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1 General Experimental

1.1 Naming and Numbering of Compounds

Systematic compound names are those generated by ChemBioDraw™ Ultra version 15.1.0.144 (Perkin Elmer) following
IUPAC nomenclature.

1.2 Solvents and Reagents

Reactions were carried out under a nitrogen atmosphere in oven-dried glassware unless otherwise stated. Standard
inert atmosphere techniques were used in handling all air- and moisture-sensitive reagents. Where necessary toluene
and DMF (from commercial sources) were degassed prior to use by sparging with argon or nitrogen (15 min). Other
solvents and reagents were used directly as received from commercial suppliers.

1.3 Chromatography

Flash column chromatography was carried out using Fluorochem 60 40-63 micron silica gel. Thin-layer chromatography
was carried out using Merck Kieselgel 60 F254 (230-400 mesh) fluorescent treated silica, visualized under UV light
(254 nm) or by staining with aqueous potassium permanganate solution, ninhydrin or ceric ammonium molybdate
solutions.

1.4 Spectroscopy

'H and '3C NMR spectra were recorded using a Bruker 600, 400 or 300 MHz spectrometer running TopSpin™ software
and are quoted in ppm for measurement against tetramethylsilane. Where no tetramethylsilane was present, spectra
are referenced relative to the residual non-deuterated solvent peaks. Unless otherwise stated spectra were acquired at
298 K. Topspin™ was used for processing and viewing NMR data. Chemical shifts (3) are given in parts per million
(ppm), and coupling constants (J) are given in Hertz (Hz). The "H NMR spectra are reported as follows: & / ppm (number
of protons, multiplicity, coupling constant J / Hz (where appropriate), assignment (where known)). Multiplicity is
abbreviated as follows: s = singlet, br = broad, d = doublet, t = triplet, g = quartet, m = multiplet, app = apparent. The
numbering scheme used for NMR assignment is arbitrary and does not follow any particular convention. The '3C NMR
spectra are reported in & / ppm. Where necessary or appropriate, two-dimensional (COSY, HSQC, HMBC, NOESY or
ROESY) NMR experiments were used to assist the assignment of signals in the 'H and 3C NMR spectra. In some
cases, complete assignment of spectra was not possible (in particular, aromatic CHs corresponding to multiple phenyl
groups overlapped significantly); in these cases only a partial assignment is reported.

Infra-red (IR) spectra were recorded on a Perkin-Elmer Spectrum 100 FT-IR spectrometer equipped with a Perkin-Elmer
Universal ATR Sampling Accessory. Samples were deposited on the ATR accessory as a thin film. Only selected
maximum absorbances (Vmax) Of the most intense peaks are reported (cm).

High resolution mass spectra (HRMS) were recorded by Analytical Services and Environmental Projects (ASEP) at
Queen’s University Belfast on a Waters LCT Premier ToF mass spectrometer using the electrospray ionisation (ESI)
technique.

Optical rotations were recorded at the sodium D-line (589 nm) using a Perkin Elmer 341 polarimeter at a temperature
of 20 °C and are reported in degrees using concentrations (c) in g-100 mL-'. Reported values are the average of eight
readings.



1.5 Crystallography

Low temperaturel'l single crystal X-ray diffraction studies for 1a, 1d and 2a were carried out using CuK, radiation on an
Agilent Supernova diffractometer equipped with an area detector and graphite monochromator. X-ray diffraction studies
for 3a were conducted using CuK, on a Rigaku 007HF equipped with Varimax confocal mirrors and an AFC11
goniometer and HyPix 6000 detector, at the National Crystallography Service in the University of Southampton. Raw
frame data were reduced using CrysAlisPRO[™ solved using Superflip.[®! Full-matrix least-squares refinement of the
structures were carried out using CRYSTALS.*® Full refinement details are given in the supplementary material (CIF).
CCDC 2057484 (1a), 2057483 (2a), 2057482 (2d), and 2057486 (3a) contain the supplementary crystallographic data
for this paper. These data are provided free of charge by The Cambridge Crystallographic Data Centre and copies can
be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.



2 Experimental Procedures and Characterization Data

2.1 General Experimental Procedures
General Procedure A (N-Nosyl Deprotection)

To a stirred, room-temperature suspension of N-nosyl urea (1.0 eq.) and K,COj; (3.0 eq.) in anhydrous N,N-DMF (ca.
0.1 M) was added thiophenol (1.5 eq.). The rapid development of a deep orange colour was invariably observed upon
the addition of thiophenol. After complete consumption of the N-nosyl-protected starting material by TLC analysis, the
reaction mixture was diluted with ethyl acetate and washed with NaHCOj; (sat. aq., ca. 10 mL/mmol urea). The aqueous
layer was extracted with ethyl acetate (ca. 2 x 10 mL/mmol urea). The combined organic extracts were washed well with
water (ca. 4 x 10 mL/mmol urea) to remove any remaining N,N-DMF. The organic layer was dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude product was then purified by flash column
chromatography.

General Procedure B (Palladium-Catalysed Coupling of Deprotected Ureas with Aryl Halides)

This reaction was carried out by analogy to a literature procedure.lf! To a sealed tube equipped with a magnetic stir bar
was added deprotected urea (1.0 eq.), aryl halide (5.0-9.0 eq.), freshly recrystallized Pd,(dba); (5-10 mol%), and
Xantphos (15-30 mol%). Anhydrous toluene (ca. 0.1 M) was added to the flask, and the resulting suspension was
degassed by sparging with nitrogen gas for 15-30 min. Cs,CO; or K,CO3 (2.5 eq.) was then added in one portion to the
flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. If after 16 h the reaction had not
reached completion, a second portion of Pd,(dba); (5.0 mol%) and Xantphos (15 mol%) were added. After complete
consumption of the urea starting material by TLC analysis, the reaction was cooled to room temperature, diluted with
dichloromethane (ca. 20 mL/mmol deprotected urea) and filtered over Celite®. The crude product was then purified by
flash column chromatography.



2.2 Overall Synthetic Scheme towards Dimers 1a-1e
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Scheme S1. General synthetic scheme towards dimers 1a-e.



2.3 Synthesis of Monomers

2.3.1 Isoleucine Series

(S)-2-((S)-sec-butyl)-1-((2-nitrophenyl)sulfonyl)aziridine (S1)

; “NO,

O:§:O
N

LX\/\

2-Nitrobenzenesulfonyl chloride (12.67 g, 57.18 mmol) was added in five portions to a stirred 0 °C solution of
L-isoleucinol (3.00 g, 22.87 mmol) and pyridine (9.4 mL) in dichloromethane (23 mL). The reaction was stirred vigorously
and then allowed to warm to room temperature. After 24 h, the volatiles were removed in vacuo. The concentrated
reaction mixture was then taken up in diethyl ether (80 mL), and the organic layer was washed with HCI (1 M aq.) until
the aqueous washings were acidic (approximately 6 x 40 mL). KOH (2 M aq., 160 mL) was added to the organic layer,
and the resulting biphasic mixture was stirred vigorously for 6 h. The layers were separated, and the organic layer
washed with KOH (2 M aq., 2 x 40 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. Purification by flash column chromatography (silica gel, petrol:ethyl acetate, 5:1 — 2:1) afforded
the aziridine 81 (5.04 g, 78%) as a pale yellow oil.” 5y (400 MHz, CDCl5): 8.20 (1H, app. dd, J 7.0, 1.6), 7.78-7.70 (3H,
m), 2.89-2.81 (2H, m), 2.30 (1H, d, J 4.7), 1.55-1.47 (1H, m), 1.40-1.31 (1H, m), 1.29-1.21 (1H, m), 0.93-0.87 (6H, m);
Oc (101 MHz, CDCl): 148.8, 134.5, 132.1, 132.0, 131.3, 124.3, 46.4, 36.8, 35.2, 27.2, 15.4, 11.0; HRMS (ESI+): found
323.0466; C1,H1gN204SK, [M+K]* requires 323.0468; Vo (thin film): 3093.7, 2963.2, 2929.7, 2877.5, 1591.6, 1543.1,
1461.1, 1405.2, 1367.9, 1330.7, 1237.5, 1162.9, 1058.6, 995.2, 931.8, 868.5, 779.0, 752.9, 693.3 cm™"; [a]p?° +105.2 (¢
=1.1, CHCl,).

N-((2S,3S)-1-(tert-butylamino)-3-methylpentan-2-yl)-2-nitrobenzenesulfonamide (S2)

>L H\ //O N02
N //S
Ho g

To a stirred, room temperature solution of N-nosyl-protected aziridine S1 (5.04 g, 17.74 mmol) in acetonitrile (43 mL)
was added tert-butylamine (7.5 mL, 70.96 mmol) in one portion. After 2 h the reaction was complete (TLC: petrol:ethyl
acetate 1:1), and the volatiles were removed in vacuo. The crude residue was purified by flash column chromatography
(silica gel, petrol:ethyl acetate 3:1 — 1:1 — pure ethyl acetate) to afforded the product S$2 (5.97 g, 94%) as a yellow oil
crystalline oil. 64 (400 MHz, CDCl3): 8.14-8.12 (1H, m), 7.86-7.84 (1H, m), 7.74-7.68 (2H, m), 3.29-3.25 (1H, m), 2.55
(1H, dd, J12.0, 6.8), 2.47 (1H, dd, J 12.0, 4.1), 1.70-1.60 (1H, m), 1.58-1.48 (1H, m), 1.18-1.07 (1H, m), 0.89-0.85 (15H,
m); ¢ (101 MHz, CDCl3): 149.0, 135.4, 133.2, 132.8, 130.7, 125.3, 60.2, 50.0, 42.5, 37.6, 29.0, 25.7, 15.0, 11.8; HRMS
(ESI+): found 358.1786; C4gH2sN304S, [M+H]* requires 358.1801; va (thin film): 3306.1, 3101.1, 2959.5, 2870.1,
1595.3, 1543.1, 1461.1, 1364.2, 1297.1, 1215.1, 1170.4, 1073.5, 1021.3, 985.4, 853.6, 779.0, 738.0, 704.5 cm*; [a]p*°
-107.8 (¢ = 1.0, CHCl,).

"It has been previously reported that N-nosyl-protected aziridines are prone to polymerisation upon standing.?2l Aziridine
$1, however, was indefinitely stable when stored as a dilute solution in DCM.

7



(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S3)

1,

A solution of triphosgene (1.95 g, 6.56 mmol) in acetonitrile (50 mL) was added over 2 h via syringe pump to a stirred,
room temperature solution of the diamine $2 (5.97 g, 16.41 mmol) and Hunig’s base (8.4 mL, 49.22 mmol) in acetonitrile
(100 mL). After a further 30 min, the reaction mixture was concentrated in vacuo. The crude residue was taken up in
dichloromethane (70 mL), and washed with HCI (30 mL, 1 M aq.). The layers were separated, and the aqueous phase
was further extracted with dichloromethane (2 x 50 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by trituration from hot hexane
to afforded di-protected urea S3 (5.55 g, 88%) as a brown crystalline solid. 4 (400 MHz, CDClI3): 8.43-8.41 (1H, m),
7.74-7.71 (3H, m), 4.28-4.26 (1H, m), 3.61 (1H, app. t, J 9.2), 3.27 (1H, app. dd, J 9.2, 1.7), 2.13-2.03 (1H, m), 1.48-
1.38 (1H, m), 1.27 (9H, s), 1.23-1.16 (1H, m), 1.01 (3H, d, J6.5), 0.98 (3H, d, J 7.3); 6¢ (101 MHz, CDCl;): 153.0, 147.9,
134.8, 134.2, 132.9, 132.0, 124.1, 57.8, 54.4, 421, 39.5, 27.4, 25.5, 12.2, 11.9; HRMS (ESI+): found 422.1159;
C17H25N305SK, [M+K]* requires 422.1152; Vpmax (thin film): 3093.7, 2963.2, 2933.4, 2877.5, 1718.3, 1587.8, 1539.4,
1461.1, 1408.9, 1364.2, 1274.7, 1248.7, 1162.9, 1125.7, 1025.0, 998.9, 902.0, 756.6, 726.8 cm™'; [a]p?° +361.0 (c = 1.0,
CHCI3).

(S)-4-((S)-sec-butyl)-1-(tert-butyl)imidazolidin-2-one (S4)

O

7LNJ\N/H
LK/\

Prepared according to General Procedure A using di-protected urea S3 (3.50 g, 9.13 mmol), thiophenol (1.29 mL,
13.69 mmol), K,CO; (3.79 g, 27.39 mmol) and N,N-DMF (46 mL). Reaction time = 2 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 10:1 — 5:1 — 2:1 (product)) afforded S4 (1.61 g, 89%) as an off-white
crystalline solid. Product $4 is not visible under UV light and must be stained with ceric ammonium molybdate. &
(600 MHz, CDCl3): 4.44 (1H, br. s, N-H), 3.46 (1H, app. t, J 8.6), 3.34-3.30 (1H, m), 3.08 (1H, app. t, J 8.3), 1.47-1.42
(2H, m), 1.35 (9H, s), 1.15-1.07 (1H, m), 0.90 (3H, t, J 7.1), 0.84 (3H, d, J 6.4); 6¢ (151 MHz, CDCl3): 162.3, 54.1, 52.9,
47.4,39.4,27.7,25.6, 14.2, 11.0; HRMS (ESI+): found 199.1087; C11H3N,0, [M+H]* requires 199.1810; Vynay (thin film):
3209.2, 3086.2, 2959.5, 2870.1, 1684.8, 1483.5, 1416.4, 1360.5, 1293.4, 1259.8, 1230.0, 1148.0, 991.5, 928.1, 834.9,
767.8, 685.8 cm™; [a]p?® +4.6 (c = 1.3, CHCIy).

(S)-5-((S)-sec-butyl)-1-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S5)

At room temperature, trifluoroacetic acid (30 mL) was added to di-protected urea S3 (3.00 g, 7.82 mmol). The reaction
mixture was stirred and then heated to reflux at 82°C for 16 h. When TLC analysis showed all starting material had been
consumed, the reaction mixture was cooled to room temperature, and excess trifluoroacetic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane (60 mL) and washed with NaHCO; (sat. aq. 30 mL) The layers were separated, and the aqueous layer
was further extracted with dichloromethane (2 x 40 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude solid was purified by trituration from hot hexane to
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afforded the tert-butyl deprotected product S5 (2.31 g, 90%) as an orange-brown crystalline solid. 64 (400 MHz, CDCl5):
8.43 (1H, d, J4.1), 7.75-7.73 (3H, m), 5.03 (1H, br. s, N-H), 4.57-4.55 (1H, m), 3.65 (1H, app. t, J 9.3), 3.30 (1H, dd, J
9.4, 2.2), 2.19-2.08 (1H, m), 1.47-1.38 (1H, m), 1.27-1.14 (1H, m), 1.06-0.97 (6H, m); 6¢c (151 MHz, CDCl;): 155.5,
148.0, 135.0, 134.6, 132.3, 131.9, 124.3, 61.8, 39.4, 39.2, 254, 12.2, 11.9; HRMS (ESI+): found 366.0506;
C13H17N305SK, [M+K]* requires 366.0526; v, (thin film): 3369.5, 3063.9, 2963.2, 2929.7, 1751.8, 1714.6, 1587.8,
1550.6, 1453.7, 1420.1, 1356.8, 1300.8, 1259.8, 1211.4, 1162.9, 1125.7, 1073.5, 849.8, 793.9, 730.6 cm™'; [a]p?° +418.2
(c =0.2, CHCI,).

(S)-4-((S)-sec-butyl)-1-(6-chloropyrimidin-4-yl)-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S6)

Prepared according to General Procedure B using deprotected urea S5 (1.00 g, 3.05 mmol), 4,6-dichloropyrimidine
(2.27 g, 15.25 mmol), Pd,(dba); (0.14 g, 0.15 mmol), Xantphos (0.26 g, 0.46 mmol), toluene (31 mL), and K,CO3 (1.05 g,
7.63 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl acetate, 10:1 —
8:1 — 1:1) afforded the chloropyrimidine S6 (1.25 g, 93%) as a pale yellow solid. 54 (600 MHz, CDCl,): 8.66 (1H, s),
8.49-8.48 (1H, m), 8.09 (1H, s), 7.83-7.78 (3H, m), 4.61-4.60 (1H, m), 4.12-4.05 (2H, m), 2.22-2.18 (1H, m), 1.54-1.48
(1H, m), 1.35-1.29 (1H, m), 1.03 (3H, t, J 7.4), 0.99 (3H, d, J 6.9); dc (151 MHz, CDCl;): 161.6, 158.1, 157.6, 151.3,
148.2, 135.4, 135.3, 132.3, 131.5, 124.8, 109.3, 58.8, 42.9, 39.3, 25.4, 11.9, 11.9; HRMS (ESI+): found 478.0355;
C17H18N505CISK, [M+K]* requires 478.0354; v, (thin film): 3108.6, 3145.9, 3049.0, 2963.2, 2873.8, 1736.9, 1565.5,
1535.7, 1487.2, 1457 .4, 1397.8, 1356.8, 1289.7, 1230.0, 1166.7, 1107.0, 1069.7, 984.0, 902.0, 782.7, 734.3 cm™'; [a]p%°
+157.0 (c = 1.2, CHCl3).

2.3.2 Valine Series

(S)-2-Isopropyl-1-((2-nitrophenyl)sulfonyl)aziridine (S7)

2-Nitrobenzenesulfonyl chloride (16.15 g, 72.9 mmol) was added in five portions to a stirred 0 °C solution of L-valinol
(3.00 g, 29.1 mmol) and pyridine (12 mL) in dichloromethane (30 mL). The reaction was stirred vigorously and then
allowed to warm to room temperature. After 24 h, the volatiles were removed in vacuo. The concentrated reaction
mixture was then taken up in diethyl ether (80 mL), and the organic layer was washed with HCI (1 M aq.) until the
aqueous washings were acidic (approximately 6 x 40 mL). KOH (2 M aq., 160 mL) was added to the organic layer, and
the resulting biphasic mixture was stirred vigorously for 6 h. The layers were separated, and the organic layer washed
with KOH (2Maq., 2 x 40 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. The crude residue was passed over a plug of silica (eluent: dichloromethane) and concentrated
in vacuo to afford S7 (4.93 g, 63%) as a pale yellow oil.” 8, (400 MHz, CDCl;): 8.24-8.15 (1H, m, H9), 7.82-7.67 (3H, m,

"It has been previously reported that N-nosyl-protected aziridines are prone to polymerisation upon standing.?2l Aziridine
S7, however, was indefinitely stable when stored as a dilute solution in DCM.
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H6, H7 & H8), 2.87-2.79 (2H, m, H1 & H2), 2.37-2.29 (1H, m, H1’), 1.66-1.51 (1H, m, H3), 0.96 (3H, d, J 3.8, H4), 0.95
(3H, d, J 3.7, H4’); dc (75 MHz, CDCl;): 148.6 (C10), 134.6 (C6/C7/C8), 132.0 (C6/C7/C8), 131.5 (C5), 131.1 (C9),
124.2 (C6/C7/C8),47.1 (C2),35.0 (C1), 30.0 (C3), 19.4 & 18.8 (C4 & C4’); HRMS (ESI+): found 271.0784; C41H5N20,S,
[M+H]* requires 271.0753; Vo« (thin film): 1542, 1331, 1163, 751, 605, 596 cm-*; [a]p?° +85.6 (¢ = 1.17, CHCI;). These
data are in agreement with previously reported values.®!

