.0663.

NTs
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2-Ethyl-1-tosylaziridine (1ab): Following GP2, (+)-2-amino-1-butanol (8.7 g, 98 mmol) afforded
lab as a colourless oil (18 g, 81%) after purification by column chromatography on silica gel
(hexane: EtOAc 9:1). *H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 7.9 Hz,
2H), 2.69 (tt, J = 7.2, 4.7 Hz, 1H), 2.62 (d, J = 7.0 Hz, 1H), 2.44 (s, 3H), 2.07 (d, J = 4.6 Hz, 1H),
1.67 — 1.52 (m, 1H), 1.30 — 1.38 (m, 1H), 0.83 (t, J = 7.5 Hz, 3H) ppm. *C NMR (101 MHz, CDCls)
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o 144.5, 135.3, 129.7, 128.1, 41.8, 33.7, 24.6, 21.7, 11.0 ppm. Spectroscopic data for 1lab match

those previously reported in the literature.*
o
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2-Ethyl-1-((3-methoxyphenyl)sulfonyl) aziridine (lac): Following GP1 but with 3-
methoxybenzenesulfonyl chloride (3.6 g, 2.2 equiv., 18 mmol) instead of TsCl, (+)-2-amino-1-
butanol (0.76 mL, 8.0 mmol) afforded lac as a colourless oil (0.84 g, 44%) after purification by
column chromatography on silica gel (hexane: EtOAc 3:1). *H NMR (500 MHz, CDCls) & 7.50 (ddd,
J=17.7,1.7,1.0 Hz, 1H), 7.45 — 7.39 (m, 2H), 7.13 (ddd, J = 8.3, 2.7, 1.1 Hz, 1H), 3.85 (s, 3H), 2.71
(tt, J=7.1, 4.8 Hz, 1H), 2.63 (d, J = 7.0 Hz, 1H), 2.08 (d, J = 4.7 Hz, 1H), 1.60 (dqd, J = 14.8, 7.5,
4.9 Hz, 1H), 1.35 (dp, J = 14.8, 7.4 Hz, 1H), 0.83 (t, J = 7.4 Hz, 3H) ppm.”*C NMR (126 MHz,
CDCl3) & 159.9, 139.3, 130.1, 120.2, 120.1, 112.6, 55.8, 41.9, 33.8, 24.5, 10.9 ppm. IR (neat, cm™):
3074, 2968, 2938, 2879, 2839, 1598, 1483, 1464, 1433, 1311, 1287, 1241, 1152, 1099, 1031. HRMS
calcd. for (C11H1sNNaO,S) [M+Na]*: 264.0665 found 264. 0668.
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2-Ethyl-1-((4-fluorophenyl)sulfonyl) aziridine (lad): Following GP1 but with 4-
fluorobenzenesulfonyl chloride (13 g, 66 mmol) instead of TsCl, (x)-2-amino-1-butanol (2.8 mL, 30
mmol) afforded 1ad as a colourless oil (2.5 g, 36%) after purification by column chromatography on
silica gel (hexane: EtOAc 9:1). *H NMR (400 MHz, CDCls3) § 7.99 — 7.94 (m, 2H), 7.24 — 7.19 (m,
2H), 2.72 (tt, J = 7.3, 4.7 Hz, 1H), 2.65 (d, J = 7.0 Hz, 1H), 2.10 (d, J = 4.6 Hz, 1H), 1.62 (dqd, J =
14.8, 7.4, 5.0 Hz, 1H), 1.34 (dq, J = 14.7, 7.4 Hz, 1H), 0.83 (t, J = 7.5 Hz, 3H) ppm. **C NMR (101
MHz, CDCls3) 165.8 (d, J = 255.8 Hz), 134.5 (d, J = 3.3 Hz), 130.9 (d, J = 9.5 Hz), 116.4 (d, J = 22.7
Hz), 42.1, 33.9, 24.6, 10.9 ppm. **F NMR (376 MHz, CDCls) 5 -103.63 (it, J = 8.2, 5.0 Hz) ppm. IR
(neat, cm™): 3106, 3075, 2970, 2937, 2880, 1591, 1493, 1461, 1405, 1323, 1291, 1230, 1166, 1152,
1096, 1085, 1026. 920. HRMS calcd. for (C10H1,FNNaO,S) [M+Na]™: 252.0465 found 252.0461.
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2-Ethyl-1-((4-(trifluoromethyl)phenyl)sulfonyl) aziridine (lae): Following GP1 but with a 3 h
reaction time and using 4-trifluoromethyl benzenesulfonyl chloride (0.65 g, 2.6 mmol) instead of
TsCl, (x)-2-amino-1-butanol (0.11 mL, 1.2 mmol) afforded 1lae as a colorless oil (0.56 g, 80%) after
purification by column chromatography on silica gel (hexane: EtOAc 9:1). *"H NMR (400 MHz,
CDCl3) 6 8.14 - 8.06 (m, 2H), 7.86 — 7.77 (m, 2H), 2.82 (tt, J = 7.2, 4.8 Hz, 1H), 2.70 (d, J = 7.0 Hz,
1H), 2.14 (d, J = 4.7 Hz, 1H), 1.64 (dtd, J = 14.8, 7.4, 4.9 Hz, 1H), 1.40 (dp, J = 14.7, 7.4 Hz, 1H),
0.87 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz, CDCls3) § 142.1 (q, J = 1.0 Hz), 135.3 (g, J = 33.0 Hz),
128.6, 126.3 (q, J = 3.7 Hz), 123.3 (q, J = 273.0 Hz), 42.4, 34.2, 24.5, 10.9. *°F NMR (376 MHz,
CDCl3) & -62.92. IR (neat, cm™): 2972, 2938, ,1461, 1404, 1319, 1233, 1162, 1129, 1106, 1087,
1061, 1016. HRMS calcd. for (C11H12FsNNaOS) [M+Na]™: 302.0433 found 302.0434.

0]
S
5-Allylbenzo[d][1,3]dioxole (S12): 5-bromobenzo[d][1,3]dioxole (6.0 g, 30 mmol) was dissolved in
dry THF (20 ml) and Mg stirrings (1.1 g, 45 mmol) were added. Formation of the organomagnesium
compound was promoted by addition of catalytic amount of I, at room temperature (caution! reaction
is very exothermic; condenser is required). After reaction completion, the resulting solution was
added drop wise to a solution of allyl bromide (2.6 ml, 30 mmol) in dry THF (20 ml). After addition,
the reaction was stirred at RT for 1 hour. Then reaction mixture was quenched with aqueous NH,4CI
(sat.), the layers were separated and the organic phase was washed with water. After drying (MgSO,)
and concentrating in vacuo, the crude material was purified by column chromatography on silica gel
(pure pentane) to afford S12 (4.3 g, 88%) as a colorless liquid. *H NMR (400 MHz, CDCls) & 6.75
(d, J = 7.9 Hz, 1H), 6.70 (d, J = 1.4 Hz, 1H), 6.67 — 6.63 (m, 1H), 5.98 — 5.94 (m, 1H), 5.93 (s, 2H),
5.11 — 5.04 (m, 2H), 3.34 — 3.29 (m, 2H) ppm. Spectroscopic data for S12 match those previously

reported in the literature.
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2-(Benzo[d][1,3]dioxol-5-ylmethyl)-1-tosylaziridine (1af): Following GP3 with S12 (4.3 g, 27
mmol), purification by column chromatography on silica gel (hexane: EtOAc 9:1 —5:1) afforded 1af
as a white solid (2.9 g, 32%). "H NMR (400 MHz, CDCl3) 6 7.71 — 7.65 (m, 2H), 7.25 — 7.21 (m,
2H), 6.60 — 6.56 (m, 1H), 6.50 — 6.46 (m, 2H), 5.90 (q, J = 1.4 Hz, 1H), 2.91 — 2.83 (m, 1H), 2.76
(dd, J = 14.5, 4.8 Hz, 1H), 2.72 (d, J = 6.9 Hz, 1H), 2.52 (dd, J = 14.5, 7.5 Hz, 1H), 2.43 (s, 3H),
2.15 (d, J = 4.5 Hz, 1H) ppm. **C NMR (101 MHz, CDCls) & 147.6, 146.4, 144.5, 135.0, 130.9,
129.6, 128.1, 121.9, 109.3, 108.3, 101.0, 41.6, 37.3, 32.9, 21.7 ppm. LRMS (ESI): 331, 176, 161,
148, 135, 119, 105, 91, 77. Spectroscopic data for laf match those previously reported in the

literature.®*
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1-Allyl-2,4,5-trifluorobenzene (S13): Following a modified literature procedure,® an oven dried
RBF was charged with 1-bromo-2,4,5-trifluorobenzene (4.4 g, 20 mmol) and dry THF (5.0 ml) under
Ar atmosphere. The solution was cooled to —10 °C in an ice/ salt bath and then iPrMgCI'LiCl (1.2 M
in THF, 21 mmol) was added drop wise to reaction mixture. After stirring at 0 °C for 1 h, allyl
bromide (1.8 ml, 21 mmol) was added drop wise. The obtained mixture was stirred at 0 °C for 1 h
and then allowed to warm to RT and stirred overnight. The reaction was quenched with water and
acidified to pH = 1 with aqueous HCI (2.0 M). The layers were separated and the aqueous phase was
extracted with EtOAc. The combined organic fractions were washed with brine, dried (MgSQ,),
filtered and concentrated in vacuo. The crude mixture was purified by flushing through a plug of
silica gel using pentane as eluent to afford S13 as a colorless liquid (2.9 g, 85%). *H NMR (400
MHz, CDCl3) 6 7.00 (ddd, J = 10.8, 8.8, 6.8 Hz, 1H), 6.89 (ddd, J = 10.2, 9.1, 6.6 Hz, 1H), 5.89 (ddt,
J=16.8, 10.1, 6.5 Hz, 1H), 5.13 (dg, J = 10.1, 1.4 Hz, 1H), 5.09 (dqd, J = 16.9, 1.6, 0.5 Hz, 1H),
3.36 — 3.32 (m, 2H) ppm.
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SR OR

(Tosylimino) phenyliodinane (S14): Following literature procedure,® toluenesulfonamide (2.8 g,
16 mmol) and KOH (2.3 g, 41 mmol) were dissolved in MeOH (60 ml). The resulting solution was
cooled to —10 °C in an ice/ salt bath and (diacetoxy) iodosobenzene (5.3 g, 17 mmol) was added
portion wise. The reaction was stirred for 30 minutes at —10 °C and then an additional 3 h at RT. Ice
cold water (100 ml) was then added and resulting mixture was cooled to 0 °C. The formed
precipitate was collected by filtration and washed with cold MeOH (20 ml) and EtOAc (100 ml) to
afford S14 (3.2 g, 53%) as a white solid. *H NMR (400 MHz, DMSO-dg) & 7.71 — 7.67 (m, 2H), 7.49
—7.41 (m, 3H), 7.29 (t, J = 7.7 Hz, 2H), 7.09 — 7.03 (m, 2H), 2.27 (s, 3H) ppm. Spectroscopic data
for S14 match those previously reported in the literature.®

F F

F
1-Tosyl-2-(2,4,5-trifluorobenzyl) aziridine (1ag): An oven dried Schlenk flask was charged with
anhydrous Cu(OTf), (0.27 mg, 0.74 mmol) and a solution of 1-allyl-2,4,5-trifluorobenzene (S13)
(2.3 g, 3.0 equiv., 7.5 mmol) in dry CH3CN (8.0 ml). S14 (0.93 g, 1.0 equiv., 2.5 mmol) was then
added into the reaction solution in one portion under a flow of Ar and the resulting mixture was
stirred at RT for 2 hours. The reaction mixture was then diluted with EtOAc (10 ml) and filtered
through a pad of silica gel followed by elution with additional EtOAc (20 ml). The obtained solution
was concentrated in vacuo, and the crude material was purified by column chromatography on silica
gel (hexane: EtOAc 9:1 —5:1) to afford lag as a white solid (0.53 g, 42%). *H NMR (400 MHz,
CDCl3) 6 7.65 —7.61 (m, 2H), 7.22 — 7.18 (m, 2H), 6.79 — 6.66 (m, 2H), 3.07 — 3.01 (m, 1H), 2.87 —
2.79 (m, 2H), 2.42 (s, 3H), 2.28 (ddd, J = 14.5, 8.3, 1.5 Hz, 1H), 2.20 (d, J = 4.2 Hz, 1H) ppm. *C
NMR (101 MHz, CDClI3) & 155.6 (ddd, J = 244.5, 9.3, 2.7 Hz), 149.2 (ddd, J = 250.0, 14.5, 12.2 Hz),
146.4 (ddd, J = 244.8, 12.6, 3.7 Hz), 145.0, 134.6, 129.7, 127.9, 120.8 (ddd, J = 18.4, 5.7, 4.2 Hz),
118.7 (ddd, J = 19.2, 5.9, 1.4 Hz), 105.2 (dd, J = 28.2, 20.8 Hz), 40.1, 32.8, 30.5, 21.6 ppm. *°F (367
MHz, CDCls) & (-119.9) — (-120.1) (m), -135.64 (dtd, J = 21.9, 9.6, 3.4 Hz), -142.54 (dddd, J = 21.6,
15.2, 10.3, 6.5 Hz) ppm. LRMS (ESI): 321, 176, 161, 148, 135, 119, 105, 91, 77. Spectroscopic data

for 1ag match those previously reported in the literature.®*
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2 Optimization of the Reaction Conditions
The Ni-catalyzed carboxylation of aziridines was initially assessed with a batch of 1a (95% purity)

that contained minor impurities (see page S57 for the identity of these compounds), hoping that these
might not interfere with productive formation of 2a. After considerable optimization, it was revealed
that the presence of MeOH and amide solvents (DMA, NMP, DMPU) with Mn as reducing agent
was critical for success. Notably, (a) the utilization of alcohols other than MeOH resulted in traces, if
any, of 2a and (2) L1, L2 and L5 gave rise to 2a in 50-60% yield whereas less electron-rich L3 or
less hindered L4 resulted in complete loss of reactivity (Scheme S1), thus showing the importance of
both MeOH and the ligand environment in this carboxylation reaction. Unfortunately, reproducibility
issues came into play with different batches of 1a, suggesting that the purity might be a critical factor
for success. Gratifyingly, this was indeed the case and reproducible results were found for 1a (>99%
purity). In addition, we observed a similar trend to that shown for 1a (95% purity) in terms of the
ligand employed and the critical role found for MeOH. To this end, we continued the optimization
with 1a (>99% purity).

R2 R?
Ts R'=Me; R?=OMe (L1)
/<'|\l N R'=Me; R2=t-Bu (L2) u 7N )NiT/S
’ /
n-hex =N N 1 R'=Me; R>=Me (L3) \ N N= n-hex COH
1 R! Me R'=H;R2=OMe (L4) Me L5  Me 2a

Scheme S1: Ligands employed in the catalytic carboxylation of 1a (95% purity)

General procedure for the optimization of 2a from aziridine 1a (>99% purity):

To an oven dried Schlenk tube in the glove box was added Ni(Il) pre-catalyst, ligand and manganese
(Mn). A stirrer bar was added and the Schlenk was capped before being removed from the glove box.
An atmosphere of CO, was then generated by 3 cycles between vacuum (<1 mbar pressure) and CO,
line (1 bar). Under a flow of CO,, dry DMPU (or other solvent) was added followed by 1a (52 pl, 1
equiv. 0.2 mmol) and finally MeOH (40 pl, 5 equiv. 1.0 mmol . Note: between each addition, the
Schlenk tube was agitated for ~10 s to ensure the components were well dissolved. The Schlenk tube
was then tightly capped and stirred at 10 °C (or other specified temperature) for the noted time. The
reaction was quenched by careful addition of HCI (1.0 M, 2.0 ml) at 10 °C, diluted with EtOAc and
then stirred at RT. Trimethoxybenzene (11 mg, 0.33 equiv.) internal standard was added as a stock
solution in EtOAC, the layers were separated and the aqueous layer was extracted with EtOAc (3 x
5.0 ml). The combined organic layers were then washed twice with HCI (1.0 M, 15 ml), dried
(MgSO0,), filtered and concentrated in vacuo. Quantification was carried out by integration of *H
NMR against the TMB internal standard.
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Table S1. Influence of the Ni(ll) precatalyst and ligand on the carboxylation of 1a.

Ni(ll) precatalyst (10 mol%)

Ts L (20 mol%)
N MeOH (5.0 equiv)
n-hex/<l + CO, : o n-hex
1a (1 bar) Mn (3.0 equiv), 10°C

DMPU (0.40 M), 48 h

Ni(ll) precatalyst / L Conv. (%) 2a (%) TsNH, (%)
NiCl,-glyme / L1 90, 844 73,677 12,179
NiCl,-glyme / L1 (10 mol%) 53 32 8
NiCl,-glyme / L1 (15 mol%) 92 61 11
(L1)NICly/ no L1 75 50 12
(L1)NICl,/ L1 (10 mol%) 63 49 14
NiCl,-glyme / L2 99 47 46
(L2)NiCl,/ L2 (10 mol%) 42 42 39
NiCl,-glyme / L3 15 0 trace
NiCl,-glyme / L4 27 trace 8
NiCl,-glyme / L5 87 56 20

NHTs
COH 4+ TsNH,
2a
R2 R2
7 N\ S )
=N N
R! Me

R'=Me; R>=OMe (L1)
R'=Me; R?>=£Bu (L2)
R'=Me; R>=Me (L3)
R'=H; R2=OMe (L4)

7N

2 NiCl, glyme (20 mol%), L1 (40 mol%).

Table S2. Influence of the temperature, solvent and Mn equivalent.

NiCl,-glyme (10 mol%)
L1 (20 mol%)

N'TS MeOH (5.0 equiv) NHTs
e .0 equiv
/7-hex/<l + CO, - n-hex COMH + TsNH,
1a (1 bar) Mn (3.0 equiv), T(°C) 2a
solvent (0.40 M), 48 h
T (°C) solvent Conv. (%) 2a (%) TsNH, (%)
10 DMPU 90, 897 73, 582 12,102
15 DMPU 83 70 15
25 DMPU 86 53 20
10 DMA 82 62 15
10 NMP 90 67 17
& Mn (2 equiv.)
Table S3. Influence of the reaction time and CO, pressure.
NiCl,-glyme (10 mol%)
N/TS " L(13|E|2(05rgol%) ) NHTs
e .0 equiv
n—hex/<l + CO, - n-hex COMH + TsNH,
Mn (3.0 equiv), 10°C
1a (0.5-3.25 bar) 2a

DMPU (0.40 M), 72 h

CO, (bar) Conv. (%) 2a (%)
1.0 94 76
0.5 93 71
1.75 80 69
25 76 65
3.25 62 62
1.0 204 04
1.0 0 0%

2 No MeOH ° No NiCl,-glyme or L1
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3 Ni-Catalyzed Reductive Carboxylation of Aziridines
3.1 Table 2 Substrate Scope

General procedure 8 (GP8): Ni-catalyzed coupling of aziridines with CO, (2a - 2ag)

To an oven dried Schlenk tube in the glove box was added NiCl,glyme (4.4 mg, 0.020 mmol), L1
(9.8 mg, 0.040 mmol), Mn (33 mg, 0.60 mmol) and the aziridine (1.0 equiv., 0.20 mmol) if solid. A
stirrer bar was added and the Schlenk was capped before being removed from the glove box. An
atmosphere of CO, was generated by 3 cycles between vacuum (< 1 mbar pressure) and CO; line (1
atm). Under a flow of CO,, dry DMPU (0.40 M, 0.50 ml) was added followed by the aziridine (1.0
equiv. 0.20 mmol) if liquid and MeOH (40 ul, 1.0 mmol). Note: between each addition, the Schlenk
tube was manually agitated for ~10 s. The Schlenk tube was then capped and stirred at 10 °C for the
specified time". The reaction was quenched by addition of HCI (1.0 M, 2.0 ml) at 10 °C, diluted with
EtOAc and then stirred at RT. The layers were separated and the aqueous layer extracted with EtOAc
(3 x 5 ml). The combined organic layers were washed twice with HCI (1.0 M, 15 ml), dried
(MgSO,), filtered and concentrated in vacuo. Purification was carried out by column
chromatography on silica gel. The crude reaction mixture was dissolved in CH,Cl,: Et3N (1.0 ml:0.2
ml) and loaded onto a short plug of silica equilibrated with hexane: EtOAc (1:1). A second wash of
the flask was performed using CH,Cl,: EtsN (1.0 ml:0.2 ml) and a third with CH,Cl, (1.0 ml). The
impurities of the reaction were removed by flushing through hexane: EtOAc (1:1, 100 ml) and the
product was eluted with EtOAc: AcOH (98:2).

" Although high yields and conversions can be obtained after 48 h, the inability to monitor the progress of these
pressurized reactions meant that they were generally run for 72 h to ensure complete consumption of the aziridine and the
maximum possible yield. In certain cases, the reaction stalled with significant aziridine remaining and prolonged reaction
times did not lead to more acid being generated.
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NHTs NHTs NHTs Me NHTs NHTs NHTs

CO,H CO,H H CO,H H Ph H
n-hex 2" Me 2 H)\/C02 Me 2 /'-Pr)\/Coz \)\/COZ
2a 2b 2c 2d 2e 2f
TsO
NS N \O\)Niis NHTSs NHTSCO .
CO,H CO,H CO.H /\(\/))\/ 2
2g 2h 2i 2j(n=2)
2k (n = 3)
0 NHTs NHTs
R NHTs )J\ NHTs O\(\/))\/CO H R\/\)\/COZH
R™ O /@/ - 2
CO,H
2 COH R
21 (R=H) 2q (R = Ph) 2s (R = CO,Me) (n = 3) 2v (R = (CH,)gOH)
2m (R = Cl) 2r (R = 3-furan) 2t (R=F) (n=3) 2w (R =0OTs)
2n (R = CF3) 2u (R=CN) (n=3) 2x (R=CN)
20 (R = 4-Ac-CgHy) 2y (R = (CH2)sCO2EY)
2p (R= 2-N-Boc pyrrole)
NHTs 2aa (Ar = 4-OMeCgHy)
NHSO,Ar 2ab (Ar=4-MeCgHy) < NHTs NHTs
CO2H )\/CO H 2ac (Ar = 3-OMeCgHy,) 13CO H 002
2ad (Ar = 4-FCgH,)
2z (1:1) 2ae (Ar = 4-CF3CgH4) 2ag

NHTs
Me\/\/\)\/COZH

3-((4-Methylphenyl)sulfonamido) nonanoic acid (2a): Following GP8 with a reaction time of 3
days, 1a (52 ul, 0.20 mmol) gave 2a (45 mg, 69%) as a white solid. In a scale up experiment la
(0.13 ml, 0.50 mmol) gave 2a (0.12 g,73%) giving an average yield of 71%. *H NMR (400 MHz,
CDCl3) 6 7.78 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.39 (d, J = 9.1 Hz, 1H), 3.57 — 3.48 (m,
1H), 2.57 — 2.50 (m, 2H), 2.44 (s, 3H), 1.54 — 1.43 (m, 2H), 1.29 — 1.05 (m, 8H), 0.86 (t, J = 7.2 Hz,
3H) ppm. 3¢ NMR (101 MHz, CDCl3) 6 143.6, 138.0, 129.8, 127.2, 50.7, 39.0, 34.7, 31.7, 28.8,
25.8, 22.6, 21.6, 14.2 ppm. LRMS (ESI): 653 (2M—H), 440 (M+TFA"), 326 (M—H). Spectroscopic

data for 2a match those previously reported in the literature.*
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NHTs

Me CO,H
3-((4-Methylphenyl)sulfonamido) butanoic acid (2b): Following GP8 with a reaction time of 3
days, 1b (42 mg, 0.20 mmol) gave 2b (34 mg, 66%) as a white solid. In a separate independent
experiment 2b (33 mg, 64%) was isolated giving an average yield of 65%. 'H NMR (400 MHz,
CDCl3) 6 7.76 (d, J = 8.3 Hz, 2H), 7.32 — 7.29 (m, 2H), 5.38 (d, J = 8.5 Hz, 1H), 3.77 — 3.66 (m,
1H), 2.51 (d, J = 5.3 Hz, 2H), 2.42 (s, 3H), 1.16 (d, J = 6.7 Hz, 3H) ppm. *C NMR (101 MHz,
CDCI3) 6 176.0, 143.7, 137.9, 129.9, 127.2, 46.4, 40.6, 21.7, 21.0 ppm. Spectroscopic data for 2b
match those previously reported in the literature.®’

NHTs

’ CO,H
3-((4-Methylphenyl)sulfonamido) propanoic acid (2c): Following GP8 with a reaction time of 2
days,™ N-tosylaziridine (40 mg, 0.20 mmol) gave 2c (20 mg, 41%) as a white solid. In a separate
independent experiment 2c (19 mg, 39%) was isolated giving an average vyield of 40%. 'H NMR
(400 MHz, CDCl3) 6 7.75 (d, J = 8.3 Hz, 2H), 7.34 — 7.29 (m, 2H), 5.81 (t, J = 6.7 Hz, 1H), 3.23 —
3.15 (m, 2H), 2.62 (t, J = 5.7 Hz, 2H), 2.43 (s, 3H) ppm. *C NMR (101 MHz, CDCls) & 176.0,
143.8, 137.0, 130.0, 127.2, 38.4, 34.0, 21.7 ppm. LRMS (ESI): 485 (2M—H), 278 (M+Cl), 242

(M—H). Spectroscopic data for 2c match those previously reported in the literature.®’

Me NHTs

Me CO,H
5-Methyl-3-((4-methylphenyl)sulfonamido) hexanoic acid (2d): Following GP8 with a reaction
time of 5 days,” 1d (46 ul, 0.20 mmol) gave 2d (43 mg, 72%) as a white solid. In a separate
independent experiment 2d (49 mg, 82%) was isolated giving an average yield of 77%. 'H NMR
(400 MHz, CDCl3) § 7.76 (d, J = 8.3 Hz, 2H), 7.32 — 7.27 (m, 2H), 5.43 (d, J = 9.1 Hz, 1H), 3.57 (tq,
J=10.0, 5.1 Hz, 1H), 2.47 (d, J = 5.0 Hz, 2H), 2.42 (s, 3H), 1.59 — 1.47 (m, 1H), 1.41 (ddd, J = 14.4,
8.9, 5.6 Hz, 1H), 1.30 — 1.22 (m, 2H), 0.80 (d, J = 6.6 Hz, 3H), 0.69 (d, J = 6.5 Hz, 3H) ppm. °C
NMR (101 MHz, CDCls) 6 176.7, 143.7, 138.0, 129.9, 127.2, 48.7, 43.9, 39.1, 24.6, 22.8, 21.8, 21.7

" The reaction was complete after 48 h due to the reduced steric environment of the aziridine. Although most by-
products generated in this reaction are volatile and hence not observed, the large amount of TsNH, (45%) generated
suggests p-hydride and deamination pathways are more prevalent.