(S)-N-(1-(tert-butylamino)-3-methylbutan-2-yl)-2-nitrobenzenesulfonamide (S8)

To a stirred, room temperature solution of N-nosyl-protected aziridine S7 (8.01 g, 29.63 mmol) in acetonitrile (74 mL)
was added tert-butylamine (12.24 mL, 118.52 mmol) in one portion. After 2 h the reaction was complete (TLC:
petrol:ethyl acetate, 2:1), and the volatiles were removed in vacuo. The crude residue was purified by flash column
chromatography (silica gel, petrol:ethyl acetate 2:1) to afforded the product S8 (9.20 g, 90%) as a colourless solid. d4
(600 MHz, CDCl5): 8.14-8.12 (1H, m), 7.85-7.84 (1H, m), 7.73-7.68 (2H, m), 3.24-3.21 (1H, m), 2.56 (1H, dd, J 11.8, 6),
2.48 (1H,dd, J11.9, 4.0), 1.91-1.85 (1H, m), 0.93 (3H, d, J 6.8), 0.90-0.85 (12H, m); d¢ (151 MHz, CDCl3): 148.0, 135.6,
133.2, 132.9, 130.7, 61.4, 50.1, 43.3, 30.7, 29.0, 18.9, 18.7; HRMS (ESI+): found 344.1664; C15H26N30,S, [M+H]*
requires 344.1664; v, (thin film): 2959.5, 2870.1, 1539.4, 1364.2, 1218.8, 779.0, 730.6, 685.8 cm™'; [a]p>* —116.5 (c =
1.0, CHCI3).

(S)-1-(tert-butyl)-4-isopropyl-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S9)

O,N

3, L
L&

\

A solution of triphosgene (3.18 g, 10.72 mmol) in acetonitrile (80 mL) was added over 1 h via syringe pump to a stirred,
room temperature solution of the diamine S8 (9.20 g, 26.79 mmol) and Hunig’s base (10.39 mL, 80.40 mmol) in
acetonitrile (160 mL). After a further 30 min, the reaction mixture was concentrated in vacuo. The crude residue was
taken up in dichloromethane (100 mL), and washed with HCI (40 mL, 1 M aq.). The layers were separated, and the
aqueous phase was further extracted with dichloromethane (2 x 60 mL). The combined organic extracts were dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by flash column
chromatography (silica gel, petrol:ethyl acetate 2:1) to afforded di-protected urea S9 (8.85 g, 89%) as a pale yellow oil
that solidified upon standing. &, (400 MHz, CDCl3): 8.43-8.41 (1H, m), 7.76-7.69 (3H, m), 4.18-4.14 (1H, m), 3.65 (1H,
app. t, J 9.1), 3.27 (1H, dd, J 9.3, 1.6), 2.34-2.22 (1H, m), 1.27 (9H, s), 1.03 (3H, d, J 6.8) 1.00 (3H, d, J 6.8); Oc
(101 MHz, CDCly): 152.9, 147.7, 134.8, 134.1, 132.7, 131.9, 124.0, 58.7, 54.3, 42.4, 32.7, 27.3, 17.9, 15.5; HRMS
(ESI+): found 370.1424; C1H24N305S, [M+H]* requires 370.1437; Vpnay (thin film): 2967.0, 1718.3, 1543.1, 1408.9,
1364.2, 1248.7, 1166.7, 1121.9, 1095.8, 1028.7, 853.6, 752.9, 704.5 cm*; [a]p?® +321.5 (¢ = 1.43, CHCI;).

(S)-1-(tert-butyl)-4-isopropylimidazolidin-2-one (S10)

0]

S
s

Prepared according to General Procedure A using di-protected urea S9 (3.41 g, 9.23 mmol), thiophenol
(1.3 mL,13.85 mmol), K,CO3 (3.83 g, 27.69 mmol) and N,N-DMF (92 mL). Reaction time = 4 h. Purification by flash
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column chromatography (silica gel, petrol:ethyl acetate 10:1 — 5:1 — 1:1 (product)) afforded S10 (1.52 g, 90%) as an
off-white crystalline solid. Product S10 is not visible under UV light and must be stained with ceric ammonium molybdate.
Oy (400 MHz, CDCl3): 4.50 (1H, br s), 3.48 (1H, app. t, J8.7), 3.22 (1H, app q, J 15.6, 7.5), 3.08 (1H, app. t, J 8.2), 1.62
(1H, m), 1.34 (9H, s), 0.91 (3H, d, J 6.8), 0.87 (3H, d, J 6.8); d¢c (101 MHz, CDCl;): 162.3, 55.5, 52.9, 47.6, 33.1, 27.7,
18.6, 18.1; HRMS (ESI+): found 185.1636; C1oH21N,O, [M+H]* requires 185.1654; vnay (thin film): 3227.9, 3086.2,
2959.5, 2877.5, 1681.0, 1479.8, 1412.7, 1360.5, 1237.5, 1148.0, 1092.1, 682.1 cm*; [a]p?® +180.9 (c = 1.0, CHCI,).

(S)-5-isopropyl-1-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S11)

O,N

o 5 :@
PN
HN™ NS
\_J>/O
At room temperature, trifluoroacetic acid (52 mL) was added to di-protected urea S9 (5.0 g, 13.53 mmol). The reaction
mixture was stirred and then heated to reflux at 82°C for 16 h. When TLC analysis showed all starting material had been
consumed, the reaction mixture was cooled to room temperature, and excess trifluoroacetic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane (60 mL) and washed with NaHCOj; (sat. ag. 30 mL) The layers were separated, and the aqueous layer
was further extracted with dichloromethane (2 x 40 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude solid was purified by trituration in hot hexane to afford
the fert-butyl deprotected product $11 (3.72 g, 88 %) as an off-white crystalline solid. 6y (400 MHz, CDCl;): 8.43-8.41
(1H, m), 7.75-7.70 (3H, m), 4.95 (1H, br. s), 4.44-4.42 (1H, m), 3.67 (1H, app. t, J 9.2), 3.30 (1H, app. d, J 9.1), 2.38-
2.30 (1H, m), 1.06 (3H, d, J 6.8), 1.00 (3H, d, J 6.8); 6c (101 MHz, CDCl;): 155.1, 147.9, 135.0, 134.5, 132.2, 131.8,
1241, 62.7, 39.5, 32.5, 17.9, 15.3; HRMS (ESI+): found 314.0810; C1,H16N305S, [M+H]* requires 314.0811; Vpax (thin

film): 3365.8, 3063.9, 2955.8, 2926.0, 2870.1, 1751.8, 1707.1, 1535.7, 1490.9, 1356.8, 1252.4, 1125.7, 1073.5, 957.9,
853.6, 797.7, 723.1 cm™'; [a]p?® +408.5 (¢ = 1.0, CHCI3). These data are in agreement with previously reported values.6

(S)-1-(6-chloropyrimidin-4-yl)-4-isopropyl-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S12)

Cl O,N
7 (0]
N \ W @
\sy N)L NS,
(0]

Prepared according to General Procedure B using deprotected urea $11 (0.62 g, 1.99 mmol), 4,6-dichloropyrimidine
(1.48 g, 9.93 mmol), Pd,(dba); (0.09 g, 0.10 mmol), Xantphos (0.17 g, 0.30 mmol), toluene (10 mL), and Cs,CO; (1.62 g,
4,98 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl acetate, 7:1 —
5:1) afforded the chloropyrimidine $12 (0.64 g, 75%) as a pale yellow solid. 4 (600 MHz, CDCls;): 8.67 (1H, s), 8.49-
8.48 (1H, m), 8.08 (1H, s), 7.83-7.82 (2H, m), 7.79-7.77 (1H, m), 4.50-4.48 (1H, m), 4.13-4.07 (2H, m), 2.44-2.39 (1H,
m), 1.07 (3H, d, J6.8), 1.02 (3H, d, J 6.8); 6¢ (151 MHz, CDCl3): 161.4, 158.0, 157.5, 151.1, 148.0, 135.3, 135.2, 132.1,
131.3, 124.6, 109.2, 59.6, 43.0, 32.5, 17.8, 14.9; HRMS (ESI+): found 426.0644; C4H;CIN5O5S, [M+H]* requires
426.0639; Vpay (thin film): 3142.1, 3101.1, 3026.6, 2933.4, 2967.0, 1736.9, 1535.7, 1453.7, 1394.0, 1360.5, 1226.3,
1170.4, 1110.7, 980.3 cm™; [a]p?® +186.1 (¢ = 1.68, CHCI;). These data are in agreement with previously reported
values.[6]
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2.3.3 Leucine Series

(S)-2-isobutyl-1-((2-nitrophenyl)sulfonyl)aziridine (S13)

; “NO,

O:\?:O
N

iy

2-Nitrobenzenesulfonyl chloride (14.18 g, 64.00 mmol) was added in five portions to a stirred 0 °C solution of L-leucinol
(3.00 g, 25.60 mmol) and pyridine (10.5 mL) in dichloromethane (30 mL). The reaction was stirred vigorously and then
allowed to warm to room temperature. After 24 h, the volatiles were removed in vacuo. The concentrated reaction
mixture was then taken up in diethyl ether (80 mL), and the organic layer was washed with HCI (1 M aq.) until the
aqueous washings were acidic (approximately 6 x 40 mL). KOH (2 M aq., 160 mL) was added to the organic layer, and
the resulting biphasic mixture was stirred vigorously for 6 h. The layers were separated, and the organic layer washed
with KOH (2Maqg., 2 x 40 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. Purification by flash column chromatography (silica gel, petrol:ethyl acetate, 10:1 — 5:1) afforded
the aziridine $13 (6.92 g, 95%) as a pale yellow oil.” &y (400 MHz, CDCl3): 8.21-8.19 (1H, m), 7.78-7.71 (1H, m), 3.08-
3.02 (1H, m), 2.90 (1H, app. d, J 7.1), 2.26 (1H, app. d, J 4.9), 1.83-1.72 (1H, m), 1.59-1.53 (1H, m), 1.37-1.30 (1H, m),
0.96 (3H, d, J2.0), 0.94 (3H, d, J 2.1); ¢ (101 MHz, CDCls): 148.7, 134.4, 132.3, 132.2, 131.2, 124 .4, 41.0, 40.7, 36.7,
26.8, 22.8, 22.2; HRMS (ESI+): found 285.0901; C4,H17N,O4S, [M+H]* requires 285.0909; vy (thin film): 2959.5,
2870.1, 1543.1, 1468.6, 1367.9, 1330.7, 1230.0, 1162.9, 1058.6, 931.8, 849.8, 775.3, 749.2, 678.4 cm™*; [a]p?° +61.0 (c
= 1.4, CHCIy).

(S)-N-(1-(tert-butylamino)-4-methylpentan-2-yl)-2-nitrobenzenesulfonamide (S14)

To a stirred, room temperature solution of N-nosyl-protected aziridine $13 (1.0 g, 3.52 mmol) in acetonitrile (9 mL) was
added tert-butylamine (1.5 mL, 14.08 mmol) in one portion. After 2 h the reaction was complete (TLC: dichloromethane),
and the volatiles were removed in vacuo. The crude residue was purified by flash column chromatography (silica gel,
dichloromethane:ethyl acetate 4:1) to afforded the product S14 (1.13 g, 90%) as a yellow oil that solidifies upon standing.
Oy (400 MHz, CDCls): 8.16-8.14 (1H, m), 7.86-7.83 (1H, m), 7.74-7.67 (2H, m), 3.56-3.50 (1H, m), 2.54-2.46 (2H, m),
1.70-1.58 (1H, m), 1.48-1.41 (1H, m), 1.30-1.23 (1H, m), 0.89 (9H, s), 0.87 (3H, d, J 6.6), 0.84 (3H, d, J 6.6); O¢
(101 MHz, CDCls): 148.0, 135.7, 133.2, 132.8, 130.7, 125.3, 54.0, 40.1, 46.2, 43.1, 29.0, 24.6, 23.0, 22.3; HRMS (ESI+):
found 715.3514; C3,HssNsOsS;,, [2M+H]* requires 715.3523; Vpax (thin film): 3317.3, 2952.1, 2866.3, 1595.3, 1535.7,
1412.7, 1353.0 1233.7, 1170.4, 985.4, 853.6, 782.7, 734.3, 700.7 cm'; [a]p?° -90.3 (¢ = 1.05, CHCIy).

"It has been previously reported that N-nosyl-protected aziridines are prone to polymerisation upon standing.?2l Aziridine
$13, however, was indefinitely stable when stored as a dilute solution in DCM.
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(S)-1-(tert-butyl)-4-isobutyl-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S15)

O5N
2.0
0
%N N/S\\

0]

A solution of triphosgene (0.33 g, 1.12 mmol) in acetonitrile (8 mL) was added over 1 h via syringe pump to a stirred,
room temperature solution of the diamine $14 (1.00 g, 2.80 mmol) and Hlnig’s base (1.44 mL, 8.4 mmol) in acetonitrile
(16 mL). After a further 30 min, the reaction mixture was concentrated in vacuo. The crude residue was taken up in
dichloromethane (20 mL), and washed with HCI (10 mL, 1 M aq.). The layers were separated, and the aqueous phase
was further extracted with dichloromethane (2 x 30 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by flash column chromatography
(silica gel, 1% triethylamine:dichloromethane) to afforded di-protected urea $15 (1.04 g, 97%) as a pale yellow oil. oy
(400 MHz, CDCls3): 8.42-8.39 (1H, m), 7.76-7.69 (3H, m), 4.32-4.27 (1H, m), 3.72 (1H, app. t, J 8.7), 3.17 (1H, app. t, J
8.9, 2.2), 1.90-1.83 (1H, m), 1.76-1.65 (2H, m), 1.27 (9H, s), 1.00 (6H, d, J 6.3); 6¢ (101 MHz, CDCl;): 152.8, 147.9,
134.6, 134.3, 132.8, 132.0, 124.2, 54.3, 53.2, 46.9, 44.9, 27.4, 24.9, 23.5, 22.0; HRMS (ESI+): found 384.1588;
C17H26N305S, [M+H]* requires 384.1593; v.« (thin film): 2959.5, 2870.1, 1741.6, 1539.4, 1468.6, 1408.9, 1349.3,
1274.7, 1166.7, 1110.7, 969.1, 853.6, 782.7, 745.5 cm™'; [a]p?® —331.7 (c = 1.1, CHCI5).

(S)-1-(tert-butyl)-4-isobutylimidazolidin-2-one (S16)

%NJO]\N’H

Prepared according to General Procedure A using di-protected urea S15 (4.86 g, 12.66 mmol), thiophenol (1.79 mL,
18.99 mmol), K,CO3 (5.25 g, 37.99 mmol) and N,N-DMF (120 mL). Reaction time = 4 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 10:1 — 5:1 — 2:1 (product)) afforded $16 (2.31 g, 92%) as an off-white
crystalline solid. Product $16 is not visible under UV light and must be stained with ceric ammonium molybdate. &
(400 MHz, CDCly): 4.37 (1H, br. s, N-H), 3.63-3.55 (1H, m), 3.52 (1H, app. t, J 8.1), 2.99 (1H, app. t, J 7.6), 1.66-1.55
(1H, m), 1.49 (1H, m), 1.34 (9H, s), 1.32-1.28 (1H, m), 0.91 (6 H, app. t, J 6.7); dc (101 MHz, CDCl3): 162.3, 52.9, 49.8,
47.8, 44.7, 27.7, 25.3, 23.1, 22.4; HRMS (ESI+): found 397.3532; Cy,H45N40,, [2M+H]* requires 397.3543; Vpax (thin
film): 3213.0, 3086.2, 2952.1, 2907.3, 2870.1, 1681.0, 1442.6, 1364.2, 1259.8, 1226.3, 1095.8, 1032.5, 931.8, 834.9,
767.8,693.3 cm™; [a]p?° -7.2 (c = 1.2, CHCl,).

(S)-5-isobutyl-1-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (6)

At room temperature, trifluoroacetic acid (10 mL) was added to di-protected urea S15 (1.0 g, 2.61 mmol). The reaction
mixture was stirred and then heated to reflux at 82°C for 16 h. When TLC analysis showed all starting material had been
consumed, the reaction mixture was cooled to room temperature, and excess trifluoroacetic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane (60 mL) and washed with NaHCO; (sat. aq. 30 mL) The layers were separated, and the aqueous layer
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was further extracted with dichloromethane (2 x 40 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude solid was purified by trituration in hot hexane to afford
the tert-butyl deprotected product 6 (0.85 g, 99%) as an off-white crystalline solid. 6 (400 MHz, CDCl;): 8.40-8.38 (1H,
m), 7.75-7.69 (3H, m), 5.27 (1H, br. s, N-H), 4.56-4.50 (1H, m), 3.75 (1H, app. t, J 8.8), 3.20 (1H, app. dd, J 8.8,1.5),
1.92-1.86 (1H, m), 1.81-1.77 (1H, m), 1.73-1.66 (1H, m), 1.00 (6H, d, J 6.6); ¢ (101 MHz, CDCl;): 155.1, 148.0, 134.7,
134.6, 132.3, 131.9, 124.3, 57.2, 44.9, 441, 24.9, 23.5, 21.; HRMS (ESI+): found 328.0948; C43H7N30sS, [M+H]*
requires 328.0967; Vpax (thin film): 3101.1, 2959.5, 2873.8, 1740.7, 1539.4, 1457.4, 1395.8, 1364.2 1334.4, 1271.0,
1174.4, 1107.0, 984.0, 853.6, 741.7, 767.8, 700.7 cm™'; [a]p?° +477.5 (c = 1.2, CHCIy).

(S)-1-(6-chloropyrimidin-4-yl)-4-isobutyl-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S17)

Cl

0]
2 o / 7
N \ W
\QN N)kN/S\\
(0]

Prepared according to General Procedure B using deprotected urea 6 (0.73 g, 2.23 mmol), 4,6-dichloropyrimidine
(1.66 g, 11.15 mmol), Pd,(dba); (0.10 g, 0.11 mmol), Xantphos (0.19 g, 0.33 mmol), toluene (11 mL), and Cs,CO;
(1.82 g, 5.58 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl acetate,
7:1 — 1:1) afforded the chloropyrimidine $17 (0.84 g, 86%) as a pale yellow solid. 64 (400 MHz, CDCl,): 8.66 (1H, d, J
0.7), 8.50-8.46 (1H, m), 8.10 (1H, d, J 0.7), 7.84-7.77 (3H, m), 4.62.4.58 (1H, m), 4.22 (1H, app dd, J 10.9, 8.7), 4.01
(1H, app. dd, J 11.0, 1.9), 1.99-1.93 (1H, m), 1.83-1.74 (2H, m), 1.04 (6H, app. t, J 6.9); 6¢ (101 MHz, CDCl;): 161.6,
158.1, 157.9, 150.9, 148.1, 135.4, 135.0, 132.3, 131.5, 124.8, 109.5, 54.1, 47.5, 45.1, 24.9, 23.4, 21.7; HRMS (ESI+):
found 440.0781; C47H19N5sO5SCl, [M+H]* requires 440.0795; vy (thin film): 3365.8, 3.71.3, 2959.5, 2922.2, 2870.1,
1751.8, 1714.6, 159.1, 1550.6, 1464.8, 1420.1 1356.8, 1267.1, 1248.7, 1162.9, 1121.9, 1066.0, 849.8, 797.7, 726.8
cm™; [a]p?° +166.1 (¢ = 1.1, CHCIy).

2.3.4 Alanine Series

(S)-2-methyl-1-((2-nitrophenyl)sulfonyl)aziridine (S18)

NO,

O:§:O
N

/

2-Nitrobenzenesulfonyl chloride (21.16 g, 100.0 mmol) was added in five portions to a stirred 0 °C solution of L-alaninol
(3.00 g, 40.0 mmol) and pyridine (16 mL) in dichloromethane (40 mL). The reaction was stirred vigorously and then
allowed to warm to room temperature. After 24 h, the volatiles were removed in vacuo. The concentrated reaction
mixture was then taken up in diethyl ether (80 mL), and the organic layer was washed with HCI (1 M aq.) until the
aqueous washings were acidic (approximately 6 x 40 mL). KOH (2 M aq., 160 mL) was added to the organic layer, and
the resulting biphasic mixture was stirred vigorously for 6 h. The layers were separated, and the organic layer washed
with KOH (2Maqg., 2 x 40 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. Purification by flash column chromatography (silica gel, dichloromethane) afforded the aziridine
S18 (6.22 g, 64%) as a pale yellow oil.” &y (400 MHz, CDCls): 8.31-8.14 (1H, m), 7.86-7.62 (3H, m), 3.19-3.03 (1H, m),
2.90 (1H, d, J 7.0), 2.27 (1H, d, J 4.9), 1.37 (3H, d, J 5.6); 6c (101 MHz, CDCl;): 148.5, 134.3, 132.4, 132.2, 131.1,

"It has been previously reported that N-nosyl-protected aziridines are prone to polymerisation upon standing.?2l Aziridine
$18, however, was indefinitely stable when stored as a dilute solution in DCM.
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124.3, 38.6, 36.8, 16.9; HRMS (ESI+): found 243.0443; CgH11N>0,S, [M+H]* requires 242.0440; v, (thin film): 3097 .4,
2981.9, 1543.1, 1364.2, 1330.7, 1162.9, 1032.5, 849.8, 734.3 cm™; [a]p*° -0.55 (¢ = 1.1, CHCI3). This compound has
previously been reported but only LCMS data were made available.["]

(S)-N-(1-(tert-butylamino)propan-2-yl)-2-nitrobenzenesulfonamide (S19)

Sl N..2
N\
N/\‘/ //S//
O,N

To a stirred, room temperature solution of N-nosyl-protected aziridine S18 (4.15 g, 17.13 mmol) in acetonitrile (43 mL)
was added ftert-butylamine (7.2 mL, 68.52 mmol) in one portion. After 2 h the reaction was complete (TLC: 5%
methanol/dichloromethane), and the volatiles were removed in vacuo. The crude residue was purified by recrystallisation
from petrol and dichloromethane to afford the product $19 (5.03 g, 93%) as a yellow solid. 64 (400 MHz, CDCl;): 8.21-
8.07 (1H, m), 7.88-7.85 (1H, m), 7.73-7.71(2H, m), 3.57-3.20 (1H, m), 2.60 (1H, dd, J 12.1, 4.0), 2.45 (1H, dd, J 11.9,
7.4),1.18 (3H, d, J6.5), 0.97 (9H, s); 6c (101 MHz, CDCl;): 148.0, 134.7, 133.6, 132.6, 130.9, 125.2, 51.2, 50.1, 47.5,
29.0, 19.7; HRMS (ESI+): found 316.1305; C13H2N304S, [M+H]* requires 316.1331; vpay (thin film): 3321.1, 2967.0,
1539.4, 1364.2, 1170.4, 1125.7, 782.7, 741.7 cm™; [a]p*®® -74.1 (c = 1.4, CHCI5).

(S)-1-(tert-butyl)-4-methyl-3-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (S20)

A solution of triphosgene (1.71 g, 14.43 mmol) in acetonitrile (30 mL) was added over 1 h via syringe pump to a stirred,
room temperature solution of the diamine $19 (4.55 g, 14.4 mmol) and Hiinig’s base (7.5 mL, 43.28 mmol) in acetonitrile
(42 mL). After a further 30 min, the reaction mixture was concentrated in vacuo. The crude residue was taken up in
dichloromethane (50 mL), and washed with HCI (20 mL, 1 M aq.). The layers were separated, and the aqueous phase
was further extracted with dichloromethane (2 x 50 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by flash column chromatography
(silica gel, 1% triethylamine:dichloromethane) to afforded di-protected urea S$20 (4.93 g, 96%) as a pale yellow solid. o4
(400 MHz, CDCl3): 8.44-8.36 (1H, m), 7.78-7.65 (3H, m), 4.47-4.30 (1H, m), 3.74 (1H, t, J 8.7), 3.08 (1H, dd, J 8.9, 2.7),
1.54 (3H, d, J6.3), 1.30 (9H, s); 6¢c (101 MHz, CDCl,): 152.4, 147.8, 134.2, 134.1, 132.5, 131.9, 124.0, 54.2, 50.4, 48.5,
27.3, 22.2; HRMS (ESI+): found 342.1121; C14H20N305S, [M+H]* requires 342.1124; vpay (thin film): 2978.1, 2933.4,
1718.3, 1539.4, 1405.2, 1360.5, 1274.7, 1162.9, 1125.7, 779.0, 738.0 cm™"; [a]p?° +317.9 (c = 1.4, CHClI3).

(S)-5-methyl-1-((2-nitrophenyl)sulfonyl)imidazolidin-2-one (7)

At room temperature, trifluoroacetic acid (29 mL) was added to di-protected urea S20 (2.53 g, 7.41 mmol). The reaction
mixture was stirred and then heated to reflux at 82°C for 16 h. When TLC analysis showed all starting material had been
consumed, the reaction mixture was cooled to room temperature, and excess trifluoroacetic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane (60 mL) and washed with NaHCOj; (sat. ag. 30 mL) The layers were separated, and the aqueous layer
was further extracted with dichloromethane (2 x 40 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. The crude solid was purified by trituration in hot hexane to afford
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the tert-butyl deprotected product 7 (2.11 g, >99.9%) as gray crystalline solid. 64 (400 MHz, CDClI3): 8.45-8.35 (1H, m),
7.79-7.65 (3H, m), 5.27 (1H, s), 4.67-4.56 (1H, m), 3.79 (1H, td, J 8.8), 3.10 (1H, ddd, J 8.8, 2.8, 0.9), 1.60 (3H, d, J
6.4); ¢ (101 MHz, CDCl,): 154.7, 147.9, 134.6, 134.3, 132.1, 131.8, 124.1, 54.3, 45.8, 22.4; HRMS (ESI+): found
324.0047; C1oH11N305SK, [M+K]* requires 324.0057; Vs (thin film): 3384.4, 1736.9, 1543.1, 1364.2, 1170.4, 1252.4,
1170.4, 1092.1, 853.6 cm; [a]p2® +484.5 (¢ = 0.4, CHCI5).

2.4 Synthesis of Acyclic Dimers and Trimers

(S)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-3-((2-nitrophenyl)sulfonyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-
isopropylimidazolidin-2-one (S21)

Prepared according to General Procedure B using chloropyrimidine S6 (0.36 g, 0.81 mmol), imidazolidin-2-one S10
(0.10 g, 0.54 mmol) [added in one portion at reaction time = 0], Pd,(dba); (25 mg, 27 pmol), Xantphos (50 mg, 81 umol),
toluene (5 mL), and Cs,CO; (0.44 g, 1.35 mmol). Reaction time = 16 h. Purification by flash column chromatography
(silica gel, firstly 10% ethyl acetate:dichloromethane to remove xantphos and xantphos oxide that co-elutes with the
product in petrol:ethyl acetate. The column fractions containing the product were concentrated in vacuo and subjected
to a second column, silica gel, petrol:ethyl acetate 10:1 — 3:1) afforded the di-protected dimer $21 (0.16 g, 51%) as a
pale yellow solid. 64 (400 MHz, CDCls): 8.79 (1H, d, J 0.9), 8.56-8.56 (1H, dd, J 8.0, 1.1), 8.51 (1H, d, J 0.8), 7.79 (1H,
app. td, J 7.1, 2.1), 7.75-7.71 (2H, m), 4.54 (1H, dt, J 8.6, 3.0), 4.47 (1H, dt, J 9.3, 3.1), 4.10-4.01 (2H, m), 3.40 (1H,
app. t, J9.4), 3.29 (1H, dd, J 9.3, 3.0), 2.50-2.42 (1H, m), 2.23-2.13 (1H, m), 1.55-1.44 (1H, m), 1.40 (9H, s), 1.35-1.28
(1H, m), 1.03-0.98 (6H, m), 0.92 (3H, d, J 7.1), 0.79 (3H, d, J 6.9); &¢ (101 MHz, CDCl;): 158.8, 157.0, 156.8, 155.9,
150.9, 148.2, 135.6, 134.9, 132.4, 131.9, 124.4, 96.6, 58.4, 54.9, 54.0, 42.8, 40.4, 39.3, 28.4, 27.7, 25.4, 18.4, 14.5,
12.0, 11.9; HRMS (ESI+): found 626.2181; Cy;H37N;06SK, [M+K]* requires 626.2163; v,a (thin film): 3093.7, 2963.2,
2922.2,1736.9, 1572.9, 1539.4, 1435.0, 1390.3, 1360.5, 1274.7, 1215.1, 1162.9, 1110.7, 1069.7, 984.0, 916.9, 887.1,
808.8, 738.0, 678.4 cm™; [a]p?° +109.0 (c = 1.1, CHCI3).

(S)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-isopropylimidazolidin-2-one
(S22)

P

Prepared according to General Procedure A using di-protected dimer $21 (0.48 g, 0.82 mmol), thiophenol (0.12 mL,
1.23 mmol), K,CO;3 (0.34 g, 2.46 mmol) and N,N-DMF (10 mL). Reaction time = 3 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 10:1 — 5:1 — 1:1 (product)) afforded S22 (0.31 g, 94%) as a pale yellow
crystalline solid. 64 (600 MHz, CDCI3): 9.00 (1H, s), 8.50 (1H, s), 5.70 (1H, br. s, N-H), 4.50 (1H, dt, J 9.2, 2.8), 4.11
(1H, app. t, J10.0), 3.76 (1H, dd, J 10.5, 7.1), 3.61 (1H, app. q, J 14.9, 7.1), 3.43 (1H, app. t, J 9.1), 3.29 (1H, dd, J 8.9,
2.3), 2.50-2.45 (1H, m), 1.55-1.51 (1H, m), 1.41 (10H, app. s), 0.95-0.92 (9H, m), 0.81 (3H, d, J 6.8); d¢c (151 MHz,
CDCl3): 158.4, 158.2, 157.7, 156.9, 156.0, 96.0, 54.8, 53.9, 53.4, 47.3, 40.5, 39.6, 28.6, 27.7, 25.2, 18.4, 14.6, 13.9,
11.2; HRMS (ESI+): found 403.2825; C,1H35NgO,, [M+H]* requires 403.2821; Vo (thin film): 3186.9, 3123.5, 2963.2,
2929.7, 2877.5, 1714.6, 1580.4, 1461.1, 1397.8, 1367.9, 1267.3, 1244.9, 1162.9, 1114.5, 1073.5, 984.0, 928.1, 883.4,
823.7, 756.6, 693.3 cm™; [a]p2° +45.5 (¢ = 0.8, CHCI;).
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(S)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-3-(6-chloropyrimidin-4-yl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-

isopropylimidazolidin-2-one (1a)
N ﬁ\ )
WN

\/N

Prepared according to General Procedure B using N-nosyl deprotected dimer $22 (0.26 g, 0.63 mmol), 4,6-
dichloropyrimidine (0.65 g, 4.44 mmol), Pd,(dba); (29 mg, 32 pmol), Xantphos (54 mg, 95 pmol), toluene (10 mL), and
Cs,CO; (0.51 g, 1.50 mmol). Reaction time = 16 h. Then a second portion of Pdx(dba); (29 mg, 32 ymol) and Xantphos
(72 mg, 95 umol) was added. The reaction was heated at reflux for a further 5 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate, 7:1) afforded the chloropyrimidine 1a (0.23 g, 71%) as a yellow
crystalline solid. &4 (600 MHz, CDCl3): 9.17 (1H, d, J 1.0), 8.66 (1H, d, J, 0.9), 8.57 (1H, d, J 0.9), 8.56 (1H, d, J 1.0),
4.86-4.84 (1H, m), 4.54-4.52 (1H, m), 4.08 (1H, dd, J 11.2, 2.4), 3.96 (1H, app. t, J 10.2), 3.47 (1H, app. t, J 9.3), 3.33
(1H, dd, J9.1, 2.5), 2.54-2.51 (1H, m), 2.32-2.31 (1H, m), 1.54 (10H, app. s), 1.34-1.28 (1H, m), 1.01 (3H, app. t, J 7.3),
0.96 (3H, app. t, J 7.3), 0.96 (3H, d, J 7.0), 0.83 (3H, d, J 6.9), 0.76 (3H, d, J 6.9); &¢ (151 MHz, CDCl3): 161.5, 158.8,
158.3, 157.9, 157.1, 157.1, 156.0, 153.4, 109.9, 69.5, 54.9, 54.5, 54.1, 41.5, 40.5, 34.9, 28.5, 27.8, 25.6, 18.4, 14.6,
12.0, 11.6; HRMS (ESI+): found 1067.4789; CsoH7oN1s04ClK, [2M+K]* requires 1067.4780; Vo (thin film): 3138.4,
2952.1, 2870.1, 1714.6, 1561.8, 1528.2, 1490.9, 1435.0, 1382.8, 1274.7, 1241.2, 1200.2, 1110.7, 980.3, 931.8, 745.5,
678.4 cm™; [a]p?° +24.8 (¢ = 1.3, CHCI5).

(S)-4-((S)-sec-butyl)-3-(6-chloropyrimidin-4-yl)-1-(6-((S)-5-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-
yl)imidazolidin-2-one (2a)

At room temperature, trifluoroacetic acid (5 mL) was added to the chloropyrimidine 1a (0.18 g, 0.34 mmol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (0.6 mL) was subsequently added. When TLC analysis showed
all starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCO;. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was purified by trituration from hot hexane to afford the tert-butyl
deprotected dimer 2a (85 mg, 0.19 mmol, 81%)" as an off-white crystalline solid. &5 (600 MHz, CDCl;): 9.1 (1H, s), 8.67
(1H, s), 8.59 (1H, s), 8.53 (1H, s), 4.93 (1H, br. s, N-H), 4.86-4.84 (1H, m), 4.77-4.75 (1H, m), 4.08 (1H, dd, J 11.1, 2.5),
3.97 (1H, app. t, J 10.0), 3.55 (1H, app. t, J 9.2), 3.36 (1H, dd, J 8.7, 2.0), 2.60 (1H, app. oct, J 20.3, 17.1, 13.5, 10.7,
6.8), 2.34-2.33 (1H, m), 1.48-1.44 (1H, m), 1.34-1.28 (1H, m), 1.02 (3H, app. t, J 7.24), 0.96 (3H, d, J 6.9), 0.88 (3H, d,
J6.9), 0.77 (3H, d, J 6.7); &¢c (151 MHz, CDCl3): 161.5, 158.6, 158.3, 158.2, 157.9, 157.3, 157.2, 153.5, 109.9, 96.8,
59.0, 54.6, 41.4, 37.7, 34.9, 28.5, 25.6, 18.3, 14.5, 12.0, 11.6; HRMS (ESI+): found 511.1736; C2,H29NsO,CIK, [M+K]*
requires 511.1739; vna (thin film): 3242.8, 3164.5, 2959.5, 2870.1, 1722.0, 1565.5, 1528.2, 1483.5, 1427.6, 1285.9,
1252.4, 1155.5, 1114.5, 984.0, 924.4, 887.1, 745.5, 674.0 cm™; [a]p?° +12.9 (¢ = 0.4, CHCI;).

" Based on recovered starting material. The starting material was soluble in hot hexane.
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(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-3-((2-nitrophenyl)sulfonyl)-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)imidazolidin-2-one (S23)

Prepared according to General Procedure B using chloropyrimidine $6 (0.92 g, 2.10 mmol), imidazolidin-2-one S4
(0.32 g, 1.61 mmol) [added in 2 portions at reaction time = 0 h and at 3 h], Pd(dba), (46 mg, 80 umol), Xantphos (0.14 g,
0.24 mmol), toluene (8 mL), and K,CO; (0.56 g, 4.03 mmol). Reaction time = 16 h. Purification by flash column
chromatography (silica gel, firstly 10% ethyl acetate:dichloromethane to remove xantphos and xantphos oxide that co-
elutes with the product in petrol:ethyl acetate. The column fractions containing the product were concentrated in vacuo
and subjected to a second column, silica gel, petrol:ethyl acetate 7:1 — 3:1) afforded the di-protected dimer $23 (0.73 g,
75%) as a pale yellow solid. 64 (600 MHz, CDCl5):" 8.79 (1H, s), 8.55 (1H, d, J 7.7), 8.51 (1H, s), 7.79 (1H, t, J 7.0),
7.76-7.72 (2H, m), 4.55 (2H, dd, J 20.0, 9.1), 4.09-4.02 (1H, m), 3.40 (1H, t, J 9.6), 3.27 (1H, dd, J 9.1, 2.1), 2.21-2.18
(2H, m), 1.56-1.52 (1H, m), 1.39 (9H, s), 1.33-1.27 (2H, m), 1.23-1.18 (1H, m), 1.02-0.95 (6H, m), 0.85-0.81 (3H, m),
0.77 (3H, d, J 6.8); ¢ (151 MHz, CDCl3): 158.5, 156.9, 156.6, 155.8, 150.8, 148.0, 135.4, 134.7, 132.2, 131.7, 124.2,
96.5, 58.2, 53.8, 53.7, 42.6, 41.3, 39.1, 34.9, 27.5, 25.6, 25.3, 11.82, 11.80, 11.7, 11.6; HRMS (ESI+): found 602.2754;
C2sH40N7O6S, [M+H]* requires 602.2761; vy (thin film): 2959.5, 2873.8, 1736.9, 1707.1, 1580.4, 1539.4, 1435.0,
1360.5, 1274.7, 1218.8, 1166.7, 1114.5, 1069.7, 984.0, 875.9, 730.6 cm™'; [a]p*° +76.2 (c = 0.7, CHCI3).

(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-

2-one (S24)
v H

N

N\(O OY |

N\¢N

Prepared according to General Procedure A using di-protected dimer $23 (0.41 g, 0.68 mmol), thiophenol (0.1 mL,
1.02 mmol), K,CO; (0.23 g, 1.69 mmol) and N,N-DMF (7 mL). Reaction time = 8 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 10:1 — 2:1(product)) afforded $24 (0.24 g, 85%) as a pale yellow
crystalline solid. 4 (400 MHz, CDCl3): 8.90 (1H, d, J 1.2), 8.50 (1H, d, J 1.1), 5.44 (1H, br. s, N-H), 4.59 (1H, dt, J 9.3,
3.3), 4.11 (1H, dd, J 10.7, 9.2), 3.76 (1H, dd, J 10.9, 6.9), 3.61 (1H, app. q, J 15.5, 6.6), 3.42 (1H, app. t, J 9.3), 3.30
(1H, dd, J9.2, 3.4), 2.35-2.18 (1H, m), 1.57-1.48 (3H, m), 1.40 (10H, s), 1.25-1.23 (1H, m), 0.98-0.89 (9H, m), 0.78 (3H,
d, J 6.9); 6¢c (151 MHz, CDCl3): 158.3, 158.1, 157.7, 156.9, 156.0, 96.2, 53.8, 53.4, 47.3, 40.5, 39.6, 35.3, 27.7, 25.8,
25.2,17.4, 13.9, 12.0, 11.8, 11.2; HRMS (ESI+): found 455.2520; Cy,H3sNsO2K, [M+K]* requires 455.2537; vpay (thin
film): 3235.3, 2959.5, 2873.8, 1714.6, 1580.4, 1438.8, 1394.0, 1237.5, 1166.7, 1077.2, 1028.7, 984.0, 883.4, 820.0,
752.9, 670.9 cm; [a]p?® +54.3 (¢ = 0.7, CHCI;).