Y The steric hindrance of the iBu group reduces the rate of the reaction but complete conversion is reached if a longer
reaction time is used. Conversely, the reaction is more selective for the desired f-amino acid with the highest yield (80-
83% by "H NMR) observed of all aziridines tested and only trace amounts of TsNH, (5-10%) generated.
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ppm. LRMS (ESI): 597 (2M—H), 298 (M—H). Spectroscopic data for 2d match those previously

reported in the literature.®

NHTs
Me CO,H

Me
4-Methyl-3-((4-methylphenyl)sulfonamido) pentanoic acid (2e): Following GP8 with a reaction
time of 7 days,” 1e (48 mg, 0.20 mmol) gave 2e (24 mg, 42%) as a white solid. In a separate
independent experiment 2e (23 mg, 40%) was isolated giving an average yield of 41%. 'H NMR
(400 MHz, CDCl3) 8 7.76 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 5.33 (d, J = 9.2 Hz, 1H), 3.40
—3.28 (m, 1H), 2.50 (dd, J = 16.2, 5.1 Hz, 1H), 2.45 — 2.38 (m, 4H), 1.83 (hept, J = 6.8 Hz, 1H),
0.83 (dd, J = 6.8, 5.8 Hz, 6H) ppm. *C NMR (101 MHz, CDCls) 5 176.8, 143.6, 137.9, 129.8, 127.3,
56.2, 36.4, 31.7, 21.7, 19.1, 18.7 ppm. LRMS (ESI): 569 (2M—H), 284 (M—H). Spectroscopic data

for 2e match those previously reported in the literature.*

NHTs
Ph._L__CO.H

3-((4-Methylphenyl)sulfonamido)-4-phenyl butanoic acid (2f): Following GP8 with a reaction
time of 3 days and the temperature maintained at 10 — 13 °C for the duration, 1f (0.29 g, 1.0 mmol)
gave 2f (0.21 g, 63%) as a white solid. In a separate independent experiment 2f (0.20 g, 60%) was
isolated giving an average yield of 62%. Note: when performing the reaction on larger scale, it is
important to ensure efficient stirring due to the non-homogenous nature of the reaction. M.P. = 103 —
106 °C. *H NMR (400 MHz, CDCl3)  7.63 (d, J = 8.3 Hz, 2H), 7.24 — 7.18 (m, 5H), 7.04 — 7.00 (m,
2H), 5.58 (d, J = 8.5 Hz, 1H), 3.84 — 3.68 (m, 1H), 2.87 (dd, J = 13.7, 7.6 Hz, 1H), 2.79 (dd, J =
13.7, 6.7 Hz, 1H), 2.56 (d, J = 5.3 Hz, 2H), 2.40 (s, 3H) ppm. *C NMR (101 MHz, CDCls) § 176.4,
143.6, 137.3, 136.9, 129.8, 129.4, 128.8, 127.1, 127.0, 51.9, 40.7, 37.9, 21.6 ppm. LRMS (ESI): 334
(M+H)*, 356 (M+Na)". Spectroscopic data for 2f match those previously reported in the literature.®’
HPLC: rac (CHIRALPAK® IC, hexane/ i-PrOH/ TFA = 75:25:0.1, 1 mL/min, 220 nm, tg= 11.839;
14.084).

v After 3 days with this hindered substrate, 27% of 2f was observed by *H NMR and 66% 1f remained. After 7 days, 41%
of 2f was observed by and 45% 1f remained. After 10 days, 42% of 2f was observed and 50% 1f still remained
suggesting the reaction had stalled and the maximum amount of 2f had been reached. Other reaction variables were
modified to try and improve the yield such as increasing the [Ni] to 20 mol%, switching to less hindered L4 and
increasing the temperature but without success.
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DAD1 C, Sig=230,10 Fief'=off (C:\CHEI\/]32\1\DAT7\\2020\MARTIN\JD\JD2-018E\ZDP-O16_lC_Hex-IPA-TFA_25_1 3.D)
mAU | 3 3
4 i S
140 i 2
120 ‘ f\
100 - " ‘ ‘ “
80 - | ‘;‘
60— |
40 ; I | | \
20 n ‘ |
] M - _ N
0o4+—— I
' y =1 J ' 1 ' l T 1 y 1 y 1 y =
25 5 7.5 10 12.5 15 17.5 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e B B |--mmmmeee |--mmmeeee |--eneee |
1 11.839 BB 0.3728 3899.17773 160.85664 49.9536
2 14.084 BB 0.4482 3906.41431 134.74947 50.0464
Totals : 7805.59204 295.60611
NHTs
Pf1\\///¥\\//(:()2H

(S)-3-((4-Methylphenyl)sulfonamido)-4-phenyl butanoic acid (7): Following GP8 with a reaction
time of 3 days, (S)-1f (57 mg, 0.20 mmol) gave 7 (47 mg, 70%) as a white solid. *H NMR (400
MHz, CDCls) & 7.63 (d, J = 8.3 Hz, 2H), 7.24 — 7.18 (m, 5H), 7.04 — 7.00 (m, 2H), 5.58 (d, J = 8.5
Hz, 1H), 3.84 — 3.68 (m, 1H), 2.87 (dd, J = 13.7, 7.6 Hz, 1H), 2.79 (dd, J = 13.7, 6.7 Hz, 1H), 2.56
(d, J = 5.3 Hz, 2H), 2.40 (s, 3H) ppm. *C NMR (101 MHz, CDCls) & 176.4, 143.6, 137.3, 136.9,
129.8, 129.4, 128.8, 127.1, 127.0, 51.9, 40.7, 37.9, 21.6 ppm. Spectroscopic data for 7 match those
previously reported in the literature.’” HPLC: rac (CHIRALPAK® IC, hexane/ i-PrOH/
TFA =75:25:0.1, 1 mL/min, 220 nm, tg= 14.043).

e —y —-- -

DAD1 C, Sig=230,10 Ref=off (C:\CHEM32\1\DATA\2020\MARTIN\UD\JD2-018E\JD2-018E_IC_Hex-IPA-TFA_25_03.D)
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400 |
4 I
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300 - “
200 |

100 -
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.043 BB 0.4473 1.40904e4  487.42010 100.0000

Totals : 1.40904e4  487.42010

HN \ NHTs
@J\)\/C(JzH

4-(1H-1Indol-3-yl)-3-((4-methylphenyl)sulfonamido) butanoic acid (2g): Following GP8 with a
reaction time of 6 days," 1g (65 mg, 0.20 mmol) gave 2g (39 mg, 52%) as a pink solid. In a separate
independent experiment 2g (40 mg, 54%) was isolated giving an average yield of 53%. M.P: 178-
180 °C. *H NMR (400 MHz, MeOD)"" § 7.40 — 7.36 (m, 2H), 7.34 (dt, J = 8.0, 1.0 Hz, 1H), 7.24 (dt,
J=8.2,0.9 Hz, 1H), 7.04 (ddd, J = 8.1, 7.0, 1.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 2H), 6.93 (s, 1H), 6.89
(ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 3.82 (tt, J = 7.7, 5.4 Hz, 1H), 2.94 (dd, J = 14.4, 5.7 Hz, 1H), 2.74
(dd, J =14.3, 7.9 Hz, 1H), 2.60 (dd, J = 15.9, 5.1 Hz, 1H), 2.48 (dd, J = 15.9, 7.7 Hz, 1H), 2.27 (s,
3H). *C NMR (101 MHz, MeOD) & 144.0, 138.7, 138.1, 130.1, 128.5, 127.6, 124.5, 122.2, 119.6,
119.3, 112.2, 111.5, 52.6, 41.3, 31.7, 21.5. IR (neat, cm™): 3410, 3276, 3055, 2922, 1707, 1598,
1457, 1419, 1317, 1290, 1150, 1088, 1019. HRMS calcd. for (C19H19N,0,4S) [M-H] : 371.1071
found 371.1073.

TsO
NHTs
COyH

3-((4-Methylphenyl)sulfonamido)-4-(4-(tosyloxy)phenyl) butanoic acid (2h): Following GP8
with a reaction time of 7 days,"" 1h (92 mg, 0.20 mmol) gave 2h (44 mg, 44%) as a white solid. In a
separate independent experiment 2h (38 mg, 38%) was isolated giving an average yield of 41%. *H
NMR (400 MHz, CDCls) & 7.68 (d, J = 8.0 Hz, 2H), 7.57 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 8.0 Hz,
2H), 7.21 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.1 Hz, 2H), 6.79 (d, J = 8.1 Hz, 2H), 5.62 (d, J = 8.8 Hz,
1H), 3.69 (h, J = 7.1 Hz, 1H), 2.82 (dd, J = 13.8, 7.0 Hz, 1H), 2.74 (dd, J = 13.9, 7.3 Hz, 1H), 2.60 —
2.44 (m, 2H), 2.44 (s, 3H), 2.40 (s, 3H) ppm. **C NMR (101 MHz, CD,Cl,) & 176.2, 148.9, 146.2,
144.2, 137.6, 136.5, 132.6, 130.8, 130.3, 130.1, 128.8, 127.2, 122.8, 52.1, 40.3, 38.5, 21.8, 21.6. ppm

¥ A shorter reaction time was not attempted in this case but trace 1g was observed in the crude *H NMR suggesting that
the prolonged reaction time was necessary. The free indole may coordinate to Ni and slow the rate of reaction.

" The NH indole and NHTSs signals were not observed in MeOD.

Vil After a 4 day reaction, 28% of 2h was observed by "H NMR and 27% 1h remained. Therefore, a prolonged reaction
time was used to maximize the yield. Many trace by-products were observed in this reaction but were not identified.
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IR (neat, cm™): 3590, 3366, 3290, 3239, 2929, 1728, 1701, 1598, 1502, 1416, 1374, 1318, 1300,
1199, 1175, 1152, 1093, 1071, 1019. HRMS calcd. for (C24H24NO7S;) [M—-H] : 502.1000 found
502.0986.

NHTs
MeO,C COH
6-Methoxy-3-((4-methylphenyl)sulfonamido)-6-oxo hexanoic acid (2i): Following GP8 with a
reaction time of 3 days, 1i 57 mg, 0.20 mmol) gave 2i (37 mg, 56%) as a white solid. In a separate
independent experiment 2i (33 mg, 50%) was isolated giving an average yield of 53%. M.P: 108 —
108 °C. *H NMR (500 MHz, CDCl3) § 7.77 — 7.71 (m, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.69 (d, J = 9.3
Hz, 1H), 3.63 (s, 3H), 3.57 (tq, J = 9.5, 5.0 Hz, 1H), 2.45 (dd, J = 7.5, 4.9 Hz, 2H), 2.42 (s, 3H), 2.32
(t, J = 7.1 Hz, 2H), 1.91 — 1.76 (m, 2H) ppm. *C NMR (101 MHz, CDCl3) § 175.7, 174.0, 143.8,
137.8,129.9, 127.1, 52.0, 50.1, 38.7, 30.4, 29.4, 21.7 ppm. IR (neat, cm™): 3289, 2964, 2931, 1711,
1598, 1436, 1417, 1342, 1327, 1255, 1232, 1192, 1157, 1080. HRMS calcd. for (C14H1sNOgS) [M—

H] : 328.0860 found 328.0860.

NHTs
Cle_~_A_COM

6-Chloro-3-((4-methylphenyl)sulfonamido) hexanoic acid (2j): Following GP8 with a reaction
time of 3 days, 1j (55 mg, 0.20 mmol) gave 2j (33 mg, 52%) as a white solid. In a separate
independent experiment 2j (38 mg, 58%) was isolated giving an average yield of 55%. M.P. =118 —
121 °C. *H NMR (400 MHz, CDCls) § 7.78 — 7.73 (m, 2H), 7.34 — 7.29 (m, 2H), 5.42 (d, J = 9.5 Hz,
1H), 3.58 — 3.50 (m, 1H), 3.49 — 3.39 (m, 2H), 2.46 (d, J = 4.9 Hz, 2H), 2.43 (s, 3H), 1.84 — 1.62 (m,
4H) ppm. °C NMR (101 MHz, CDCls) 6 176.0, 143.9, 137.8, 130.0, 127.1, 49.9, 44.4, 38.6, 31.9,
28.9, 21.7 ppm. IR (neat, cm™): 3337, 3294, 3067, 2948, 2924, 2867, 2690, 2590, 1691, 1597, 1494,
1448, 1424, 1327, 1307, 1156, 1086, 1023, 984, 938, 903, 815, 729, 663, 580, 545, 514. HRMS
calcd. for (C13H17CINO,4S) [M-H] : 318.0572 found 318.0571.

NHTs

o CO,H
7-Chloro-3-((4-methylphenyl)sulfonamido) heptanoic acid (2k): Following GP8 with a reaction
time of 3 days, 1k (57 mg, 0.20 mmol) gave 2k (48 mg, 72%) as a white solid. In a separate
independent experiment 2k (45 mg, 67%) was isolated giving an average yield of 70%. M.P. =78 —

80 °C. 'H NMR (400 MHz, CDCls) & 9.02 (s, br, 1H), 7.75 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz,
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2H), 5.56 (d, J = 9.1 Hz, 1H), 3.51 (q, J = 7.0, 6.5 Hz, 1H), 3.37 (t, J = 6.6 Hz, 2H), 2.56 — 2.45 (m,
2H), 2.41 (s, 3H), 1.59 (p, J = 7.1 Hz, 2H), 1.55 — 1.45 (m, 2H), 1.44 — 1.29 (m, 1H), 1.29 — 1.15 (m,
1H) ppm. **C NMR (101 MHz, CDCl3) 6 176.4, 143.8, 137.8, 129.9, 127.2, 50.3, 44.7, 38.9, 33.9,
31.9, 23.2, 21.7 ppm. IR (neat, cm™): 3271, 2926, 2867, 1707, 1598, 1414, 1320, 1304, 1152, 1088.
HRMS calcd. for (C14H1sCINO,S) [M—H] : 332.0729 found 332.0736.

NHTs

Ph CO,H
3-((4-Methylphenyl)sulfonamido)-5-phenyl pentanoic acid (2lI): Following GP8 with a reaction
time of 3 days, 1l (60 mg, 0.20 mmol) gave 2| (48 mg, 69%) as a white solid. In a separate
independent experiment 21 (47 mg, 67%) was isolated giving an average yield of 68%. *H NMR (500
MHz, CDCl3) & 7.79 — 7.73 (m, 2H), 7.32 — 7.27 (m, 2H), 7.25 — 7.21 (m, 2H), 7.19 — 7.15 (m, 1H),
7.05-6.99 (m, 2H), 5.64 (d, J = 8.7 Hz, 1H), 3.69 — 3.46 (m, 1H), 2.60 (ddd, J = 14.0, 9.5, 6.2 Hz,
1H), 2.49 (d, J = 5.1 Hz, 2H), 2.50 — 2.43 (m, 1H), 2.42 (s, 3H), 1.90 — 1.74 (m, 2H) ppm. *C NMR
(101 MHz, CDCl3) 6 176.6, 143.8, 141.0, 138.0, 130.0, 128.7, 128.5, 127.3, 126.3, 50.3, 38.8, 36.4,
32.2, 21.8 ppm. LRMS (ESI): 693 (2M—H), 346 (M—H). Spectroscopic data for 21 match those

previously reported in the literature.*

NHTs
CO,H
Cl

5-(4-Chlorophenyl)-3-((4-methylphenyl)sulfonamido) pentanoic acid (2m): Following GP8 with
a reaction time of 3 days, 1m (67 mg, 0.20 mmol) gave 2m (40 mg, 52%) as a white solid. In a
separate independent experiment 2m 38 mg, 50%) was isolated giving an average yield of 51%. M.P.
=150 — 152 °C. "H NMR (400 MHz, MeOD) & 7.76 — 7.69 (m, 2H), 7.39 — 7.31 (m, 2H), 7.22 — 7.12
(m, 2H), 7.03 — 6.95 (m, 2H), 3.61 — 3.49 (m, 1H), 2.55 (ddd, J = 13.8, 9.8, 5.6 Hz, 1H), 2.42 (s,
3H), 2.45 — 2.34 (m, 3H), 1.76 (dddd, J = 14.3, 9.8, 6.4, 4.6 Hz, 1H), 1.62 (dddd, J = 13.9, 9.8, 8.4,
5.6 Hz, 1H) ppm. *C NMR (101 MHz, MeOD) & 174.4, 144.7, 141.5, 140.0, 132.6, 130.9, 130.8,
129.3, 128.1, 51.5, 41.0, 37.4, 32.1, 21.5 ppm. IR (neat, cm™):3310, 2922, 1695, 1491, 1466, 1444,
1408, 1322, 1305, 1285, 1206, 1151, 1089, 1013. HRMS calcd. for (C1gH19CINO,S) [M-H] :
380.0729 found 380.0725.
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NHTs
CO,H
F3C

3-((4-Methylphenyl)sulfonamido)-5-(4-(trifluoromethyl)phenyl) pentanoic acid (2n): Following
GP8 with a reaction time of 3 days, 1n (74 mg, 0.20 mmol) gave 2n (48 mg, 58%) as a white solid.
In a separate independent experiment 2n (45 mg, 54%) was isolated giving an average yield of 56%.
M.P. = 194 — 196 °C. *H NMR (400 MHz, MeOD)™ § 7.79 — 7.72 (m, 2H), 7.52 (d, J = 8.0 Hz, 2H),
7.38 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 3.65 — 3.54 (m, 1H), 2.69 (ddd, J = 14.8, 9.8, 5.5
Hz, 1H), 2.54 (ddd, J = 14.0, 9.7, 6.5 Hz, 1H), 2.44 (s, 3H), 2.39 (d, J = 1.5 Hz, 1H), 2.38 (d, J = 3.1
Hz, 1H), 1.84 (dddd, J = 14.2, 9.8, 6.5, 4.5 Hz, 1H), 1.69 (dddd, J = 14.0, 9.8, 8.5, 5.6 Hz, 1H)
ppm.**C NMR (101 MHz, MeOD) & 173.0, 146.0, 143.3, 138.7, 129.4, 128.6, 127.8 (q, J = 32.0
Hz),), 126.7, 125.8, 124.8 (g, J = 3.8 Hz), 124.5 (q, J = 270.8 Hz), 123.1, 50.1, 39.6, 35.8, 31.1, 20.1
ppm. F NMR (376 MHz, MeOD, decoupled) & -63.84 ppm. IR (neat, cm™): 3312, 2927, 1687,
1616, 1467, 1445, 1417, 1320, 1284, 1208, 1151, 1114, 1093, 1066, 1017. HRMS calcd. for
(C19H19F3NO,4S) [M-H] : 414.0992 found 414.0991.

NHTs

O CO,H
Ac I

5-(4'-Acetyl-[1,1'-biphenyl]-4-yl)-3-((4-methylphenyl)sulfonamido)  pentanoic acid  (20):
Following GP8 with a reaction time of 5 days,* 10 (84 mg, 0.20 mmol) gave 20 (45 mg, 48%) as a
white solid. In a separate independent experiment 20 (48 mg, 52%) was isolated giving an average
yield of 50%. M.P. = 180 — 182 °C. *H NMR (400 MHz, DMSO)* § 8.02 (d, J = 8.2 Hz, 2H), 7.79
(d, J=8.3 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 7.9 Hz, 2H), 7.11
(d, J =7.8 Hz, 2H), 3.56 — 3.43 (m, 1H), 2.60 (s, 3H), 2.39 (s, 3H), 2.36 — 2.26 (m, 3H), 1.75 — 1.49
(m, 2H) ppm. *H NMR (400 MHz, CDCl3) & 8.06 — 7.97 (m, 2H), 7.80 — 7.73 (m, 2H), 7.67 — 7.63
(m, 2H), 7.54 — 7.48 (m, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.18 — 7.12 (m, 2H), 5.50 (d, J = 9.4 Hz, 1H),
3.65 - 3.53 (m, 1H), 2.69 (ddd, J = 15.2, 9.5, 5.9 Hz, 1H), 2.64 (s, 3H), 2.61 — 2.51 (m, 1H), 2.49 (d,

™ The NH signal was not observed in MeOD.

X After a 3 day reaction, 47% 20 was observed by *H NMR and 15% 10 remained. Therefore, a prolonged reaction time
was used to maximize the yield. The high molecular weight allowed the accurate quantification of by-products with 26%
terminal olefin and 40% TsNH, observed along with other trace by-products.

X' The NH signal was not observed and the a-carboxylic acid protons were obscured by the DMSO-dg solvent peak. The
solubility of 20 in CDClyis very low by the *H NMR has been included for clarity.
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J = 4.8 Hz, 2H), 2.42 (s, 3H), 1.98 — 1.77 (m, 2H) ppm. *C NMR (101 MHz, DMSO) & 197.4,
172.0, 144.4, 142.5, 141.8, 138.9, 136.3, 135.4, 129.6, 128.9, 128.9, 126.8, 126.6, 126.5, 50.2, 35.8,
30.6, 26.7, 21.0 ppm. IR (neat, cm™): 3248, 2957, 2916, 1722, 1645, 1600, 1451, 1427, 1399, 1362,
1327, 1280, 1244, 1152, 1092, 1073. HRMS calcd. for (CsHasNOsS) [M—H] : 464.1537 found
414.1530.

NHTs
CO,H

~
\ NBoc

5-(4-(1-(tert-Butoxycarbonyl)-1H-pyrrol-2-yl)phenyl)-3-((4-methylphenyl)sulfonamido)
pentanoic acid (2p): Following GP8 with a reaction time of 6 days," 1p (93 mg, 0.20 mmol) gave
2p (63 mg, 61%) as a purple oil. In a separate independent experiment 2p (52 mg, 51%) was isolated
giving an average yield of 56%. *H NMR (400 MHz, CDCls) & 7.78 (d, J = 8.3 Hz, 2H), 7.33 (dd, J
=3.3,1.8 Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 6.21
(t, J=3.3 Hz, 1H), 6.15 (dd, J = 3.3, 1.8 Hz, 1H), 5.61 (d, J = 9.2 Hz, 1H), 3.65 — 3.52 (m, 1H), 2.63
(ddd, J = 15.1, 9.6, 6.0 Hz, 1H), 2.55 — 2.42 (m, 3H), 2.42 (s, 3H), 1.94 — 1.75 (m, 2H), 1.37 (s, 9H)
ppm.**C NMR (101 MHz, CDCls) & 176.3, 149.5, 143.7, 139.8, 137.9, 135.0, 132.3, 129.9, 129.3,
127.6,127.2, 122.6, 114.4, 110.7, 83.7, 50.2, 38.7, 36.3, 27.8, 21.7 ppm. IR (neat, cm™): 3275, 2890,
2930, 1709, 1394, 1370, 1310, 1256, 1144, 1092, 1074. HRMS calcd. for (C2;H31N206S) [M-H] :
511.1908 found 511.1888.

NHTs
Ph.__O._~__COH

hil
o)
6-(Benzoyloxy)-3-((4-methylphenyl)sulfonamido) hexanoic acid (2q): Following GP8 with a
reaction time of 3 days, 1q (72 mg, 0.20 mmol) gave 2q (51 mg, 62%) as a white solid. In a separate
independent experiment 2q (56 mg, 69%) was isolated giving an average yield of 66%. M.P. = 122—
124 °C. *H NMR (400 MHz, CDCls) & 8.02 — 7.94 (m, 2H), 7.75 (d, J = 8.3 Hz, 2H), 7.59 — 7.50 (m,
1H), 7.46 — 7.38 (m, 2H), 7.25 (d, J = 8.3 Hz, 2H), 6.46 (s, br, 1H), 5.71 (d, J = 4.7 Hz, 1H), 4.25 —
4.08 (m, 2H), 3.60 (s, br, 1H), 2.49 (d, J = 4.4 Hz, 1H), 2.34 (s, 3H), 1.80 — 1.56 (m, 4H) ppm. *3C

NMR (101 MHz, CDCls) & 175.5, 166.8, 143.8, 137.8, 133.1, 130.2, 129.9, 129.7, 128.5, 127.1,

X After a 3 day reaction, 40% of 2p was observed by *H NMR and 31% 1p remained. Therefore, a prolonged reaction
time was used to reach completion.
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64.3, 50.3, 38.9, 31.1, 25.3, 21.6 ppm. IR (neat, cm™): 3301, 3212, 2963, 2934, 1727, 1687, 1587,
1492, 1464, 1451, 1423, 1395, 1317, 1301, 1283, 1212, 1156, 1141, 1121, 1089, 1060, 1037. HRMS
calcd. for (CooH22NOsS) [M—H] : 404.1173 found 404.1164.

= NHTs
O Ao~ _coH

o)
6-((Furan-3-carbonyl)oxy)-3-((4-methylphenyl)sulfonamido) hexanoic acid (2r): Following GP8
with a reaction time of 3 days, 1r (70 mg, 0.20 mmol) gave 2r (49 mg, 62%) as a pale-yellow oil. In
a separate independent experiment 2r (54 mg, 68 %) was isolated giving an average yield of 65%. *H
NMR (400 MHz, CDCl3) & 7.97 (dd, J = 1.6, 0.8 Hz, 1H), 7.77 — 7.72 (m, 2H), 7.41 (t, J = 1.7 Hz,
1H), 7.30 — 7.25 (m, 2H), 6.70 (dd, J = 1.9, 0.8 Hz, 1H), 5.62 (d, J = 9.2 Hz, 1H), 4.17 — 4.06 (m,
2H), 3.63 —3.53 (m, 1H), 2.47 (d, J = 5.1 Hz, 2H), 2.38 (s, 3H), 1.78 — 1.52 (m, 4H) ppm. *C NMR
(101 MHz, CDCI5) & 176.0, 163.3, 147.9, 143.9, 143.8, 137.8, 129.9, 127.1, 119.4, 109. 9, 63.8,
50.2, 38.7, 31.1, 25.2, 21.6 ppm. IR (neat, cm™): 3270, 2958, 1708, 1598, 1406, 1305, 1152, 1090,
968, 873, 814, 765, 707, 663, 575, 548. HRMS calcd. for (C1sH20NO;S) [M-H] : 394.0966 found
394.0983.

NHTs

/©/O\/\)\/COZH
MeO,C

6-(4-(Methoxycarbonyl)phenoxy)-3-((4-methylphenyl)sulfonamido)  hexanoic  acid  (29):
Following GP8 with a reaction time of 3 days, 1s (78 mg, 0.20 mmol) gave 2s (41 mg, 47%) as a
white solid. In a separate independent experiment 2s (43 mg, 48%) was isolated giving an average
yield of 48%. M.P: 122-124 °C. *H NMR (400 MHz, CDCl3) & 8.01 — 7.92 (m, 2H), 7.79 — 7.71 (m,
2H), 7.27 (d, J = 7.5 Hz, 2H), 6.87 — 6.79 (m, 2H), 5.53 (d, J = 8.0 Hz, 1H), 3.92 — 3.83 (m, 5H),
3.59 (s, br, 1H), 2.50 (dd, J = 5.0, 2.2 Hz, 2H), 2.38 (s, 3H), 1.85 — 1.64 (m, 4H). **C NMR (101
MHz, CDCl3) 6 176.0, 167.1, 162.7, 143.8, 137.9, 131.7, 129.9, 127.2, 122.8, 114.2, 67.3, 52.1, 50.2,
38.7, 31.3, 25.6, 21.7. IR (neat, cm'l):3187, 2955, 2874, 1713, 1607, 1511, 1434, 1280, 1259, 1193,
1153, 1091, 1935. HRMS calcd. for (C,1H24NO;S) [M—H] : 434.1279 found 434.1286.
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NHTs

F

6-(4-Fluorophenoxy)-3-((4-methylphenyl)sulfonamido) hexanoic acid (2t): Following GP8 with a
reaction time of 3 days, 1t (70 mg, 0.20 mmol) gave 2t (49 mg, 62%) as a white solid. In a separate
independent experiment 2t (52 mg, 66%) was isolated giving an average yield of 64%. M.P: 93-94
°C. 'H NMR (400 MHz, CDCls) & 8.92 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H),
6.99 — 6.89 (m, 2H), 6.75 (m, 2H), 5.62 (d, J = 9.0 Hz, 1H), 3.78 (t, J = 5.1 Hz, 2H), 3.58 (m, 1H),
2.59 — 2.43 (m, 2H), 2.39 (s, 3H), 1.79 — 1.58 (m, 4H) ppm. *C NMR (101 MHz, CDCl3) 5 176.5,
157.4 (d, J = 238.3 Hz), 154.9 (d, J = 2.1 Hz), 143.8, 137.8, 129.9, 127.2, 115.9 (d, J = 23.0 Hz),
115.5 (d, J = 7.9 Hz), 67.8, 50.3, 38.9, 31.3, 25.7, 21.6 ppm. °F NMR (376 MHz, CDCl3) § -123.99
(tt, J = 8.4, 4.3 Hz) ppm. IR (neat, cm™): 3325, 3288, 2926, 2872, 1696, 1598, 1506, 1465, 1435,
1419, 1332, 1295, 1256, 1155, 1092, 1038. HRMS calcd. for (CigH2:FNOsS) [M-H]: 394.1130
found 392.1138.

NHTs

/@/o\/\)\/COZH
NC

6-(4-Cyanophenoxy)-3-((4-methylphenyl)sulfonamido) hexanoic acid (2u): Following GP8 with
a reaction time of 6 days,“" 1u (71 mg, 0.20 mmol) gave 2u (32 mg, 40%) as a white solid. In a
separate independent experiment 2u (34 mg, 42%) was isolated giving an average yield of 41%.
M.P: 150-152 °C. *H NMR (400 MHz, CDCls3) § 7.75 (d, J = 8.2 Hz, 2H), 7.56 (m, 2H), 7.29 (d, J =
8.1 Hz, 2H), 6.90 — 6.85 (m, 2H), 5.44 (d, J = 9.3 Hz, 1H), 3.93 — 3.89 (m, 2H), 3.59 (m, 1H), 2.48
(d, J = 1.6 Hz, 1H), 2.46 (d, J = 2.4 Hz, 1H), 2.40 (s, 3H), 1.83 (m, 1H), 1.72 (m, 3H) ppm. °C
NMR (101 MHz, CDCI)™ § 175.3, 162.2, 143.9, 137.9, 134.2, 130.0, 127.2, 119.3, 115.3, 104.2,
67.5, 50.2, 38.4, 31.3, 25.6, 21.7 ppm. **C NMR (101 MHz, CD;0D) & 174.4, 163.9, 144.7, 139.9,
135.1, 130.7, 128.0, 116.5, 104.5, 68.8, 51.5, 41.2, 32.2, 26.2, 21.4. IR (neat, cm™): 3265, 2921,
2215, 1712, 1605, 1574, 1508, 1450, 1404, 1302, 1259, 1172, 1152, 1095, 1022. HRMS calcd. for
(C20H21N205S) [M-H] : 401.1177 found 401.1183

X After a 3 day reaction, 34% of 2u was observed by "H NMR and 25% 1u remained. Therefore, a prolonged reaction
time was used to maximize the yield.
¥ The solubility of 2u in CDCl; is low so the *C NMR in CD50D has also been provided.
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NHTs
HO o~~~ _COH

12-Hydroxy-3-((4-methylphenyl)sulfonamido) dodecanoic acid (2v): Following GP8 with a
reaction time of 6 days,™ 1v (62 ul, 0.20 mmol) gave 2v (49 mg, 64%) as a white solid. In a separate
independent experiment 2v (50 mg, 65%) was isolated giving an average yield of 65%. M.P.: 85-86
°C. 'H NMR (400 MHz, CDCls) § 7.78 — 7.71 (m, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.50 (d, J = 9.0 Hz,
1H), 5.38 (s, br, 2H), 3.63 (t, J = 6.6 Hz, 2H), 3.57 — 3.44 (m, 1H), 2.52 — 2.35 (m, 5H), 1.60 — 1.48
(m, 2H), 1.46 (q, J = 7.1 Hz, 2H), 1.37 — 1.04 (m, 13H) ppm. *C NMR (101 MHz, CDCl3) & 175.5,
1435, 138.1, 129.8, 127.2, 63.1, 50.6, 38.8, 34.6, 32.5, 29.3, 29.2, 29.1, 28.9, 25.7, 25.6, 21.7 ppm.
IR (neat, cm™): 3467, 3310, 2918, 2854, 1707, 1430, 1333, 1298, 1258, 1157, 1136, 1094, 1040,
1004. HRMS calcd. for (C19H30NOsS) [M—H] : 384.1850 found 384.1842.

NHTs

TS0 CO,H
33-((4-Methylphenyl)sulfonamido)-7-(tosyloxy) heptanoic acid (2w): Following GP8 with a
reaction time of 3 days, 1w (85 mg, 0.20 mmol) gave 2w (40 mg, 43%) as a colourless oil. In a
separate independent experiment 2w (36 mg, 38%) was isolated giving an average yield of 41%. 'H
NMR (400 MHz, CDCl3) & 7.80 — 7.74 (m, 2H), 7.74 — 7.69 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.29
(d, J =8.0 Hz, 2H), 6.75 (s, br, 1H), 5.47 (d, J = 9.1 Hz, 1H), 3.96 — 3.83 (m, 2H), 3.46 (tq, J = 9.9,
5.6 Hz, 1H), 2.51 — 2.39 (m, 7H), 1.56 — 1.38 (m, 4H), 1.37 — 1.21 (m, 1H), 1.23 — 1.08 (m, 1H)
ppm. *C NMR (101 MHz, CDCls) & 176.0, 145.0, 143.8, 137.8, 133.1, 130.0, 129.9, 128.0, 127.1,
70.2, 50.4, 38.7, 33.9, 28.3, 21.8, 21.8, 21.6 ppm. IR (neat, cm™): 3278, 2926, 1709, 1598, 1422,

1326, 1173, 1154, 1092. HRMS calcd. for (C21H26NO7S,) [M—H] : 468.1156 found 468.1157.

NHTs
NC._~__COH

6-Cyano-3-((4-methylphenyl)sulfonamido) hexanoic acid (2x): Following GP8 with a reaction
time of 6 days,* 1x (53 mg, 0.20 mmol) gave 2x (31 mg, 50%) as a white solid. In a separate
independent experiment 2x (35 mg, 55%) was isolated giving an average yield of 53%. M.P.: 90-92
°C. 'H NMR (400 MHz, CDCl3) § 7.75 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 6.61 (s, br, 1H),
5.72 (d, J = 9.3 Hz, 1H), 3.58 — 3.48 (m, 1H), 2.45 — 2.39 (m, 5H), 2.32 — 2.24 (m, 2H), 1.75 — 1.48

* In this case a shorter reaction was not carried out but trace 1v (7%) observed in the crude *H NMR suggested that the
prolonged reaction time was necessary.

I A shorter reaction was not carried out but trace 1x (3%) observed in the crude *H NMR suggested that the prolonged
reaction time was necessary. In this case, the cyano group may coordinate to Ni and slow the reaction.
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(m, 4H) ppm. *C NMR (101 MHz, CDCls) & 175.5, 144.1, 137.7, 130.1, 127.1, 119.4, 49.7, 38.7,
33.4,21.9, 21.7, 16.7 ppm. IR (neat, cm™): 3302, 2947, 2924, 2244, 1704, 1597, 1426, 1350, 1324,
1206, 1154, 1090, 1070, 1013. HRMS calcd. for (C14H17N204S) [M—H] : 309.0915 found 309.0916.

NHTs
EtOZC/\/\/\/\)VCOZH

12-Ethoxy-3-((4-methylphenyl)sulfonamido)-12-oxo dodecanoic acid (2y): Following GP8 with a
reaction time of 3 days, 1y (70 ul, 0.20 mmol) gave 2y (59 mg, 69%) as a white solid. In a separate
independent experiment 2y (60 mg, 70%) was isolated giving an average yield of 70%. M.P.: 106 —
109 °C. *H NMR (400 MHz, CDCls) § 7.80 — 7.71 (m, 2H), 7.29 (d, J = 8.3 Hz, 2H), 5.38 (d, J = 7.8
Hz, 1H), 4.12 (g, J = 7.1 Hz, 2H), 3.56 — 3.43 (m, 1H), 2.47 (dd, J = 5.2, 3.1 Hz, 2H), 2.41 (s, 3H),
2.27 (t, J = 7.5 Hz, 2H), 1.58 (apparent p, J = 7.5 Hz, 2H), 1.46 (d, J = 7.2 Hz, 2H), 1.24 (t, J = 7.1
Hz, 3H), 1.30 — 1.06 (m, 10H) ppm. *C NMR (101 MHz, CDCls) & 176.26, 174.2, 143.6, 138.0,
129.8, 127.2, 60.4, 50.5, 38.8, 34.6, 34.5, 29.2, 29.1, 29.1, 29.0, 25.8, 25.0, 21.6, 14.4 ppm. IR (neat,
cm™): 3271, 2937, 2859, 1703, 1597, 1451, 1422, 1329, 1290, 1258, 1188, 1156, 1093, 1004. HRMS
calcd. for (C21H32NOgS) [M—H] : 426.1956 found 426.1961.

NHTs NHTs
CO,H wCOoH

2-((4-Methylphenyl)sulfonamido)cyclohexane-1-carboxylic acid (2z): Following GP8 with a
reaction time of 10 days™", 1z (50 mg, 0.20 mmol) gave 2z (25 mg, 42%, d.r. 1:0.9 cis:trans) as a
white solid. In a separate independent experiment 1z (56 mg, 0.22 mmol) gave 2z (25 mg, 38%) was
isolated giving an average yield of 40%. H NMR (400 MHz, CDCls, diastereomers) & 7.79 — 7.72
(m, 2H), 7.33 — 7.24 (m, 2H), 5.89 (d, J = 9.4 Hz, 0.55H), 5.17 (d, J = 8.0 Hz, 0.45H), 3.48 — 3.30
(m, 1H), 2.75 (q, J = 4.7 Hz, 0.55H), 2.42 (s, 1.65H), 2.40 (s, 1.35H), 2.32 (ddd, J = 11.3, 10.2, 3.8
Hz, 0.45H), 2.10 — 2.01 (m, 0.55H), 2.01 — 1.92 (m, 1H), 1.83 — 1.71 (m, 0.55H), 1.71 — 1.61 (m,
1.45H), 1.60 — 1.41 (m, 2H), 1.37 — 1.14 (m, 2.45H).”*C NMR (101 MHz, CDCls, diastereomers)™""
& 178.8™, 178.5M, 143.5™, 143.5M, 138.4™ 138.0™, 129.9", 129.7", 127.3", 127.0M, 54.0", 52.5",
49.6™, 45.1M, 33.2™ 29.9M 28.7™ 27.4M 24.4™ 24.1M 24.1™ 22.2M 21.7™ 21.7M. LRMS (ESI):

il After a 7 day reaction, ~30% of 2z was observed by *H NMR and 40% 1z remained. After a 10 day reaction, ~40% of
2z was observed and 25% 1z remained. A 14 day reaction was also performed; no crude NMR was taken but the isolated
yield of 2z was again 42%. Other reaction variables were modified to improve the yield such as switching to less
hindered L4 and increasing the temperature but without success.

X Major (M) and minor (m) isomers have been assigned.

S43



594 (2M-H), 410 (M+TFA"), 296 (M-H). Spectroscopic data for 2z match those previously reported

in the literature.**

CO,H
Et 2

3-((4-Methoxyphenyl)sulfonamido) pentanoic acid (2aa): Following GP8 with a reaction time of
5 days,™ 1aa (40 pl, 0.20 mmol) gave 2aa (38 mg, 66%) as a white solid. In a separate independent
experiment 2aa (41 mg, 73%) was isolated giving an average yield of 70%. M.P.: 104-106 °C. *H
NMR (400 MHz, CDCls) & 8.58 (s, 1H), 7.93 — 7.74 (m, 2H), 7.09 — 6.83 (m, 2H), 5.42 (d, J = 8.2
Hz, 1H), 3.85 (s, 3H), 3.56 — 3.33 (m, 1H), 2.47 (m, 2H), 1.53 (p, J = 7.2 Hz, 2H), 0.80 (t, J = 7.2
Hz, 3H) ppm. *C NMR (126 MHz, CDCls) § 176.7, 163.0, 132.5, 129.3, 114.4, 55.7, 52.1, 38.6,
27.8,10.4 ppm. IR (neat, cm™): 3278, 2974, 2918, 1709, 1596, 1579, 1497, 1455, 1433, 1412, 1314,
1299, 1284, 1260, 1192, 1144, 1121, 1096, 1073, 1038, 1016. HRMS calcd. for (C1,H16NOsS) [M—
H]: 286.0755 found 286.0757.

NHTs

Et CO5H
3-((4-Methylphenyl)sulfonamido) pentanoic acid (2ab): Following GP8 with a reaction time of 3
days, lab (39 ul, 0.20 mmol) gave 2ab (39 mg, 73%) as a white solid. In a separate independent
experiment 2ab (41 mg, 77%) was isolated giving an average yield of 75%. *H NMR (500 MHz,
CDCl3) 6 7.75 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 5.41 (s, br, 1H), 3.46 (s, br, 1H), 2.56 —
2.41 (m, 2H), 2.41 (s, 3H), 1.52 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H) ppm. *C NMR (126 MHz, CDCls)
0 176.8, 143.6, 138.0, 129.8, 127.2, 52.1, 38.6, 27.7, 21.6, 10.4 ppm. LRMS (ESI): 541 (2M-H), 270

(M—H). Spectroscopic data for 2ab match those previously reported in the literature.*’

X After a 3 day reaction, ~67% of 2aa was observed by *H NMR and 18% 1aa remained. Therefore, a prolonged
reaction time was used to reach completion.
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_S OMe

HN" g

Et CO,H
3-((3-Methoxyphenyl)sulfonamido) pentanoic acid (2ac): Following GP8 with a reaction time of 5
days,” 1ac (48 mg, 0.20 mmol) gave 2ac (33 mg, 57%) as a white solid. In a separate independent
experiment 2ac (34 mg, 59%) was isolated giving an average vyield of 58%. M.P.: 89 — 91 °C. H
NMR (500 MHz, CDCls) & 8.35 (s, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.43 — 7.37 (m, 2H), 7.09 (dd, J =
8.5, 2.6 Hz, 1H), 5.45 (d, J = 9.0 Hz, 1H), 3.84 (s, 3H), 3.50 (q, J = 7.0 Hz, 1H), 2.54 — 2.41 (m,
2H), 1.54 (p, J = 7.3 Hz, 2H), 0.81 (t, J = 7.4 Hz, 3H) ppm. *C NMR (126 MHz, CDCl3) & 176.7,
160.1, 142.1, 130.3, 119.3, 119.3, 111.8, 55.8, 52.2, 38.5, 27.8, 10.4 ppm. IR (neat, cm'l): 3230,
2975, 2945, 1704, 1595, 1581, 1475, 1427, 1333, 1283, 1237, 1155, 1035. HRMS calcd. for

(C1oH16NOsS) [M—H] : 286.0755 found 286.0754.

F
o I
HN/S\\O

Et CO5H
3-((4-Fluorophenyl)sulfonamido) pentanoic acid (2ad): Following GP8 with a reaction time of 3
days, lad (36 ul, 0.20 mmol) gave 2ad (25 mg, 45%) as a white solid. In a separate independent
experiment 2ad (26 mg, 47%) was isolated giving an average yield of 46%. M.P.: 97 — 99 °C. 'H
NMR (400 MHz, CDCls3) & 8.00 — 7.83 (m, 2H), 7.22 — 7.12 (m, 2H), 5.50 (d, J = 9.0 Hz, 1H), 3.59
—3.38 (m, 1H), 2.50 (d, J = 5.4 Hz, 2H), 1.54 (p, J = 7.3 Hz, 2H), 0.79 (t, J = 7.4 Hz, 3H) ppm. **C
NMR (101 MHz, CDCls) **C NMR (101 MHz, CDCls) § 176.6, 165.2 (d, J = 254.7 Hz), 137.1 (d, J
= 3.3 Hz), 129.9 (d, J = 9.2 Hz), 116.4 (d, J = 22.5 Hz), 52.3, 38.7, 27.9, 10.4. *F NMR (376 MHz,
CDCl3) 6 -105.31 (it, J = 8.6, 4.9 Hz) ppm. IR (neat, cm™): 3206, 2980, 2960, 2925, 1695, 1593,
1496, 1451, 1430, 1407, 1332, 1289, 1238, 1152, 1117, 1091, 1070, 1034, 1011. HRMS calcd. for

(C11H13FNO4S) [M—H]: 274.0555 found 274.0544.

** A shorter reaction was not carried out but trace 1ac (10%) observed in the crude NMR suggested that the prolonged
reaction time was necessary.
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CF;
HN /S\\O
Et)\/COZH

3-((4-(Trifluoromethyl)phenyl)sulfonamido) pentanoic acid (2ae): Following GP8 with a reaction
time of 5 days,® lae (43 pul, 0.20 mmol) gave 2ae (14 mg, 22%) as a white solid. In a separate
independent experiment 2ae (15 mg, 23%) was isolated giving an average yield of 23%. M.P.:
100-102 °C. *H NMR (400 MHz, CDCls) & 8.01 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H), 6.25
(s, br, 1H), 5.48 (d, J = 9.1 Hz, 1H), 3.60 — 3.47 (m, 1H), 2.52 (d, J = 5.2 Hz, 2H), 1.57 (p, J = 7.3
Hz, 2H ), 0.81 (t, J = 7.4 Hz, 3H) ppm. *C NMR (101 MHz, CDCls) & 176.4, 144.7, 134.51 (q, J =
33.1 Hz), 127.7, 126.39 (q, J = 3.8 Hz), 123.36 (q, J = 273.1 Hz), 52.5, 38.5, 28.0, 10.5 ppm. *°F
NMR (376 MHz, CDCls) & -63.2. IR (neat, cm™):3300, 2968, 2918, 1699, 1422, 1406, 1320, 1292,
1160, 1127, 1109, 1093, 1061, 1026 . HRMS calcd. for (C12H13F3sNO4S) [M—H]: 324.0523 found
324.0522.

<O NHTs
o CO,H

4-(Benzo[d][1,3]dioxol-5-yl)-3-((4-methylphenyl)sulfonamido) butanoic acid (2af): Following
GP8 with a reaction time of 5 days,*" 1af (66 mg, 0.20 mmol) gave 2af (45 mg, 60%) as a colorless
solid. In a separate independent experiment 2af (48 mg, 64%) was isolated giving an average yield
of 62%. M.P. = 113 — 116 °C. 'H NMR (400 MHz, CDCls) & 7.64 — 7.59 (m, 2H), 7.25 — 7.21 (m,
2H), 6.64 (d, J = 7.8 Hz, 1H), 6.50 — 6.42 (m, 2H), 5.93 — 5.90 (m, 2H), 5.40 — 5.10 (br. s., 1H), 3.72
—3.62 (s, 1H), 2.78 (dd, J = 13.8, 7.1 Hz, 1H), 2.68 (dd, J = 13.8, 7.2 Hz, 1H), 2.58 (dd, J = 5.3, 2.6
Hz, 2H), 2.41 (s, 3H) ppm. *C NMR (101 MHz, CDCls) 5 175.7, 148.0, 146.7, 143.6, 137.2, 130.5,
129.7, 127.2, 122.5, 109.5, 108.5, 101.1, 52.0, 40.4, 38.0, 21.7 ppm. IR (neat, cm™): 3315, 2917,
2635, 1710, 1599, 1501, 1491, 1445, 1407, 1326, 1293, 1248, 1232, 1192, 1157, 1088, 1065, 1031,
927, 859, 806, 665, 583, 569, 546. HRMS calcd. for (C1gH1sNNaOgS) [M+Na]*: 400.0831 found
400.0821.

! After a 3 day reaction, 16% of 2ae was observed by *H NMR and 12% 1ae remained.
*! A shorter reaction was not carried out but trace 1af (5%) observed in the crude NMR suggested that the prolonged
reaction time was necessary. 25% TsNH, was also observed.
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<O NHTs
o *CO,H

4-(Benzo[d][1,3]dioxol-5-yl)-3-((4-methylphenyl)sulfonamido) butanoic-1-*C acid (2af-*C):
Following a modified GP8, to laf (66 mg, 0.20 mmol) and other solid reagents in a Schlenk tube
under a flow of N, was added dry DMPU (0.50 ml, 0.40 M), MeOH (40 ul, 5.0 equiv.) and then
frozen with liquid nitrogen. 3 x vacuum (<1 mbar)/ **CO, cycles were then performed using the
head-space volume between the gas canister and valve filled with **CO, for each addition. The
Schlenk tube was then sealed, warmed to 10 °C and stirred for 5 days, giving 2af-*C (47 mg, 63%)
as a white solid. *H NMR (400 MHz, CDCls) § 9.42 (s, br, 1H), 7.61 (d, J = 8.3 Hz, 2H), 7.22 (d, J =
8.0 Hz, 2H), 6.62 (d, J = 7.8 Hz, 1H), 6.50 — 6.42 (m, 2H), 5.96 — 5.86 (m, 2H), 5.46 (s, br, 1H), 3.76
—3.61 (m, 1H), 2.76 (dd, J = 13.9, 7.0 Hz, 1H), 2.67 (dd, J = 13.9, 7.3 Hz, 1H), 2.63 — 2.49 (m, 2H),
2.40 (s, 3H) ppm."*C NMR (101 MHz, CDCls) & 176.6 (**C), 147.9, 146.6, 143.6, 137.2, 130.5,
129.7, 127.1, 122.5, 109.5, 108.4, 101.1, 52.0, 40.4, 38.6, 38.0, 21.6 ppm. Spectroscopic data for

2af-"3C match that of the non-labelled analogue.

NHTs
CO,H

F
3-((4-Methylphenyl)sulfonamido)-4-(2,4,5-trifluorophenyl) butanoic acid (2ag): Following GP8
with a reaction time of 5 days, " 1ag (68 mg, 0.20 mmol) gave 2ag (29 mg, 37%) as a white solid.
In a separate independent experiment 2ag (30 mg, 39%) was isolated giving an average yield of
38%. M.P. = 142 — 145 °C. *H NMR (400 MHz, CDCl3) § 7.57 — 7.52 (m, 2H), 7.21 — 7.16 (m, 2H),
6.83 - 6.67 (m, 2H), 5.48 (d, J = 9.4 Hz, 1H), 3.77 — 3.67 (m, 1H), 2.88 — 2.71 (m, 3H), 2.63 (dd, J =
17.1, 4.0 Hz, 1H), 2.41 (s, 3H) ppm. **C NMR (101 MHz, DMSO-d) 5 171.6, 142.3, 138.3, 129.3,
126.0, 121.6 (d, J = 18.6 Hz), 119.4 (dd, J = 19.4, 6.1 Hz), 105.4 (dd, J = 29.0, 20.9 Hz), 50.7, 40.8,
33.0, 20.9. °F (367 MHz, DMSO-dg) & -118.7 (ddt, J = 15.8, 10.1, 5.0 Hz), -137.2 (dtd, J = 23.5,
10.9, 10.2, 3.6 Hz), -144.2 (dddd, J = 22.5, 15.4, 11.2, 6.9 Hz) ppm. IR (neat, cm'l): 3241, 3058,
2926, 2698, 2590, 1696, 1633, 1599, 1518, 1424, 1328, 1241, 1218, 1200,1155, 1097, 1083, 1068,
964, 917, 880, 845, 835, 813, 755, 708, 654, 586, 547, 514, 483. HRMS calcd. for (C17H15F3NO,S)
[M-H]: 386.0679 found 386.0676.

il After a 5 day reaction: 15% lag was observed in the crude NMR along with 20% TsNH, Accurate quantification of
2ag was not possible because of its' low solubility in CDCls. Increasing the reaction time to 7 days did not improve the
yield in this case.
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HNTs O

CF;
4-Methyl-N-(4-ox0-4-(3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl)-1-
(2,4,5-trifluorophenyl)butan-2-yl) benzenesulfonamide (3): Formally following literature
procedure,® to a solution of 3-(trifluoromethyl)-5,6,7,8-tetrahydro-[1,2,4]triazolo[4,3-a]pyrazin-7-
ium chloride (15 mg, 0.080 mmol), EDC.HCI (28 mg, 0.14 mmol) and DMAP (35 mg, 0.29 mmol)
in CH,CI; (2.0 ml) was added drop wise a solution of 2ag (28 mg, 0.070 mmol) in CH,Cl, (2.0 ml)
and the resulting mixture was stirred at room temperature overnight. The reaction was quenched with
4.0 M HCI and acidified to pH = 1. The aqueous phase was extracted with CH,Cl,. The combined
organic fractions were dried (MgSQ,), filtered and concentrated. The crude material was purified by
column chromatography on silica gel (CH,Cl,: MeOH 99:1 —97:3) to afford 3 as a white solid (30
mg, 74%). The product appears as a mixture of rotamers (~1:1) at RT. M.P. = 204 — 207 °C. H
NMR (400 MHz, CD3sCN) & 7.47 — 7.39 (m, 2H), 7.20 — 7.14 (m, 2H), 7.01 — 6.89 (m, 1H), 6.88 —
6.75 (m, 1H), 5.95 — 5.85 (m, 1H), 4.89 — 4.75 (m, 2H), 4.03 — 3.70 (m, 3H), 2.84 — 2.59 (m, 4H),
2.35 (s, 3H) ppm. *H NMR (500 MHz, DMSO-dg, T = 115 °C)*" § 7.52 — 7.43 (m, 2H), 7.33 (s, br,
1H), 7.20 (d, J = 8.0 Hz, 2H), 7.15 (ddd, J = 11.4, 9.2, 6.9 Hz, 1H), 7.09 (ddd, J = 10.9, 9.6, 6.8 Hz,
1H), 4.84 (s, 2H), 4.17 (m, 2H), 3.92 (t, J = 5.5 Hz, 2H), 3.86 (m, 1H), 2.83 (dd, J = 14.0, 5.1 Hz,
1H), 2.75 — 2.67 (m, 2H), 2.64 (dd, J = 15.5, 6.9 Hz, 1H), 2.34 (s, 3H) ppm. *C NMR (126 MHz,
DMSO-ds, T = 115 °C) 8 168.5, 155.3 (ddd, J = 243.5, 9.9, 2.4 Hz), 150.2, 147.6 (ddd, J = 247.1,
14.3, 12.7 Hz), 145.1 (ddd, J = 241.6, 12.3, 3.4 Hz), 142.1 (g, J = 39.6 Hz), 141.7, 138.3, 128.5,
125.5, 121.4 (ddd, J = 18.2, 5.8, 4.1 Hz), 118.7 (dd, J = 19.3, 6.2 Hz), 118.0 (q, J = 270.0 Hz), 104.6
(dd, J = 29.1, 21.1 Hz), 50.8, 42.9, 38.2 (2C), 32.9 (2C), 20.1. **F NMR (471 MHz, DMSO-dg, T =
95 °C) 6 -61.7, -118.34 (d, J = 15.3 Hz), -137.21 (dd, J = 22.1, 3.0 Hz), -144.12 (dd, J = 21.9, 16.0
Hz). IR (neat, cm'l): 3157, 3057, 2927, 1626, 1515, 1477, 1445, 1425, 1336, 1272, 1236, 1201,
1162, 1136, 1095, 1073, 1034, 1016, 984, 969, 940, 854, 810, 709, 671, 575, 547. HRMS calcd. for
(C23H20FsN503S) [M—H] : 560.1197 found 560.1184.

W The presence of rotamers of 3 at RT resulted in complicated NMR spectrum, particularly for the **C in which **C-°F
couplings' make analysis challenging. Therefore, variable temperature NMR was carried out in DMSO-d°® with complete
resolution of the rotamers observed at 115 °C.
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3.2 Modification of p-Amino Acid Products

NHTs
HoN CO,H

7-Amino-3-((4-methylphenyl)sulfonamido) heptanoic acid (4): To 2k (36 mg, 1.0 equiv, 1.1
mmol) in a Schlenk tube was added 5.0 M NH4OH solution (0.44 ml, 20 equiv., 2.2 mmol) under Ar
atmosphere. The tube was sealed and the reaction was heated to reflux for 4 h. After this time, the
solvent was removed in vacuo and the product purified by column chromatography on silica gel,
eluting with CHCl3: MeOH: NH4OH (80:15:2 —70:30:4) to give 4 (26 mg, 70%) as a white solid.
M.P. = 212 — 214 °C (decomposition at 220 °C). *H NMR (400 MHz, MeOD)™" § 7.72 — 7.65 (m,
2H), 7.32 — 7.27 (m, 2H), 3.56 — 3.41 (m, 1H), 3.28 (s, 1H), 2.76 (td, J = 7.5, 1.4 Hz, 2H), 2.35 (s,
3H), 2.16 (m, 2H), 1.60 — 1.43 (m, 3H), 1.43 — 1.20 (m, 3H) ppm. *C NMR (101 MHz, MeOD)*"' §
144.6, 140.2, 130.8, 130.8, 128.0, 52.4, 40.5, 35.3, 27.9, 23.5, 21.5 ppm. **C NMR (101 MHz, D,0)
§ 177.4, 144.9, 136.5, 130.1, 126.7, 51.0, 41.9, 39.2, 33.6, 26.2, 21.8, 20.7. IR (neat, cm™): 3327,
2918, 2861, 1634, 1557, 1396, 1315, 1229, 1155, 1093. HRMS calcd. for (C14H21N20,S) [M-H] -
313.1228 found 313.1226.

Ts
N

2-(1-Tosylpyrrolidin-2-yl) acetic acid (5): NaH (60% in mineral oil, 9.5 mg, 0.23 mmol) was added
in one portion to a solution of 2j (33 mg, 0.11 mmol) in dry DMF (1.0 ml) and the resulting mixture
was stirred at RT for 2 hours. The reaction mixture was diluted then with EtOAc (10 ml) and washed
with 1 M HCI (2 x 10 ml). The organic phase was dried (MgSQ,), concentrated in vacuo, and crude
was washed several times with pentane to remove traces of mineral oil. Final product 5 was obtained
as a white solid (24 mg, 81%). M.P. = 111 — 114 °C. *H NMR (400 MHz, CDCls) § 7.76 — 7.71 (m,
2H), 7.36 — 7.30 (m, 2H), 3.94 (ddt, J = 10.7, 7.4, 3.9 Hz, 1H), 3.50 — 3.42 (m, 1H), 3.19 — 3.09 (m,
2H), 2.57 (dd, J = 16.4, 10.0 Hz, 1H), 2.44 (s, 3H), 1.86 — 1.75 (m, 2H), 1.74 — 1.64 (m, 1H), 1.59 —
1.48 (m, 1H) ppm. *C NMR (101 MHz, CDCl3) & 175.7, 143.8, 134.2, 129.9, 127.8, 56.5, 49.4,
41.1,31.9, 23.9, 21.7. IR (neat, cm™): 3059, 2987, 2952, 2880, 2735, 2663, 1701, 1598, 1440, 1399,
1340, 1320, 1238, 1208, 1197, 1159, 1119, 1092, 1041, 988, 928, 821, 808, 709, 678, 659, 609, 583,
549. HRMS calcd. for (C13H16NO4S) [M—H]: 282.0805 found 282.0802.

¥ The NH,and NHTSs signals were not observed in the 'H spectra when taken in in CD;0D.
™ The carboxylic acid peak was not observed in the*>C spectra when taken in CD;0D. Therefore, the **C spectrum in
D,0 is also reported.
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Ts

N
U\COQH

2-(1-Tosylpiperidin-2-yl) acetic acid (6): To 2k (44 mg, 1.0 equiv., 0.13 mmol) in dry DMF (1.0
ml) at 0 °C was added NaH (60% dispersion in mineral oil, 7.0 mg, 2.2 equiv. 0.29 mmol). The
reaction mixture was warmed to RT and stirred overnight. After this time, the reaction was diluted
with EtOAc and washed with 1.0 M HCI (2 times). The conversion was essentially quantitative and
was purified by tituration with pentane to remove any grease, giving 6 (24 mg, 88%) as a white solid.
M.P. =107 — 109 °C. *H NMR (400 MHz, CDCls3) § 10.04 (s, 1H), 7.73 (d, J = 8.2 Hz, 2H), 7.30 (d,
J = 8.0 Hz, 2H), 4.54 (m, 1H), 3.82 (dd, J = 13.9, 4.4 Hz, 1H), 2.94 (td, J = 13.3, 2.5 Hz, 1H), 2.70
(dd, J = 15.3, 9.4 Hz, 1H), 2.54 (dd, J = 15.3, 5.4 Hz, 1H), 2.43 (s, 3H), 1.68 — 1.32 (m, 6H) ppm.
3¢ NMR (101 MHz, CDCl3) 6 176.9, 143.4, 138.1, 129.9, 127.1, 49.5, 41.1, 34.8, 27.8, 24.7, 21.6,
18.4 ppm. IR (neat, cm™): 2930, 2860, 1698, 1596, 1474, 1428, 1406, 1337, 1292, 1228, 1190, 1152,
1091, 1034. HRMS calcd. for (C14H1sNO4S) [M-H] : 296.0962 found 296.0970.