" The product was isolated along with a hydrocarbon grease-type contaminant. This led to measured 'H integrals in the
~0.5-1.5 ppm region being greater than expected, and some additional '3C peaks in the low ppm range. The reported
peaks are those assigned to the product structure on the basis of 2D COSY, HSQC and HMBC experiments.
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(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-((S)-sec-butyl)-3-(6-chloropyrimidin-4-yl)-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)imidazolidin-2-one (1b)

N 0]
NG ~ )
N>/_\\ﬁN NN

Prepared according to General Procedure B using N-nosyl deprotected dimer S$24 (0.11 g, 0.25 mmol), 4,6-
dichloropyrimidine (0.27 g, 1.78 mmol), Pdx(dba), (12 mg, 13 pmol), Xantphos (22 mg, 38 umol), toluene (3 mL), and
K,CO;z; (90 mg, 0.64 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel,
dichloromethane — (impurity) — 10% ethyl acetate:dichloromethane (product) afforded the chloropyrimidine 1b (0.11
g, 82%) as a yellow crystalline solid. 4 (600 MHz, CDCl3): 9.16 (1H, s), 8.66 (1H, s), 8.56 (2H, app. d, J 3.47), 4.85
(1H, dt, J 9.3, 2.8), 4.63 (1H, dt, J 9.5, 2.8), 4.07 (1H, dd, J 11.0, 2.1), 3.96 (1H, app. t, J 10.3), 3.46 (1H, app. t, J 9.4),
3.31 (1H, dd, J 9.1, 2.3), 2.34-2.26 (2H, m), 1.44 (11H, app. s), 1.33-1.28 (1H, m), 1.23-1.19 (1H, m), 1.00 (6H, app. dt,
J 146, 7.4),0.81 (3H, d, J 6.8), 0.76 (3H, d, J 6.8); ¢ (151 MHz, CDCl3): 161.5, 158.7, 158.3, 157.8, 157.1, 157 1,
156.1, 153.4, 109.9, 96.5, 54.5, 53.9, 41.5, 40.5, 35.2, 34.9, 27.8, 25.8, 25.3, 12.1, 12.0, 11.8, 11.5; HRMS (ESI+):
found 529.2803; CyeH3sNsO,Cl, [M+H]* requires 529.2806; Vpay (thin film): 2955.8, 2922.2, 2855.1, 1714.6, 1565.5,
1531.9, 1435.0, 1386.6, 1274.7, 1241.2, 1162.9, 1114.5, 980.3, 928.1, 875.9, 745.5, 678.4 cm™; [a]p?®® +9.1 (c = 1.3,
CHCI3).

(S)-4-((S)-sec-butyl)-1-(6-((S)-5-((S)-sec-butyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-3-(6-chloropyrimidin-4-
yl)imidazolidin-2-one (2b)

v cl
N
7O 2N
Iie,, N O ~ J
N>/_\>7N>\\N N
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At room temperature, trifluoroacetic acid (mL) was added to the chloropyrimidine 1b (1.1 g, 0.20 mmol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (0.5 mL) was subsequently added. When TLC analysis showed
all starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCO3;. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was purified by trituration from hot hexane to afford the tert-butyl
deprotected dimer 2b (76 mg, 80%) as a yellow powder. 64 (600 MHz, CDCl3): 9.14 (1H, s), 8.67 (1H, s), 8.59 (1H, s),
8.53 (1H, s), 5.03 (1H, br. s, N-H), 4.87-4.85 (2H, m), 4.08 (1H, dd, J 11.3, 2.3), 3.97 (1H, app.t, J 10.1), 3.54 (1H, app.
t, J9.1),3.35(1H, dd, J 8.7, 2.0), 2.39-2.31 (2H, m), 1.46 (1H, app. oct, 27.8, 20.8, 13.8, 7.5), 1.39 (1H, app. oct, J 24.8,
18.1, 11.3, 4.0), 1.32 (1H, app. oct, J 26.2, 19.8, 16.3, 4.7), 1.22 (1H, app. oct, J 29.8, 23.2, 15.3, 7.7), 1.03-0.98 (6H,
m), 0.86 (3H, d, J6.8), 0.77 (3H, d, J 6.8); 6¢ (151 MHz, CDCl3): 161.5, 158.5, 158.3, 158.3, 157.9, 157.3, 157.2, 153.5,
109.9, 96.9, 58.0, 54.6, 41.4, 37.8, 35.2, 34.9, 25.7, 25.6, 12.0, 12.0, 11.8, 11.6; HRMS (ESI+): found 511.1736;
Ca2H29NgO,CIK, [M+K]* requires 511.1739; Vpax (thin film): 3235.3, 3149.6, 2967.0, 2933.4, 2877.5, 1729.5, 1561.8,
1479.8, 1431.3, 1382.8, 1252.4, 1155.5, 1118.2, 1088.4, 984.0, 879.7, 752.6, 674.6 cm™; [a]p*° +6.4 (c = 1.1, CHCIy).

19



(S)-1-(tert-butyl)-4-isobutyl-3-(6-((S)-4-isobutyl-3-((2-nitrophenyl)sulfonyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-
yl)imidazolidin-2-one (S25)

Prepared according to General Procedure B using chloropyrimidine $17 (0.49 g, 1.11 mmol), imidazolidin-2-one 6
(0.20 g, 1.01 mmol), Pd,(dba); (50 mg, 55 pmol), Xantphos (0.09 g, 0.15 mmol), toluene (10 mL), and Cs,CO; (0.81 g,
2.5 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl acetate 5:1 — 3:1)
afforded the di-protected dimer $25 (0.55 g, 91%) as a white solid. 6y (600 MHz, CDCl;): 8.73 (1H, d, J 1.0), 8.54 (1H,
app.d, J7.9), 8.51 (1H, app. s), 7.78-7.71 (3H, m), 4.55-4.51 (2H, m), 4.20 (1H, app. t, J 9.9), 3.96 (1H, app. d, J 10.7),
3.51 (1H, app. t, J 8.7), 3.18 (1H, app. dd, J 8.8, 2.0), 1.92-1.89 (1H, m), 1.79-1.73 (2H, m), 1.71-1.69 (1H, m), 1.40
(10H, s), 1.03-0.98 (9H, m), 0.93 (3H, d, J 6.2); &¢ (151 MHz, CDCl;): 158.6, 157.1, 155.7, 150.6, 148.1, 135.4, 134.9,
1324, 131.9, 124 4, 96.8, 53.8, 53.8, 49.9, 47.5, 45.7, 45.0, 41.6, 29.9, 27.7, 25.1, 24.9, 23.9, 23.6, 21.9, 21.7; HRMS
(ESI+): found 602.2771; CogHsoN;O6S, [M+H]* requires 602.2761; Vpnay (thin film): 2959.5, 2870.1, 1744.4, 1699.7,
1580.4, 1550.6, 1468.6, 1435.0, 1364.2, 1278.5, 1222.6, 1170.4, 1118.2, 868.5, 782.7, 745.5, 670.9 cm™'; [a]p?° +94.1
(c=1.1, CHCI).

(S)-1-(tert-butyl)-4-isobutyl-3-(6-((S)-4-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S26)

A

Prepared according to General Procedure A using di-protected dimer $25 (1.52 g, 2.53 mmol), thiophenol (0.36 mL,
3.79 mmol), Ko,CO3; (1.05 g, 7.59 mmol) and N,N-DMF (30 mL). Reaction time = 2 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 7:1 — 4:1(product)) afforded $26 (1.03 g, 98 %) as a pale yellow
crystalline solid. 6y (400 MHz, CDCl3): 8.90 (1H, d, J 0.8), 8.50 (1H, d, J 0.8), 5.37 (1H, br. s, N-H), 4.59-4.54 (1H, m),
4.19 (1H, app. t, J 9.6), 3.83 (1H, app. quint, J 21.6, 13.8, 6.8), 3.70-3.65 (1H, m), 3.54 (1H, t, J 8.6), 3.18 (1H, dd, J
8.8, 2.7), 1.77-1.69 (2H, m), 1.67-1.60 (1H, m), 1.58-1.51 (1H, m), 1.47-1.41 (1H, m), 1.41 (10H, app. s), 1.01-0.93
(12H, m); 6¢ (101 MHz, CDCl3): 158.2, 158.2, 157.6, 157.0, 155.9, 96.1, 53.7, 50.0, 49.7, 47.4, 45.7, 45.4, 41.8, 27 7,
25.1, 251, 23.9, 23.0, 22.5, 21.9; HRMS (ESI+): found 417.2984; C,,H37NgO,, [M+H]* requires 417.2978; vpay (thin
film): 3235.3, 3123.5, 2955.8, 2929.7, 2870.1, 1718.3, 1572.9, 1535.7, 1438.8, 1390.3, 1364.2, 1259.8, 1230.0, 1162.9,
1073.5, 980.3, 752.9, 670.9 cm'; [a]p?° +56.0 (¢ = 1.1, CHCI,).
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(S)-1-(tert-butyl)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-
isobutylimidazolidin-2-one (1c)
\// o
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Prepared according to General Procedure B using N-nosyl deprotected dimer S26 (0.13 g, 0.31 mmol), 4,6-
dichloropyrimidine (0.32 g, 2.15 mmol), Pdy(dba); (14 mg, 15 pmol), Xantphos (27 mg, 0.05 mmol), toluene (3 mL), and
Cs,CO;3 (0.25 g, 0.77 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl
acetate, 10:1 — 5:1) afforded the chloropyrimidine 1c (0.14 g, 86%) as a yellow crystalline solid. 4 (600 MHz, CDCl,):
9.09 (1H, d, J0.9), 8.67 (1H, s), 8.56 (1H, d, J 0.8), 8.51 (1H, s), 4.81-4.78 (1H, m) 4.62-4.59 (1H, m), 4.08 (1H, app. t,
J 10.1), 4.03 (1H, app. dd, J 10.7, 1.7), 3.58 (1H, app. t, J 8.7), 3.23 (1H, app. dd, J 8.6, 1.7), 1.84-1.80 (1H, m), 1.76-
1.72 (2H, m), 1.70-1.65 (1H), 1.45 (12H, app. s), 1.05 (3H, d, J 6.3), 1.02 (3H, d, J 6.3), 0.96 (6H, app. d, J 6.4); ¢
(151 MHz, CDCl3): 161.4, 158.5, 158.2, 157.9, 157.4, 157.2, 155.8, 152.9, 109.8, 96.6, 53.9, 50.5, 49.9, 46.4, 45.7,
41.9, 41.6, 27.7, 25.2, 25.0, 24.0, 23.9, 21.9, 21.6; HRMS (ESI+): found 529.2795; CysH3sNsO,Cl, [M+H]* requires
529.2806; Vyax (thin film): 2955.8, 2870.1, 1736.9, 1707.1, 1561.8, 1431.3, 1386.6, 1274.7, 1222.6, 1162.9, 1110.7,
984.0, 864.7, 745.5, 670.9 cm™'; [a]p?° +18.1 (c = 0.9, CHCI3).

(S)-3-(6-chloropyrimidin-4-yl)-4-isobutyl-1-(6-((S)-5-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-
2-one (2c)
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At room temperature, trifluoroacetic acid (27 mL) was added to the chloropyrimidine 1¢ (1.43 g, 2.70 mmol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (4.3 mL) was subsequently added. When TLC analysis showed
all starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCOg;. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was purified by flash column chromatography (silica gel, petrol:ethyl
acetate, 5:1 — 2:1) afforded the tert-butyl deprotected dimer 2¢c (0.76 g, 60%) as an off-white crystalline solid. &4
(600 MHz, CDCl,): 9.06 (1H, d, J 0.8), 8.67 (1H, d, J 0.8), 8.58 (1H, d, J 0.8), 8.46 (1H, d, J 0.8), 5.47 (1H, br. s, N-H),
4.82-4.78 (2H, m), 4.10 (1H, app. t, J 9.9), 4.02 (1H, app. dd, J 10.7, 1.8), 3.68 (1H, app. t, J 8.7), 3.28 (1H, app. d, J
8.4), 1.85-1.73 (3H, m), 1.72-1.69 (1H, m), 1.58-1.54 (1H, m), 1.49-1.45 (1H, m), 1.03 (6H, app. t, J 7.1), 0.96 (6H, app.
d, J6.2); 6¢ (151 MHz, CDCl3): 161.4, 158.4, 158.2, 158.0, 158.0, 157.5, 157.3, 153.0, 109.7, 96.7, 53.8, 50.5, 46.4,
43.0, 41.9, 41.6, 25.0, 25.0, 23.9, 23.9, 21.8, 21.6; HRMS (ESI+): found 473.2195; C,,H30NgO,Cl, [M+H]* requires
473.2180; vmax (thin film): 3250.2, 3138.4, 2870.1, 2955.8, 2626.0, 2870.1, 1722.0, 1561.8, 1531.9, 1431.3, 1364.2,
1282.2, 1244.9, 1222.6, 1114.5, 984.0, 864.7, 745.5, 667.2 cm™'; [a]p?® +5.9 (c = 1.1, CHCI3).
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(S)-1-(tert-butyl)-4-isopropyl-3-(6-((S)-4-isopropyl-3-((2-nitrophenyl)sulfonyl)-2-oxoimidazolidin-1-yl)pyrimidin-

4-yl)imidazolidin-2-one (S27)
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Prepared according to General Procedure B using chloropyrimidine $12 (0.86 g, 2.02 mmol), imidazolidin-2-one S10
(0.27 g, 1.47 mmol) [added in 2 portions at reaction time = 0 h and at 3 h], Pd,(dba); (70 mg, 80 umol), Xantphos (0.13 g,
0.23 mmol), toluene (8 mL), and K,CO; (0.54 g, 3.88 mmol). Reaction time = 16 h. Purification by flash column
chromatography (silica gel, firstly 10% ethyl acetate:dichloromethane to remove xantphos and xantphos oxide that co-
elutes with the product in petrol:ethyl acetate. The column fractions containing the product were concentrated in vacuo
and subjected to a second column, silica gel, petrol:ethyl acetate 7:1 — 1:1) afforded the di-protected dimer $27 (0.70 g,
83%) as a pale yellow solid. 64 (600 MHz, CDCl,): 8.79 (1H, s), 8.55-8.34 (1H, m), 8.51 (1H, s), 7.80-7.71 (3H, m), 4.47-
4.46 (1H, m), 4.43-4.41 (1H, m), 4.12-4.03 (2H, m), 3.40 (1H, app. t, J9.4), 3.29 (1H, dd, J 9.1, 2.4), 2.47-2.45 (1H, m),
2.41-2.38 (1H, m), 1.39 (9H, s), 1.02 (3H, d, J 6.8), 0.95 (3H, d, J 6.8), 0.83 (3H, d, J 6.8), 0.78 (3H, d, J 6.8); o¢
(151 MHz, CDCl;): 158.8, 157.1, 156.8, 155.9, 150.9, 148.2, 135.7, 134.9, 132.4, 131.9, 124.4, 96.6, 59.4, 54.9, 54.0,
43.1, 40.4, 32.6, 28.5, 27.7, 18.4, 18.0, 15.0, 14.5; HRMS (ESI+): found 574.2438; CyH3sN;O06S, [M+H]* requires
574.2448; v,. (thin film): 2959.5, 1736.9, 1707.1, 1580.4, 1546.8, 1371.7, 1207.7, 1174.1, 1066.0, 872.2, 775.3, 715.6
cm; [a]p?° +88.7 (¢ = 1.0, CHCI5).

(S)-1-(tert-butyl)-4-isopropyl-3-(6-((S)-4-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one
(S28)
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e

Prepared according to General Procedure A using di-protected dimer S27 (0.69 g, 1.21 mmol), thiophenol
(0.17 mL,1.82 mmol), K,COj3 (0.50 g, 3.63 mmol) and N,N-DMF (12 mL). Reaction time = 2 h. Purification by flash
column chromatography (silica gel, petrol:ethyl acetate 7:1 — 3:1 — 1:1 (product)) afforded $28 (0.32 g, 69 %) as a
yellow crystalline solid. 64 (400 MHz, CDCl3): 9.01 (1H, s), 8.50 (1H, s), 5.71 (1H, br. s), 4.51-4.47 (1H, s), 4.13 (1H,
app. t, J 10.2), 3.76 (1H, app. dd, J 10.65, 6.7), 3.51 (1H, app. q, J 15.5, 7.3), 3.43 (1H, app. t, J 9.2), 3.29 (1H, app. dd,
J9.1,2.7), 2.52-2.44 (1H, m), 1.78-1.70 (1H, m), 1.41 (9H, s), 0.99 (3H, d, J 6.8), 0.94 (6H, app. dd, J 10.2, 6.8), 0.80
(3H, d, J 6.8); 6¢ (101 MHz, CDCl;): 158.5, 158.3, 157.9, 157.0, 156.0, 96.2, 54.9, 53.9, 47.8, 40.6, 33.4, 28.7, 27.8,
18.5, 18.3,17.9, 14.7; HRMS (ESI+): found 389.2660; C20H33N¢O,, [M+H]* requires 389.2665; V. (thin film): 3213.0,
3112.3,2959.5, 2873.8, 1707.1, 1569.2, 1461.1, 1438.8, 1386.6, 1244.9, 1162.9, 980.3, 883.4, 756.6, 670.9 cm™"; [a]p®°
+54.7 (¢ = 1.0, CHCI;).
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(S)-1-(tert-butyl)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-
isopropylimidazolidin-2-one (1d)
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Prepared according to General Procedure B using N-nosyl deprotected dimer S28 (0.32 g, 0.82 mmol), 4,6-
dichloropyrimidine (0.87 g, 5.82 mmol), Pdy(dba); (38 mg, 42 pymol), Xantphos (72 mg, 0.12 mmol), toluene (5 mL), and
KoCO; (0.29 g, 2.08 mmol). Reaction time = 16 h. Then a second portion of Pd,(dba); (38 mg, 42 ymol) and Xantphos
(72 mg, 0.12 mmol) was added. The reaction was heated at reflux for a further 5 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate, 7:1 — 2:1) afforded the chloropyrimidine 1d (0.19 g, 46%) as an off-
white foam. &y (400 MHz, CDCl3): 9.17 (1H, s), 8.65 (1H, s), 8.56 (1H, s), 4.76-4.73 (1H, m), 4.54-4.52 (1H, m), 4.10
(1H,dd, J11.2, 2.4), 3.95 (1H, app. t, J 10.3), 3.47 (1H, app. t, J 9.3), 3.33 (1H, dd, J 9.3, 2.4), 2.60-2.49 (2H, m), 1.45
(9H, s), 1.02 (3H, d, J7.0), 0.96 (3H, d, J7.0), 0.83 (3H, d, J 7.0), 0.78 (3H, d, J 7.0); 6¢c (101 MHz, CDCl;):161.5, 158.8,
158.4, 157.8, 157.1, 157.1, 156.0, 153.3, 109.9, 96.5, 55.6, 54.9, 54.0, 41.4, 40.5, 28.5, 28.3, 27.8, 18.4, 18.2, 14.6,
14.1; HRMS (ESI+): found 501.2498; C,4H34NgO,SCI, [M+H]* requires 501.2493; v, (thin film): 3145.9, 2959.5, 2873.8,
1710.8, 1561.8, 1531.9, 1431.3, 1386.6, 1237.5, 1207.7, 1114.5, 984.0, 864.7, 678.4 cm™'; [a]p° +19 (c = 1.0, CHCI5).