3.3 Synthesis of Deuterium-labeled p-Amino Acid and Subsequent Modification
NHTs
Me CO,H
D

(2S,3R)-3-((4-|Methylphenyl)sulfonamido) nonanoic-2-d acid (8). Following GP8 with a reaction
time of 3 days, 1a-d; (51 ul, 0.20 mmol) gave 8 (43 mg, 66%, d.r 4:1 (major shown)) as a white
solid. *H NMR (500 MHz, CDCls) & 7.76 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 7.9 Hz, 2H), 5.48 — 5.36
(m, 1H), 3.50 (p, J = 7.0 Hz, 1H), 2.47 (m, 1H), 2.48 (d, J = 4.5 Hz)™ & 2.46 (d, J = 5.8 Hz)" (1H),
2.41 (s, 3H), 1.63 — 1.36 (m, 2H), 1.24 — 0.98 (m, 8H), 0.83 (t, J = 7.2 Hz, 3H). Note: NMR was also
taken in CD,Cl, which gave better but not perfect resolution of the isotopic doublets. *H NMR (500
MHz, CD,Cl,) § 9.24 (s, br, 1H), 7.79 — 7.70 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.39 — 5.14 (m, 1H),
3.50 (g, J = 6.6 Hz, 1H), 2.49 (d, J = 4.6 Hz, 0.3H), 2.45 (d, J = 5.9 Hz, 0.8H), 2.42 (s, 3H), 1.45 (q,
J=7.0 Hz, 1H), 1.25 — 1.01 (m, 8H), 0.84 (t, J = 7.2 Hz, 3H) ppm. *C NMR (126 MHz, CDCls) &
176.7, 143.6, 138.0, 129.8, 127.2, 50.5, 38.8 (t, J = 18.0 Hz), 34.7, 31.7, 28.8, 25.8, 22.6, 21.6, 14.1
ppm. *C NMR (101 MHz, CD,Cl) 5 176.9, 144.1, 138.3, 130.1, 127.4, 50.9, 39.3, 39.1, 38.9, 35.0,
35.0, 32.0, 3.1, 26.0, 22.9, 21.7, 14.2. To confirm the presence of isomers in the isolated 8 and to

determine their relative conformation, 2a and 8 were converted to the cyclic carbamate derivatives.
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NHTs
Me OH
N-(1-Hydroxynonan-3-yl)-4-methylbenzenesulfonamide (S15): To a slurry of LiAlH, (34 mg, 6.6
equiv.) in dry THF (1.0 ml) cooled to 0 °C was added 2a (45 mg) as a solution in THF (2.0 ml) drop
wise. The mixture was then allowed to warm to RT and stirred for 2 h. After this time, the reaction
was quenched by careful addition of H,O (~5 drops) and stirred until it turned white. CH,Cl, (10 ml)
was added and the mixture was filtered, washing with CH,Cl, (2 x 5.0 ml). This gave S15 (41 mg,
95%) which was used in the following step without further purification. *H NMR (400 MHz, CDCls)
0 7.76 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 4.79 (d, J = 8.4 Hz, 1H), 3.92 — 3.81 (m, 1H),
3.68 — 3.58 (m, 1H), 3.43 — 3.34 (m, 1H), 2.42 (s, 3H), 1.75 (ddt, J = 14.1, 9.2, 4.0 Hz, 1H), 1.47 -
1.35 (m, 1H), 1.37 — 1.26 (m, 2H), 1.16 (g, J = 6.8 Hz, 2H), 1.10 — 0.88 (m, 6H), 0.82 (t, J = 7.2 Hz,
3H) ppm. **C NMR (101 MHz, CDCls) & 143.5, 138.1, 129.8, 127.2, 59.0, 51.6, 37.6, 35.8, 31.7,
29.0, 25.5, 22.5, 21.6, 14.2 ppm.
o)

X

TsN™ ~O
MGV\/\/gy\"He
AT
4-Hexyl-3-tosyl-1,3-oxazinan-2-one (S16): Following a modified literature procedure,** to S15 (41
mg, 0.13 mmol, 1.0 equiv.) and pyridine (0.42 ml, 5.2 mmol, 40 equiv.) in dry CH,Cl, (10 ml)
cooled to 0 °C was added triphosgene (0.22 g, 0.65 mmol, 5.0 equiv.) as a solution in CH,ClI; (6.0
ml). After stirring for an hour at this temperature, the solution was warmed to RT and stirred
overnight. The solution was again cooled to 0 °C, quenched with NH4CI (sat.) and diluted with
EtOAc (20 ml). The layers were separated and the aqueous layer was extracted with EtOAc (2 x 10
ml). The combined organic fractions were dried (MgSQ,), filtered and concentrated under reduced
pressure. Purification by column chromatography gave S16 (16 mg, 36%) as a white solid. M.P. =
80—82 °C. 'H NMR (500 MHz, CD,Cl,) & 7.88 — 7.81 (m, 2H), 7.36 — 7.31 (m, 2H), 4.61 — 4.54 (m,
H?), 4.37 (td, J = 11.6, 3.8 Hz, HY), 4.27 (dddd, J = 11.3, 5.2, 2.8, 1.1 Hz, H°), 2.4 (s, 3H), 2.12
(ddtd, J = 14.8, 11.5, 5.2, 0.9 Hz, H), 2.04 (ddt, J = 14.6, 3.9, 3.0 Hz, H°), 1.99 — 1.90 (m, 1H), 1.73
—1.62 (m, 1H), 1.42 — 1.24 (m, 8H), 0.91 (t, J = 6.8 Hz, 3H). *C NMR (126 MHz, CD,Cl,) & 148.9,
145.4, 136.7, 129.7, 129.2, 65.2, 55.7, 34.4, 32.1, 29.3, 26.1, 25.7, 23.0, 21.8, 14.2. IR (neat, cm™):
2925, 2858, 1708, 1597, 1490, 1458, 1411, 1368, 1340, 1265, 1168, 1144, 1087, 1020. HRMS calcd.
for (C17H26NO4S) [M+H]": 340.1577 found 340.1572. Note: As for 2a-d, better resolution was

obtained in CD,Cl, and allowed quantification of the isotopic ratio in the case of 9-d.
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NHTs

OH
D

N-((2S,3R)-1-Hydroxynonan-3-yl-2-d)-4-methylbenzenesulfonamide (S17): Following the above
procedure for the synthesis of S15, 8(43 mg) gave S17 (38 mg, 93%) which was used in the
following step without further purification. 'HNMR (400 MHz, CDCl3) 6 7.79 — 7.73 (m, 2H), 7.32
—7.27 (m, 2H), 3.87 — 3.80 (m, 1H), 3.62 (dd, J = 11.4, 4.9 Hz, 1H), 3.36 (tq, J = 6.5, 2.8 Hz, 1H),
2.41 (s, 3H), 1.76 — 1.65 (m, 1H), 1.36 — 1.23 (m, 2H), 1.15 (q, J = 6.8 Hz, 2H), 1.09 — 0.91 (m, 6H),
0.81 (t, J = 7.2 Hz, 3H) ppm.

0 o
TSNJ\O TSNJ\O
MGW"Hd MGW"Hd'
H et e 7 1
4:1

(4R,5S)-4-Hexyl-3-tosyl-1,3-oxazinan-2-one-5-d (9): Following the above procedure for the
synthesis of S16, S17 (38 mg) gave 9 (15 mg, 37%, 4:1 d.r) as a white solid. *"H NMR (500 MHz,
CD,Cl,) & 7.87 — 7.83 (m, 2H), 7.36 — 7.32 (m, 2H), 4.59 — 4.53 (m, H¥®), 4.37 (t, J = 11.7 Hz, H°)
& 4.37 (dd, J = 11.3, 3.3 Hz, H%), 4.26 (ddd, J = 11.3, 5.3, 1.1 Hz, H) & 4.26 (m, H*), 2.44 (s, 3H),
2.10 (dt, J = 11.5, 5.3 Hz, 0.8H), 2.03 (dt, J = 4.1, 2.6 Hz, 0.2H"), 2.00 — 1.90 (m, 1H), 1.73 — 1.64
(m, 1H), 1.43 — 1.24 (m, 9H), 0.94 — 0.87 (m, 3H) ppm. C NMR (126 MHz, CD.Cl,,
diastereomers)™' § 149.0M & 148.9™, 145.4, 136.7, 129.7, 129.2, 65.2, 55.6™ & 55.6™, 34.4M &
34.3" 32.1, 29.3, 26.1™ & 26.1M, 25.42 (t, J = 20.0 Hz)M&™, 23.0, 21.8, 14.2 ppm. Based on the

closest available literature,* 9 has been assigned as a 4:1 cis:trans mixture of isomers.

Vi The major (M) and minor (m) isomers have been assigned where the resolution was sufficient to detect separate
peaks.
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3.4 Low Yielding and Unsuccessful Aziridines

Low yielding reactions:

NHTs NHTs \\\ NHTs NHTs
TBSO._h__COH M)\/COZ M)\/c:o2 COH
T Ok
$23 32%° $24 R= NHAc; 29%?° 20 30%¢ 70%°
R= CHO; 20%°
NHTs NHTs NHTs NHTs
COyH /\/\)\/COZ O)\/COZ GN\CO2
S
\ 3 .
21% 20%9 40% 22% (>10.1)'
Unsuccessful aziridines:
TsN
NTs
NTs NTs & \ NTs NTs
RO \ l/Q B M
< Mes N '
R=HorTs Br
NTs NTs NTs NTs Me. _NTs N
n-Bu/% Ar/<l <:></ nBu><l Et/<l
R
R= Me or n-Bu R= Ns, mesityl, Ms,

cis and trans

Scheme S2: #5 day reaction, isolated yield. ® 6 day reaction, isolated yield. *H NMR yield against internal standard.
45% of olefins were also detected. ®*H NMR yield against internal standard. In this case the product was unstable to
isolation. ®*H NMR vyield against internal standard. Quench and work-up carried out with NH,CI instead of HCI. In this
case, the product proved unstable to isolation. 3 day reaction. 21% of product was detected by *H NMR and 45% of the
aziridine remained. 7 day reaction: 15% of the product and 35% of the aziridine was observed ¢ *H NMR yield against
internal standard. In this case the product was unstable to isolation. " 5 day reaction, isolated yield. ' 10 day reaction,
isolated yield. Unlike with 2z, the trans product was generated in high selectivity. The cis-cyclic carbamate was detected

suggesting at a competing pathway with cis-intermediates.

3.4.1 Characterisation of Low Yielding Aziridines and Isolated 8-Amino Acids

NTs

TBSO._ <
2-(((tert-Butyldimethylsilyl)oxy)methyl)-1-tosylaziridine ~ (S18):  Following GP3  with
(allyloxy)(tert-butyl)dimethylsilane (1.7 g, 10 mmol), purification by column chromatography on
silica gel (hexane: EtOAc 9:1 —5:1) afforded S18 as a colorless oil (1.2 g, 36%)."H NMR (400
MHz, CDCl3) 8 7.86 — 7.80 (m, 2H), 7.35 — 7.30 (m, 2H), 3.69 (dd, J = 11.6, 4.0 Hz, 1H), 3.59 (dd, J
=11.6, 5.3 Hz, 1H), 2.96 — 2.88 (m, 1H), 2.64 (d, J = 7.1 Hz, 1H), 2.44 (s, 3H), 2.20 (d, J = 4.5 Hz,
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1H), 0.81 (s, 9H), —0.03 (s, 3H), —0.04 (s, 3H) ppm. *C NMR (101 MHz, CDCls) & 144.6, 135.3,
129.8, 128.2, 62.5, 40.9, 30.7, 25.9, 21.8, 18.4, -5.3, -5.4. Spectroscopic data for S18 match those

previously reported in the literature.*!

/@/OM
AcHN

N-(4-(Pent-4-en-1-yloxy)phenyl) acetamide (519): Following GP6, N-(4-
hydroxyphenyl)acetamide (2.4 g, 16 mmol) gave S19 as a colourless oil (2.4 g, 73%). *H NMR (400
MHz, CDCl3) 6 7.41 — 7.32 (m, 2H), 7.09 (s, br, 1H), 6.91 — 6.80 (m, 2H), 5.85 (ddt, J = 16.9, 10.2,
6.6 Hz, 1H), 5.06 (dq, J=17.1, 1.7 Hz, 1H), 4.99 (ddt, J = 10.2, 2.3, 1.3 Hz, 1H), 3.94 (t, J = 6.5 Hz,
2H), 2.28 — 2.17 (m, 2H), 2.15 (s, 3H), 1.87 (dg, J = 7.8, 6.5 Hz, 2H), 1.62 — 1.56 (m, 2H).
Spectroscopic data for S19 match those previously reported in the literature.*®

NTs

O~
AcHN/©/

N-(4-(3-(1-Tosylaziridin-2-yl)propoxy)phenyl) acetamide (S20): Following GP3 with S19 (1.8 g,
8.0 mmol), purification by column chromatography (hexane: EtOAc 8:2 — 6:4) gave S20 as a
viscous oil (1.3 g, 43%). *H NMR (400 MHz, CDCls) 6 7.81 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 9.0 Hz,
1H), 7.32 (d, J = 8.0 Hz, 2H), 7.17 (s, 1H), 6.79 (d, J = 9.0 Hz, 2H), 3.92 — 3.81 (m, 2H), 2.86 — 2.76
(m, 1H), 2.64 (d, J = 7.0 Hz, 1H), 2.43 (s, 3H), 2.14 (s, 3H), 2.09 (d, J = 4.6 Hz, 1H), 1.90 — 1.77 (m,
1H), 1.80 — 1.68 (m, 2H), 1.52 — 1.42 (m, 1H). *C NMR (101 MHz, CDCl3) & 168.1, 155.4, 144.4,
134.8, 130.9, 129.5, 127.8, 121.7, 114.5, 66.8, 39.7, 33.7, 27.8, 26.4, 24.1, 21.4. IR (neat, cm'l):
3306, 3064, 2928, 1661, 1599, 1538, 1509, 1473, 1410, 1371, 1317, 1234, 1156, 1092, 1018. HRMS
calcd. for (CoH25N20,4S) [M+H]": 389.1530 found 389.1532.

NTs

oh

2-Cyclohexyl-1-tosylaziridine (S21): Following GP3 with vinylcyclohexane (0.79 g, 4.8 mmol),
purification by column chromatography (hexane: EtOAc 9:1) gave S21 as a white solid (0.51 g,
38%). *H NMR (400 MHz, CDCl3) & 7.83 — 7.78 (m, 2H), 7.32 (d, J = 8.1 Hz, 2H), 2.59 (d, J = 7.0
Hz, 1H), 2.53 (td, J = 7.2, 4.5 Hz, 1H), 2.44 (s, 3H), 2.09 (d, J = 4.6 Hz, 1H), 1.73 — 1.55 (m, 4H),
1.49 (dtd, J = 12.4, 3.5, 1.7 Hz, 1H), 1.24 — 0.84 (m, 6H). *C NMR (101 MHz, CDCl3) & 144.5,
135.2,129.7, 128.2, 45.3, 39.5, 32.8, 30.3, 29.7, 26.1, 25.7, 25.5, 21.8, 21.0. LRMS (ESI): 279 (M+),
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252, 238, 210, 184, 155, 132, 91. Spectroscopic data for S21 match those previously reported in the

literature.™*

NTs

9

6-Tosyl-6-azabicyclo[3.1.0] hexane (S22): Following GP3, cyclopentene (1.8 ml, 20 mmol) gave
S22 as a white solid (4.2 g, 88%). *H NMR (400 MHz, CDCls) & 7.83 — 7.78 (m, 2H), 7.36 — 7.28
(m, 2H), 3.33 (d, J = 1.4 Hz, 2H), 2.44 (s, 3H), 1.99 — 1.88 (m, 2H), 1.67 — 1.51 (m, 3H), 1.48 — 1.33

(m, 1H). Spectroscopic data for S22 match those previously reported in the literature.*®

NHTSs
TBSO.____COH

4-((tert-Butyldimethylsilyl)oxy)-3-((4-methylphenyl)sulfonamido)  butanoic  acid  (S23):

Xxviii

Following GP8 with a reaction time of 6 days
instead of HCI, S18 (68 mg, 0.20 mmol) gave S23 (24 mg, 32%) as a white solid. In a separate

and quenching the reaction with NH,4CI (sat.)

independent experiment S23 (25 mg, 32%) was isolated giving an average yield of 32%. *H NMR
(400 MHz, CDCl3) § 7.79 — 7.72 (m, 2H), 7.33 — 7.26 (m, 2H), 5.30 (d, J = 8.5 Hz, 1H), 3.70 — 3.59
(m, 1H), 3.55 (dd, J = 10.1, 4.0 Hz, 1H), 3.49 (dd, J = 10.1, 5.5 Hz, 1H), 2.64 (dd, J = 16.6, 4.9 Hz,
1H), 2.50 (dd, J = 16.6, 7.0 Hz, 1H), 2.42 (s, 3H), 0.83 (s, 9H), -0.02 (s, 3H), -0.03 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 175.6, 143.7, 137.8, 129.9, 127.2, 64.0, 51.6, 35.7, 25.9, 21.6, 18.3, -5.5, -5.5.
IR (neat, cm'l): 3259, 2928, 2857, 1777, 1598, 1540, 1452, 1408, 1320, 1252, 1156, 1091. HRMS
calcd. for (C17H2sNOsSSi) [M—H] : 386.1463 found 386.1475.

NHTs

/©/O\/\)\/COZH
AcHN

6-(4-Acetamidophenoxy)-3-((4-methylphenyl)sulfonamido) hexanoic acid (S24): Following GP8
with a reaction time of 6 days,”* S20 (78 mg, 0.20 mmol) gave S24 (27 mg, 31%) as a white solid.
In a separate independent experiment S24 (23.5 mg, 27%) was isolated giving an average yield of
29%. M.P. = 112 — 116 °C. "H NMR (400 MHz, MeOD) & 7.77 — 7.71 (m, 2H), 7.44 — 7.35 (m, 2H),
7.33 (d, J = 7.9 Hz, 2H), 6.82 — 6.74 (m, 2H), 3.75 (t, J = 6.0 Hz, 2H), 3.64 — 3.52 (m, 1H), 2.45 —

I Crude NMR was not taken in this case due to the instability of the S23. A long reaction time was used as it was
proposed that the presence of the bulky TBS group would likely inhibit the reaction.

*™ In this case, accurate quantification by NMR was not possible due to the poor solubility of S24 in CDCls. After the 6
day reaction, however, a small amount of S20 remained suggesting the long reaction time was necessary.
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2.29 (m, 5H), 2.09 (s, 3H), 1.68 (m, 2H), 1.62 — 1.44 (m, 2H). **C NMR (101 MHz, MeOD) & 174.5,
171.4,157.1, 144.7, 139.9, 132.8, 130.7, 128.0, 123.0, 115.6, 68.5, 51.7, 41.4, 32.3, 26.5, 23.6, 21.4.
IR (neat, cm'l): 3273, 2925, 1711, 1660, 1600, 1541, 1509, 1411, 1303, 1240, 1152, 1090, 1024.
HRMS calcd. for (C21H25N206S) [M—H] : 433.1439 found 433.1434.

NHTs
CO,H

3-Cyclohexyl-3-((4-methylphenyl)sulfonamido) propanoic acid (S25): Following GP8 with a
reaction time of 5 days,” S21 (56 mg, 0.20 mmol) gave S25 (24 mg, 37%) as a white solid. In a
separate independent experiment S25 (28 mg, 43%) was isolated giving an average yield of 40%.
M.P. = 112 — 116 °C. *H NMR (400 MHz, CDCls) & 7.75 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.8 Hz,
2H), 5.33 (d, J = 9.4 Hz, 1H), 3.39 — 3.29 (m, 1H), 2.55 — 2.34 (m, 5H), 1.83 — 1.40 (m, 6H), 1.20 —
1.02 (m, 3H), 0.83 (dg, J = 46.2, 12.0 Hz, 2H). **C NMR (101 MHz, CDCls) & 176.3, 143.6, 138.1,
129.8, 127.2, 55.4, 41.3, 35.9, 29.6, 29.3, 26.2, 26.1, 26.0, 21.7. IR (neat, cm™):3273, 2930, 2848,
1700, 1597, 1445, 1403, 1319, 1249, 1230, 1158, 1091, 1068, 1048. HRMS calcd. for (C1sH22NO,S)
[M—H]: 324.1275 found 324.1280.

NHTs
\\\COZH

(trans)-2-((4-Methylphenyl)sulfonamido)cyclopentane-1-carboxylic acid (S26): Following GP8
with a reaction time of 10 days®™, $22 (48 mg, 0.20 mmol) gave S26 (13 mg, 22%, >10:1 trans:cis)
as a white solid. In a separate independent experiment with a reaction time of 7 days, S26 (9 mg,
27%) was isolated."H NMR (400 MHz, CDCls, diastereomers) & 7.79 — 7.73 (m, 2H), 7.30 (d, J =
8.1 Hz, 2H), 5.27 (d, J = 8.3 Hz, 0.08H), 5.14 (d, J = 6.4 Hz, 0.92H), 3.78 (p, J = 7.1 Hz, 1H), 2.83
(dt, J = 12.1, 6.2 Hz, 0.08H), 2.72 (dt, J = 9.3, 7.4 Hz, 0.92H), 2.41 (s, 3H), 2.09 — 1.90 (m, 1H),
1.80 (tdd, J = 15.4, 8.0, 5.9 Hz, 1H), 1.75 — 1.57 (m, 1H), 1.46 (dg, J = 12.9, 7.9 Hz, 1H). *C NMR
(101 MHz, CDCls, major diastereomer) & 179.3, 143.8, 137.1, 129.9, 127.4, 57.7, 50.8, 33.6, 28.3,
23.1, 21.7. LRMS (ESI): 565 (2M-H), 396 (M+TFA), 282 (M—H). Spectroscopic data for S26 match

those previously reported in the literature.*

X After a 5 day reaction, S21 (41%) was detected by *H NMR of the crude reaction mixture. Longer reaction times did
not lead to better conversions suggesting the reaction had stalled. Other reaction variables such as increasing the
temperature and changing the ligand were modified to try and improve the yield but without success.

X0 After a 7 day reaction, 17% of $26 was detected by *H NMR and 50% S22 still remained. After a 10 day reaction,
25% of S26 was detected by *H NMR and 35% S22 still remained.
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4 Mechanistic Investigation

4.1 Impurities in Aziridine Synthesis and Poisoning Experiments

In the synthesis of aziridines from terminal olefins and Chloramine-T as reported by Sharpless'®
minor side-products are generated which have similar elution times to the desired aziridine and care
must be taken during the purification to successfully remove these impurities. For substrate la, a
column of approximately 6 g of silica per mmol and keeping the eluent polarity at 95:5
hexane:EtOAc was sufficient to mostly remove these impurities but some mixed fractions were
obtained. The first fractions before 1a eluted pure contained an impurity in ~10% (Figure S1) which
was identified as 1-bromooctan-2-ol (S27)**" by independent synthesis of this compound from 1-
octene following literature procedure.*” This impurity comes from the use of commercially available
Chloramine.T trihydrate resulting in nucleophilic ring opening of the bromonium intermediate by
H,0. The last fractions with 1a contained many impurities (Figure S2) with the major impurity being
N-(1-bromooctan-2-yl)-4-methylbenzenesulfonamide (S28)°*" which was verified by independent
synthesis of this compound from 1a following literature procedure.”® The opposite regioisomer of
S28 and N-(1-chlorooctan-2-yl)-4-methylbenzenesulfonamide (S29)°*" were also identified as

minor impurities (Figure S3).

XXXil

1-Bromooctan-2-ol (S27). Colourless oil. *"H NMR (400 MHz, CDCl;) *H NMR (300 MHz, CDCl5) & 3.78 (tdd, J =
7.1, 5.6, 3.2 Hz, 1H), 3.55 (dd, J = 10.3, 3.2 Hz, 1H), 3.38 (dd, J = 10.3, 7.1 Hz, 1H), 2.08 (s, br, 1H), 1.62 — 1.22 (m,
10H), 0.95 — 0.81 (m, 3H). **C NMR (101 MHz, CDCl5) 5 71.2, 40.8, 35.3, 31.8, 29.3, 25.7, 22.7, 14.2. GC-MS (ESI):
207/ 209 (M—H), 123/ 125 (M—(CH,)sCHs), 115 (M—CH,Br). Spectroscopic data for S27 match those previously
reported in the literature.>

oot N-(1-Bromooctan-2-yl)-4-methylbenzenesulfonamide (S28). White solid. *H NMR (400 MHz, CDCl3) & 7.80 —
7.74 (m, 2H), 7.34 — 7.29 (m, 2H), 4.67 (d, J = 8.7 Hz, 1H), 3.46 — 3.26 (m, 3H), 2.43 (s, 3H), 1.58 — 1.35 (m, 2H), 1.31
—1.03 (m, 8H), 0.85 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCl,) & 143.8, 138.0, 129.9, 127.2, 53.3, 38.5, 33.7,
31.7, 28.8, 25.4, 22.6, 21.7, 14.2. GC-MS (ESI): 361 (M+), 276/ 278 (M—(CH,)sCHs), 268 (M—CH,Br), 155 (Ts), 91
(Tolyl). Spectroscopic data for S28 match those previously reported in the literature.

o N-(1-Chlorooctan-2-yl)-4-methylbenzenesulfonamide (S29). White solid. *"H NMR (400 MHz, CDCls) & 7.79 —
7.74 (m, 2H), 7.34 — 7.28 (m, 2H), 4.69 (d, J = 8.2 Hz, 1H), 3.55 — 3.40 (m, 3H), 2.43 (s, 3H), 1.56 — 1.39 (m, 2H), 1.23
—1.04 (m, 8H), 0.85 (t, J = 7.1 Hz, 3H). **C NMR (101 MHz, CDCl;) & 143.8, 138.0, 129.9, 127.2, 53.9, 48.3, 32.6,
31.7,28.9, 255, 22.6, 21.7, 14.2. GC-MS (ESI): 317 (M+), 268 (M—CH,ClI), 232 (M—(CH,)sCH3), 155 (Ts), 91 (Tolyl);
Spectroscopic data for S29 match those previously reported in the literature.>®
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As mentioned during the optimization studies (see 8§2), it was realized that the presence of even trace
amounts (2-5%) of these impurities in the batch of 1a significantly influenced the reaction outcome.
Side-reactions were more prevalent resulting in quicker consumption of the aziridine and a lower
yield of the desired B-amino acid (2a) overall. To study this under a controlled setting, poisoning
experiments were conducted with the independently synthesized S27, S28 and S29, introducing them
into back into the reaction in increasing amounts. The addition of S27 to the reaction decreased the
yield of 2a with 56% observed when 10% S27 was present as well as over twice as much TsNH,

(Table S4) suggesting B-hydride and deamination pathways were promoted.

The addition of S28 had a similar influence on the reaction outcome (Table S5) with less 2a and
more TsNH; generated as the loading of S28 was increased. Importantly, when S28 was used in
place of 1a, the major product was TsNH; and only small amounts of 2a were generated. In contrast,
addition of S29 did not result in a clear trend besides a small drop in conversion and yield of 2a
(Table S6). When S29 was used in place of 1a, a small amount of 2a was again generated but the

conversion was low and ~10% of la was also detected. The presence of la in the crude reaction
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mixture, along with the tolerance of the alkyl chloride in substrates 1j-k, suggests that 2a may be

generated via the aziridine formed in situ.

Table S4
N’TS OH L1 ’\(llz((:lerng/:)a (1\1/|?1 T;OIeoéﬂ,iV.) NHTs
n-hex/<] * n-hex)\/Br | n-hex)\/CozH + TsNH
1a s27 MeOH (5 equiv.), DMPU (0.40M), 9a
(2.5 -10 mol%) CO, (1 bar), 10°C, 48 h
S27 (mol%o) Conv. / %*° 2a/ % TsNH, / %°
0 90 73 12
2.5 85 69 17
5.0 92 66 22
10 92 56 28
13° 90 54 30

*1H-NMR vyields using trimethoxybenzene as internal standard. ® The mixed fractions as shown in Figure S1 were used in
place of pure 1a.

Table S5
N’TS NHTs L1 ’\(hzccz)lzrgzg/:j (1\1/|?1 r(';,ozﬂ}v.) NHTs
n-hex/<] * n-hex)\/Br | n-hex)\/CozH + TsNH
1a S28 MeOH (5 equiv.), DMPU (0.40M), 9a
(2.5 -10 mol%) CO, (1 bar), 10°C, 48 h
S28 (mol%o) Conv. / %°? 2a/ %" TsNH, / %°
0 90 73 12
2.5 91 72 19
5.0 96 70 24
10 93 58 33
100° 95 18 50

*’H-NMR yields using trimethoxybenzene as internal standard. ° 1 equiv. of S28 was used in place of 1a.
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Table S6

N’TS NHTs L1 leilfgm? (1\1/|?1 r(';,ozﬂ}v.> NHTs
n-hex/<] * n-hex)\/CI , n-hex)\/CO2H + TsNH
1a $29 MeOH (5 equiv.), DMPU (0.40M), 9a
(2.5 -10 mol%) CO, (1 bar), 10°C, 48 h
S29 (mol%o) Conv. / %* Product / %° TsNH, / %*°

0 90 73 12
25 78 63 13
5 84 67 14
10 84 65 14

1002 30 12 5

*IH-NMR yields using trimethoxybenzene as internal standard. Average of 2 independent runs ° 1 equiv. of $29 was used
in place of la.