(S)-3-(6-chloropyrimidin-4-yl)-4-isopropyl-1-(6-((S)-5-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-
yl)imidazolidin-2-one (2d)
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At room temperature, trifluoroacetic acid (21 mL) was added to the chloropyrimidine 1d (0.76 g, 1.51 mmol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (2 mL) was subsequently added. When TLC analysis showed all
starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCOg;. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was purified by trituration in hot hexane to afford the tert-butyl
deprotected dimer 2d (0.54 g, 80 %) as an off-white crystalline solid. 64 (400 MHz, CDCl;): 9.13 (1H, s), 8.66 (1H, s),
8.60 (1H, s), 8.52 (1H, s), 5.17 (1H, br. s), 4.77-4.74 (2H, m), 4.11 (1H, dd, J 11.4, 2.4), 3.97 (1H, app. t, J 10.1), 3.56
(1H, app. t, J 9.3), 3.37 (1H, dd, J 9.0, 2.2), 2.63-2.54 (2H, m), 1.06 (3H, d, J 6.9), 0.96 (3H, d, J 6.9), 0.88 (3H, d, J
6.8), 0.79 (3H, d, J6.8); 6¢ (101 MHz, CDCl;): 161.4, 158.4, 158.2, 158.1, 157.7, 157.2, 157.0, 153.2, 109.7, 96.6, 58.9,
55.5, 41.2, 37.6, 28.4, 28.2, 18.1, 18.0, 14.4, 14.0; HRMS (ESI+): found 445.1857; CyH2sNsO,Cl, [M+H]* requires
445.1867; Vmax (thin film): 3231.6, 3142.1, 2959.5, 1729.5, 1561.8, 1427.6, 1382.8, 1252.4, 1114.5, 984.0, 872.2, 764 .1,
674.6 cm™; [a]p*® +9.13 (¢ = 1.0, CHCI).
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(S)-1-(tert-butyl)-4-isobutyl-3-(6-((S)-4-isobutyl-3-(6-((S)-4-isobutyl-3-((2-nitrophenyl)sulfonyl)-2-
oxoimidazolidin-1-yl)pyrimidin-4-yl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S29)
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Prepared according to General Procedure B using chloropyrimidine 1c (0.12 g, 0.22 mmol), imidazolidin-2-one 6
(93 mg, 0.28 mmol) [added in one portion at reaction time = 0], Pdy(dba); (10 mg, 11 ymol), Xantphos (19 mg, 33 umol),
toluene (2 mL), and K,COj3; (80 mg, 0.55 mmol). Reaction time = 16 h. Purification by flash column chromatography
(silica gel, petrol:ethyl acetate 5:1 — 2:1) afforded the di-protected trimer $29 (98 mg, 73%) as a pale yellow solid. &4
(400 MHz, CDCl3):" 8.95 (1H, d, J 1.2), 8.81 (1H, d, J 1.2), 8.58 (1H, d, J 0.9), 8.54 (1H, d, J 0.9), 8.53-8.50 (1H, m),
7.82-7.71 (3H, m), 4.78-4.71 (1H, m), 4.63-4.52 (2H, m), 4.22 (1H, dd, J 10.6, 8.5), 4.03 (1H, dd, J 10.6, 8.4), 3.99-3.91
(2H, m), 3.57 (1H, t, J 8.6), 3.23 (1H, dd, J 8.8, 2.5), 1.97-1.91 (1H, m), 1.85-1.64 (6H, m), 1.47 (9H, s), 1.45-1.39 (2H,
m), 1.06-1.00 (12H, m), 0.96 (3H, d, J6.4), 0.93 (3H, d, J 6.4); 6¢ (151 MHz, CDCl;): 158.3, 157.8, 157.6, 157.5, 157.0,
156.9, 155.6, 152.7, 150.4, 147.9, 135.5, 134.8, 132.3, 131.5, 124.3, 98.0, 97.0, 53.72, 53.68, 50.4, 49.8, 47.5, 46.3,
45.6, 45.0, 41.8, 41.5, 27.6, 25.0, 24.9, 24.8, 23.83, 23.76, 23.4, 21.8, 21.7, 21.6; HRMS (ESI+): found 858.3474;
Cs9Hs3N11O7K, [M+K]* requires 858.3487; vya (thin film): 2955.8, 2922.2, 2855.1, 1714.6, 1576.7, 1543.1, 1427.6,
1364.2, 1215.1, 1170.4, 1110.7, 875.9, 745.5, 670.9 cm"; [a]p?° +1.8 (c = 1.1, CHCI,).

(S)-1-(tert-butyl)-4-isobutyl-3-(6-((S)-4-isobutyl-3-(6-((S)-4-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-2-
oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S30)
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Prepared according to General Procedure A using di-protected trimer $29 (0.50 g, 0.61 mmol), thiophenol (90 pL,
0.91 mmol), K,CO3 (0.25 g, 1.83 mmol) and N,N-DMF (6 mL). Reaction time = 5 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 7:1 — 5:1 — 3:1— 1:1 (product)) afforded $30 (0.35 g, 90 %) as a pale
yellow crystalline solid. 64 (400 MHz, CDCl3): 9.00 (1H, d, J 1.2), 8.94 (1H, d, J 1.1), 8.58 (1H, d, J 1.2), 8.54 (1H, d, J
1.2), 5.01 (1H, br s), 4.85-4.77 (1H, m), 4.60-4.53 (1H, m), 4.21 (1H, dd, J 10.5, 8.5), 4.08 (1H, dd, J 10.5, 8.7), 3.94
(1H, dd, J 10.7, 3.1), 3.86 (1H, quintet, J 7.2), 3.70 (1H, dd, J 10.5, 6.7), 3.55 (1H, t, J 8.6), 3.19 (1H, dd, J 8.8, 2.6),
1.86-1.62 (5H, m), 1.59-1.43 (5H, m), 1.41 (9H, s), 1.02 (6H, app. t, J 6.1), 0.98-0.92 (12H, m); &¢ (101 MHz, CDCl5):

" A trace impurity was observed in the aromatic region with an integration of 0.08 relative to the title compound, e.g. d =
9.08 (0.08H, d, J 1.2).
24



158.5, 158.3, 157.7, 157.3, 157.2, 156.9, 156.8, 152.9, 97.3, 96.9, 53.7, 50.1, 49.9, 49.8, 47.3, 46.3, 45.6, 45.2, 42.1,
415, 27.6, 25.0, 24.8, 23.81, 23.77, 22.8, 22.4, 21.8, 21.6; HRMS (ESI+): found 673.3727; Cs3HsoN1oOsK, [M+K]*
requires 673.3704; Vi (thin film): 2922.2, 2955.8 1718.3, 1580.4, 1423.8, 1356.8, 1215.1, 984.0, 752.9, 670.9 cm"";
[a]o?° +40.4 (c = 1.4, CHCI,).

(S)-1-(tert-butyl)-3-(6-((S)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-
4-isobutyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-isobutylimidazolidin-2-one (S31)
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Prepared according to General Procedure B using N-nosyl deprotected trimer 830 (72 mg, 0.11 mmol), 4,6-
dichloropyrimidine (0.15 g, 1.02 mmol), Pdy(dba); (5 mg, 6 ymol), Xantphos (12 mg, 20 ymol), toluene (2 mL), and
K2CO3 (39 mg, 0.28 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel, petrol:ethyl
acetate, 7:1 — 3:1) afforded the chloropyrimidine 831 (51 mg, 62%) as a yellow crystalline solid. 6 (400 MHz, CDCl3):
9.12 (1H, d, J 1.0), 8.99 (1H, d, J 1.0), 8.67 (1H, d, J 0.8), 8.63 (1H, d, J 1.0), 8.55 (1H, d, J 1.0), 8.49 (1H, d, J 0.8),
4.85-4.76 (2H, m), 4.60-4.52 (1H, m), 4.16-4.07 (2H, m), 4.03 (1H, dd, J 10.7, 2.4), 3.98 (1H, dd, J 10.7, 2.5), 3.56 (1H,
t, J8.5), 3.21 (1H, dd, J, 8.7, 2.3), 1.88-1.63 (6H, m), 1.56-1.46 (3H, m), 1.43 (9H, s), 1.08-1.00 (9H, m), 0.99-0.92 (9H,
m); &¢ (101 MHz, CDCl3): 161.3, 158.4, 158.0, 157.82, 157.79, 157.7, 157.6, 157.1, 156.9, 155.6, 152.9, 152.7, 109.7,
97.9, 97.2, 53.7, 50.42, 50.37, 50.0, 46.38, 46.36, 45.6, 41.9, 41.7, 41.4, 27.6, 25.0, 24.9,T 23.83, 23.79, 23.7, 21.8,
21.6, 21.5; HRMS (ESI+): found 785.3542; C37H51N1203CIK, [M+K]* requires 785.3533; vpay (thin film): 2955.8, 2870.1,
1722.0, 1565.5, 1438.8, 1360.5, 1218.8, 984.0, 875.9, 745.5, 670.9 cm™'; [a]p?° -5.5 (¢ = 3.1, CHCIy).

" HMBC experiment indicated this peak corresponds to two carbon atoms.

T An HSQC experiment indicates that this peak corresponds to two separate '3C positions.
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(S)-3-(6-chloropyrimidin-4-yl)-4-isobutyl-1-(6-((S)-5-isobutyl-3-(6-((S)-5-isobutyl-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (4a)

At room temperature, trifluoroacetic acid (2 mL) was added to the chloropyrimidine 831 (47 mg, 63 umol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (0.5 mL) was subsequently added. When TLC analysis showed
all starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCO3;. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was used without any further purification. The tert-butyl deprotected
trimer 4a (0.44 g, >99%) was obtained as a pale yellow crystalline solid. 6y (600 MHz, CDCl3): 9.11 (1H, s), 8.99 (1H,
s), 8.66 (1H, s), 8.62 (1H, s), 8.56 (1H, s), 8.44 (1H, s), 5.42 (1H, br. s, N-H), 4.82-4.77 (3H, m), 4.11 (1H, app. t, J 9.3),
4.03 (1H, d, J 10.2), 3.99 (1H, d, J 10.2), 3.70 (1H, app. t, J 8.1), 3.27 (1H, d, J 8.1), 1.85-1.80 (3H, m), 1.80-1.77 (3H,
m), 1.56-1.52 (1H, m), 1.48-1.46 (2H, m), 1.04 (6H, app. br. s), 1.00 (3H, d, J 6.9), 0.95 (9H, dd, J 14.0, 6.0); o¢
(151 MHz, CDCl;): 161.5, 158.3, 158.1, 158.0, 157.9, 157.9, 157.8, 157.8, 157.2, 157.1, 153.0, 152.8, 109.7, 109.7,
97.7,97.0, 53.9, 50.5, 46.5, 46.5, 43.1,42.1, 41.9, 41.5, 25.1, 25.0, 25.0, 23.9, 23.9, 22.7, 21.8, 21.7, 21.6, 19.6; HRMS
(ESI+): found 729.2920; C33H43N1203CIK, [M+K]* requires 729.2907; vpa (thin film): 3138.4, 2952.1, 2866.3, 2363.1,
1722.0, 1561.8, 1531.9, 1420.1, 1356.8, 1203.9, 1110.7, 1058.6, 984.0, 864.7, 745.5, 663.5 cm™'; [a]p?° -42.4 (c = 1.8,
CHCly).

(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-isopropyl-3-((2-nitrophenyl)sulfonyl)-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)imidazolidin-2-one (S32)

OZNQ
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Prepared according to General Procedure B using chloropyrimidine S12 (0.50 g, 1.17 mmol), N-nosyl deprotected
imidazolidin-2-one S4 (0.19 g, 0.96 mmol) [added in 2 portions at reaction time = 0 h and at 3 h], Pd(dba), (44 mg, 49
pmol), Xantphos (84 mg, 0.15 mmol), toluene (9.7 mL), and Cs,CO; (0.79 g, 2.43 mmol). Reaction time = 16 h. Then
a second portion of Pd,(dba); (44 mg, 49 umol) and Xantphos (84 mg, 0.15 mmol) was added. The reaction was heated
at reflux for a further 5 h. Purification by flash column chromatography (silica gel, firstly 10% ethyl
acetate:dichloromethane to remove xantphos and xantphos oxide that co-elutes with the product in petrol:ethyl acetate.
The column fractions containing the product were concentrated in vacuo and subjected to a second column, silica gel,
petrol:ethyl acetate 7:1 — 3:1) afforded the di-protected dimer $32 (0.37 g, 65%) as a pale yellow solid. 64 (600 MHz,
CDCls): 8.78 (1H, s), 8.55 (1H, d, J 8.1), 8.52 (1H, s), 7.81-7.78 (1H, m), 7.76-7.72 (2H, m), 4.58-4.56 (1H, m), 4.42 (1H,
m), 4.09 (1H, app. t, J 10.5), 4.05 (1H, app. dd, J 10.7, 1.7), 3.40 (1H, app. t, J 8.9), 3.27 (1H, dd, J 9.2, 2.7), 2.39 (1H,
app. oct, J20.3, 17.1, 13.6, 10.8, 7.0), 2.24-2.19 (1H, m), 1.39 (10H, app. s), 1.21-1.16 (1H, m), 1.05 (3H, d, J 7.0), 1.01
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(3H, d, J 6.8), 0.96 (3H, t, J 7.1), 0.77 (3H, d, J 6.8); &¢ (151 MHz, CDCl,): 158.6, 157.0, 156.7, 155.9, 150.8, 148.0,
135.5, 134.8, 132.3, 131.8, 124.3, 96.6, 59.3, 53.8, 53.7, 42.9, 40.3, 35.0, 32.4, 27.6, 25.7, 17.9, 14.9, 1.9, 11.6; HRMS
(ESI+): found 626.2164; CyH3;N,O06SK, [M+K]* requires 626.2163; Vuuy (thin film): 2959.5, 2877.5, 1710.8, 1580.4,
1543.1, 1464.8, 1435.0, 1360.5, 1274.7, 1215.1, 1170.4, 1114.5, 1073.0, 984.0, 875.9, 760.4, 730.6 cm"; [a]p2° +110.0
(c=0.7, CHCl).

(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one

(S33)
X0 o
N\( YN
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/

Prepared according to General Procedure A using di-protected dimer S32 (0.58 g, 0.99 mmol), thiophenol (140 pL,
1.48 mmol), K,CO3 (0.41 g, 2.97 mmol) and N,N-DMF (10 mL). Reaction time = 4 h. Purification by flash column
chromatography (silica gel, petrol:ethyl acetate 7:1 — 4:1 — 2:1 (product)) afforded 833 (0.32 g, 80%) as a pale yellow
crystalline solid. 64 (600 MHz, CDCl3): 8.98 (1H, s), 8.50 (1H, s), 5.31 (1H, br. s, N-H), 4.60-4.58 (1H, m), 4.13 (1H, app.
t, J 10.0), 3.77 (1H, dd, J 10.5, 6.8), 3.50 (1H, app. q, J 14.7, 7.2), 3.43 (1H, app. t, J 9.3), 3.27 (1H, dd, J 8.5, 2.3),
2.27-2.21 (1H, m), 1.73 (1H, app. oct, J 33.0, 27.1, 20.0, 13.6, 6.8), 1.41 (9H, s), 1.40-1.35 (1H, m), 1.21-1.16 (1H, m),
0.98 (6H, d, J7.4),0.95 (3H, d, J7.0), 0.79 (3H, d, J 6.8); 6¢ (151 MHz, CDCl5): 158.3, 158.1, 157.6, 156.9, 156.1, 96.2,
54.8,53.9, 47.6, 40.5, 35.3, 33.3, 27.7, 25.8, 18.2, 17.8, 12.0, 11.8; HRMS (ESI+): found 403.2805; C,1H35NsO2, [M+H]*
requires 403.2821; v,a (thin film): 3339.7, 2963.2, 2929.7, 2873.8, 1729.5, 1576.7, 1535.7, 1442.5, 139.4, 1364.2,
1323.2, 1237.5, 1077.2, 1047.4, 972.8, 875.9, 846.1, 805.1, 756.6 cm-"; [a]p2° +49.8 (c = 1.5, CHCI;).

N

(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-isopropyl-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)imidazolidin-2-one (2e)

Prepared according to General Procedure B using N-nosyl deprotected dimer S33 (0.32 g, 0.79 mmol),
4,6-dichloropyrimidine (0.82 g, 5.53 mmol), Pdy(dba); (40 mg, 40 umol), Xantphos (70 mg, 0.12 mmol), toluene (10 mL),
and Cs,CO; (0.64 g, 1.98 mmol). Reaction time = 16 h. Purification by flash column chromatography (silica gel,
petrol:ethyl acetate, 10:1 — 5:1) afforded the chloropyrimidine 2e (0.33 g, 82%) as a yellow crystalline solid. &4
(600 MHz, CDCls): 9.16 (1H, s), 8.65 (1H, s), 8.56 (2H, s), 4.74 (1H, dt, J 9.1, 2.7), 4.62 (1H, dt, J 9.3, 3.0), 4.10 (1H,
dd, J 11.2, 2.3), 3.95 (1H, app. t, J 10.2), 3.46 (1H, app. t, J 9.4), 3.31 (1H, dd, J 9.2, 2.3), 2.57-2.54 (1H, m), 2.30-2.25
(1H, m), 1.44 (9H, s), 1.41-1.37 (1H, m), 1.23-1.21 (1H, m), 1.01 (3H, d, J 7.0), 0.99 (3H, app. t, J 7.4), 0.81 (3H, d, J
6.8),0.77 (3H, d, J6.8); ¢ (151 MHz, CDCls): 161.5, 158.7, 158.4, 157.8, 157.1, 157.1, 156.1, 153.3, 109.9, 96.6, 55.6,
54.0, 53.9, 41.4, 40.5, 35.2, 28.3, 27.8, 25.8, 18.2, 14.1, 12.1, 11.8; HRMS (ESI+): found 553.2205; C,5H35N50,CIK,
[M+K]* requires 553.2209; vnax (thin film): 2959.5, 2873.8, 1714.6, 1565.5, 1531.9, 1461.1, 1435.0, 1386.6, 1274.7,
1241.2, 1200.2, 1110.7, 984.0, 875.9, 812.6, 764.1, 678.4 cm™*; [a]p?° +10.7 (¢ = 2.1, CHCI5).
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(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-isopropyl-3-(6-((S)-4-methyl-3-((2-nitrophenyl)sulfonyl)-2-
oxoimidazolidin-1-yl)pyrimidin-4-yl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S34)

Prepared according to General Procedure B using chloropyrimidine 2e (0.33 g, 0.65 mmol), imidazolidin-2-one 7
(0.28 g, 0.97 mmol) [added in 2 portions at reaction time = 0 h and at 1 h], Pd,(dba); (30 mg, 30 umol), Xantphos (60 mg,
0.10 mol), toluene (10 mL), and K,CO3; (0.22 g, 1.63 mmol). Reaction time = 16 h. Purification by flash column
chromatography (silica gel, dichloromethane — dichloromethane:ethyl acetate 6:1) afforded the di-protected trimer S34
(0.47 g, 95 %) as a pale yellow solid. 64 (600 MHz, CDCl3): 9.04 (1H, s), 8.88 (1H, s), 8.58 (1H, s), 8.55-8.54 (2H, m),
7.79 (1H, t,J 7.3), 7.75-7.71 (2H, m), 4.72 (1H, dt, J 9.2, 6.0), 4.68-4.66 (1H, m), 4.61 (1H, dt, /9.4, 2.8), 4.26 (1H, t, J
9.7),4.02 (1H, dd, J 11.1, 2.0), 3.90 (1H, t, J 10.0), 3.86 (1H, dd, J 10.6, 1.9), 3.46 (1H, t, J 9.3), 3.31 (1H, dd, 8.9, 2.2),
2.54-2.49 (1H, m), 2.31-2.24 (1H, m), 1.65 (3H, d, J 6.3), 1.46 (9H, s), 1.41-1.36 (1H, m), 1.23-1.18 (1H, m), 0.99 (6H,
app. t, J6.7), 0.82 (3H, d, J 6.8), 0.75 (3H, d, J 6.8); 6¢ (151 MHz, CDCl;): 158.6, 158.1, 157.7, 157.4, 157.1, 157.0,
156.0, 153.2, 150.4, 148.0, 135.5, 135.0, 132.4, 131.5, 124.3, 98.4, 97.0, 55.6, 54.0, 53.9, 51.1, 49.4, 41.3, 40.5, 35.2,
28.4,27.8,25.8,22.9,18.1,14.2,12.1, 11.8; HRMS (ESI+): found 802.2885; C35H45N1107SK, [M+K]* requires 802.2861;
Vmax (thin film): 2992.2, 2851.4, 1733.2, 1580.4, 1539.4, 1446.2, 1367.9, 1278.5, 1215.1, 1174.1, 1110.7, 875.9, 749.2
cm; [a]p?° +5.5 (¢ = 2.1, CHCl3).

(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-4-isopropyl-3-(6-((S)-4-methyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-
2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S35)

Prepared according to General Procedure A using di-protected trimer S34 (0.47 g, 0.62 mmol), thiophenol (90 pL,
0.93 mmol), K,CO3; (0.26 g, 1.86 mmol) and N,N-DMF (10 mL). Reaction time = 20 h. Purification by flash column
chromatography (silica gel, dichloromethane — 1% methanol:dichloromethane) afforded S35 (41 g, 52 %) as a pale
yellow crystalline solid. 64 (600 MHz, CDCl5): 9.09 (1H, s), 9.01 (1H, s), 8.54 (1H, s), 8.53 (1H, s), 6.18 (1H, br. s), 4.76
(1H, dt, J 9.0, 2.9), 4.59 (1H, dt, J 9.3, 2.8), 4.22 (1H, dd, J 10.5, 8.7), 4.03 (1H, dd, J 11.0, 3.5), 4.0-3.9 (2H, m), 3.69
(1H, dd, J10.1, 6.6), 3.43 (1H, t, J 9.3), 3.28 (1H, dd, J 8.5, 1.6), 2.54-2.49 (1H, m), 2.28-2.23 (1H, m), 1.40 (10H, app.
s), 1.36 (3H, d, J 5.8), 1.22-1.17 (1H, m), 0.99-0.96 (6H, m), 0.79 (3H, d, J6.8), 0.77 (3H, d, J 6.8); ¢ (151 MHz, CDCl5):
158.8, 158.6, 157.6, 157.6, 157.2, 156.9, 156.9, 155.9, 153.3, 97.8, 97.1, 55.4, 54.0, 53.9, 51.2, 44.8, 41.3, 40.5, 35.2,
28.5,27.7,25.9,21.9,18.2, 14.3, 12.1, 11.8; HRMS (ESI+): found 617.3064; Co9H4oN1003K, [M+K]* requires 617.3078;
Vmax (thin film): 3321.1, 2959.5, 2922.2, 2873.8, 2359.4, 1718.3, 1576.7, 1446.2, 1378.1, 1274.7, 1237.5, 1274.7,
1110.7, 1073.5, 879.7, 756.6, 670.9 cm™"; [a]p?° +63.7 (¢ = 0.6, CHCl5).
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(S)-4-((S)-sec-butyl)-1-(tert-butyl)-3-(6-((S)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-methyl-2-oxoimidazolidin-1-
yl)pyrimidin-4-yl)-4-isopropyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)imidazolidin-2-one (S36)

Prepared according to General Procedure B using N-nosyl deprotected trimer S35 (0.26 g, 0.46 mol),
4,6-dichloropyrimidine (0.61 g, 4.11 mmol), Pdx(dba); (21 mg, 23 pymol), Xantphos (40 mg, 70 pymol), toluene (5 mL),
and K,CO; (0.16 g, 1.14 mmol). Reaction time = 16 h. After 16 h the reaction had not reached completion, a second
portion of Pd,(dba); (10 mg, 12 umol) and Xantphos (20 mg, 35 umol) was added. Reaction time = 7 h. Purification by
flash column chromatography (silica gel, petrol:ethyl acetate, 10:1 — 5:1 — 1:1) afforded the chloropyrimidine S$36
(0.28 g, 90%) as a pale yellow crystalline solid. 64 (600 MHz, CDCls3): 9.17 (1H, d, 1.0), 9.09 (1H, d, J 0.9), 8.67 (1H, d,
J0.8),8.62 (1H, d, J1.0), 8.56 (1H, d, J0.9), 8.49 (1H, d, 0.8), 4.86 (1H, pent. d, J 27.6, 21.3, 15.2, 12.5, 6.1, 3.0), 4.77
(1H, dt, J 9.5, 3.4), 4.60 (1H, dt, J 9.6, 3.2), 4.18 (1H, dd, J 10.6, 9.0), 4.07 (1H, dd, J 10.9, 3.2). 4.00 (1H, dd, J 10.7,
9.5), 3.93 (1H, dd, J 10.6, 2.8), 3.45 (1H, t, J 9.2), 3.30 (1H, dd, J 9.1, 3.2), 2.60-2.53 (1H, m), 2.32-2.25 (1H, m), 1.50
(3H, d, J6.3), 1.43 (9H, s), 1.22-1.19 (1H, m), 1.02 (3H, d, J 7.0), 0.99 (3H, t, J 7.5), 0.80 (6H, t, J 7.1); &¢ (151 MHz,
CDCl;): 161.4, 158.7, 158.2, 158.1, 158.0, 157.8, 157.4, 157.1, 156.9, 155.9, 153.3, 152.6, 109.8, 98.2, 97.2, 55.6, 54.0,
54.0, 48.3, 48.0, 41.4, 40.5, 35.2, 28.5, 27.7, 25.8, 20.2, 18.2, 14.2, 12.1, 11.8; HRMS (ESI+): found 729.2830;
C33H43N12,03CIK, [M+K]* requires 729.2907; Vo (thin film): 2922.2, 2959.5, 1714.6, 1561.8, 1528.2, 1438.8, 1394.0,
1364.2, 1278.5, 1237.5, 1207.7, 1110.7, 984.0, 875.9, 741.7, 670.9 cm™"; [a]p?° +28.9 (¢ = 2.0, CHCI5).

(S)-1-(6-((S)-5-((S)-sec-butyl)-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-3-(6-((S)-3-(6-chloropyrimidin-4-yl)-4-
methyl-2-oxoimidazolidin-1-yl)pyrimidin-4-yl)-4-isopropylimidazolidin-2-one (4b)
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At room temperature, trifluoroacetic acid (5 mL) was added to the chloropyrimidine $36 (37 mg, 54 umol). The reaction
mixture was stirred and trifluoromethanesulfonic acid (1 mL) was subsequently added. When TLC analysis showed all
starting material had been consumed, excess trifluoroacetic acid and trifluoromethanesulfonic acid was removed by
running a compressed air line over the solution for 1 h. The resulting crude brown residue was taken up in
dichloromethane and washed with NaHCO3. The layers were separated, and the aqueous layer was further extracted
with dichloromethane (2 x 10 mL). The combined organic extracts were dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. The crude solid was used without any further purification due to the reaction size
and inherent loss of mass during trituration. The tert-butyl deprotected trimer 4b (34 mg, >99%) was obtained as a pale
yellow crystalline solid. 64 (400 MHz, CDCl3): 9.17 (1H, s), 9.06 (1H, s), 8.66 (1H, s), 8.62 (1H, d, J 0.9), 8.58 (1H, s),
8.46 (1H, s), 5.36 (1H, br. s, N-H), 4.89-4.86 (1H, m), 4.83 (1H, dt, J 9.5, 3.4), 4.78 (1H, dt, J 9.4, 3.3), 4.19 (1H, dd, J
10.5, 9.0), 4.08 (1H, dd, J 11.0, 3.1), 4.0 (1H, dd, 10.8, 9.7), 3.93 (1H, dd, J 10.7, 2.6), 3.55 (1H, t, J9.3), 3.35 (1H, dd,
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J 9.0, 3.3), 2.59-2.53 (1H, m), 2.35-2.29 (1H, m), 1.50 (3H, d, J 6.3), 1.39-1.34 (1H, m), 1.23-1.15 (1H, m), 1.01 (3H, d,
J7.0),0.97 (3H, t, J 7.4), 0.84 (3H, d, J 6.9), 0.79 (3H, d, J 6.9) ; &¢c (101 MHz, CDClI;): 161.6, 158.5, 158.3, 158.2,
158.1, 157.9, 157.6, 157.2, 157.1, 153.4, 152.6, 109.8, 98.1, 97.3, 58.1, 55.6, 48.3, 48.0, 41.4, 37.9, 35.2, 28.5, 25.7,
20.3,18.2, 14.3, 12.0, 11.8; HRMS (ESI+): found 673.2280; C,9H35N12,05CIK, [M+K]* requires 673.2281; Vo (thin film):
2959.5, 2922.2, 2855.1, 1729.5, 1565.5, 1531.9, 1423.8, 1367.9, 1207.7, 1110.7, 984.0, 875.9, 771.6, 741.7, 708.2
cm; [a]p?° +6.1 (¢ = 1.8, CHCl3).

2.5 Synthesis of Macrocycles

Macrocyclic Tetramer 3a

To a sealed tube equipped with a magnetic stir bar was added dimer 2a (72 mg, 0.16 mmol), freshly recrystallized
Pd,(dba); (4 mg, 4 umol), and Xantphos (7 mg, 12 ymol). Anhydrous toluene (10 mL) was added to the flask, and the
resulting suspension was degassed by sparging with nitrogen gas for 30 min. Cs,CO; (60 mg, 0.20 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
time = 16 h. After complete consumption of the urea starting material by TLC analysis (petrol:ethyl acetate, 1:1), the
reaction was cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude
diluted product was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle
cavity. The layers were then separated and the aqueous layers extracted with dichloromethane (2 x 30 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
crude solid was purified by trituration in hot diethyl ether to afford the macrocyclic tetramer 3a (37 mg, 56%) as an off-
white crystalline solid. 64 (600 MHz, CDCls): 9.97 (4H, app. d, J 2.4), 8.60 (4H, d, J 3.9), 4.83 (2H, dt, J 9.9, 3.1), 4.73
(2H, dt, J 8.9, 2.6), 4.06-3.98 (8H, m), 2.68-2.62 (2H, m), 2.44-2.39 (2H, m), 1.50-1.41 (2H, m), 1.35-1.27 (2H, m), 1.01
(12H, dd, J 6.8, 2.5), 0.78 (12H, dd, J 12.2, 7.0); 6¢ (151 MHz, CDCls): 158.2, 158.1, 157.9, 157.8, 157.2, 157.1, 153.6,
153.5, 97.9, 97.8, 554, 54.3, 40.8, 40.7, 35.2, 28.5, 25.7, 18.2, 14.0, 12.0, 11.4; HRMS (ESI+): found 883.3961;
Cu2Hs5oN1604K, [M+K]* requires 883.3995; v, (thin film): 3190.6, 2959.5, 2873.8, 1729.5, 1580.4, 1476.0, 1423.8,
1364.2, 1259.8, 1215.1, 1114.5, 987.7, 902.0, 723.1, 682.1 cm™'; [a]p?° +6.5 (¢ = 0.2, CHCI,). Diffraction-quality crystals
were grown by the vapour diffusion method (CHCI;/MeOH).
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Macrocyclic Tetramer 3b

To a sealed tube equipped with a magnetic stir bar was added dimer 2b (50 mg, 0.11 mmol), freshly recrystallized
Pd,(dba); (5 mg, 5 pymol), and Xantphos (9 mg, 16 umol). Anhydrous toluene (5 mL) was added to the flask, and the
resulting suspension was degassed by sparging with nitrogen gas for 30 min. K,COj3; (40 mg, 0.27 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
time = 16 h. After complete consumption of the urea starting material by TLC analysis (petrol:ethyl acetate, 1:1), the
reaction was cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude
diluted product was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle
cavity. The layers were then separated and the aqueous layers extracted with dichloromethane (2 x 30 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
crude solid was purified by trituration in hot diethyl ether to afford the macrocyclic tetramer 3b (28.4 mg, 61%) as an off-
white crystalline solid. 6y (600 MHz, CDCl3): 9.97 (4H, s, H3), 8.61 (4H, s, H1), 4.84 (4H, dt, J 9.1, 3.0, H7), 4.03 (4H,
dd, J 10.8, 2.7, H6), 3.98 (4H, t, J 10.0, H6’), 2.45-2.38 (4H, m, H8), 1.48 (4H, ddq, J 13.5, 7.3, 6.9, H9), 1.36-1.28 (4H,
m, H9’), 1.02 (12H, t, J 7.4, H10), 0.78 (12H, d, J 6.9, H11); 6¢ (151 MHz, CDCl3): 158.0, 157.7, 157.0 (C1), 153.5, 97.8
(C3), 54.2 (C7), 40.7 (C6), 35.0 (C8), 25.5 (C9), 11.9 (C10), 11.3 (C11); HRMS (ESI+): found 911.4267; C44H56N 104K,
[M+K]* requires 911.4308; v,,o« (thin film): 3183.1, 2963.2, 1736.9, 1584.1, 1431.3, 1394.0, 1263.6, 1222.6, 987.7, 887 .1,
752.9, 685.8 cm™; [a]p?° +16.5 (c = 0.3, CHCI;). Note: The "H NMR spectrum of 3b indicated the presence of a second,
C,-symmetrical species (Figure S1) in a ~6:1 ratio relative to the major compound. For example, two pyrimidine peaks
at 9.44 and 8.78 ppm were observed, and the fact only two peaks were observed is indicative of a symmetrical molecule
(as opposed to residual starting material or open-chain oligomers, which would lack this symmetry).
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Figure S1. The spectrum of 3b (600 MHz, CDCIl;) with major (top) and minor (bottom) resonances integrated.
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NOESY analysis of the mixture showed in-phase cross-peaks between equivalent 'H resonances in the major and minor
components, indicating that these molecules undergo chemical exchange on the timescale of the NOESY experiment
(Figure S2 below).
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Figure S2. NOESY spectrum of 3b (600 MHz, CDClj, ¢ 0.30 s). Structural assignments for peaks corresponding to the major (black) and minor
(red) components are labelled on the 1D projection. Cross-peaks indicating chemical exchange processes are highlighted.
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The observed chemical exchange may be due to the molecule populating two low energy interconverting conformers,
or due to a reversible binding interaction between the macrocycle and an unknown guest. To rule out the latter, the
macrocycle was placed in a much more competitive (Lewis basic) NMR solvent — ds-pyridine. If an unknown guest were
bound, it would be expected that the ratio of unoccupied:occupied macrocycle would increase. However, the minor
component was still present in the same proportion when the "H NMR spectrum was acquired in a more competitive ds-
pyridine NMR solvent (Figure S3).
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Figure S3. 'H NMR spectrum of 3b in ds-pyridine (400 MHz).

In combination with the NOESY experiment, these data are consistent with the presence of two low energy
conformations of the macrocycle.

Macrocyclic Tetramer 3¢

To a sealed tube equipped with a magnetic stir bar was added dimer 2¢ (0.56 g, 1.18 mmol), freshly recrystallized
Pd,(dba); (30 mg, 30 umol), and Xantphos (50 mg, 90 umol). Anhydrous toluene (59 mL) was added to the flask, and
the resulting suspension was degassed by sparging with nitrogen gas for 30 min. Cs,CO; (0.48 g, 1.48 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
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time = 16 h. After complete consumption of the urea starting material by TLC analysis (petrol:ethyl acetate, 1:1), the
reaction was cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude
diluted product was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle
cavity. The layers were then separated and the aqueous layers extracted with dichloromethane (2 x 30 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
crude solid was purified by trituration in hot diethyl ether to afford the macrocyclic tetramer 3¢ (0.38 g, 74%) as an off-
white crystalline solid. 6y (600 MHz, CDCl3): 9.89 (4H, d, J 0.8), 8.60 (4H, d, J 0.7), 4.81-4.78 (4H, m), 4.11 (4H, app. t,
J 10.0), 4.01 (4H, dd, J 10.4, 2.2), 1.93-1.89 (4H, m), 1.82-1.75 (4H, m), 1.53-1.48 (4H, m), 1.05 (12H, d, J 6.5), 0.97
(12H, d, J 6.6); 6¢ (151 MHz, CDCl;): 158.4, 157.8, 157.2, 153.3, 97.9, 50.1, 45.9, 42.4, 25.0, 23.9, 21.8; HRMS (ESI+):
found 890.5020; C44HgoN1704, [M+NH,]* requires 890.50147; vpmax (thin film): 2959.5, 2873.8, 1736.9, 1580.4, 1423.8,
1386.6, 1259.8, 1218.8, 1110.7, 987.7, 771.6, 670.9 cm™; [a]p?° +3.2 (¢ = 0.7 , CHCI;).

Macrocyclic Tetramer 3d
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To a sealed tube equipped with a magnetic stir bar was added dimer 2d (0.12 g, 0.26 mmol), freshly recrystallized
Pd,(dba); (6 mg, 6 umol), and Xantphos (11 mg, 20 umol). Anhydrous toluene (13 mL) was added to the flask, and the
resulting suspension was degassed by sparging with nitrogen gas for 15-30 min. Cs,CO; (0.11 g, 0.33 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
time = 16 h. After complete consumption of the urea starting material by TLC analysis (petrol:ethyl acetate, 1:1), the
reaction was cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude
diluted product was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle
cavity. The layers were then separated and the aqueous layers extracted with dichloromethane (2 x 20 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
crude solid was purified by trituration in hot diethyl ether to afford the macrocyclic tetramer 3d (91 mg, 85%) as an off-
white crystalline solid. 64 (600 MHz, CDCl3): 9.98 (4H, s), 8.62 (4H, s), 4.74 (4H, dt, J 9.5, 3.0), 4.06 (4H, dd, J 10.9,
2.5), 3.97 (4H, app. t, J 10.2), 2.68-2.63 (4H, m), 1.04 (12H, d, J 7.0), 0.81 (12H, d, J 6.9); ¢ (151 MHz, CDCl3): 158.2,
157.9, 157.2, 153.6, 97.9, 55.4, 40.7, 28.5, 18.2, 14.1; HRMS (ESI+): found 855.3653 C4oH4sN1604K, [M+K]* requires
855.3682; Ve (thin film): 3183.1, 2959.5, 2873.8, 1729.5, 1580.4, 1423.8, 1386.6, 1282.2, 1259.8, 1218.8, 1114.5,
987.7, 730.6, 685.8 cm™'; [a]p?° +33.6 (¢ = 0.28, CHCIy).
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Macrocyclic Trimer 5a
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To a sealed tube equipped with a magnetic stir bar was added trimer 4a (60 mg, 0.09 mmol), freshly recrystallized
Pd,(dba); (4 mg, 3 pmol), and Xantphos (6 mg, 10 umol). Anhydrous toluene (21 mL) was added to the flask, and the
resulting suspension was degassed by sparging with nitrogen gas for 30 min. K,COj3; (22 mg, 0.16 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
time = 16 h. After complete consumption of the urea starting material by TLC analysis (petrol:ethyl acetate, 1:1), the
reaction was cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude
diluted product was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle
cavity. The layers were then separated and the aqueous layers extracted with dichloromethane (2 x 30 mL). The
combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo.
Purification by flash column chromatography (silica gel, 1% methanol:dichloromethane) to afford the macrocyclic trimer
5a (3.5 mg, 6%) as an off-white crystalline solid. 6, (600 MHz, CDCl3): 8.69 (3H, d, J 1.0), 8.50 (3H, d, J0.9), 4.71-4.67
(3H, m), 4.18 (3H, app. dd, J 10.4, 8.8), 3.91 (3H, dd, J 10.6, 5.7), 1.91-1.87 (3H, m), 1.78-1.71 (3H, m), 1.01 (9H, d, J
6.6), 0.95 (9H, d, J 6.7); 6¢ (151 MHz, CDCl;): 158.6, 158.0, 157.4, 153.3, 101.3, 51.3, 47.1, 42.1, 24.9, 23.9, 21.8;
HRMS (ESI+): found 655.3581; C33H43N 1203, [M+H]* requires 665.3576; vpay (thin film): 2955.8, 2929.7, 2870.1, 1736.9,
1576.7, 1435.0, 1364.2, 1241.2, 1211.4, 987.7, 749.2, 682.1 cm"; [a]p?® +23.7 (c = 0.4, CHCI3).