It is not fully understood how these impurities influence the reaction but the use of nickel bromide
pre-catalysts always resulted in worse results, suggesting that it is the presence of bromide in the
reaction mixture that is detrimental. To test this theory, a reaction was performed with MnBr, added
(Scheme S3) and a very similar result to that with 10 mol% of S27/28 was obtained. Although it is
possible that S28 and S29 are intermediates in the reaction, the small amount of 2a observed when
S28/29 were subjected to the reaction conditions suggests this is unlikely.

Ts NiCloglyme (10 mol%),
N L1 (20 mol%), Mn (3 equiv.) NHTSs
CO,H TsNH
n-hex/<] * MnBr; . n-hex 2+ 2
(10 mol%) MeOH (5 equiv.), DMPU (0.40M),
1a CO, (1 bar), 10 °C, 48 h 2a
55% 32%
Scheme S3
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4.2 Electrochemical Studies

Cyclic voltammetry was conducted on a PARSTAT 2273 potentiometer (Princeton Applied
Research) using a 3-electrode cell configuration. A glassy carbon working electrode was employed
alongside a platinum flag counter electrode and a Ag/AgCl (KCI sat.) reference electrode.
Tetrabutylammonium hexafluorophosphate (BusNPFg) was used as a supporting electrolyte (0.10
M). Ferrocene solutions (2.0 mM) were used as an internal standard to determine the precise
potential scale in different solvents. The aziridine 1ab was made up as a 5 mM solution in CH3CN
(dry). The Ni complexs: L1INiCl, and L5NiCl, were made up as 5 mM solutions in CH3CN or
DMA. Argon was passed through the samples for 10 minutes before taking any measurements and
an Ar atmosphere was maintained for the duration to avoid the deleterious influence of oxygen
reduction. Samples were examined at scan rates from 20 to 1000 mV s depending on the substrate.
In the situations where there is no apparent return oxidation peak, we have stated the Epre" (the

potential corresponding to the maximum reductive current).

The reduction of aziridine 1ab (Figure S4) showed an irreversible profile over all scan rates tested
(20 to 1000 mV s™) suggesting a rapid fragmentation upon reduction of the tosyl moiety. An
oxidation peak is then observed at 0.5 V which is likely the oxidation of one of the fragments
generated (no peak is observed if first scanning in the forward direction, see Figure S5). The
extremely difficult reduction (— 2.4 V vs. Ag/ AgCl at 100 mVs™) provides evidence against a single
electron transfer type oxidative addition lab into Ni(0) as this would be highly unfavorable.

Furthermore, the addition of MeOH (5 equiv.) to 1ab did not alter the reduction profile (Figure S5).
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The reduction profile of Ni(ll) pre-catalysts (L1NiCl, and L5NiCl;) were also measured to
investigate whether there was any correlation with the experimental results. The reduction of
L5NICl, in CH3CN shows 3 sequential reductions at -0.75, -1.1 and -1.8 V vs. Ag/ AgCl (Figure S6).
The peak currents (Ep) and peak-peak separation (AEp) were found to correlate linearly with the

square root of the scan rate (1)1/2

) and therefore are tentatively assigned as quasi-reversible freely
diffusing reductions to Ni(l), Ni(0) and Ni(-1) respectively. These results also suggest that the
formation of Ni(0) is possible with manganese as reductant (Mn/ Mn (1) = -1.4 V vs. Ag/ AgCI)**
in agreement with the stoichiometric and catalytic experiments with (L5),;Ni(0). The reduction of
L5NiCl, was also measured in DMA (Figure S7) to better represent the conditions under which the
carboxylation of aziridines is performed. The reduction profiles observed are more complex in this
solvent; the second reduction has very large AE, which may be the result of interaction of DMA with
the Ni-complex. The measured reductions (-0.75 V and -1.2 V vs. Ag/ AgCl), however, are very

similar to that observed in CH3CN.

0.2

0.1

0.0 %ky &4_

—
3 2
—
=
: -
@ L5NiCl,
~ -0.2 -
= e 50 V-1
(%)
100 mys-1
_0.3 200 mis-1
500 mys-1
| 1000 mvs-1
-0.4
-2.500 -2.000 -1.500 -1.000 -0.500 0.000 0.500 1.000

Potential (V) vs. Ag/ AgCl

Figure S6: CV of L5NICl; in MeCN

XXXV

A conversion factor of —0.2 V was used to convert the value from that vs. normal hydrogen electrode (NHE) to Ag/
AgCl reference electrode. See Bard, A. J.; Faulkner, L. R. Electrochemical Methods :Fundamentals and Applications;
Wiley: New York, 1980.
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The cyclic voltammogram of L1NiCl, was also measured and similarly shows a fairly complex
reduction profile (Figure S9). In MeCN, 3 quasi-reversible reductions can be observed at -0.8, -1.2
and -1.9 V vs. Ag/ AgCl. Although slightly more difficult to reduce than L5NIiCl,, the first 2
reductions are within range of Mn and do not suggest at any difficulties in generating Ni(0). On the
other hand, these investigations imply that more weakly reducing zinc (Zn/zn (1) = -1.0 V vs. Ag/

AgCI*™ would not be suitable and this is indeed observed experimentally.

After the lack of success in isolation of azanickelacyclobutanes (see §4.3.2) with hindered nitrogen
ligands such as L1 and L5, it was theorized that evidence may be gained by changes to the cyclic
voltammogram of LNiCl, complexes upon the addition of aziridine and/or MeOH. However,
absolutely no difference was observed (Figure S8 & Figure S10) even under conditions similar to that
of the catalytic reaction (5 equiv. of lab and 25 equiv. of MeOH respective to L5NiCl,). On the
other hand, it could be argued that this provides evidence for the oxidative addition of terminal

aziridines into hindered Ni-complexes being very challenging.
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Figure S9: CV of L1NICl; in MeCN
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4.3 Experiments with (L5),Ni(0)

4.3.1 Synthesis of (L5),Ni

Following a modified literature procedure:* in the glovebox, Ni(COD), (0.60 g, 2.2 mmol) and
neocuproine (0.93 g, 4.5 mmol, 2.05 equiv.) were added to a 12 ml vial with a stirrer bar and charged
with 6.0 mL of toluene. The reaction was left to stir for 16 h and the solvent was then removed to
afford a brown solid. To the solid, 2.0 ml of toluene was added and stirred for 10 minutes followed
by the addition of 5.0 ml of pentane. The solid was then filtered and washed with pentane (3 x 1 ml)
to afford (L5),Ni as a dark brown solid (1.0 g, 99 % vyield). *H NMR (500 MHz, C¢Ds) & 9.00 (d, J =
7.3 Hz, 2H), 7.68 (d, J = 7.3 Hz, 2H), 7.32 (s, 2H), 2.24 (s, 6H). Spectroscopic data for this compound

matches with that reported in the literature.***

4.3.2 Stochiometric Monitoring of Ni(0) Undergoing Oxidative Addition to Aziridine and MALDI-
MS ldentification of (L5)Ni(Aza-metallacycle)

In the glovebox, (L5).Ni (5.5 mg, 0.010 mmol) and lab (6.7 mg, 0.030 mmol) were added to a 10
ml vial and dissolved in 1.0 ml THF-dg. This solution was then added to a J-Young NMR tube and
monitored by *H and paramagnetic ‘H NMR. After 7 h at 70 °C, a mixture of both diamagnetic
(Figure S11) and paramagnetic species (Figure S12) had formed. Throughout the monitoring of this
reaction, at no point were diamagnetic signals (8= 12-0 ppm) corresponding to (L5)Ni"(Aza-
metallacycle) formed. However, analysis by MALDI-MS of the crude reaction mixture after 21.5 h
(t;) revealed the corresponding m/z-H signal of (L5)Ni"(Aza-metallacycle) (Figure S13).>* These
results suggest that if (L5)Ni"(Aza-metallacycle) is formed in significant quantities, it may be as a
paramagnetic species. Trace 1-butene was also detected after 7 h at 70 °C along with the formation

of TsNH; with increasing amounts observed at 12.5 and 21.5 h.
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4.3.3 Stochiometric Monitoring of Ni(0) Undergoing Oxidative Addition to Aziridine with Clean

Formation of Organic Products Originating from Deamination of the Aziridine
In the glovebox, (L5),Ni (4.2 mg, 0.010 mmol), 1ad (5.7 mg, 0.030 mmol) and LiCl (2.3 mg, 0.050
mmol) were added to a 10 ml vial and dissolved in 1.0 ml THF-dg. This solution was then added to a
J-Young NMR tube and monitored by *H, paramagnetic *H and °F NMR. Again, after 3 h at 60 C,
organic product 1-butene starts to be observed, followed by an increased amount after 18 h and full

conversion of (L5),Ni (Figure S14). While monitoring this and similar reactions, at no point were we

able to identify signals that could correspond to (L5)Ni"(Aza-metallacycle).
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4.3.4 Stochiometric Monitoring of Ni(0) Undergoing Oxidative Addition to Aziridine and Single
Crystal Identification of Complexes Originating from Ligand Activation

In the glovebox, (L5),Ni (6.9 mg, 0.010 mmol) and 1ab (11 mg, 0.050 mmol) were added to a 10 ml
vial and dissolved in 1 mL THF-dg. This solution was then added to a J-Young NMR tube and
monitored by *H and paramagnetic *H NMR. After 48 h at 50 °C a mixture of both diamagnetic
(Figure S15) and paramagnetic species (Figure S16) had formed, with the identification of organic
product 1-butene derived from deamination. Crystallization of the crude reaction mixture from
THF/Pentane led to crystals of a nickel complex (Ni-11) that has undergone ligand activation shown
below. The mechanism by which this complex is generated is very much uncertain, particularly as
the formation of a quaternary carbon is required in the ligand activation. This suggests at the
formation of an enamine intermediate via B-hydride elimination which acts as a base to deprotonate
the ortho-Me of L5 (Scheme S4). Finally, addition of INT-11 to the imine forms the quaternary
centre leading to Ni-I1. Note: the nature of INT-I is uncertain so has been written with an ambiguous
R group, but the presence of a ligated NHTs group in Ni-l11 suggests at the possibility of a nickel
nitrene complex (e.g. INT-111, Scheme S5).

(L5),Ni

<

i
o~ “p-tolyl
NH

Scheme S4: Possible mechanism for the formation of Ni-11
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Figure S16: Paramagnetic *H NMR spectra monitoring the reaction between (L5),Ni and 1ab in
THF-ds.
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4.3.5 Isolating An Aziridine Derived Complex Post Oxidative Addition

In the glovebox, (L5),Ni (30.6 mg, 0.050 mmol) and lab (37.0 mg, 0.16 mmol) were added to a 10
ml Schlenk flask and dissolved in 6.0 mL of THF with a stirrer bar. This stirred solution was then
heated at 70 °C for 4 days where a gradual color change from brown to purple/ blue was observed.
To this solution, Et,O (8.0 ml) was added and a blue solid precipitated which was then filtered and
washed with pentane (3 x 1 ml) to afford (L5)Ni(N,N-ditosyl-1-ethyl-diamine) Ni-I (12 mg, 29%) as
a blue powder. *H NMR (400 MHz, Toluene-dg) & 78.15 (s, 1H), 62.11 (s, 1H), 59.25 (s, 1H), 22.90
(s, 7H), 15.00 (d, J = 325.3 Hz, 2H), -4.05 (s, 3H), -11.47 (s, 1H). *C NMR is omitted due to
paramagnetic line broadening. Although only a hypothesis, it is possible that a nickel nitrene species
is generated from deamination of an azanickelacyclobutane intermediate, which then undergoes

cycloaddition into another molecule of 1ab to form diazanickelacyclopentene Ni-1 (Scheme S5).

/Ts
N
Et/<l
(1ab, 2.5 equiv.)
THF
70 °C, 4 days
(L5),Ni 29% yield

78.15
—62.11
—59.25

22.90
_~15.40
~14.59

-11.47

THNMR
Toluene-d;

\

|
| e

i . J
i wﬁd,w_hm,mﬂﬂlrmd\,m_,m_,w,,_rl,_ L

0.8
6.8
2.5+

1.0
1.0

T T T T T T T T T T T T T T T T T T
o a5 a0 as 80 75 70 65 0] 55 50 a5 40 35 30 25 20 15 10 5 1] -5 -10 -15 -20

INT-III

+

Me/\/

Scheme S5: Possible mechanism for the formation of Ni-I
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4.3.6 Confirmation of (L5),Ni as a competent catalyst in the carboxylation of aziridines and
quantification of by-products

The reaction was set up following GP8 except that (L5),Ni (10 mol%) was used in place of
NiCl,glyme and L1. Also, special care was taken when removing the solvent after work-up with
pressures no lower than 100 mbar employed to avoid removal of volatile compounds. Under these
conditions, 47% of 2| was detected (Figure S18) which is in agreement to that with NiCl, (10 mol%)
and L5 (20 mol%). ' In addition, 25% of TsNH, was observed which is likely generated via 2 side
reactions. Firstly, B-hydride elimination from a Ni(ll)-1l intermediate would give an iminium which
after tautomerization and hydrolysis generates 4-phenylbutan-2-one and TsNH,. Secondly, supported
by isolation of Ni-NTs complexes in stoichiometric experiments (see 84.3.4 & 4.3.5), deamination of
a Ni(I)-11 intermediate generates 4-phenyl-1-butene and subsequently TsNH,.

(L5),Ni (10 mol%),

TS Mn (3 eq.), MeOH (5 eq.) NHTs o
A~ COM TN F*h/\)K Ph” "X
Ph DMPU (0.4 M), CO, (1 bar), 2
11 e 10 °C, 3 days 2147% o 25% e 10% 12% o

TMB (0.33 eq)

o7
B

T
5

0.18
0.55
1.06
0.18 =
1.00 <
3.02 =
0471
0.30
0.18
[)427:IT
0.45 —=

0.13
0.46

o

o] 051
0.11
0.11

T
5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0
1 (ppm)

Figure S18: Crude *H NMR of the carboxylation of 11 employing catalytic (L5),Ni.

xv A 3 day reaction with 11 under the standard conditions but with L5 (20 mol%) in place of L1 gave 48% 2I, 28%
TsNH,, 10% 4-phenyl-1-butene and 7% 4-phenylbutan-2-one.
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Addition of glyme (10 mol%) to the above reaction with (L5),Ni (10 mol%) resulted in a decrease in
reaction rate and a lower yield of 2l (Scheme S6) possibly a result of competitive ligation to Ni. In
contrast, addition of MnCl, or MnBr; resulted in complete consumption of 1l and a detrimental effect
on the yield of 2| in the case of MnBr,, as observed in the previous poisoning experiments (84.1).

. (L5),Ni (10 mol%), Ts NHTS

8 Mn (3 eq.), MeOH (5 eq.) N

~ <) o N AN GO+ TeNH,

Ph DMPU (0.4 M), CO, (1 bar),

11 10 °C, 3 days 11 21
No additive: 9% 47% 25%
With glyme (10 mol%): 40% 32% 16%
With MnCl, (10 mol%): 0% 54% 30%
With MnBr, (10 mol%): 0% 36% 43%
Scheme S6

An experiment was also conducted under the standard reaction conditions (GP8) but without CO,
atmosphere (Scheme S7). The aziridine 11 was consumed with 4-phenylbutan-2-one (25%) and 4-
phenyl-1-butene (38%) again observed. The quantification of these products agrees with the amount

of TsNH, generated and provides further evidence for the 2 side reactions that compete with acid

formation.
- NiCl,glyme (10 mol%), L1 (20 mol%) o
S Mn (3 eq.), MeOH (5 eq.)
N /\)K N
Ph Ph X
ph >N DMPU (0.4 M), 10 °C, 3 days 11 TsNH;
1 no CO, 30% 63% 25% 38%
Scheme S7

S78



4.3.7 Experiments with stoichiometric (L5),Ni and aziridine in the presence of Mn and/ or MeOH
Having established (L5);Ni as a competent catalyst in the aziridine carboxylation reaction,
stoichiometric experiments were then carried out omitting certain components to probe the reaction
mechanism. The reaction was set up following GP8 with the exception that (L5),Ni (1.0 equiv.) was
used in place of NiCl,glyme and L1 and the reaction was run under higher dilution (0.20 M) due to
the poor solubility of (L5),Ni. The acid 2l was only observed in the presence of both MeOH and Mn,
suggesting at the intervention of Ni(l) species within the catalytic cycle (Scheme S8)°2. Interestingly,
when MeOH is present but not Mn, aliphatic carbamate S30™*" is generated apparently via the
oxazolidinone intermediate followed by ring opening with MeOH. Yet without Mn or MeOH, trace
if any cyclic oxazolidinones are observed in the crude NMR. Note: it was also confirmed that S30 is
not a reaction intermediate as submitting it to the standard reaction conditions in place of the
aziridine did not generate any 2I.

(LS)2Ni (1 eq.),

Ts MeOH (x equiv), Mn (y equiv) NHTs NHTs
[ ’ H O.__OMe
Ph/vil]\l Ph 0 Ph/\)\/ g
1l DMPU (0.20M), CO, (1 bar), ol s30 O
10 °C, 3 days
x=5, y=0: 0% vyield 67% vyield
x=0, y=3: 0% vyield 0% yield
x=5, y=3: 40% vyield 0% yield
Scheme S8

4.3.8 Preservation of the chiral integrity with enantioenriched aziridines

It is plausible that the carboxylation event might occur via nucleophilic addition of in situ generated
metalla-enamines onto CO,. To probe this possibility, enantiopure (S)-1f was submitted to the
reaction conditions and 7 was isolated with complete preservation of the chiral integrity at the sp® C—
N site (Scheme S9). Therefore, it is highly unlikely that the reaction proceeds via the formation of an
enamine intermediate and instead we propose the insertion of CO; into the C-Ni bond, likely in

oxidation state 1 (84.3.7), to be the most plausible scenario.

XXXVii

Methyl (2-((4-methylphenyl)sulfonamido)-4-phenylbutyl) carbonate (S30). Colorless oil. *H NMR: 'H NMR
(400 MHz, CDCl3) 6 7.79 — 7.71 (m, 2H), 7.32 — 7.25 (m, 2H), 7.25 — 7.21 (m, 2H), 7.19 — 7.13 (m, 1H), 7.07 — 7.00 (m,
2H), 5.18 (d, J = 8.6 Hz, 1H), 4.07 (dd, J = 11.1, 4.6 Hz, 1H), 3.99 (dd, J = 11.1, 4.5 Hz, 1H), 3.72 (s, 3H), 3.51 (tdt, J =
8.5, 5.6, 4.6 Hz, 1H), 2.60 (ddd, J = 13.9, 9.6, 6.2 Hz, 1H), 2.49 (ddd, J = 14.0, 9.7, 6.3 Hz, 1H), 2.42 (s, 3H), 1.89 -
1.67 (m, 2H). *C NMR (101 MHz, CDCly) & 155.5, 143.5, 140.8, 137.9, 129.8, 128.5, 128.4, 127.1, 126.13, 69.1, 55.0,
52.4,33.7, 31.7, 21.6. IR (neat, cm™): 3281, 3027, 2956, 2862, 1748, 1599, 1495, 1442, 1385, 1326, 1261, 1154, 1090.
HRMS calcd. for (C19H23NNaOsS) [M+Na]*: 400.1189 found 400.1191.
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NiCloglyme (10 mol%),

! ©
Ts L1 (20 mol%), Mn (3 equiv.) NHTs ﬁTs Bn,, NTs
N
NN MeOH (5 equiv.), DMPU (0.40M), Bn\\“K/COZH Bn/@;oz * €O,
CO, (1 bar), 10 °C, 3 days Ni(L1)
(S)-1f 7 highly unlikely highly likely
99% ee
Scheme S9

4.3.9 Stereochemical course of the reaction via isotope-labelling

Next, we turned our attention to studying the stereochemical course of the reaction (Scheme S10).
We found that the carboxylation of trans la-d; followed by reduction and a cyclization event
resulted in 9 with a 4:1 cis/trans ratio. It is possible that 8 could isomerise under the reaction
conditions so it was resubmitted to the standard reaction conditions in place of the aziridine.
However, no change in the cis/trans ratio was observed. While the identity of the major product
might be explained via an Sy2 type insertion of Ni(0) into the aziridine backbone, the presence of the
trans isomer, together with the lack of diastereocontrol in formation of 2z, suggests that other
conceivable pathways might come into play such as (1) single-electron transfer type oxidative
addition or (2) homolytic cleavage/ recombination events of Ni-intermediates. The high reduction
potential of 1ab (EprEd =—-2.4V vs. Ag/ AgCl in MeCN) argues against the former scenario, however
(see §4.2).

NiCloglyme (10 mol%), 0]
. .

N/Ts L1 (20 mol%), Mn (3 equiv.) NHTs (1) reduction . J\o

A] CO2H
n-hex” ™ MeOH (5 equiv.), DMPU (0.40M), ~ M-hex (2)"COCL"  n-hex

D CO, (1 bar), 10 °C, 3 days D D

1a-d, (4:1) major
8 9
Scheme S10
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4.3.10 Influence of different reductants on product distribution

Finally, experiments were conducted with reductants other than Mn to investigate whether there was
a correlation between the reductant strength and the experimental outcome. Intriguingly, the
utilization of homogeneous reductants such as DMAP-OED or cobaltocene resulted in no conversion
of 11 to 21 (Scheme S11). Instead, we again obtained substantial amounts of S30 in the presence of
MeOH. This was somewhat unexpected, particularly with Cp*,Co which has a reduction potential
very similar to that of Mn.>® The formation of S30 is sub-stoichiometric in DMAP-OED, suggesting
its' role is to generate Ni(0) which then acts catalytically. This was confirmed by using (L5),Ni (10
mol%) without any reductant with S30 (35%) observed in the presence of MeOH (Scheme S12).
Again, without MeOH, only trace (<5%) of cyclic oxazolidinone product was observed. These
results provide evidence for MeOH playing an important role in the oxidative addition of the
aziridine to Ni(0), with neither f-amino acid nor carbamate observed without it. Conversely, the slow
conversion of aziridine to 2l or S30 suggests this is still challenging, which is supported by the

inability to isolate (L)Ni-Azametallacycles and the electrochemical studies.

NiCloglyme (10 mol%),
L1 (20 mol%), reductant (equiv.)
11 11 2 S30
MeOH (5 equiv.), DMPU (0.40M),
CO, (1 bar), 10 °C, 3 days

Zn (3): 66% 5% 0%
Cp,Co (1.5): 65% 0% 10%
DMAP-OED (1.5): 0% 0% 98%
DMAP-OED (0.2): 43% 0% 56%
Cp’,Co (1.5): trace 0% 80%
Mn: trace 75% 0%
Scheme S11

(L5),Ni (10 mol%),

11 11 21 S30
MeOH (x equiv.), DMPU (0.40M),

COy (1 bar), 10 °C, 3 days

x=5 56% 0% 35%
x=0 75% 0% .
Scheme S12
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4.4 Mechanistic Hypothesis
Despite the complex mechanistic picture suggested by the evidence presented above, we have

provided a mechanistic rational for the Ni catalyzed reductive carboxylation of aziridines as well as
other deleterious side reaction that occur. Firstly, the Ni(ll) precatalyst is reduced by manganese
(Mn) to Ni(0) complex A which can then undergo oxidative addition with the aziridine to give B.
The stability of azanickelacyclobutane B is proposed to be low with hindered ortho-substituted
bipyridine or phenanthroline ligands and could only be detected in situ by MALDI-MS (84.3.2).
Therefore, it is proposed that ring opened zwitterionic form C dominates and may be stabilized by
complexation/ H-bonding with methanol. Note: evidence for complex C undergoing Ni—C bond
homolysis/ radical rebound is provided by the cis:trans mixtures obtained with the deuterium
labelled aziridine la-d; (84.3.9) and with 2,3-substituted aziridine 1z. Reduction of C to Ni(l)
complex D is then required before CO, insertion which is supported by Mn, as well as MeOH, being
necessary for acid formation in stoichiometric experiments with (L5),Ni (84.3.7). Finally, reduction

of complex E regenerates A and releases the manganese carboxylate.

Several deleterious side reactions can also take place. p-hydride elimination from C results in
enamine F which undergoes tautomerization/ hydrolysis to generate the ketone and TsNH,, both of
which were detected in the crude reaction mixture (84.3.6). Although nucleophilic addition of F to
CO, would result in a p-amino acid, the preservation of the stereocenter of enantiopure aziridines
disproves this as being a possible mechanism under the reaction conditions. On the other hand, F in
combination with a Ni-nitrene species may be involved in the formation of Ni-1l (84.3.4), though
whether this pathway occurs under the reaction conditions is unknown at present. Alternatively,
deamination can occur to give the terminal olefin which was also detected in the crude reaction
mixture (84.3.6) and a Ni-nitrene species, which might also be an intermediate in the formation of
Ni-1 (84.3.5). Finally, although not relevant under the reaction conditions, in the absence of Mn,
nucleophilic addition of the N-tosylate to CO; followed by displacement of Ni generates cyclic
carbamate G. In the presence of MeOH, this undergoes ring opening forming H which was isolated
during stoichiometric experiments with (L5),Ni (84.3.7) and when using reductants other than Mn
(84.3.10).
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5 Crystallographic Data

Figure S19: ORTEP Diagram Ni-I
CCSD deposition number 2049250

Figure S20: ORTEP Diagram of Ni-11
CCSD deposition number 2049249
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Table 1. Crystal data and structure refinement for Ni-I

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =24.782°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

mo_CSDO0356A 0Om
C36 H42 N4 Ni 05 S2
733.56

100(2)K

0.71073 A

triclinic

P-1

a=10.3280(8)A

b =11.2508(8)A

¢ = 15.8254(13)A
1748.5(2) A3

2

1.393 Mg/m3

0.722 mm-1

772

0.100 x 0.050 x 0.010 mm3
1.979 to 24.782°.

-12<=h<=8,-13<=k<=13,-18<=I<=18

17694

5870[R(int) = 0.0490]
97.7%

Multi-scan

0.74 and 0.63

Full-matrix least-squares on F2
5870/ 0/ 438

1.033

R1 =0.0623, wR2 =0.1579
R1=0.1070, wR2 = 0.1824
1.531 and -0.403 e.A-3
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Table 2. Bond lengths [A] and angles [°] for Ni-I.

Bond lengths----

Nil
Nil
Nil
Nil
S1
S1
S1
S1
S2
S2
S2
S2
N1
N2
N3
N3
N4
N4
C1
C1
C3
C5
C5
C6
C7
C8
C8
C9
C12
C12
C13
C14
C15
C15
C16

N1
N2
N3
N4
01
02
N1
C5
O3
o4
N2
C12
C1l
C2
C19
C23
C30
C27
C3
C2
C4
C6
C10
C7
C8
C9
Cl1
C10
C17
C13
C14
C15
C16
C18
C17

1.913(4)
1.968(4)
2.014(4)
2.019(4)
1.436(4)
1.451(4)
1.573(5)
1.769(5)
1.429(4)
1.447(4)
1.572(5)
1.784(5)
1.495(7)
1.459(7)
1.336(5)
1.367(6)
1.335(6)
1.351(6)
1.488(9)
1.517(9)
1.551(11)
1.366(7)
1.398(7)
1.396(8)
1.366(9)
1.392(9)
1.519(8)
1.386(8)
1.384(7)
1.398(7)
1.389(7)
1.392(8)
1.391(7)
1.502(7)
1.389(7)
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C19
C19
C20
C21
C22
C22
C23
C24
C25
C26
C26
C28
C29
C30
01S
01S
C1S
C2S
C3S

1.400(7)
1.499(6)
1.376(7)
1.412(6)
1.392(6)
1.431(6)
1.438(6)
1.353(7)
1.437(7)
1.397(6)
1.401(6)
1.364(7)
1.406(7)
1.504(7)
1.383(10)
1.451(9)
1.456(12)
1.478(14)
1.409(13)

N2  83.04(19)
N3  128.73(17)
N3  116.21(17)
N4  139.71(18)
N4  108.33(16)
N4 81.81(15)
02 116.4(2)
N1 114.8(2)
N1 103.5(2)
C5 106.6(2)
C5 107.6(2)
C5 107.5(2)
04 117.4(2)
N2  112.5(2)
N2  107.5(2)
Cl12 106.5(2)
Cl2 104.8(2)
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N2
C1
C1
S1
C2
C2
S2
C19
C19
C23
C30
C30
C27
C3
C3
N1
N2
C1
C6
C6
C10
C5
C8
C7
C7
C9
C10
C9
C17
C17
C13
C14
C13
C16
C16
C14
C17
C12

S2
N1
N1
N1
N2
N2
N2
N3
N3
N3
N4
N4
N4
C1
C1
C1l
C2
C3
C5
C5
C5
C6
C7
C8
C8
C8
C9
C10
C12
C12
C12
C13
C14
C15
C15
C15
C16
C17

C12
S1
Nil
Nil
S2
Nil
Nil
C23
Nil
Nil
C27
Nil
Nil
N1
C2
C2
C1l
C4
C10
S1
S1
C7
C6
C9
Cl1
Cl1
C8
C5
C13
S2
S2
C12
C15
C14
C18
C18
C15
C16

107.5(2)
123.2(4)
114.5(4)
110.6(2)
118.1(4)
112.4(4)
123.9(3)
118.5(4)
128.6(3)
112.9(3)
119.2(4)
128.0(3)
112.8(3)
114.8(6)
111.1(6)
105.1(5)
107.2(5)
111.4(7)
120.4(5)
120.7(4)
118.8(4)
119.3(5)
121.4(6)
119.1(5)
121.6(7)
119.3(6)
120.3(6)
119.4(6)
119.8(5)
119.8(4)
120.3(4)
118.8(5)
122.1(5)
118.1(5)
120.7(5)
121.2(5)
120.7(5)
120.6(5)
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N3

N3

C20
C21
C20
C23
C23
C21
N3

N3

C22
C25
C24
C27
C27
C28
N4

N4

C26
C29
C28

C20
C31
C31
C19
C22
C21
C24
C24
C22
C27
C27
C22
C26
C28
C25
C25
C26
C23
C23
C26
C30
C29
C32
C32
C1S
C2S
C3S
C2S
C3S

121.0(4)
118.0(4)
120.9(4)
120.8(4)
119.1(5)
116.8(4)
118.9(4)
124.3(4)
123.8(4)
115.7(4)
120.5(4)
121.2(5)
120.8(4)
116.2(5)
119.3(4)
124.4(4)
123.8(4)
116.8(4)
119.4(4)
119.9(5)
120.6(4)
120.1(5)
117.7(4)
122.2(4)
103.6(7)
104.9(7)
104.8(8)
104.5(8)
105.6(8)
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Table 3. Torsion angles [°] for Ni-I.

o1
02
C5
o1
02
C5
03
04
C12
03
04
C12
S1
Nil
S1
Nil
S2
Nil
C3
N1
N1
C2
o1
02
N1
o1
02
N1
C10
S1
C5
C6
C6
C7
Cl1
C8

S1
S1
S1
S1
S1
S1
S2
S2
S2
S2
S2
S2
N1
N1
N1
N1
N2
N2
C1
C1l
C1l
C1
S1
S1
S1
S1
S1
S1
C5
C5
C6
C7
C7
C8
C8
C9

N1 Cl 38.8(5)
N1 Cl 166.7(4)
N1 Cl -79.6(5)
N1 Nil -101.9(3)
N1 Nil 25.9(3)
N1 Nil 139.6(2)
N2 C2 -37.2(5)
N2 C2 -168.0(4)
N2 C2 79.6(5)
N2 Nil 171.1(2)
N2 Nil 40.4(3)
N2 Nil -72.03)
Cl C3 63.4(8)
Cl C3 -157.1(6)
Cl C2 -174.1(4)
Cl C2 -34.7(6)
C2 Cl 168.1(4)
C2 Cl -37.1(6)
C2 N2 169.1(6)
C2 N2 44.4(7)
C3 C4 173.8(8)
C3 C4 54.7(10)
C5 C6 -1.905)
C5 C6 -127.4(5)
C5 C6 121.7(5)
C5 C10 179.8(4)
C5 C10 54.3(5)
C5 C10 -56.6(5)
C6 C7 1.0(8)
C6 C7 -177.2(4)
C7 C8 -0.309)
Cc8 C9 -0.90)
C8 Cl1 178.9(6)
C9 C10 1.3(9)
C9 C10 -178.5(5)
C10 C5 -0.5(9)
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C6

S1

03

04

N2

0K

04

N2

C17
S2

C12
C13
C13
C14
C18
C13
S2

C15
C23
Nil
C23
Nil
N3

C31
C19
C20
C20
C19
Nil
C19
Nil
C21
C24
C21
C24
C23
C21
C22

C5
C5
S2
S2
S2
S2
S2
S2

C10
C10
C12
C12
C12
C12
C12
C12

C9

C9

C17
C17
C17
C13
C13
C13

Cl2 Ci13 C14

C12
C13
C14
C14
C15
C15
C12

C12
Cl6
N3
N3
N3
N3

C19
C19
C20
C21
C21
N3
N3
N3
N3
C22
C22
C22
C22
C22
C22
C24

-0.6(8)
177.6(4)
-141.8(4)
-16.7(5)
97.5(4)
41.0(5)
166.1(4)
-79.7(5)
-0.7(8)

C13 Cl4 176.5(4)

C14
C15
C15
C16
C16
C17
C17
C17
C19
C19
C19
C19
C20
C20
C21
C22
C22
C23
C23
C23
C23
C23
C23
C23
C23
C24
C24
C25

C15
C16
C18
C17
C17
C16
Cl6
C12
C20
C20
C31
C31
C21
C21
C22
C23
C24
C22
C22
C27
C27
N3
N3
C27
C27
C25
C25
C26

0.9(8)
-0.7(8)
-179.5(5)
0.3(8)
179.1(5)
0.4(8)
-176.8(4)
-0.2(8)
-0.5(7)
179.3(4)
176.6(4)
-3.6(7)
0.4(8)
-176.6(5)
0.6(8)
-1.4(7)
179.3(5)
-0.3(7)
179.8(4)
180.0(4)
0.2(5)
1.3(7)
-179.3(5)
-179.1(4)
0.3(7)
-0.2(8)
179.1(5)
0.0(8)
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C24 C25 C26 C27 0.1(7)
C24 C25 C26 C28 178.7(5)
C30 N4 C27 C26 -1.7(7)
Nil N4 C27 C26 -179.4(4)
C30 N4 C27 C23 178.3(4)
Nil N4 C27 C23 0.6(5)
C28 C26 C27 N4 1.3(7)
C25 C26 C27 N4 179.9(5)
C28 C26 C27 C23 -178.7(4)
C25 C26 C27 C23 -0.1(7)
N3 C23 C27 N4 -0.5(6)
C22 C23 C27 N4 179.9(4)
N3 C23 C27 C26 179.5(4)
C22 C23 C27 C26 -0.1(7)
C27 C26 C28 C29 -0.2(7)
C25 C26 C28 C29 -178.8(5)
C26 C28 C29 C30 -0.3(8)
C27 N4 C30 C29 1.2(7)
Nil N4 C30 C29 178.5(4)
C27 N4 C30 C32 -177.9(4)
Nil N4 C30 C32 -0.6(7)
C28 C29 C30 N4 -0.2(8)
C28 C29 C30 C32 178.8(5)
C4S 01S CIS C2S -32.2(9)
01S C1S C2S C3S 11.2(11)
C1S C2S C3S C4S 13.3(12)
C1S 01S C4S C3S 41.8(10)
C2S C3S C4S 01S -34.4(12)

Symmetry operations

1'%y7
2 '-x, -y, -7
Table 1. Crystal data and structure refinement for Ni-11.

Identification code CSD-3-22
Empirical formula C32 H34 N4 Ni O4 S2
Formula weight 661.46
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Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =32.185°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

100(2)K

0.71073 A
triclinic
P-1
a= 10.03268(11)A
b= 11.52248(10)A
c = 14.40581(12)A
1480.30(3) A3
2
1.484 Mg/m3
0.842 mm-1

692

0.300 x 0.200 x 0.050 mm3
2.284 t0 32.185°.
-14<=h<=14,-17<=k<=17,-21<=I<=21
113880
10027[R(int) = 0.0364]

96.0%

Multi-scan
1.00 and 0.60

Full-matrix least-squares on F2
10027/ 0/ 418

1.048

R1 =0.0301, wR2 = 0.0799

R1 =0.0329, wR2 = 0.0810

0.545 and -0.567 e.A-3
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Table 2. Bond lengths [A] and angles [°] for Ni-11.

Bond lengths----

C1
C1
C1
N1
N1
N1
S1
S1
S1
S1
S1
o1
Nil
Nil
Nil
C2
C2
S2
S2
S2
S2
N2
N3
C3
C3
C4
C4
N4
C5
C6
C6
C7
C7
C8
C8

N2
C2
C13
C12
C9
Ni1
02
01
N3
C20
Ni1
Ni1
N4
N3
N2
C3
H2
03
04
N4
c27
C5
C15
C4
H3
C5
Cé
H4N
C9
C7
H6é
Cc8
H7
C9
C10

1.3354(14)
1.4095(16)
1.4916(16)
1.3331(14)
1.3514(14)
1.9960(9)
1.4477(9)
1.4755(8)
1.5658(10)
1.7686(12)
2.7652(3)
2.3305(9)
1.9734(9)
1.9786(9)
2.0622(9)
1.3739(17)
0.9500
1.4445(9)
1.4550(9)
1.5814(10)
1.7809(12)
1.3650(14)
1.4825(14)
1.4113(16)
0.9500
1.4024(15)
1.4373(16)
0.9062
1.4335(15)
1.3601(18)
0.9500
1.4333(17)
0.9500
1.4022(15)
1.4113(16)
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C10 Cl11 1.3763(18)
C10 H10 0.9500
Cll Cl12 1.4082(16)
Cll H1l 0.9500
C12 Cl4 1.5033(16)
C13 HI13A 0.9800
C13 H13B 0.9800
C13 H13C 0.9800
C13 H13D 0.9800
C13 HI13E 0.9800
C13 HI13F 0.9800
Cl4 C15 1.5516(17)
Cl4 H14A 0.9900
Cl4 H14B 0.9900
C15 Cl16 1.505(3)
C15 Cl16' 1.515(9)
C15 Cl18 1.549(2)
C15 Cl18' 1.681(12)
C20 C21 1.3897(16)
C20 C25 1.3901(16)
C21 C22 1.3889(18)
C21 H21 0.9500
C22 C23 1.385(2)
C22 H22 0.9500
C23 C24 1.401(2)
C23 C26 1.5083(19)
C24 C25 1.3895(17)
C24 H24 0.9500
C25 H25 0.9500
C26 H26A 0.9800
C26 H26B 0.9800
C26 H26C 0.9800
C26 H26D 0.9800
C26 H26E 0.9800
C26 H26F 0.9800
C27 C28 1.3878(16)
C27 C32 1.3972(16)
C28 C29 1.3967(18)
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C28 H28 0.9500
C29 C30 1.3937(19)
C29 H29 0.9500
C30 C31 1.3976(18)
C30 C33 1.5061(19)
C31 C32 1.3892(17)
C31 H31 0.9500
C32 H32 0.9500
C33 H33A 0.9800
C33 H33B 0.9800
C33 H33C 0.9800
C33 H33D 0.9800
C33 H33E 0.9800
C33 H33F 0.9800
C16 C17 1.517(3)
C16 HI16A 0.9900
C16 H16B 0.9900
C17 H17A 0.9800
C17 H17B 0.9800
C17 H17C 0.9800
C18 HI18A 0.9800
C18 H18B 0.9800
C18 HI18C 0.9800
C16' C17' 1.537(12)
C16' H16D 0.9900
C16' H16E 0.9900
C17' H17D 0.9800
C17' H17E 0.9800
C17' H17F 0.9800
C18' H18F 0.9800
C18 H18D 0.9800
C18 HI18E 0.9800

N2 Cl C2 120.97(10)
N2 Cl C13 118.00(10)
C2 Cl Cl13 121.04(10)
Cl2 N1 C9 120.20(10)
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Cl2 N1
C9 N1
02 ¢S1
02 ¢S1
01 ¢1
02 ¢S1
01 ¢1
N3 S1
02 ¢S1
01 ¢1
N3 S1
C20 ¢S1
S1 01
N4 Nil
N4 Nil
N3 Nil
N4 Nil
N3 Nil
N1 Nil
N4 Nil
N3 Nil
N1 Nil
N2 Nil
N4 Nil
N3 Nil
N1 Nil
N2 Nil
01 Nil
C3 C2
C3 C2
Cl cC2
03 82
03 82
04 S2
03 82
04 S2
N4 S2
Cl N2

Nil
Nil
o1
N3
N3
C20
C20
C20
Nil
Nil
Nil
Nil
Nil
N3
N1
N1
N2
N2
N2
01
01
01
01
S1
S1
S1
S1
S1
C1
H2
H2
04
N4
N4
C27
C27
C27
C5

125.41(8)
114.15(7)
115.63(5)
116.62(5)
101.87(5)
105.94(5)
106.51(5)
109.88(5)
133.53(4)
57.44(3)
44.44(3)
120.27(4)
90.32(4)
106.97(4)
110.13(4)
89.50(4)
103.62(4)
149.37(4)
81.43(4)
104.43(4)
65.89(3)
142.27(3)
104.96(3)
109.05(3)
33.64(3)
118.20(3)
131.09(3)
32.25(2)
120.70(10)
119.6
119.6
116.53(5)
109.95(5)
110.81(5)
105.94(5)
106.08(5)
106.92(5)
118.51(9)
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C1
C5
C15
C15
S1
C2
C2
C4
C5
C5
C3
S2
S2
Nil
N2
N2
C4
C7
C7
C4
C6
C6
C8
C9
C9
C10
N1
N1
C8
Cl1
Cl1
C8
C10
C10
C12
N1
N1
Cl1

N2
N2
N3
N3
N3
C3
C3
C3
C4
C4
C4
N4
N4
N4
C5
C5
C5
C6
C6
C6
C7
C7
C7
C8
C8
C8
C9
C9
C9
C10
C10
C10
Cl1
Cl1
Cl1
C12
C12
C12

Nil 130.20(8)
Nil 111.25(7)
S1  127.22(8)
Nil 130.57(7)
Nil 101.92(5)
C4 119.31(10)
H3 1203

H3 1203

C3 116.58(10)
C6 119.10(10)
C6 124.31(11)
Nil 125.97(6)
H4N  108.2
HAN 113.7
C4  123.90(10)
C9  116.69(10)
C9 119.41(10)
C4 121.11(11)
H6 119.4

H6 119.4

C8  120.84(11)
H7 119.6

H7 119.6
C10 116.62(11)
C7 118.74(10)
C7 124.64(11)
C8 123.05(10)
C5 116.31(9)
C5 120.63(10)
C8 119.47(11)
H10 1203
H10 120.3
Cl2 120.57(11)
H11 119.7
H11 119.7
Cl1 119.99(11)
Cl4 117.14(10)
Cl4 122.78(10)
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Cl C13 HI3A 1095
Cl C13 H13B 1095
H13A C13 H13B 1095
Cl Cl13 H13C 1095
H13A C13 H13C 1095
H13B C13 H13C 109.5
Cl C13 HI13D 1095
H13A C13 H13D 141.1
H13B C13 H13D 56.3
H13C C13 HI13D 56.3
Cl C13 HI3E 109.5
H13A C13 HI13E 56.3
H13B C13 HI3E 141.1
H13C C13 HI13E 56.3
H13D C13 HI13E 109.5
Cl C13 HI13F 1095
H13A C13 HI13F 56.3
H13B C13 H13F 56.3
H13C C13 HI3F 141.1
H13D C13 HI13F 1095
H13E C13 HI13F 109.5
Cl2 Cl4 C15 116.37(9)
Cl2 Cl4 HI14A 108.2
Cl15 C14 HI14A 108.2
Cl2 Cl4 H14B 108.2
Cl5 Cl4 H14B 108.2
H14A Cl14 H14B 107.3

N3 C15 C16 112.81(12)

N3 C15 C16' 117.3(3)

N3 C15 C18 110.14(11)
Cl16 CI15 C18 112.21(14)

N3 C15 Cl4 105.59(9)

Cl6 C15 Cl4 110.64(14)

Cl6' C15 Cl4 117.7(4)

C18 C15 Cl4 104.95(12)

N3 C15 C18 103.5(4)
C16' C15 C18 101.5(5)
Cl4 C15 C18 110.2(5)
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C21
C21
C25
C22
C22
C20
C23
C23
C21
C22
C22
C24
C25

C20
C20
C20
C21
C21
C21
C22
C22
C22
C23
C23
C23
C24

C25
S1

S1

C20
H21
H21
C21
H22
H22
C24
C26
C26
C23

120.76(11)
119.23(9)
119.92(9)

119.69(12)

120.2

120.2

120.76(12)

119.6

119.6

118.77(12)

120.37(14)

120.86(14)

121.25(12)

C25 C24
C23 C24
C24 C25
C24 C25
C20 C25
C23 C26
C23 C26
H26A C26
C23 C26
H26A C26
H26B C26
C23 C26
H26A C26
H26B C26
H26C C26
C23 C26
H26A C26
H26B C26
H26C C26
H26D C26
C23 C26
H26A C26
H26B C26
H26C C26
H26D C26

H24 1194
H24 1194

C20 118.77(12)

H25 120.6
H25 120.6
H26A 109.5
H26B 109.5
H26B 109.5
H26C 109.5
H26C 109.5
H26C 109.5
H26D 109.5
H26D 141.1
H26D 56.3
H26D 56.3
H26E 109.5
H26E 56.3
H26E 141.1
H26E 56.3
H26E 109.5
H26F 109.5
H26F 56.3
H26F 56.3
H26F 141.1
H26F 109.5
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H26E C26 H26F 109.5

C28 Cz27
C28 Cz27
C32 Cz27
C27 C28
C27 C28
C29 (C28
C30 C29
C30 C29
C28 C29
C29 C30
C29 C30
C31 C30
C32 Cal
C32 Cal
C30 Ca31
C31 C32
C31 C32
C27 C32
C30 C33
C30 C33
H33A C33
C30 C33
H33A C33
H33B C33
C30 C33
H33A C33
H33B C33
H33C C33
C30 C33
H33A C33
H33B C33
H33C C33
H33D C33
C30 C33
H33A C33
H33B C33
H33C C33

C32
S2

S2

C29
H28
H28
C28
H29
H29
C31
C33
C33
C30

120.16(11)
121.11(9)
118.61(9)

119.52(11)

120.2

120.2

121.25(11)

119.4

119.4

118.25(11)

121.07(12)

120.67(12)

121.23(11)

H31 1194
H31 1194

C27 119.56(11)

H32 120.2
H32 120.2
H33A 109.5
H33B 109.5
H33B 109.5
H33C 109.5
H33C 109.5
H33C 109.5
H33D 109.5
H33D 1411
H33D 56.3
H33D 56.3
H33E 109.5
H33E 56.3
H33E 141.1
H33E 56.3
H33E 109.5
H33F 109.5
H33F 56.3
H33F 56.3
H33F 141.1
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H33D C33
H33E C33
C15 Ci6
C15 Ci6
Cl7 Ci6
C15 Ci6
Cl7 Ci6
H16A C16
Cle C17
Cle C17
H17A C17
Cle C17
H17A C17
H17B C17
C15 Ci18
C15 Ci18
H18A C18
C15 Ci18
H18A C18
H18B C18
Ci15 Ci1¢'
Ci15 Ci1¢'
Ci7 Ci1e'
Ci15 Ci1¢'
Ci7 Ci1e'

H16D C16'

Cle' C17
Cle' C17

H17D Ci7

Cle' C17

H17D Ci7
H17E C17'

H33F 109.5
H33F 109.5

C17 116.92(16)

H16A 108.1
H16A 108.1
H16B 108.1
H16B 108.1
H16B 107.3
H17A 109.5
H17B 109.5
H17B 109.5
H17C 109.5
H17C 109.5
H17C 109.5
H18A 109.5
H18B 109.5
H18B 109.5
H18C 1095
H18C 109.5
H18C 1095
C17' 109.6(6)
H16D 109.7
H16D 109.7
H16E 109.7
H16E 109.7
H16E 108.2
H17D 109.5
H17E 109.5
H17E 109.5
H17F 109.5
H17F 109.5
H17F 109.5

C15 C18 H18F 109.5
C15 C18' H18D 109.5
H18F C18' H18D 109.5
C15 C18 HI18E 109.5
H18F C18' H18E 109.5
H18D C18' H18E 109.5
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Table 3. Torsion angles [°] for Ni-11..

02
N3
C20
N2
C13
C2
C13
C2
C13
02
o1
C20
Nil
02
o1
C20
C1
C2
C2
03
04
C27
C1
Nil
C1
Nil
C3
C6
C3
C6
C5
C3
C4
C6
C6

Cl12 N1

S1
S1
S1
C1l
C1l
C1
C1l
C1
C1
S1
S1
S1
S1
S1
S1
S1
C2
C3
C3
S2
S2
S2
N2
N2
N2
N2
C4
C4
C4
C4
C4
C4
C6
C7
C7

o1
o1
o1
C2
C2
N2
N2
N2
N2
N3
N3
N3
N3
N3
N3
N3
C3
C4
C4
N4
N4
N4
C5
C5
C5
C5
C5
C5
C5
C5
C6
C6
C7
C8
C8

Nil
Nil
Nil
C3
C3
C5
C5
Nil
Nil
C15
C15
C15
C15
Nil
Nil
Nil
C4
C5
C6
Nil
Nil
Nil
C4
C4
C9
C9
N2
N2
C9
C9
Cc7
Cc7
C8
C9
C10

Co9 C8

126.87(5)
-0.62(5)
-115.75(4)
-0.10(17)
-179.95(11)
1.37(16)
-178.77(10)
-175.96(8)
3.90(15)
48.21(11)
175.06(9)
-72.31(10)
174.32(12)
-126.11(5)
0.74(6)
113.37(5)
-1.55(17)
1.83(16)
-177.02(11)
-61.06(8)
168.68(6)
53.51(8)
-1.04(16)
176.78(9)
178.80(9)
-3.39(12)
-0.57(16)
178.34(10)
179.60(10)
-1.49(16)
-1.94(17)
176.89(12)
2.60(18)
0.21(17)
179.24(12)
2.02(16)
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Nil
C12
Nil
C10
C7
C10
C7
N2
C4
N2
C4
C9
C7
C8
C9
Nil
C9
Nil
C10
C10
N1
Cl1
S1
Nil
S1
Nil
S1
Nil
S1
Nil
S1
Nil
C12
C12
C12
C12
C12
02

N1
N1
N1
C8
C8
C8
C8
C5
C5
C5
C5
C8
C8
C10
N1
N1
N1
N1
Cl1
Cl1
C12
C12
N3
N3
N3
N3
N3
N3
N3
N3
N3
N3
C14
C14
C14
C14
C14
S1

C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C9
C10
C10
Cl1
C12
C12
C12
C12
C12
C12
C14
C14
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C15
C20

C8
C5
C5
N1
N1
C5
C5
N1
N1
C8
C8
Cl1
Cl1
C12
Cl1
Cl1
C14
C14
N1
Cl4
C15
C15
Cl6
C16
Cle'
C16'
C18
C18
C14
C14
C18'
C18'
N3
C16
C16
C18
C18
C21

176.72(8)
-178.27(10)
-3.57(12)
-3.07(16)
176.05(10)
177.24(10)
-3.65(16)
4.73(14)
-175.43(10)
-175.55(10)
4.29(16)
1.27(17)
-177.79(11)
1.42(18)
0.86(16)
-173.20(8)
-175.75(10)
10.19(14)
-2.58(18)
173.83(11)
-63.37(14)
120.12(12)
-62.64(17)
110.04(15)
43.0(4)
-144.4(4)
63.60(15)
-123.73(13)
176.41(8)
-10.92(13)
-67.8(5)
104.9(5)
59.78(12)
-62.58(14)
' -167.0(4)
176.17(12)
' -51.3(4)
-5.30(11)
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o1
N3
Nil
02
o1
N3
Nil
C25
S1
C20
C21
C21
C22
C26
C23
C21
S1
03
04
N4
03
04
N4
C32
S2
C27
C28
C28
C29
C33
C30
C28
S2
N3
C18
C14
N3
C14

S1
S1
S1
S1
S1
S1
S1
C20
C20
C21
C22
C22
C23
C23
C24
C20
C20
S2
S2
S2
S2
S2
S2
C27
C27
C28
C29
C29
C30
C30
C31
C27
C27
C15
C15
C15
C15
C15

C20
C20
C20
C20
C20
C20
C20
C21
C21
C22
C23
C23
C24
C24
C25
C25
C25
C27
C27
C27
C27
C27
C27
C28
C28
C29
C30
C30
C31
C31
C32
C32
C32
C16
C16
C16
Cle'

Cle'

C21
C21
C21
C25
C25
C25
C25
C22
C22
C23
C24
C26
C25
C25
C20
C24
C24
C28
C28
C28
C32
C32
C32
C29
C29
C30
C3l
C33
C32
C32
C27
C31
C31
C17
C17
C17
c1r
cir

-128.92(9)
121.49(9)
169.57(8)
178.04(10)
54.41(11)
-55.18(11)
-7.10(11)
0.66(18)
-175.97(9)
-0.57(19)
0.1(2)
-179.90(14)
0.2(2)
-179.74(15)
-0.1(2)
-0.32(19)
176.30(10)
-7.69(11)
116.76(10)
-124.94(10)
168.42(9)
-67.12(10)
51.17(10)
-0.66(17)
175.39(9)
-0.53(18)
0.70(18)
-179.41(12)
0.33(18)
-179.56(12)
-1.50(18)
1.66(17)
-174.49(9)
-176.80(16)
58.1(2)
-58.8(2)
70.9(6)
-56.9(6)
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Cl8' C15 Cl16' C17' -177.2(6)

Symmetry operations

1'%xvy7Z
2 '-x,-y, -7
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(SN N~ O

\l

10
11
12

13
14
15

16
17
18
19
20

21
22
23

24
25

26
27

28
29
30
31
32
33
34

35

References

S. Z. Sun, C. Romano and R. Martin, J. Am. Chem. Soc., 2019, 141, 16197-16201.

S. Z. Sun, M. Bdrjesson, R. Martin-Montero and R. Martin, J. Am. Chem. Soc., 2018, 140,
12765-127609.

H. S. Preston, C. H. L. Kennard and R. A. Plowman, J. Inorg. Nucl. Chem., 1968, 30, 1463—
1467.

D. C. Powers, B. L. Anderson and D. G. Nocera, J. Am. Chem. Soc, 2013, 135, 18876-18883.
A. Dubey, S. M. W. Rahaman, R. R. Fayzullin and J. R. Khusnutdinova, ChemCatChem,
2019, 11, 3844-3852.

M. Karpacheva, F. J. Malzner, C. Wobill, A. Biittner, E. C. Constable and C. E. Housecroft,
Dye. Pigment., 2018, 156, 410-416.

J.-M Lehn and J. R. De Vains, Helv. Chim. Acta, 1992, 75, 1221-1236.

D. O. Kirsanov, N. E. Borisova, M. D. Reshetova, A. V. Ivanov, L. A. Korotkov, I. I. Eliseev,
M. Y. Alyapyshev, I. G. Spiridonov, A. V. Legin, Y. G. Vlasov and V. A. Babain, Russ.
Chem. Bull. Int. Ed., 2012, 61, 881-890.

J. B. Regnouf De Vains, A. L. Papet and A. Marsura, J. Heterocycl. Chem., 1994, 31, 1069—
1077.

L. W. Bieber and M. C. F. De Araujo, Molecules, 2002, 7, 902-906.

K. L. Jensen, E. A. Standley and T. F. Jamison, J. Am. Chem. Soc., 2014, 136, 11145-11152.
J. U. Jeong, B. Tao, I. Sagasser, H. Henniges and K. B. Sharpless, J. Am. Chem. Soc., 1998,
120, 6844-6845.

D.-L. Kong, L.-N. He and J.-Q. Wang, Catal. Commun., 2010, 11, 992-995.

C. S. Sevov, J. Zhou and J. F. Hartwig, J. Am. Chem. Soc., 2014, 136, 3200-3207.

V. Mahadevan, Y. D. Y. L. Getzler and G. W. Coates, Angew. Chemie Int. Ed., 2002, 41,
2781-2784.

K. Samanta and G. Panda, Org. Biomol. Chem., 2011, 9, 7365.

K. Kawamura, H. Fukuzawa and M. Hayashi, Org. Lett., 2008, 10, 3509-3512.

G. D. K. Kumar and S. Baskaran, Chem. Commun., 2004, 1026.

G. P. Y. Kok, H. Yang, M. W. Wong and Y. Zhao, Org. Lett., 2018, 20, 5112-5115.

D. Sureshkumar, T. Gunasundari, V. Ganesh and S. Chandrasekaran, J. Org. Chem., 2007, 72,
2106-2117.

J. M. Mclntosh, J. Org. Chem., 1982, 47, 3777-3779.

G. W. Kabalka and E. E. Gooch, J. Org. Chem., 1980, 45, 3578-3580.

Q. Y. Meng, T. E. Schirmer, K. Katou and B. Kénig, Angew. Chemie Int. Ed., 2019, 58,
5723-5728.

M. Bigi and M. C. White, J. Am. Chem. Soc., 2013, 135, 7831-7834.

X.Wang, Y. Ye, S. Zhang, J. Feng, Y. Xu, Y. Zhang and J. Wang, J. Am. Chem. Soc., 2011,
133, 16410-16413.

D. K. Nielsen, C. Y. Huang and A. G. Doyle, J. Am. Chem. Soc., 2013, 135, 13605-13609.
U. Lining, E. Mak, M. Zindler, B. Hartkopf and R. Herges, Eur. J. Org. Chem., 2010, 4932—
4940.

L. L. Mao and H. Cong, ChemSusChem, 2017, 10, 4461-4464.

M. B. Hay, A. R. Hardin and J. P. Wolfe, J. Org. Chem., 2005, 70, 3099-3107.

E. Rieger, A. Manhart and F. R. Wurm, ACS Macro Lett., 2016, 5, 195-198.

D. Kalyani and M. S. Sanford, J. Am. Chem. Soc., 2008, 130, 2150-2151.

M. D’hooghe, 1. Kerkaert, M. Rottiers and N. De Kimpe, Tetrahedron, 2004, 60, 3637-3641.
S. Mohottalage, R. Tabacchi and P. M. Guerin, Flavour Fragr. J., 2007, 22, 130-138.