Macrocyclic Trimer 5b
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To a sealed tube equipped with a magnetic stir bar was added trimer 4b (40 mg, 63 umol), freshly recrystallized
Pd,(dba); (3 mg, 3 umol), and Xantphos (6 mg, 10 umol). Anhydrous toluene (21 mL) was added to the flask, and the
resulting suspension was degassed by sparging with nitrogen gas for 30 min. Cs,COj3 (50 mg, 0.16 mmol) was then
added in one portion to the flask, and the reaction mixture was heated to reflux under a nitrogen atmosphere. Reaction
time = 16 h. After complete consumption of the urea starting material by TLC analysis (ethyl acetate), the reaction was
cooled to room temperature, diluted with dichloromethane (20 mL) and filtered over Celite®. The crude diluted product
was then washed in distilled water for 4 h to displace any Cs* that was bound inside the macrocycle cavity. The layers
were then separated and the aqueous layers extracted with dichloromethane (2 x 30 mL). The combined organic extracts
were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification by flash column
chromatography (silica gel, 5% methanol:dichloromethane) to afford the macrocyclic trimer 5b (11 mg, 29%) as an off-
white crystalline solid. 4 (400 MHz, CDCl,): 8.72-8.71 (3H, m), 8.66 (1H, d, J 1.1), 8.49 (1H, d, J 1.1), 8.44 (1H, d, J
1.0), 4.81-4.76 (1H, m), 4.69-4.64 (2H, m), 4.20 (1H, app. dd, J 10.4, 8.6), 4.04-3.94 (4H, m), 3.83 (1H, dd, J 10.7, 7.2),
2.44-2.34 (1H, m), 2.24-2.17 (1H, m), 1.47-1.42 (4H, m), 1.30-1.21 (3H, m), 0.98 (6H, app. t, J 7.0), 0.79 (6H, app. dd,

35



J 6.9, 2.0); 6¢ (151 MHz, CDCl;): 158.5, 158.40, 158.38, 157.8, 157.7, 157.6, 157.41, 157.39, 157.3, 153.7, 153.5,
153.1, 101.8, 101.5, 101.3, 56.0, 55.0, 48.7, 48.5, 41.4, 41.3, 34.5, 27.5, 25.3, 19.2, 17.7, 14.0, 11.9, 11.5; HRMS

(ESI+): found 599.2960; Cs3Hi3N1203, [M+H]* requires 599.2950; Vo (thin film): 2959.5, 2877.5, 1736.9, 1576.7,
1435.0, 1248.7, 987.7, 872.2, 730.6, 685.8 cm'"; [a]p?® +25.4 (¢ = 0.5, CHCl3).
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3 NMR Titration

3.1 Hexadecylammonium Chloride Binding
3.1.1  Host and Guest Solution Preparation

Macrocycle 3d (2.30 mg, 2.8 umol) was weighed accurately into a gas chromatography vial which was then fitted with
a screw-top lid featuring a rubber septum to prevent evaporation of solvent. Deuterated chloroform (1.07 mL) was then
added to the vial and sonicated briefly to ensure the macrocycle had been fully dissolved. The solution was split into
two parts, the host solution (0.66 mL) which was transferred using a micro syringe into an NMR tube leaving the guest
solution (0.41 mL) in the sealed gas chromatography vial. Hexadecyltrimethylammonium chloride (11.5 mg, 31.6 ymol)
was added to the guest solution and sonicated.

3.1.2 NMR Titrations

An NMR of the free host solution was carried out to obtain a reference spectrum. The guest solution (2 umL) was then
added to the NMR tube and a second spectrum obtained. This process was repeated according to the Table S1 below
to acquire a range of data points. All spectra were referenced to tetramethylsilane and the chemical shifts of the two
pyrimidine C-H residues were measured.

Table S1: NMR Guest Titration Values

N=— o} o N
\ Y
N—?” OYN §
e
Y
N\¢N
Vol Guest (mL) Conc. Guest (M) 8(HA) / ppm &5(HB) / ppm
0.002 0.0002335 10.00185 8.63103
0.004 0.00046559 9.99813 8.63223
0.006 0.0006963 9.99462 8.6347
0.008 0.00092562 9.99027 8.63574
0.01 0.00115359 9.98596 8.63671
0.012 0.0013802 9.98153 8.63641
0.014 0.00160547 9.97726 8.63606
0.016 0.00182942 9.97512 8.63794
0.018 0.00205205 9.9739 8.63971
0.02 0.00227337 9.97018 8.63917
0.022 0.0024934 9.96773 8.64006
0.024 0.00271215 9.96449 8.63939
0.03 0.0033608 9.96243 8.63977
0.04 0.00441727 9.9567 8.64143
0.06 0.00644247 9.94844 8.64234
0.08 0.00835855 9.93626 8.64421
0.1 0.0101741 9.92784 8.64647
0.2 0.01798872 9.91795 8.64493
0.3 0.02417935 9.89376 8.64581
0.4 0.02920457 9.87964 8.64533
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3.1.3 Fitting

Job’s plot analysis of the binding between hexadecyltrimethylammonium chloride and the macrocycle 3d suggested a
simple 1:1 binding isotherm was not appropriate (Figure S4).
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Figure S4. Job’s plot for the binding of hexadecyltrimethylammonium chloride to macrocycle 3a, determined by 'H NMR (CDCl;, 400 MHz).

NMR chemical shift data for H* and HB were fitted using Bindfit.[89 Fitting curves and residuals are shown in Figure S5.
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Figure S5. Top: "H NMR chemical shift values of H” (left) and HE (right) in macrocycle 3d upon addition of dodecyltrimethylammonium chloride as
described above. Measured chemical shifts are indicated by black squares. Fitted curves are overlaid for 1:1 (red) and 1:2 (blue) 3a:NR,* isotherm
models. Bottom: residual curves for 1:1 (red triangle) and 1:2 (blue circle) binding isotherm models.
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This analysis is suggestive of a 1:2 host:guest binding mode between 3a and the ammonium salt, since when a 1:2
binding isotherm model is applied, the residuals (&feq-Oobserved) More closely resemble a random distribution around y =
0, as proposed by Jurczak.['® Application of the 1:2 binding model leads to a first binding constant K;; = 1550 + 120 m-!
and second Ky, = 28 + 1 M". The robustness of these fitted parameters was verified by conducting the fit from a range
of different initial guess values for K;; and K;,, and using both the Nelder-Mead and Limited-Memory Broyden-Fletcher-
Goldfarb-Shanno with Box contstraint (L-BFGS-B) fitting algorithms (Table S2). In all cases, the algorithm converged
on the same fitted binding constants.

Table S2. Fitted binding constants generated within Bindfit from a range of initial guesses and using different algorithmic methods.
Raw outputs for each case are shown below.

Initial Guess (M) Fit Values (M) Error (%)

Method K11 K12 K11 K12 K11 K12

Nelder-Mead 1 100 1554 28 7.7 2.6

Nelder-Mead 1 1 1554 28 7.7 2.6

Nelder-Mead 100 1 1554 28 7.7 2.6

L-BFGS-B 1 100 1554 28 7.7 2.6

L-BFGS-B 1 1 1554 28 7.7 2.6

L-BFGS-B 100 1 1554 28 7.7 2.6

Details Details Details

Time to fit 1.7940 s Time to fit 1.4107 s Time to fit 1.4531s

SSR 2.8899e-5 SSR 2.8899e-5 SSR 2.8899%-5

Fitted datapoints 42 Fitted datapoints 42 Fitted datapoints 42

Nelder-Mead Fitted params 6 Fitted params 6 Fitted params 6
output

Parameters Parameters Parameters
Parameter Parameter Parameter
(bounds) Optimised  Error Initial (bounds) Optimised  Error Initial (bounds) Optimised  Error Initial
Kis (0 — ) 1554.11 +£7.6950  1.00 M- Ku(0—%) 1554.11 £76950 1.00 Kis (0 — =) 1554.11 +7.6950  100.00

M o M % M- M- % M
Ka (0 — ) 2812M 125041  100.00 Kiz (0 — =) 2812M*'  £25941  1.00 K (0 — =) 2812M°  $25941 100M*
% M % M= %

Details Details Details

'::: to fit ;gg;g s Time to fit 1.4351s Time to fit 12042 s

Fitted datapoint: 42 h :st? d datapoint 3288998-5 S9R <3050 3

Ffﬂed AP 6 F!tted el z Fitted datapoints 42
itted params RS I DRTRITS Fitted params 6

L-BFGS-B Parameters Parameters Parameters
output
p P:ram:ter PR T Parameter 7 . Parameter
(bounds) ptimise rror nitia (bounds) Optimised  Error Initial {bounds) Optimised  Error Initial
Ku (0 — =) 1553.78 76940 1.00 M Ku(0—=) 155417 +76952 1.00 K (0— ) 1554.30 £76956  100.00
M % M- % M v o bt
M % y

Kua (0 — =) 2812M*  £25941  100.00 K (0—=) 2812M"  +25941  1.00 K (0— ) 2BA2MY  £25041  1.00 M~

% M- % M- %

The binding of the cationic ammonium salt by the macrocycle is believed to be mediated by C-H---O hydrogen bonds
formed with between the acidified a-hydrogens of the ammonium salt and the imidazolidin-2-one carbonyl groups.
Evidence for specific binding of the ammonium head-group (as opposed to e.g. hydrophobic effects) is found through
examination of the chemical shift changes of the hexadecyltrimethylammonium salt itself. In the following discussion we
follow the naming convention of Magid,!'"! where the "H NMR chemical shift environments are divided into the head
group (hg), a, B, v, main chain (mc) and w positions (Figure S6).
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Figure S6. A. Evidence for interaction via N*C-H---O interactions. Peak regions within the hexadecylammonium salt (NR,Br) are denoted as
follows: head group (hg, blue circle), a (red square), B (green triangle), vy’ ( yellow star), mc (teal star), w (purple diamond). B. Serial dilution of a
solution of hexadecyltrimethylammonium bromide in CDCI; showing minimal change in chemical shift across a 100-fold change in concentration.

A upon addition of the host 3a, a strong upfield shift is observed in the hg- and a-environments, with overall Ad values
across the concentration range investigated of 0.093 and 0.115 ppm respectively. While the precise chemical shifts of
the - and y*-hydrogens are not discernible in the [H]/[G] = 11.3 sample, they display much smaller Ad shifts than the
hg- and a-hydrogens in the [H]/[G] = 2.3 relative to the [H]/[G] = 0.09 spectrum, as do the mc- and w-hydrogens. These
data are consistent with binding occurring primarily through hydrogen bonding at the hg- and a-hydrogens, which has
previously been demonstrated to induce an upfield shift in the hydrogens adjacent to the tetrasubstituted nitrogen both
in molecular recognition!'2-181 and more recently in asymmetric catalysis!'”'8 applications. Spectral excerpts are taken
directly from the 3a/NR,*Br titration described above, so host concentration is constant for all spectra while guest
concentration is varied. The validity of this approach was confirmed by a dilution study on pure ammonium salt, which
indicated minimal chemical shift change as a function of concentration (with the exception of the residual water peak) in
CDCIj; (Figure S6B). Small upfield shifts in hg- and a-hydrogens were observed upon increasing concentration (Ad =
0.02 ppm), but these changes are dwarfed by those seen in the titration experiment so can be disregarded.

3.2 Dibenzoyl Tartaric Acid (DBTA) Binding
3.21 Host and Guest Solution Preparation

Macrocycle 3b (910 pg, 0.312 pmol) was dissolved in CDCI3;, made up to a total volume of 1.000 mL (0.312 um), and
the volumetric flask was sealed with parafilm and refrigerated to prevent evaporation.
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Dibenzoyl-L-tartaric acid (500 mg, 1.40 mmol) was dissolved in CDCl3;, made up to a total volume of 10.00 mL (0.140 m),
and the volumetric flask was sealed with parafilm and refrigerated to prevent evaporation. An identical method was used
to prepare the stock solution of dibenzoyl-D-tartaric acid.

3.2.2 NMR Titrations

The 'H NMR spectra of the macrocyles display no measurable change with concentration in the range 0 — 1 u™m, so
titrations were carried out on a single sample with aliquots of guest added incrementally.

The stock solution of 3b (0.30 mL, 0.0936 umol) was placed in an NMR tube and further diluted with CDCI; (0.30 mL)
to a total volume of 0.60 mL. The dibenzoyl tartaric acid stock solutions were added without further dilution according to
the schedule below.

Entry Vol DBTAstock  Total Vol DBTA Total amount [DBTAJI3b]
added (L) stock added (uL) DBTA added
(umol)

1 0 0 0 0

2 2.24 2.24 0.313 3.339658
3 2.24 4.48 0.625 6.679316
4 2.24 6.72 0.938 10.01897
5 2.24 8.96 1.250 13.35863
6 2.24 11.2 1.563 16.69829
7 2.24 13.44 1.876 20.03795
8 2.24 15.68 2.188 23.37761
9 2.24 17.92 2.501 26.71726
10 2.24 20.16 2.813 30.05692
11 224 22.4 3.126 33.39658
12 112 33.6 4.689 50.09487
13 112 44.8 6.252 66.79316
14 22.4 67.2 9.378 100.1897

The results of these titrations are displayed in figure S7 below. These indicate that the macrocycle does not differentiate
between enantiomers of DBTA to any significant extent, with binding constants of 51 M and 56 M (for D and L-
enantiomers respectively) the same within experimental error.

0.02 -
1 = Dibenzoyl L-tartaric acid
0.00 + ® Dibenzoyl D-tartaric acid
-0.02 -
= -0.044 K, (dibenzoyl o-tartaric acid) = 51 M~
&-0.064 K,(dibenzoyl L-tartaric acid) = 56 M’
w 4
<
-0.08 -
-0.10
-0.12 -
-0.14 T T T T T T T T T T T
0 20 40 60 80 100
[DBTAJ/[3b]

Figure S7. "H NMR titration data indicating chemical shift change in the inward-pointing pyrimidine hydrogen of 3b (cf. H* in Figure S1), upon
addition of both enantiomers of dibenzoyl tartaric acid (DBTA). Individual datapoints represent raw data, and lines indicate fitting curves as
produced by Bindfit according to a 1:1 binding model.

41



4 X-Ray Crystallography

Data for compounds 1a, 2a, 2d and 3a were collected as described in the General Experimental section. For full details
on the collection and refinement of crystal data, please refer to the cif files, accessible from the ccdc using the accession
numbers given below.

4.1 t-Bu Protected Dimer 1a (CCDC #2057484)

/=N H
_{ N\ y N/\’/k/

Prob =

S0
100

-10Y

- (51220}

E
=
cL1

Z -86 I P41 212 R =0.04 RES= 0 -25 X
411 Crystal Data
a= 12.05260(10) A a=90°
b =12.05260(10) A B =90°
c=37.03095) A y=90°
Volume 5379.30(12) A3 Crystal Class tetragonal
Space group P4,2,2 7= 8
Formula Cys Hy4 C1 Ng O, M, 514.05
Cell determined from 14408 reflections Cell 6 range =5 - 71°
Temperature 100K
Pressure 100 kPa Shape blocks
Colour clear pale colourless Size 0.60 x 0.50 x 0.50 mm
Dy 1.27 Mg m F000 2184.000
0 1.562 mm!

Absorption correction multi-scan
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Tnin 0.26 Tax 0.39

41.2 Data Collection
Diffractometer multi-scan
Scan type o scans
Reflections measured 22811
Independent reflections 5157

Rint 0.0306

Oimax 71.2738

h= -14 —> 14

k= -9— 14
= -45 — 35

4.1.3 Refinement

APmin = -0.22 ¢ A3

APpmax = 0.34¢ A3

Reflections used 5135

Cutoff: I > -3.000(I)

Parameters refined 334

S= 1.17

R-factor 0.044

weighted R-factor 0.058

A/Gmax 0.0093

Flack parameter  0.032(5) Parsons, Flack & Wagner (2013)
Refinement on F?

4.2 Dimer 2a (CCDC #2057483)

O

gw

Cl
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65 Y

- (51220)

[T}
—

QU
(=l

i P 21 R = 0.03 RES= 0 33 X
4.21 Crystal Data
a=9.69330(10) A a=90°
b=19.01790(10) A B =90.0868(8)°
c= 13.41980(10) A y = 90°
Volume 1173.07(2) A3 Crystal Class monoclinic
Space group P2, 7= 2
Formula C21 H27 Cl Ng 02 Mr 458.9497
Cell determined from 9280 reflections Cell O range =6 - 71°
Temperature 100K
Pressure 100 kPa Shape needle
Colour clear pale colourless Size 0.50 x 0.40 x 0.40 mm
Dy 1.30 Mg m? F000 484.000
v 1.728 mm’!
Absorption correction multi-scan
Tinin 0.32 Tinax 0.42
4.2.2 Data Collection
Diffractometer multi-scan
Scan type ® scans
Reflections measured 10892

Independent reflections 3858

Rint 0.0271
Omax 71.3843
= -11 — 11
k= -10 =7
1= -16 - 16
4.2.3 Refinement
APrmin = -0.20e A3
APmax = 0.22 ¢ A3

Reflections used 3842
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Cutoff: I > -3.000(I)
Parameters refined 294

S= 1.95
R-factor 0.034
weighted R-factor 0.064
A/Omax 0.0099

Parsons, Flack & Wagner

Flack parameter  0.015(5) (2013)

Refinement on F?

4.3 Dimer 2d (CCDC #2057482)

-2 Y

(51220)

11:50:22 2021

CL1

PLATON-Jan 20

~N
I
—
N
w

1 P21 2121 R=0.

Prob = 50
Temp = 150
04 RES= 0 -B7 X

4.3.1 Crystal Data

a= 8.9540(2) A a=90°
b=14.9196(3) A B=90°
c = 16.0420(3) A v = 90°

Volume 2143.05(8) A3

Space group P2,2,2

Formula Czo H25 Cl Ng Og

Cell determined from 4064 reflections
Temperature 150K

Pressure 100 kPa Shape
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Crystal Class orthorhombic
Z= 4

M; 44493

Cell O range =6 - 71°

needles




Colour clear _pale colourless Size 0.40 x 0.15 x 0.10 mm

Dy 1.38 Mg m F000 936.000
0 1.875 mm!