A. K. Ravn, M. B. T. Vilstrup, P. Noerby, D. U. Nielsen, K. Daasbjerg and T. Skrydstrup,
Angew. Chemie Int. Ed., 2019, 141, 11821-11826.

L. Combee, B. Raya, D. Wang and M. K. Hilinski, Chem. Sci., 2018, 9, 935-939.

S107



36
37
38

39
40

41
42
43

44
45
46
47

48
49
50
51
52

53

54

55
56

H. Jiang, L.. Albrecht and K. A. Jergensen, Org. Lett., 2010, 12, 2008-2011.

J. Wang and Y. Hou, J. Chem. Soc., Perkin Trans 1, 1998, 1919-1923.

W. Howson, H. M. I. Osborn and J. Sweeney, J. Chem. Soc. Perkin Trans. 1, 1995, 2439—
2445,

C. A. M. Cariou, B. M. Kariuki and J. S. Snaith, Org. Biomol. Chem., 2008, 6, 3337-3348.
D. Seebach, O. Bezencon, B. Jaun, T. Pietzonka, J. L. Matthews, F. N. M. Kiihnle and W. B.
Schweizer, Helv. Chim. Acta, 1996, 79, 588-608.

A. C. Knall, M. Winkler, L. Marti and N. Klempier, Tetrahedron, 2005, 61, 4249-4260.

Y. Ogawa, K. Kuroda and T. Mukaiyama, Bull. Chem. Soc. Jpn., 2005, 78, 1309-1333.

T. Bando, H. Harayama, Y. Fukazawa, M. Shiro, K. Fugami, S. Tanaka and Y. Tamaru, J.
Org. Chem., 1994, 59, 1465-1474.

P. Righi, N. Scardovi, E. Marotta, P. Holte and B. Zwanenburg, Org. Lett., 2002, 7, 497-500.
H. Oh, A. Park, K. S. Jeong, S. B. Han and H. Lee, Adv. Synth. Catal., 2019, 361, 2136—2140.
K. Alagiri and K. R. Prabhu, Chem. - A Eur. J., 2011, 17, 6922-6925.

B. Das, K. Venkateswarlu, K. Damodar and K. Suneel, J. Mol. Catal. A Chem., 2007, 269,
17-21.

M. Kumar, S. K. Pandey, S. Gandhi and V. K. Singh, Tetrahedron Lett., 2009, 50, 363—365.
A. J. Pallenberg, T. M. Marschner and D. M. Barnhart, Polyhedron, 1997, 16, 2711-2719.
T. Moragas, J. Cornella and R. Martin, J. Am. Chem. Soc., 2014, 136, 17702-17705.

G. a. Bailey and D. E. Fogg, ACS Catal., 2016, 6, 4962—-4971.

R. J. Somerville, R. J. Somerville, C. Odena, C. Odena, M. F. Obst, N. Hazari, K. H.
Hopmann, R. Martin and R. Martin, J. Am. Chem. Soc., 2020, 142, 10936-10941.

D. J. Charboneau, G. W. Brudvig, N. Hazari, H. M. C. Lant and A. K. Saydjari, ACS Catal.,
2019, 9, 3228-3241.

H. Masuda, K. Takase, M. Nishio, A. Hasegawa, Y. Nishiyama and Y. Ishii, J. Org. Chem.,
1994, 59, 5550-5555.

S. Minakata, Y. Okada, Y. Oderaotoshi and M. Komatsu, Org. Lett., 2005, 7, 3509-3512.

B. Das, M. Krishnaiah and K. Laxminarayana, J. Chem. Res., 2007, 82-83.

S108



7 NMR Spectra

—79.15
—59.92
47.78

'H (CDCls, 500 MHz)
(L1)NiCl; (Ni-1)
MeO OMe

N\ N7

12.64

N_ _N
Me NI Me
ClI” ClI
|
1 H l
4 4 I d
160 S;O éO 7‘0 éO 5;0 4{0 3‘0 2‘0 1‘0 0 % 0 -‘20 -éO -é‘tO -éO -éO -‘70 -éO -éO
1 (ppm)
1 T 7 T
1
H (CDCls, 500 MHz)
(L2)NiCl, (Ni-2)
tBu tBu
| J\/
| [ | Lk
b H e !
50 éO 7‘0 éO éO 4‘0 30 2‘0 1‘0 b —‘1 0 -‘20 -‘30 -1‘10 -‘50 -éO -‘70 -éO
1 (ppm)

S109



o u
$8°0
L8°0
v
SLL
9Ll
L1
oz'L
1z
L
€Tl
STL—
LEL

mm.—N
sel
16
fAsnl
vSL
0T
wo.m\
1444

A\

69C

oLe
¥4
¥ax4
e
eLe

zeL
gL
veL \
seL
182
8L
8L
€8L
8L
V8L

'H (CDCls, 400 MHz)

1a—d1

NTs
/,/D

H,

=0

1 (ppm)

8Lyl —

9L1e
85CC %
£8°9C
£€8'82
e /
SLLE
EV'EE
69°€E W
v6'€€

LGS0V —

SL'82L ~
sLect —

e¥'SeL —

YSvyL —

3C (CDCl3, 101 MHz)
1a-d1

190 180 170 160 150 140 130 120 110

200

1 (ppm)

S110



'H (CDCl3, 400 MHz)

NTs

M602C

Foz

6512 —

oz
0808 ~
8868 ~_

60°6€ —

Y91 —

1 (ppm)

L6121 ~—
6962 —

18vEL —

€9PyL —

8LTLL —

¥C (CDCl;, 101 MHz)

10

30

50

70

90

110

0

1

1 (ppm)

S111



-3

R
L
—

<
)
_
-

<
@
~
.
—

'H (CDCls, 400 MHz)

18

8L~

1j
NTs

Cl

oL
0T
i

=0t

072

1 (ppm)

6Ll —

99'82 —
68677
00°VE ~
ze6E —

Ly —

71821 —
88621 —

0zsel —

08 vyl —

3C (CDCl3, 101 MHz)
1j

MJWWWWW .

1 (ppm)

S112



€0°L
0L
0L
S0'L
90°L
LOL
0z'L
1zL
el
€L
€L
YL

€eL
SEL
08'L
18L
18L
8L
€8°L
€8°L

NN

'H (CDCls, 400 MHz)
Im

NTs

Cl

Fuu
Fou
=0l
Roe
vot

=6t

eLe —

vrze~
80°€E —
90ve

LY'6E —

1 (ppm)

60821 ~_

3C (CDCl;, 101 MHz)
1m

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

200

S113



o
£9'1
vo'L 4
So'L
5oL
19't
191
69'L
16°L
161
261
z6'L o
£6'L
6L

08¢C-

NTs

1n

'H (CDCl3, 400 MHz)
F5;C

69'Llc —

18°C¢
26°Ce W
60VE
GE'6€ —

1 (ppm)

zeoct
zoeet
'seL
Sv'seh
6571
2s'sel
zLseL
0L'8zL
£v'8CL
15821
91°821L
08’8zl
80'62L </
18’621
66'vEL —

LLYYL
[4h44%
eyl
S6°vYL
96Vl

ze0Tt —

coegt —

(3 4-r4%
14143
6v'STh

e¢s'sel
[4A°14% \

oL'8zh
£¥'8CL
LG RZL

9L'8ZL A\
08821

8062} ~_

1 (ppm)

3C (CDCl;, 101 MHz)

1n

LLYYL —

6yl —
eyl —
S6'vYL ~
96l —

1 (ppm)

T T
140 130

T
150

f1 (ppm)

S114



S¥'29-—

YF (CDCl3, 376 MHz)
In

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

-10

S,
09'1
190
€91
€91
so'L |
59'L
€8l |
el
gl
'l
981
98'1
wif
881
681
061§
02
oz >

sv'z
s5T V
957\
sz
857
65C -]

654
092
19
297
2L
vLT
vz
vz
5Lz
sLz
sLz
9Lz
oLz
1Lz
1Lz
8,2

86'9
669
669
002
0L
0L

€8L ~

SeL
9e’L
LEL
LEL
8E°L
6E°L
or'L
08'L
18L
18L
8L
€8°L
€8'L

_3

S5
NTs

'H (CDCls, 400 MHz)

Br

6L

T

1 (ppm)

S115



6L —

1528~
60'€E —
erve

056 —

So0gk —

SL'8ZL ~_
vgezl ~
SZ0eEL

oisr /.
zhser

8L6EL —

vLYYL—

3¢ (CDCls, 101MHz)

S5

me

1 (ppm)

= 1o
= Fou
- =60

Eoe

'H (CDCl3, 400 MHz)
1o

NTs

Ac

1 (ppm)

S116



08’1 —
08'9C —
Y8TE~_
NN.MMM
L1VE

696 —

t.mm_/
LO'6Ch W
sLezt -7
862l

02'SEL ~
e8'ael
o6eL 7
sUyL —
SLPPL~
29501 —

88°L6L —

3¢ (CDCls, 101 MHz)

1o

190 180 170 160 150 140 130 120

200

1 (ppm)

SL'9
SL'9
SL'9
91’9
0z'9
129
29

o
@
~

o

——

'H (CDCl3, 400 MHz)
1p

NTs

\ NBoc

=860
=960

L6k
/861
0k
0

1 (ppm)

S117



08’ —

6LLC—
z6'Ce
8C€E W
80¥€

1868 —

v9'€8 —

89°0LL —
vrvLL—

09°zzl —
L9°LTL

61821 A
ezt -7
¥8'621 *
Lrzel

y0'GEL \
Lzeel

B6L6EL s
LYyl —

8r'6vL —

3¢ (CDCls, 101 MHz)

1p

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

L9
L9
L9
L9

eL
€L
veL

ve'L
L
L
[4 4

18°L
8L
8L
€8°L
€8°L
8L
86°L
86°L
66°L
66°L

NTs

1r

'H (CDCl3, 400 MHz)
0]

oz

1 (ppm)

S118



seie"

3
0292 ~_ _ 3
S1'8Z ~C _
£0vE — R
3

69°6€ —

§9'€9 —

06601 —

er6LL —

1821 —
8621 —

Ll |

yL'GEL —

"

06evl —

sty
£8'LyL —

LLegL —

3¢ (CDCls, 101 MHz)
1r

_

1 (ppm)

ave
o'l

SL
L1
8yl
6v'L
05'L o
151 o
8Ll o
6.1 4
6.1 o
08'L o
08'L
08'L
18°L A
281
€8'L —
s8'L
ey
98'L 7|
98'L
81
81
88| |
88l |
63'1 |
681 ]
061
06't |
80Z |

0e’L

LeL
1L
[
2L
Nm.ﬁ
€€L

082
08'L ]
182
28,

96 ]

L

[

—

—

—

NTs

'H (CDCl3, 400 MHz)
1s
O

MeOZC

=€
0T

=0T
=0T

1 (ppm)

S119



SLle—
2992 ~
§S0'8¢ —
€0'vE —

08'6€ —

661G —

S0'L9 —

oLyl —

vLeel —
L8z —
8621

e
6L'GEL —

vLYYL—

LT —

86'99L —

|

L

3¢ (CDCls, 101 MHz)

1s

0

As

10

30

60

90

1 (ppm)

v
9r'L 4
8yl |
671
L
(A
[
Stk
oLt o
L1
6Lt
18°1
8Ly
28’k A
€8°1
8L~
98'L
80'C

60

(fr———

e
HEN
S9 H/
6L

08 A
182
18
18°C -]
28T
282
€82
€82
€8 ]
82
58
v8'€
S8°€ -
s8¢
98¢
8¢
88°¢
88°€
68°¢

—

—=e

o9
1099
hh.wg
8.9
8491
6491
£6'9 1
£6'9 1
6'9 1
7691
569
569
569
969
969
1697

wh.w#

—

0g’L
gL
Le'L
TeL
eL
zeL
6LL
08’L
08'L
8L
8L
€8°L

'H (CDCl3, 400 MHz)
1t

NTs

o

Foz

0T
Foe

=0T

1 (ppm)

S120



e —
0L92 —
6082 —
00¥€ —

88°6€ —

L9 —

SY'SLE
€G°SLE
VLSLE
L6SLE

80821 —
6L62L —

8L'GEL —

89vYlL —

€0°SSk
90°SS L
-9g1 /-
€l wm—\
0585k

€065 — —

906G — —

3¢ (CDCl3, 101 MHz)
1t

155.05

155.10

1 (ppm)

T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

eTvel-
Level-
ozvel-
6L¥Cl-
8L¥Cl-
AN AN
9L¥el-

F (CDCls, 376 MHz)

1t

mw.wmr.*
Level-
om.#w_.‘\
6Lvel-—
8Lvel-
t.vmr./

w_.ww_v./
Y

-124.18 -124.22 -124.26

-124.14

1 (ppm)

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

-10

S121



Ll
£v'L A
£l
St'L A
stk

ov'L
L1~
811
6L
ost/
08'L
e |
181
z8L u L
€8l
81
€81 |
+8'L
G8')
S8l ]
981 ]
98l ]
181
88l
88'L
681
06'L 4
06'L 4
161 4
z6'L
z6'L
€61
v6'L
102
80Z 4
Zr'e
292 1
£9Z
182 4
28T 1
2821
€8
€8
82
582
S8
9821
1824

—

889
689
689
16’9
169
269

LeL~
LeL
zeL
gL
€eL
SS°L
SS'L
9S°L
LSL
LS'L
85°L
85°L
8LL
6LL
6L°L
08’L
08'L
18L

'H (CDCl3, 400 MHz)

1u

NTs

)

NC

oz

=0¢
02

=0T

1 (ppm)

SLe—
Y592 ~
96'LC—
oLye —

85°6€ —

VL9 —

¥0'¥0L —

0E'SHE—
GE6LL—

80'87L —
86zl —
OLPEL ~_
zhseL —

8LYYL —

Gze9L —

mmmwmwj

¥C (CDCl;, 101 MHz)

1u

[N/

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

200

S122



20
9z’
1z
8zl
621
62'1
0E'L
LE'L
ze't o

€81
51
mmL

65°} A
09°} A
09°L
9L

10
e
14

mm.N/
oo.m/

s9¢C
99T
99T
19T
L9C
89C
89C
69C
oLe

26°€
°6°e
€6'¢
€6'€
v6'€
v6'€

€eL
€e°L
ve'L
veL
SEL
SEL
9e°L
9€'L
9L'L
9LL
LLL
Lre
8LL
8LL
6L°L
08'L
08'L
18L
18L
8L

'H (CDCls, 400 MHz)

1w

NTs

TsO

|

Fre

Fez

=0t

0C

1 (ppm)

UL~
€6CC—
28z —
§9°0€e —
£8'€E ~

08'6€ —

91'0L —

862k
ovom_.N
Leeel Va
oL'sel

08'vrL
[4:844"

3C (CDCl;, 101 MHz)

w

1

A R———————_" WMMWMMMWKJ&WJ

f1 (ppm)

S123



cer
ze't
el
Vel
el
9L
L8}
8E'L
6¢'l

591

NTs
]

1x

'H (CDCls, 400 MHz)
NC

=0T

oz

97’ 9L —
eL1T ~
(AR
86'6C —
¥8'€€ —

89'8€ —

1 (ppm)

€T6LL —

S0'8CH —
68621 —

8 veEL —

86 VYL —

¥C (CDCl;, 101 MHz)
1x

1 (ppm)

S124



wou
80
G680
ceL
€eL
SE'L
9g'L
8E’L
85k
85’k
651
09k
09k
Lot
9L
€9k
90¢C
L0cC /.
09C
[4°x4
S9C
99¢C
99T
L9
19T
89C
89C
69C
oLe

8¢
88°¢ >

86'9
66'9
669
00°L
oL
0L

98°L
8L
L8L
88°L
88°L
68°L

'H (CDCls, 400 MHz)

laa

OMe

oz

1.0

15

25

5.0
1 (ppm)

55

6.0

T
6.5

oL —

€9vC —

G9'eE —

6Ly —

6,66 —

eEVLL —

06'6Z1 ~_
8z0eL

LLE9L —

3¢ (CDCls, 101 MHz)
laa

1 (ppm)

S125



vou
280
€80
780
ze'L
€21
SE'L
9g'L
L€}
151
85t &W
65'L

09°L

091
9L
9L
€9k

80C
60C

[4°x4
€9
89C
69C
oLe
oLe
e
e
(444
e
€L'e

G8'e

LAV
AV
e1LA
£1L
yLLA
yLLA

LA
SL'L A

03/
'L

evL ur
£7'L ]

YL %
oL
6L
6L
052
1672
E.&
5L

1

~ [

T =

S (@)

o

3 o

53 2

8 §z
o Y
o ]

e

Fou
Fot

=60

0

1 (ppm)

88°0L —

s —
6L°€E —

6Ly —

L8 —

SSTHE—
80°0Ck

wﬁom—v
1L0EL —

2e6EL —

16651 —

¥C (CDCls, 126 MHz)
la

1 (ppm)

S126



rou
€80
G680
e
€eL
SE'L
9g'L
8E’L

85k
09k
09k
9L
9L
€9'L
9L
S9'L
SO’k
60C
oLe V.
9T
S9C
69C
e
e
e
e
€Le
vL'e
vLe
SLe

8L'L
6L°L
oL
oz'L
et
L
L
€L

£TL
vTL
v6'L
S6'L &
S6°L~
96'L ~

96'L ) L
62 M

86°L
86°L
66°L

Hz)

lad
N/

'H (CDCls, 400
Et

Foz

601 —

SSve —

£6'¢E —

Ley —

1 (ppm)

Le9LL
€591 >

180k
L6°0€L

8YvEL
LSPEL 7

8y ¥9L —
20L9L —

8Y ¥EL —

d

I1SPEL —

¥C (CDCl;, 101 MHz)
la

134.56 134.54 134.52 134.50 134.48 134.46 134.44

f1 (ppm)

1 (ppm)

S127



YF (CDCls, 376 MHz)

lad

99°€0L- —

S9'E0L- —

¥9°€01- —
€9'€0L- —

soeor-
29'€0L- ~
L9'E0L-~_

09°€0L- —

65°€0L- —

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -23(
1 (ppm)

-60 -90

-30

-10

0 U
L8°0
68°0
9€'L
8L
or'L
443
L
09'L
9L
9L
€9'L
9L
S9'L
99°L

217

[N AN
siz

69C
e
6LC
[5:%4

18C
[4:44
[4:x4
€8C
8¢
8¢
s8¢

18L
18°L
€8'L
€8°L
€8'L
608
608 >

L8
L8
(4%

L

~—~~
T
[se]
= 5
m
<t % \\O
=
e
O
N
T
i

0T

Foz

Et

1

1 (ppm)

S128



— ~
L o
1801 — -
F&
vSvg — L
[=
ol
vZye — L
o
<
ez —
o
w0
o
- ©
o
=
(=]
[~ 00
o
o
| &
L8 &
b
o
L=
b
vZeLL
s6'Lzt L
99°v2t °
vz9zl -4 LS
Lz9zk — -
Le'9zl _ |
se9zt 52
8e' Lzl — Q aa
roszr o e
LLYELN AW L2 e |
60'sel YZoLL— - - ===
Zr'sel \ o
o [
LN =
_ L
) (=]
- [SyYol
0
~
N . N
T S6'kzL — - Fo r
o
= QF e
xnu aQ
— e [
< = o
S e = =
» © 99zl — -— 0 L
— ] L 42I
PDV I m
x
yT'oTL Q
LN
O Lz'9zk V - r
= Le9zL °
O se9zL N 2
™ 8L2L — - |
-
o
LO

-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -23I
1 (ppm)

-70

-100 20 -30 -40 -50 -60

YF (CDCls, 376 MHz)
lae




Lee
14
Lye
6v'C
[1:k4
85T
65T
29
€9¢C
¥x4
LT H/
SLC—F
LLre 7

[4:x4
€6C
S6C
L6C

6L°€
08¢
18°€
f4:3
8€
€8¢
€8¢
v8'e
S8'€

L8797

e ©

“23dds”

1 (ppm)

8288

Py g

29
| \HTs
CO.H

'H (CD50D, 400 MHz)
HN

6v'Llc —

e —

8Ty —

10

20

30

40

"™

LU

1526 —

0S'LLE~C
0ze "

ze6LL
os6LL =
sizzl—
8vvzL —
LS'L2L ~
a8zl
1ost

SO'8EL ~_
89'8€L -

S6'erL —

100 90 80 70 60 50

1 (ppm)

S130

110

120

180 170 160 150 140 130

190

'H (CD;0D, 400 MHz)

00



ore
e
(44
[5:k4
25T
€5C
95T
LST

e
vn.w/
SLT~

LLTF
08'C
182
€87
58z

v9'e
99°¢ /
89'€ &

ore-f
e
eL'e

196~
€95

819
g9\
269~
69
0zL~,
L=

i
gL

om.n\
8S'L
L9°L
69°L

'H (CDCls, 400 MHz)
2h

NHTs

TsO

CO,H

'€
m—.m
(44

L

Foz
Foze
0T
iz
Foze
Foze

1 (ppm)

€9'1T
mw.—wv

95'8€ —
6207 —

9128 —

2102A0 ¥8'€S

LLeel
LeLel N

L1821
zL0el W
vz 0el
z808L “
19zel

€591 —
€S°LEL 7

Ty —

6L9vL —
16871 —

ce9LL —

sy

3C (CD,Cl,, 101 MHz)

i

2h

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

00

S131



89'G ~_
ors~"

6L —
LeL 7
eL'L
eL’L
eLL
vLL
SLL
SLL

—_

'H (CDCls3, 500 MHz)

NHTs

CO,H

MeOZC

s

0C

1 (ppm)

99’1z —

LE'BT ~
6€°0€

898 —

900§ —
96'LG —

gL —

W

£€6'62L —

8 LEL —

oLeyt —

00vLL =
99°GLL -~

3¢ (CDCls, 101 MHz)

Ao S N WA AV Ao

m

L

1 (ppm)

S132



Vo
S9'L
S9'1 A
99°L
L9°)
914
891
69°L
0L'L
(YA
SLL A
GLL A
9L'L A
L)
hh.rgw
B6L71 N
08'L 1
cm._vu\
[4: 4%

£z
HEAN
o'z

e

Nv.L
£v°€ o
Pr'E
SP'E A
SP'E
'E
LY'E
Lr'E )
8y
15°€ -]
zse
£5°€
e |
65°€
55°¢
95°¢
95°¢ 4
15€

==l

LG~
£r's "

&L~
TeL ’

SLL~_
L

]

'H (CDCls, 400 MHz)
2

NHTs

CO,H

Cl

=0T

1 (ppm)

89'LC —

1882 —
°6'1e —

8L'8€ —

LEVY —

26’67 —

crLeL —
66'6CL —

8LLEL —

eyt —

LWoLL —

i

T

I
W

L

¥C (CDCl;, 101 MHz)

]

2

L
A

1 (ppm)

S133



GGG~
155"

6C°L—
—m.h\

vn.hV

SLL
9L 7

206 —

'H (CDCls, 400 MHz)
2k

NHTs

CO,H

Cl

T3

E6'1
Fou

Foz

Foz

1 (ppm)

L9V~
€Tee—

€6'1E —

68°€€ —

068 —

L9Yy —

¥E08 —

yANAAS

€6'6Ck

08'LEL —

P8EVL —

or'9LL —

¥C (CDCl;, 101 MHz)

2k

f1 (ppm)

S134



669
00'L
002
oL

LL'LA
AW
8L
6LLA ﬁ
0z'LA
e
veL
9L
wr/
WL
17
7
€L
vLL
vl

NHTs
CO,H

'H (CD;0D, 400 MHz)
2m

Cl

Foo
Fu

A+
0.(

T
0.5

1 (ppm)

ovle—

S0'ce —

eVLE—
Loy —

51—

90821
ZE6T -
SLOEL ~
€6°0EL \
95zl

voorL —

Sy ="
89'vyL —

eV vLL —

¥C (CD;0D, 101 MHz)

2m

1 (ppm)

S135



€9k
9L
59t
591 1
99'
19')
891
891
691
691 ~
0L’}
oLt
Lo
Nh.i
Ly

81
6LL

08'L

18k

181
z8L ]
281
€8l ]
€8l ]
gl ]
gl ]
58l ]
o8t |
81 ]
ez ]
52 ]
667 |
65 |
ez ]
672 |
67C
152
152
€57 |
€57 |
sz |
55z |
152
9z |
997 |
192
897 |
69 |
oz
(752
95t |
5t ]
85t |
85¢ |
65 |
09°¢ |
09°¢ |
19°¢
z9¢ ]

1zLd
€2,
gL
e
6L
1s2
e
Ve
yLL]
St
SLLA

———a o

ord

'H (CD;0D, 400 MHz)
2n

NHTs

CO,H

FsC

i
Fot

1 (ppm)

§0°0¢ —

vLe —
8L°GE —
85°6€ —

1°0S —

€Lect
oLvel
vLveL
8L¥CL
8yl
£€8'52h
89'9Z1
og'Leh
€921 ~=

v6'LTL
yaA:14%
65'8CL
8€'6Ck

S9'8€L —

ceert —
1091 —

66°CLL —

3C (CD;0D, 101 MHz)

2n

ereet —

oLzl
yLYVTL V
8LvTL -]
(23 7

£€8'sZ —

89'9ZF —

og'Let \
€9'22L
Y6'LTL ~

yaA:14% \

123

124

125

126

127

128

1 (ppm)

1 (ppm)

S136



¥8'€9- —

YF (CD50D, 376 MHz)
2n

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

-10

€51
95°L
8G'L
651
091
9L
99'L

9L
891
691
oL’k

9€C
8€C
68T~

09C
09c W
19C

6v'€ —

'H (DMSO-ds, 400 MHz)
20

NHTs

CO,H

Ac

E)

Ree
L'e

o€

1 (ppm)

S137



96'0C —

€L'9C —
95°0€ —

9L°6€ —

0205 —

9¥'9CL
95°9Z1
£€8°921

588zl
88'8ZL

osezl 7
ZrSEL ~_
ve9EL —
68 —
£8° LYl ~
eszyl
sevyl <

S6'LLLE—

Yy L6L —

3C (DMSO-ds, 101 MHz)
20
I

—

110

T T T T T T
180 170 160 150 140 130

T
190

00

1 (ppm)

LE1q
A

th
08'L 4
181
28l o
£8'1
8L 4 ﬁ
8L o

S8l
98'L
8L
88'L
68'L —
061 7/
z6'l
244
sv'z

A
LY'T
8¥'C
cm.ﬁ
152

25z
65
09°C
19
€97
vz
59z
997
sse
95°¢
L5¢
8G°€
65°€ |
09°¢ 4
29t
eog

A

== 7

—

506 —

'H (CDCl3, 400 MHz)
2p

NHTs

CO,H

\ NBoc

506 —

T 1

T T T T T T T T T T T T T T
90 89 88 87 86

T

96 95 94 93 92 91

1 (ppm)

Fes

3

GOZEF_'__

Tk

1 (ppm)

S138



L9 —

RNN\
S6'LE —
82°9¢

—m.wm”

208 —

99'€8 —

69°0LL —
vk —

L5ce —

£TLZL~
S9°LZL
98621 \
S6'6Z4 \
62°ZEL

Lrevk ="

or'erL —

82°9LL —

3¢ (CDCls, 101 MHz)

2p

TR

f1 (ppm)

09'L
oL
€91
oL
SO’k
L9°L
89°L
[YAh
cLL =
vL'L
9L’k
LLL
8L'L
YeT~
8¥'c
6v'C >

09°€ —
484
vhy
oLy
Ly
8Ly f
ozy
a4
€Y

LS
Nh.mv

99—
YL
9L

ov'L
ov'L
oL
oL
svL
vyL
wif
€5,
€6°L ]
vsL

g5 ﬁ
eV

95°L
9L
152
vLL
Y
162
1621
862 |
86'L |
am.L
66'L

'H (CDCl3, 400 MHz)
2q

NHTs

CO,H

Ph @)
\n/
o

1 (ppm)

S139



85’1 —
82°5C —

ere—

16'8€ —

1€°0§ —

Y9 —

oLz
05’821 #

S9'6Ck

68’6zl -/
61°0¢L

pLeel a
£8'LEL —

9L'eYL —

GL'99L —

€6'SLL—

3¢ (CDCl3, 101 MHz)
2q

L

f1 (ppm)

A4
454

144
SL'y

196~
€95~

oL'9
oL9 W.
oL9
zL
8TL V

WL
L W.
L
VLOL~
oL
L6°L
L6°L >

'H (CDCl3, 400 MHz)

2r

CO,H

NHTs

—
/

)

Foe

=T

=0T

=0t

f1 (ppm)

S140



09’1tz —
s —

e —

9L'8¢ —

208 —

08'€9 —

88601 —

SE6LL—

crLer —
L6621 —

v8LEL —

08evl
L6EVL 7
6Ly —

62°€9L —

v0'9LL —

3¢ (CDCls, 101 MHz)

2r

1 (ppm)

L9'L
691
oL
[YARY
L
€L
9L'L
8L'L ~

08'L
18l
€8l

8€T

6vC
0sC
0sC
1sc

65°€ —

98¢
L8E
88°€
68°€

[4X-EN
ye'g "

189
189
289
€89
89
¥8'9
9L

8CL
eLL
vLL
vLL
9LL
9LL
LLL
6L
S6°L
S6°L
L6L
L6°L
86°L

S N =

'H (CDCls, 400 MHz)

2s

NHTs

CO,H

MeOZC

Fot

Foze

1 (ppm)

S141



~o
o
e
r 191
o v9'L
) FS L9'1
99'1g — 89'1
0967 — t oLt
° [VAS
L (VA8
6cle — @ eL’L = —
L vl
SLL
19’88 — Le Ly
6T
mtw/
r Z.NH/
6v'C — - =
v2°0§ ~ F3 15T
5026 — 25T
t 55T
° 957
- ©
ss'e
3 95°e
019 — 85°c
FR 09°€ ~t _
19°€ \
L S,mx -
LLe
Lo 8L'€
© L€
o
o
o &
LS &
T e
=
r 19°S ]
o €9's
F= €L'9 =
. vL9
SLpLL— L a9
o sL'9
LS 99
_ L9
sree L 8L'9
8LL2L~_ 169
¥6'62L ~\_ k3 LS 269
PLLEL ~C = - 269
69
r 96'9 t
S8'LEL— =) 96'9 T 0
| . F oo
= 169 ~
gL — L %t V (@) ©
. [~ o0
o 82'L ~~ C [
|3 N & ~
~—~ - Fos
N VUL~ I T ®
T , w2 z [
=) L ®
L © 0
_ = - o [
59291 — = | m.v ot
0L — O ° = zee— ov[*e
— B o N oF
- N ro
o A\ L O L
oL — T -
@) ) 26'8 — o (@] L= -
) B S N
~— [
o~
@) , Fo
N ° I I
O ¥ - Lo
™
— [ [ <
g L Fos

1 (ppm)

S142




29—
99'62 —

e1e —

168 —

0€°0§ —

8LL9 —

8¥'SLL
9S°GLE
8LGLL
LO9LE

Lyeer —
16’62k —

9LLEL —

8LEVL —

26151
Y651 >
oot
81951
ssest

¥S9LL —

[

WP

Y

i

T

3¢ (CDCls, 101 MHz)

2t

uAM

1 (ppm)

€0¥Cl-
c0vel-
Lovel-
66°€C1-
86°€Ct-
LEETL-
96°€Ct-

YF (CDCls, 376 MHz)

2t

cover-
20vzL-~"
LoveL- ="
66'€2L- —
86621 ~_
AN
CEEN

-123.95 -124.00 -124.05 -124.10

-123.90

1 (ppm)

-20 -30 -40 -50 -60 -70 -80 -90 -100  -110  -120 -130  -140 -150 -160 -170  -180  -190
1 (ppm)

-10

S143



89°L
69°1
0L'1 A
L1
L't
v o
SLL
LL}
6L71
6L71
1871
z8'L
8L A
98°L
L8}
681 ~=&
ov'e
e
ev'e
a4
e
e
k144
sz
[4:54
gge
9g'e
89°€
65°€
09°€
c9e
€9'¢
18°€~_
88°€
68°€
06'€
06°€
L6'¢
€6'¢
€6°€
G6°€

£7'G~
Sy's~"

98'9
189
189
889
689
069

8L
gL
GS°L
SS°L
9G'L
LSL
85°L
8G'L
YLL
SLL
9LL
9LL

N

'H (CDCls, 400 MHz)

2u

NHTs

CO,H

NC

s

Foz

Foz

0T

el
Foz

1 (ppm)

691 —
G5'6C —

8T —

9€'8¢ —

8106 —

¢SL9 —

LL'¥0L —

LTS —
LE6LL —

oz /.
662t
SLYEL ~
0681 N

88'evl —

81291 —

STSLL—

¥C (CDCl;, 101 MHz)
2u

10

T
20

50

70

110

1 (ppm)

S144



[N
pLL
oLl
8Ll o
611
1z
€71
Szl
82’1
621
e
LT
mm.&
se'L

Ba%
sl
1
8yl -
15°1
A
yS°L
s
951
851 ]
£z
6
LT
£r'e
7z
svz
8v'z ]
05z
ov'e
8y'e
6v'c
15'e
z5°€e ]
y5°€
z9¢ |
£9°€ 4
so¢

P

8E'G~_
6r'S~
156"

LeL—
mm.m\
eLL
vLL
vLL
SLL
9LL

'H (CDCls, 400 MHz)
2V

NHTs

CO,H

HO

WQ.N
LL

§S9'1C
19's¢ N
99'62

68'82
LO6C
(4 A4
9Z'62
esce \
SS¥E

¥8'8€ s

650G —

90°€9 —

1 (ppm)

Lyeer —
2862t —

L0°8EL —

ySeEvE —

0S°SLL —

¥C (CDCl;, 101 MHz)
2V

110

T
140

1 (ppm)

S145



Vi
L
SLL
9Ll
JANN
8Ll
611
8T’
621
e
el
L
vl
L
Syl
9L
Ly'L
671
051
sl
SL
e
e
e
e
£V'e
144
S¥'e
e
Ly'E
6¥°€
0S¢
S8°€
L8°E
88'€
68°€
68°€
06°€
16€
6°e
€6'¢
6'€

N ] e e

T-RN
8y~

SL'9—
8TL
0eL W
€EL-T
SeL
UL
eLL
eLL
vLL
SLL
SLL
L'L
LLL

'H (CDCls, 400 MHz)
2w

NHTs

CO,H

TsO

SL9—

6.4

6.7 6.6 6.5
1 (ppm)

6.8

6.9

7.0

Fos

Fou

Feu

4
L

'
T

1 (ppm)

v9'Le
mn.rNW.
e
Lz8e—
°6'ee —

€L'8€ —

G206 —

0z'0L—

VAN
96L2L —

£6'6CL
v0'0EL W
LOEEL
B6LLEL —

E8EVL ~
00°SYL "

cLoLL —

"

e

NI

¥C (CDCl;, 101 MHz)
2w

¥

L

f1 (ppm)

S146



€5°€
§S'€
§S'€

0L'G~
eLs"

199 —

1L~
eer/

UL~
oLL-"

1 (ppm)

NHTs
CO,H

'H (CDCls, 400 MHz)
2X

NC

9991 —

89'1C
812 >

9€'€E —

0L'8€ —

eL6Y —

sl

or'6LL —

soLeL —
80°0€L —

69°LEL —

80vYL —

€5°SLL—

1 (ppm)
S147

110

120

130

2X
180 170 160 150 140

190

¥C (CDCl;, 101 MHz)




15
se
vS'e
60%
:.«W
Ly
v—.v\

LES~
65"

'H (CDCls, 400 MHz)

2y

NHTs

CO,H

EtO,C

N

L

F 0¢
[
0C

Fou

Foz

£
I3
e
=

SEYL—
€9'le

FoAmw/
hh.mN/
oo.mN/
[4N:r4
€1'62
Lzez

o ve
29°vE 7
£8'8€ —

€506 —

1709 —

8LLel —
08’62k —

00'8EL —

95 erL —

€TrLL —
9z9LL —

%wwmemwwwwmw

O b AN ANA AL ANt s

¥C (CDCl;, 101 MHz)
2y

f1 (ppm)

S148



9L’k
LU

—

= ———

'H (CDCls, 400 MHz)

cis)

:0.9 trans:

2z (1

NHTs

NHTs

WCO,H

CO,H

Fso

99’1
89'L /
e~

oLve
vLve Ww
ov'¥Z
8€LC \
§9'8C
2662 \

oray

elgy "
0967 ~_
25°2s

20°%S W

1 (ppm)

v0'L2h
oTLeh AN

cLech

98621 7
86'LEL ~_
or'gelL -~

6v'EVL
[Sepoi4% >

LY8LL~
6L8LL

=
£
—~~ z
7_\./
W.m
2 ,
S
S 5
1r
-
-
8o -
o
N
O«
[30]
—

1 (ppm)

S149



8L°0
080 W
180

6v'L
(5=}
L —#
S N
95’k
e
e
av'e
Lyre
8¥'C
8v'e
[5x4
[4:k4

or'e
e /
£V'E L

sve -f
Lr'e
8v'e

§8'€ —

LS~
s~

S6'9
S6'9
969
L69
L6'9

6L°L
08’L H/.
18'L
18L N
8L

858 —

OMe

'H (CDCls, 400 MHz)
2aa

0

o

o
[

@)

O\\
HN S
Et)\/cozH

T

T

T

T

T

T

T

T

T

T

T

T

I
T
92 91 90 89 88 87 86 85 84 83 82 81 80

1 (ppm)

or'oL —

8L —

65°8¢ —

9028 —
VLGS —

1 (ppm)

9EVLL —

62621 —
Lyeel —

L0°€9L —

[WACTA R

¥C (CDCl;, 101 MHz)
2aa

o/

T T T
140 130 120 110

T
150

T
180

T
190

00

1 (ppm)

S150



S~
9r's "

80°L
80°L
60°L
oL'L

6E°L
6E°L
6E°L
or'L
L
Sh'L
A A

GE'8 —

'H (CDCls5, 500 MHz)
2ac

OMe

80

1 (ppm)

J

Foe

Foz

Foz

Fo

Foe

Fou

T

1 (ppm)

oL —

€8, —

Iy

Ly'8€ —

L UL

€228 —

6,65 —

9L LLLE—

LT6LL
0e6LE >

LE0EL —

oLeyt —

S0°09L —

0L9LL —

¥C (CDCls, 126 MHz)
2ac

Wi AL ‘,WWWMMWWW NNt vy

T T T
140 130 120 110

T
150

T
180

T
190

00

1 (ppm)

S151



LL0 N

6L°0
180 7

oS’k
4=y

vS'L—%
9S'L N
85k

67T~
[y A

e
ar'e
Ly'e
8¥'E
6v'e
(4
(5=}
€5°¢

67'G ~_
155"

o~ ©WL Y
SRNNNRNNN

6L'L

4

88 o~

8¢ m

6¢

0€

2

e O
o
T8
= N
@)
(@]
@)
N—r
I
-

\
N

HN"

Et)\/

CO,H

JLJLLLJ_“

-

)

Foz

Foz

Foz

1 (ppm)

6£0L —

1622 —

69'8€ —

128 —

LEOLE~
ygoLL

€8'621
2662k >

€0'LEL
90°LEL >

L6°€91L -
¥'991 -

¥9°9L1L -

3¢ (CDCl3, 101 MHz)

2ad

£862L~ _
z66zL

€0°LEL ~
90°LEL

T

133

132 130

136 135 134

137

129

131

1 (ppm)

110

1 (ppm)

S152



GE'S0L-
€€°501-
2e'S04-
2e'S0L-
LE'S0L-
0€'504-
0€'S04-
62'S0L-
82°S0L-

YF (CDCl3, 376 MHz)

2ad

mm.mo—‘\
€601 —
2E'S0k- ~
2eS0L-—
Le'soL- —
0€°60- ~
0€°50L-—
62°50L-—
ww.mo—‘/

1 (ppm)

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

-10

6L°0
180 W
€80

€51
SS°L

LS —%
6571 N
9L

T~
€5z

6¥'€
1S€
1S€
se
€5°€
€5°€
S'€
SS'€
95°€
95°€
8G'€

LrS~
6v's "

§T9—

wL~
8LL"
008~
208~

Foe

L

§T9—

CF3

2ae

'H (CDCl3, 400 MHz)
0

T

T

T

T

T

T

T

T

T

T

T

T
6.9 6.8 6.7 6.6 6.5 64 6.3 6.2 6.1 6.0 59 58 5.7

T

L

1 (ppm)
|
T

o

U

1 (ppm)

S153



SPoL—

96'LC —

058 —

6% —

6C6LL

Loezk
cLveL
veozk
LE°92L

414"
SS9zt

ev'Lel
s9'Lel v
LOvEL
vEVEL AN
L9VEL \
00°SEL

69 YL —

or'9LL —

3¢ (CDCls, 101 MHz)

2ae

62611 —

Loeel —

cLyeL —
ek

LE°921

[34°14%

S¥'9Ch —
T

3

V2T
s9'L2L

LOvEL

YEVEL /
L9VEL #
00°G€L ~O

132 130 128 126 124 122 120
1 (ppm)

134

1 (ppm)

61°€9-

F (CDCls, 376 MHz)
2ae

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

-10

S154



e
€5¢C
K4
L5
85T
85T
65T
29¢
€9C
S9C
L9C~=
89C
oLe
SLe
Lre
8LC
08'¢c
9°€
S9e

L9€ —%¢
89°¢ \.
oLe

9T’s —

16'S
16'S
26'S
26'S
9
9 H/.
9’9

9’9
8v'9
8v'9
€99
S99

L
veL AN

092~
9L

'H (CDCl3, 400 MHz)
2af

CO,H

NHTs

<O

O

I

1 (ppm)

991 —

G6°LE —
SE0y —

L6716 —

oL —

1S'801 ~
LY'60L

Lyeer —
9lLel ~

€L6ZL ~_
Ly'0gL =

veLEL —

09°evl —
8991 ~_
S6°LYL —

0L'SLL—

3¢ (CDCl3, 101 MHz)

2af

f1 (ppm)

S155



0’z
152
€52
952
152
152
852
852
65
092
192
29T\
792~
992 -7
192
m@ﬂ
vL'Z
sz
R.&
6L
S9'e
nw.mW
89'€
on.m\

R

'S —

68'S
06'S
06'S
16'G
9
vv'9
9’9
9’9

8¥'9
8¥'9
199
€99

\eL
mNNV

09'L
09'L
Nw.h\

e —

'H (CDCls, 400 MHz)

2af-BC

3COo,H

NHTs

5

Foz
oL

Foz

Foz

1 (ppm)

99—

£0°8€ ~_
6586 —
ogoy "

028 —

90°L0L —

Pr'80L ~
LY'60L

LyeeL —
LLLzgh ~

89621~
LgoeL —

LLLEL—

SSeEvL —
0991~
S8 LY —

LG9LL ——

2z —

£0°8E ~
6588 "
9e 0y —

v02s —

90101 —

Pr80L —
Ly'60L —

1yzer—

LhzeL— 2
89621 ~_
150eE ~

e —

SSEPL —

09971 — _—%
s8Iyl — —3

45 40

50

120 115 110 105 100 95 85 80 75 70 65 60
1 (ppm)
110
1 (ppm)

125
120

1‘40 135 130
140 130

145

160 150

170

¥C (CDCl;, 101 MHz)
2af

180




ve
[5°%4
[4:x4
S9C
99T
(444
vL'e
SLe
9Le
8LC
08'C~E

18z f
€82
582
18¢C

89°¢
oLe
e
e
cLe
eLe
€eLe
vLe
vLe
SL'e
Lre

Ly'S
6¥'S H/
899

0L'9
LL9
L9
€L'9
SL'9
SL'9
LL9
8L9
8L9
6L'9
08’9
08’9
289 \
8L
oz'L AN
ozL

€S’L—F
SS'L 7

'H (CDCls, 400 MHz)
2ag

NHTs

CO,H

E60

Foz

=0T

1 (ppm)

98°0C —

L6'2€ —

180V —

990 —

€9LLL —

3C (DMSO0-dg, 101 MHz)

2ag

v1'S0L
GE'S0L V

er'goL \
v9'50L

9Z6LL
°e6LL

Sy6kE

z56hE %.
TEITL~
oLer ="

120 118 116 114 112 110 108 106

122

f1 (ppm)

1 (ppm)

S157



Levyl-
oL'vyL-
SLvyl-
oL'vyL-
9C'LEL-
gTLeL-
0c'LEL-
6L°LEL-

9L'8LL-
SL'8LL-
L8l
LL8LL-

F (DMSO0-dg, 376 MHz)

2ag

9L°8LL-~
SL8LL-—

CL8LL-~
LL8LE-—

-118.70 -118.75 -118.80 -118.85 -118.90
1 (ppm)

-118.65

118.60

LZ¥hl-~
9L vpL- =
SLvpL-

oL'vyL-

9c'LEL-
gcLelL-

oc'LEL-
6L°LEL-

138 139 -140  -141  -142  -143  -144
1 (ppm)

137

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)

-10

S€Z
29
€92 1
S9Z 1
99 1
69 1
0Lz
€L
LT
8L 1
6.2
18 1
28T A
sLe
Lre
8L°¢
6L°€
18°€ |
18°€ ﬁ
28°¢ |
¥8°€ |
98¢ |
18°€
68'€
16°€ |
26°€ |
S6°€ |
96°€
86°€
00t
L0t
€07
Yo'y
90

80V —¢
607
oLy
Ly
9Ly
mh.wH/
087~

r4: 24
€8y \\‘
187

88'S
06'S W
2°6'S

L9
69

6L°9

08'9

189
289
£8'9
v8'9 7
¥8'9 7
G8'9 7
1894
06'9
26'9 4
£6'9
S6'9 ]
169
86'9
00 4
oLz
w—.h;
zre ]
mv.L
L

m*.h;

T T i

'H (CDsCN, 400 MHz)
3

NHTsO

1 (ppm)

S158



veeT

L9c
€9C
¥9C
99C
9T
69C
oLe
e
e
€LeT

LT
18C
[4:44
8¢
s8¢
8¢
98¢
L8€
16€
°6e
€6°€
el
1454
Sy
9Ly
LY
8LY
611
oy
87

e SN ey

90°L
L0°LA
80°L
80°L
60°L
or's A
0L
[V
AW\
ELLA
YL
pLL
mt&
oL

Ve
Ve
617
1L
€€°L
oL
Ly'L
8v'L o
gys

=i

'H (DMSO-dg, 500 MHz, 115 °C)
3

=

=

1L
¥4
B

LTS

NN

1 (ppm)

01’0z —

062 —
128 —

98¢y —

080§
£rv0L /
65701

99501 4
£8'%01
6LvLL
¥6'9L1
29811
99'8L1
L1811
z8'8ll |
60611
A
og'1zt
€e'12l
ve'Lzl
8e'12l
Lzl
Ly'Lel A
6v'12l
A
€562l
5821
0e'8¢ 1
291y ﬁ
vLLYL

€611
vzTyl
vzl
607y
[N
6LvyL
zz il o
Loyl
pOopl
AR
£LoYL
9r'9pL
95971
LS'9Y1
L99vL
28yl A
25'8Y1 |
58yl

(R e s

=i

29’8l >
9’8yl
205k /S

LTYSL
62VSL
SEPSE
LEVSL

12961
orAtel{%

62°9S 1
L€°9G1 \
05891

3C (DMSO-dg, 126 MHz, 115 °C)

3

ErP0L ~_ F

65701 —7 = |
99°%01 \
€890}

6LYLL
v6'9LL
29'8LL r
99°8LL
LL8LL
28'8LL - r
60611
veleh
oe'Lgh - L
eerieh

ek r

8€’1Ch
vy

Ly'lel -

6¥'1Ch
sk

oL~ _
VLY

€6°LYL
veerk
L ex44s
60vYL
45445
6L vl
Tl
o'oYk
0oL
LLovL
€Lovk
95°9Y L
LS9YL
L99YL
[ i4%
S8yl
S8yl
298yl
205k
LTYSE
6275k
SEPSE
LEYSE
1295k
€291
627951
1E°951

D

118 116 114 112 110 108 106 104

120

154 152 150 148 146 144 142

156

1 (ppm)

1 (ppm)

L

|

LA,

1 (ppm)

S159



9L vy~
eLvyl-
48445
80 vy~

veLEL-
€TLEL-
6LLEL-
8LLEL-

SE8LL-
2e8LL- >

€L19-—

YF (DMSO0-ds, 471 MHz, 115 °C)

9LpyL-
ELvpL-
48445
80 v¥L-

e LEL-
€TLEL-
6LLEL-
8LLEL-

SE'8LL-

ce8LL-

N

—

139 140 -141 <142 <143 -144
1 (ppm)

-118.34 -118.38 -118.42 -138
1 (ppm)

-118.30

-118.26

T T T T T
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
1 (ppm)

-10

8T'L
62°L
0e'L
L
L
L9°L
89°L
89°L
0L’L
oL'L
0L'L

'H (CD;0D, 400 MHz)
4

NHTs

CO,H

H,N

1

Foz

oz

1 (ppm)

S160



Svie
e 7
LEET
68°LC—

£€°66 —

LYoy —

82725 —

2082t —
9L 0L —

STovL —

SSvrL —

13C (CD30D, 101 MHz)

89°0C —
R._vm\
91'92 —~

YS€e
v9'€€

€26€ —
6Ly —

0L —

1 (ppm)

9921 —
S00€L —

269€L —

88 vyl —

6€LLL —

X

3¢ (D,0, 101 MHz)
4

1 (ppm)

Si61



S:
5L A
vS'L 4
SS'L
95'1
19't
89'L
69'L
oL
LL) A
8LL
08'L
08’
18°L
Z8'L
e

v5T
95T
857
092
e
zre
eLe
sLe
yLg
sie
oL'e
e

e
SY'E 7
Sv'e
sve
or'e
ov'e
Le ]
Lve ]
8v'e
8Y'E -
8v'e |
16°¢
26°¢ |
z6°¢
£6°¢
£6¢ ]
€6'¢
v6°€
v6'€
S6'€
S6'€
96°€ -

€L~
ver

ELL~
SLL-

5

js

'H (CDCl3, 400 MHz)
N

CO,H

Fo¢e
Ll

Foz

0L

Foz

Foz

891 —
16'€C —

G8'le —

90y —

8€6Y —

9%'9G —

1 (ppm)

ey
€662k -
ILPEL ~_

I8erL —

69°GLL —

¥C (CDCl;, 101 MHz)
5

1 (ppm)

S162



0E'Lq
e q
z€1q
€€l o
ve'L o
se'l o
9e'L o
LE1
8€'L
621
TR
SYL~
oL~
Ly'L ]
8y'L
Cd%
05'L
151
251
€51
s
e
951 |
51
85'L
85'L
65'L
09'L
19'L
€9'L -
1z
6v'Z

0521

2521

52
92
997 1 ﬁ

S

—rrr

89T
0L
887C
88°C
16C
26T
6T
S6°C ]
8L°¢
6L°€
18€ 1
8¢ ]
677 ]
0S¥
157
257
€57
€57
S -

9L V.
9L

8TL \
69°L N

oL'L
—n.h\

2001 —

'H (CDCls, 400 MHz)

Feo

Foz

Foz

1 (ppm)

8L
z9'le —
€LV ~
Lrle~.

¥8¥e —

oLy —

1567 —

eLLeL —
98'62L —

S0'8€L —

LEEYL —

L89LL —

3¢ (CDCls, 101 MHz)
6

T T T T T T
170 160 150 140 130 120 110

T
180

1 (ppm)

S163



[34°]
s
£r's
'S

8TL—F
om.h\

SLL~
oLL-"

'H (CDCls5, 500 MHz)

NHTs

CO,H

Foe

Foz

L'e
L

=0C

1.0

(45 4

191z
RIS
6L'ST ~_
8182
NS
L9vE
89'vE

298¢
8L°8€ W.
26'8€

2506 —

1 (ppm)

szeel -
Lzl ~
1862} ~_

66LEL —

09°evlL —

89°9LL —

¥C (CDCls, 126 MHz)
8

T T T T T T
180 170 160 150 140 130

T
190

00

1 (ppm)

S164



N
ees/

L~
eeL"

eL'L
vLL
SLL
SLL

26—

'H (CDCls, 500 MHz)
8 (CD.Cly)

NHTs

CO,H

¥C (CDCl3, 126 MHz)
8 (CD:Cly)

Foe

Foze

Foz

Foze

eyl —

S9'LZ~_
8827 ~
Y092 ~_
L0'62
PO
S6'VE
96V

06'8€
60°6€ W.
62°6€

880G —

1 (ppm)

ov'LeL —
€L°0eL —

1€8EL —

chvrl —

€6°9LL —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

S165



ow.OQ

I
5 &

=]
-

©O <
23D
o oo
i

wyoan

222

~—--co
o

Lol L\ )
e

<
—
o

08y

6CL—
—m.h\

SLL~
e

'H (CDCl3, 400 MHz)
S15

NHTs

OH

Fot
Fot
Fot

Fe

1.0

1 (ppm)

SLyL—

€912 W
ez,
€552

0062~
6916 —
£8'GE
£9°LE ~U

0916 —

66'85 —

€L —
8L'62L —

L18eL —

eSeEVL —

¥C (CDCl;, 101 MHz)
S15

Ll

U

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

S166



680
160
260
621
621
og'L 4
et
1e'L
Le'L A
[
£€°L
€8l —
ve'L
YE'L ]
mm.ﬂ
9L

91
se'L

se'L

6¢'L
ov'L
99t
89'L -
69'1 1
€61 ]
6L
561
6l
961 |
202
€02 4
502 4
502
50
902 4
902 4
10
602 4
60
oLz
11z
1z
vz
ST
STy
9y ]
9ty ]
9z |
9y
zv
v
1z
827
827 4
87 4
87 4
6271
Sev
sev
Lev
sev 4
67 4
ov'v 4
957 4
157
157
LSV
LSV A
8571
857 1
657 1
657

zes ]
8L
€8s
e
e
e
se'L
e'LA
veL
8L
8L
8L
98

e

i

—

——n

'H (CD.Cl,, 500 MHz)

e

98'L-

S16

Ty

0L
Kot
oL

0.5

1.0

15

3.0

35

55

6.0

75

9.5

1 (ppm)

L —

817 ~
962 —
0L'sz —
oz
sze6z
Lo2e —
9eve —

0L'§S —

0269 —

LL6TL ~
y96zL -~

§9°9€L —

eV'SyL —
v6'8YL —

3C (CD,Cl,, 126 MHz)
S16

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

S167



8€L

%)
]

)
et

(As

9TY
L2V
AS
LT¥
8TV
82V
e
LE7
6£7
SS'Y
95 1
LSV
LS
LS7
85
657

zes ]
8L
€8s
e
e
e
se'L
e'LA
veL
8L
8L
8L
98
98

~
I
=
o
S
s)
<
O

N
a
e
-

1)

9 (diastereomers 4

o)

B0
Ol

=0T

91'69 —

1 (ppm)

8L'6CL ~_
s9'62L -~

99°9€L —

Prevl ~
v6'8YL
L6'8YL >

3C (CD,Cl,, 126 MHz)
9 (diastereomers 4

1)

T T T T T T T
180 170 160 150 140 130 120 110

T
190

200

1 (ppm)

S168



e
ﬁ.L
8L
6’1 1
05°1
€L}
[
oLl
L)
6L
08’ 1
28’1
€8'1
8'L A
8'L
981
80T
mo.N/.
[N

€T

vv.NV
€9T~_
S9Z~

8L
6.2

08

08
1824
28]
787
£8°C
v8zd

€8'€ g
vm.m\ﬂ

G8'¢
98¢ |
18
88°¢ |
88°€
68°¢
06°¢ -
16

19
LL9
8L'9
69
08'9
08'9
L
el ~
seLf
se'L
se'L
9L
e
8e'L
6E°L
08'L
18'L
8L
8L

NTs

'H (CDCls, 400 MHz)
S20
(0]

AcHN

Foz

60
T
T

Foze

1 (ppm)

ev'ic —
cLlve~
989 ~
18—

0L'ee —

L9'6€ —

2899 —

0S¥LE—

L9z —

1z —
56zt =
06051 7
8LvEL —

vyl —

resL —

60891 —

3C (CDCl3, 101 MHz)

S20

10

30

70

110

1 (ppm)

S169



i

€80 —

69°€

085~
s

8L —F
om.h\

YL~
oLL-"

L

NHTs

'H (CDCls, 400 MHz)
S23

CO,H

TBSO

Foo

e

1t

Fou

1 (ppm)

€SS~
fAckeu

SbL—

ocsL
59'lz —
68'5Z ~_

£€8'6€ —

S —

L0Y9 —

cLeL —
68621 —

ELLEL —

SLevE —

0¥’ 9LL —

¥C (CDCl;, 101 MHz)

S23

i

o

Ll

o

pddald

A7
-1(

10

30

50

60

70

110

200

1 (ppm)

S170



g
wq,L
6L
051
051
151
151
25’1 A
€51
el
el
55l
951
95'L §
51
L6717

wm.i
651

S‘Zﬁ

191
Z9'L
€9'L
591

5ot
991
191
89'L
89'1
69'1
oL
e
Lo
7

z

L1

602
1£7 4
€8z
ez
1821
682
1z |
evzqr
(5
85°¢ |
65°¢ |
09°¢
19 |
z9¢
£9°¢ |
€re
SL'EA
o€

9L'9
LL9
LL9
8L°9
6L°9
089

e
L
€E°L 7
ve'L )
veL
veL ]
8eL
8e'L
6c'L
orL
LrL
zvL ]
[INE
erL
e
o
SLL ]
9023

==

——n

'H (CD;0D, 400 MHz)
S24

NHTs

CO,H

AcHN

Ol
Foz

0T

A/
0.0

0.5

eV’ —
2Ly~
9€°92 ~
18L2—

0L'ee —

L96€ —

2899 —

1 (ppm)

0SvLL —

L9'1el —
Leer —
zs6ct —-

06051 7
8LvEL —

vy —

2rssE —

60891 —

4

¥C (CDs0D, 101 MHz)
S2

e - WMW

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

1 (ppm)

S171



€6~
yes "

8CL—F
om.n\

VUL~
oLL~"

'H (CDCls, 400 MHz)

o

©

S25

NHTs

CO,H

1 e T

89'lC
86'SC N
5092 W
0z'9C
9262 —
95'62 7

£6'5€ —

STy —

£'SG —

1 (ppm)

€TLeL —
08'62L —

oL'sel —

95 erL —

0€'9LL —

3C (CDCl3, 101 MHz)
S25

-Gl

=l

=l

f1 (ppm)

S172