Absorption correction multi-scan

Thnin 0.36 Tinax 0.47
4.3.2 Data Collection

Diffractometer multi-scan

Scan type o scans

Reflections measured 6522
Independent reflections 4053

Rint 0.0265

O/max 71.3775

h= -7—- 10

k= -17 — 18
= -18 - 19

4.3.3 Refinement

APmin = -0.20e A3

APpmax = 0.31e A3

Reflections used 4053

Cutoff: 1> -3.000(I)

Parameters refined 285

S= 1.87

R-factor 0.038

weighted R-factor 0.043

A/Gmax 0.0014

Parsons, Flack & Wagner

Flack parameter  -0.003(10) (2013)

Refinement on F?

4.4 Macrocyclic Tetramer 3a (CCDC #2057486)
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441 Crystal Data

a= 12.00486(4) A o= 90°

b= 15.58877(3) A B= 96.150(5)°
c=23.79439(4) A y= 90°

Volume 5279.29(6) A3

Space group 12

Formula Ciz.64 Hs623 Clz.11 Nig Os 46
Cell determined from 4657 reflections
Temperature 293K

Pressure 100 kPa Shape
Colour clear pale colourless

Dy 1.246 Mg m

u 2.098 mm’!

Absorption correction multi-scan

Thnin 0.14

4.4.2 Data Collection

Diffractometer multi-scan

Scan type ® scans

Reflections measured 31995
Independent reflections 9165

Rint 0.114
Oimax 68.242
h= -13—> 14
= 22 — 22
1= 28 — 28
44.3 Refinement
APrmin = -0.69 e A3
APmax = 0.71 e A3
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Crystal Class monoclinic
7= 4

M, 990.44
Cell 0 range = 3 - 68°

plates

Size 0.22 x 0.14 x 0.005 mm
F000 2082.261

Tinax 0.99



Reflections used 6744

Cutoff: 1> -3.000(I)
Parameters refined 406

S= 1.7645
R-factor 0.225
weighted R-factor 0.498
A/Gmax 0.037

Flack parameter  0.22(4) éa (;i(;r)ls’ Flack & Wagner

Refinement on F?

Portions of the macrocyclic skeleton were found in the raw structure solution from Superflip. With the exception of the
side chains, the rest of the structure was resolved by Fourier cycles. The refinement was not stable, and restraints were
applied to bond distances following measurements from a previous structure (CCDC #1824642) corresponding to the
repeating motif in the present structure. The first carbon of the side chains was then resolvable in the Fourier map, and
in agreement with the expected chirality. Refinement of the anisotropic ADPs revealed that there was extensive disorder
in the macrocycle position along the vector perpendicular to its plane. The molecule was then modelled over two
positions, and with competitively refined occupancy. Further side chain structure then became visible, although it was
not possible to distinguish between valine and isoleucine-derived monomers, with the additional methyl unit failing to
appear or to refine to physically reasonable positions even when restrained. The anisotropic ADPs of both sets of atoms
for the macrocycle were still prolate beyond physically reasonable limits, and so restrained refinement from isotropic
ADPs was performed to account for electron density, before fixing the ADPs. The macrocycle could feasibly be modelled
over more than two locations, but the qualitative description of the structure would not be more precise - there is
extensive disorder in position perpendicular to the plane of the macrocycle. Hydrogen atoms were added geometrically,
and the solvent was modelled by examination of slant Fourier maps. While we are confident of the location and
orientation of the chloroform molecules, the ethanol molecules are more speculative. Solvent molecules were refined
isotropically and with partial occupancies. Weights were selected and the structure was refined to convergence.

This is a low-quality structure and only information about connectivity, relative molecular position and orientation, and
gross conformation of the main residue should be taken with any level of confidence. There are no fully ordered portions.
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5 Density Functional Theory Calculations

All optimisation, frequency, and single-point calculations were performed with Gaussian 16, rev A.03.1'% Structures are
displayed with CYLView.[?%l The B3LYP functional was used for all geometry optimisations with the 6-31G(d,p) basis set
on all atoms unless otherwise stated. Grimme’s DFT-D3BJ correction was included in the optimisation procedure as
well as single point calculations.?!! All optimised structures were confirmed as minima by the absence of imaginary
harmonic frequencies. Further refinements to the electronic energies were made through single point calculations on
the optimised geometries using the B3LYP functional with the 6-311+G(d,p) basis set for all atoms. Grimme’s DFT-D3BJ
correction and further corrections for bulk solvation through a polarisable continuum model (PCM) with description of
toluene in all calculations were also incorporated. Free energies were determined from thermochemical corrections of
the geometries applied to electronic energies. Coordinates for all minimized geometries are given below (§8, pg. 162)

5.1 Trimer Summary (See Figure 3B)

Two conformations of the trimer were found, both bowl shaped, with the R group sidechains in either pseudo-axial or
equatorial positions. No other conformations, including a flat or staggered arrangement of each monomeric unit, could
be found. The pseudo-equatorial conformation was consistently more stable. This was found to hold true for a number
of different functionals employed during optimisation (Table S3) with relative energies very similar in each case.

Table S3. Relative energies of pseudo-axial and equatorial conformations R=Me trimer using different functionals during
optimisation. B3LYP and B3PW91 include D3BJ corrections, M062X and wb97xd do not. Single point energy calculations
performed at B3LYP-D3BJ-PCMrene/6-311+G(d,p) throughout.

Optimisation ddG
Functional (kcal mol-)
B3LYP 5.8
B3PW91 6.0
MO062X 6.6
wb97xd 5.8

For the B3LYP functional, the effects of solvation and dispersion during singled point energy calculations were examined
(Table S4). While the inclusion of solvation makes only a minor change in the relative energy, inclusion of dispersion
corrections prompts a very large decrease in relative energies of the conformers, 4.2 kcal mol! for R=Me. Notably, the
stabilisation offered by the inclusion of dispersion corrections increases as the size of the sidechain R groups increases
and the dispersion level contacts between ends of the sidechain become more numerous.

Table S4. Effect of solvation and dispersion corrections on relative energies of pseudo-axial and equatorial conformations of
trimers of various R groups.

R=Me R=ABC _R=iPr

SP 10.3 16.5 171
SP/PCMrolsene 10.0 16.0 16.5
SP/D3BJ 6.2 6.4 3.2
SP/PCMroiuene/D3BJ 5.8 6.0 2.6
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5.2 Tetramer Summary (See Figure 3a)

A significant degree of conformational flexibility was observed, with many essentially isoenergetic conformations found,
although all retained the shallow bowl conformation when R=Me, two examples are shown in Figure S8. The
conformation when one carbonyl is on a different face to the other three is 0.17 kcal mol-! higher in energy compared to
when all are pointing towards the same face. All attempts at finding the pseudo-axial conformation of the tetramer
optimised to the pseudo-equatorial.

Figure S8. Examples of different shallow bowl conformations found when R=Me.

When R=H, one conformation was found which was entirely flat (Figure S9). O-O distances are slightly shorted in this
conformation at 3.6 and 5.0 A. However, this was 3.9 kcal mol' higher in energy than any other shallow bowl
conformations, making this conformation highly unfavoured.

Figure S9. Tetramer flat conformation when R=H.
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PC 1.00



- Dy o - ] |
" e o 0N ]
g 39& 8 5% =25
Current Data Param=ters
\/ | l ’ | | HAME TW-A-16%-A &00
EXPH B2
PROCHNO 1
F2 = Acguisition Parameters
Date_ 20190831
o) Tim= 10.08
INSTRUM spect
9\ )J\ H FROBHD 5 mm PABRO BB/
N N~ PULPROG Zgpg 30
TD 65536
SOLVENT chCl1l3
: HS 1024
N DS 4
SWH 36057.6%91 Hz
FIDRES 0.55019%7 Hz
AOQ 0.90876539 sec
RG 186.92
DOw 13.867 usec
S4 DE 6.5%0 uzec
TE 300.0 K
D1 2.,00000000 sec
130 NMR D11 0.03000000 s=c
DO 1
151 MHz ======== CHANNEL ] ========
5F01 150.917TE98]1 MHZ
HUC] 13C
CDC|3 Pl 11.80 usec
PLI] B85.00000000 W
ssmansss CHANHNEL 2 ssssssss
SFO2 600.1324005 MHz
HUC2 1H
CPDPRG [2 waltzlé
PCPD2 80.00 umec
PLINZ 2700000000 W
PLIN12 0.43891999 W
PLIN13 0,28B0909%99 W
F2 - Processing parameters
51 32768
SF 150.9027883 MHz
WDW EM
58B [¥]
L | LB 1.00 Hz
GB 4]
PC 1.40
I I T T I I I I I T
180 160 140 120 100 8O 60 40 20 ppm
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HNT NS,
o)

S5
H NMR
400 MHz

CDCl;

60

Current Data Param=ters

HAME
EXPHO
PROCNO

1o
1

Th=A=168=A COSY1l

F2 — Acgulslition Paramnsters

Date_
Time
THSTRUM
PROBHD
PULPROG
™
SOLVENT
HS

Ds

SWH
FIDRES
AQ

RG

D

DE

TE

D1

TDO

20190828
16.41
sp=ct

5 mm PABBO BB/
zg30
131072
ChC13

16

il
12019.230
0.091699
3.452595%2
203

41 . &o0
9.85

299.7

0. 10000000
1

Hz
Hez
BEC

useo
usec

seC

snnsssss CHANHEL fl ssssssss
399.9024695 MHz

S5FO1
HUC1
Pl

PLIN1

1H
14.88
T.39999990

ugec
W

F2 - Fraceaslng parameters

s51
sSF
WDW
55B
LB
GB
PC

131072
399.9000095%
EM

0

0.10

4]

1.00

MHz

Hz



134.98
134.63
132.32
6l.84
12.18
11.93

39.37
39.21

=4} [}
- o
W =]
n =+
— —

131.91
—_—124.26
——25.40

ot
i
s

S5
3C NMR
151 MHz

CDCl;

100 80 60 40 20 ppm
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Current Data Param=ters

HAME
EXFHO
PROCHO

TH-A-168-A
11
1

F2 = Acguisition Parameters

Date_
Tim=

INSTREUM

PROBHD

PULFROG

™

SO0LVENT

HE
DS
SWH
FIDRES
AD
RG
D
DE
TE
D1
D11
TDO

201909086
11.59

ap= ct

5 mm PABBO BB/

TgpPg30
653386
CDC13

1024

4

36057, 691
0.550197
D.9087659
l186.%92

13.867

6.50

300.0
2.00000000
0.03000000
1

Hz
Hz
sec

usec
usec
K
sec
Bec

mxmweees CHANHEL fl ssssswes

s5F01
HuC]
Pl

PLI]

150.917E9E1
13C

11.80

B5. 00000000

MHz

usec
W

masnnsns CHANHEL 2 ssssssss

SF02 600.1324005 MHz
HuC2 1H
CPDPRG [2 waltzlé
pCPD2 80.00 usec
PLINZ 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.2B090999% W
F2 — Processing parameters
51 32768

5F 150. 9028085 MHz
WDW EM
S5B 0

LB 1.00 Hz
GB i

PC 1.40



S6
H NMR
600 MHz

CDCl;

A

-

-

1.01

[ ]

62

110 -

2 1 p
AL =
gals

pm

Current Data Paramstera

HAME TH=-B=215
EXPHO 10
PROCNO 1

FZ2 — ﬁ.l:‘i.lLlI.!lT.lDﬂ Param=ters

Date 2019090%
Tim= 19.05
THSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG =g 30

TD 65536
SOLVENT CDC13

HS 1&

DS 2

SWH 12019.230 H=z
FIDRES 0.183399 Hz
A 2. 7262976 BeC
RG 14E.0%

DW 41.600 usec
DE 6.30 usec
TE 300.0 E

D1 1.00000000 sec
TDO 1

-— = CHANHEL fl == -
5Fol 600.1337060 MHz
HUC1 1H

Pl 10.00 usec
PLIN1 26. 60000038 W

F2 — Processing paramsters

S1 63536
SF 600.1300149 MHz
WDW EM
55B 4]
LB 0.30 Hz
GB 0
PC 1.00



S6
13C NMR
151 MHz

CDCl;

——— 161 .58
_ = 15811
—151.28
—— 148.17

T 157.57

=0

z
\
-0

////

16

131.46

13%.38
135.26
132.28
124
39.26
11.93

—109.35
11.90

—— 58,76
— 286
—— 2547

T

w2

<

09
Z

Current Data Param=ters

HAME
EXPHO
PROCHO

TH-B-215%
11
1

F2 = Acguisition Parameters

Date_
Time
INSTRUM
FROBHD
PULPROG
™
SOLVENT
HE

Ds

SWH
FIDRES
RO

RG

DW

DE

TE

D1

D11

Do

20190905
19.5%7
spact

5 mm FABBO BB/
Egpg30
65536
cncl3
1024
4
36057.691 H=z
0,550197 Hz
0.90B7E659 sec
186.92
13.867 usec
6.50 usec
300.0 K
2.00000000 sec
0.03000000 =s=c
1

mxmmemws CHANHNEL ] =

5F01
HUC1
Pl

PLI]

150.917E981 MHz
13C
11.80 usec
8BS, 00000000 W

asmmsnss CHANHEL f? ssssssss

5FO2
HUC2
CPDPRG[2
PCPDZ
PLINZ
PLIN12
PLI13

600.1324005

1H

waltzle

80.00 usec
27.00000000 W
0.438919%99 W
0.280909%9 W

MHz

F2 - Processing paramsters

81
5F
WD
S5B
LE
GB
BC

32768
150.9027875 MHz
EM
4]
1.00 Hz
a
1.40



Current Data Parameters
NAME TW-B-203-A 600
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190911
Time 19.04
NO, INSTRUM spect
=Q= PROBHD 5 mm PABBC BB/
O § o PULPROG zg30
N D 65536
SOLVENT CcDC13
L\/Me NS 15
DS 2
SWH 12019.230 Hz
Me FIDRES 0.183399 Hz
S7 AQ 2.7262976 sec
RG 74.91
DW 41.600 usec
DE 6.50 usec
'H NMR TE 300.0 K
D1 1.00000000 sec
TDO 1
600 MHz ======== CHANNEL {1l ==s======
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
CDCls PLW1 26.60000038 W
F2 - Processing parameters
SI 65536
SF 600.1300112 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
U

SR | T T T T | T | T |
95 90 85 80 75 70 65 60 55 50 45 4.0

o s

-
=
w0

I I I |
0 25 20 15 10  ppm
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o M oY — o w N (=)
© R P i < 9 =0
- MM o o™~ £ wy (=] N @
— — — - ™ (121 —
Current Data Parameters
NAME TW-B-203-A 600
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
NO> Date_ 20190911
=Q= Time 19.56
0 § O INSTRUM spect
N PROBHD 5 mm PARRC BB/
PULPROG zgpg30
Me D 55536
SOLVENT CDC13
NS 1024
Me DS 4
S7 SWE 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 186.92
13C NMR DW 13.867 usec
DE 6.50 usec
TE 300.0 K
Dl 2.00000000 sec
151 MHZ D11 0.03000000 sec
TDO 1
CDCl,4 ======== CHANNEL fl ========
SFO1 150.9178981 MHz
NUC1 13c
Pl 11.80 usec
PLW1 85.00000000 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.438919%9 W
PLW13 0.28090999 W
F2 - Proccessing parameters
sI 32768
SF 150.9028085 MHz
. . L : ) WDW | EM
¥ " M e i i = 0
LB 1.00 Hz
GB 0
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters

NAME TW-A-122-EF new
EXPNC 1a
PROCNO 1
FZ - Acguizsition Parameters
Date_ 20180830
Time 16.21
INSTRUM spect
PROBID 5 mm PABRC BB/
N TPULPROG
H TD
SOLVENT
NE
Ls
SWH
38 FIDRES
AQ
RG
LW
H NMR DE u
TE K
Cl 1.00000000 =zec
TDO ]
600 MHz
———————— CHRNNEL fl ========
SFO1 600.1337060 MHz
HUC1 1H
CDCl; P1 10.00 us
PLW1 26.60000038 W
F2 - Processing parameters
51 65526
s 600.1300150 MHz
l ‘ ‘ WDW EM
B3B g
| ﬂ ‘“ | ‘ LB 0.30 Hz
‘ | GB 0
‘ I “ ‘r ‘1 PC 1.00
(R % |
i il — | S} S
I I T T T I I T T I
9 8 7 ] 5 4 3 2 1 ppm
Q(o|n T [ A= [ w0 o
[=10E=1}=] (=3 [=1K=] (=] (=N}
S| [=|e - -l - ool
-
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A/ I I IR T
Me Me H NO
Me>I\N N\S//O 2
H /7
S8 o
3C NMR
151 MHz
CDCl;
1 AO 1 éO 1 ﬁIIO 1 éO 1 (lJO 8I0 BIO 4‘0 2|0 ppm

ofr

Current Data Parameters

NAME TW-A-122-B new
EXPNO 12
PROCNC 1

F2 - Acgquisition Parameters
Date_ 20190830

Time L7402
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SCLVENT CDCl13

NS 1024

DS 4

SWH 36057.691 Hz
FIDRES a3 501094 Hz
AQ 0.92087652 sec
RG 186.22

DW 13.867 usec
DE 6.50 usec
TE 300.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f]l ========
SFOl 150.9178981 MHz
NUCL 13¢

Pl 11.80 usec
PLW1 85.00000000 W

CHANNEL f2 ==

SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
PLW13 0.28090999 W
F2 - Processing parameters
51 32768

5F 150.8027886 MHz
WDW EM

S5B

LB 1.00 Hz
GB

PC 1.40



Current Data Param=ters

HAME TH-A-123-A BERUN
EXPHO 20
02N PROCHO 1
)OJ\ Q\ F2 = Acguisition Paramsters
_S Date_ 20190427
N N™R Tim= 16.40
(e} INSTEUM spect
FROBHD 5 mm PABBO BB/
PULEROG zg30
™ 131072
SOLVENT ChC13
Hs 64
Ds a
SWH 12019.230 Hz
FIDRES 0.0%91699 Hz
S9 AQ 54525952 sec
RG 203
DH 41. 600 usec
H NMR DE 9.85 usec
TE 300.0 K
D1 0.10000000 sec
400 MHz o0 1
mememems CHANHEL ]l sesssss
SFO1 399.902469% MH=Z
CDCls HUC 1 1H
Pl 14.88 usec
PLI1 7.59999990 W
F2 - Processing parameters
51 131072
5F 399.9000100 MHz
WD EM
55B 4]
LE 0.10 Hz
n GB a
BC 1.00
I A A bt
......... R e B B I B I i By L BB T B B
9 8 ¥y 6 5 4 3 2 1 ppm
) J J
2 = g |8 |5 g 2|8
- - - Lad v @ ﬂ,

68



Current Data Parameters

HAME TW-A-123-A RERUN
EXPHO 23
PROCHO 1

F2 - Acquisition Param=ters
Date_ 20150428
Tim= 10.12
INSTRUM sp=ct
PROBHD % mm PABBO BB/
PULPROG Bgpg 30

D 65536
SOLVENT CRC13

HE 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 H=z
AQ 1.3631488 sec
RG 203

DW 20,800 usec
DE 6.5%0 usec
TE i00.0 K
ol 2.00000000 ==c
01l 0.03000000 s=c
DO 1

= & 372§ th B 2% n2
§ 5 FE8E I
| N [ I I I
O,N
9 o
>LNJ\N/\\S\\
\_§,o
s9
13C NMR
101 MHz
CDCl,
180 160 140 120 100 80 6 40 % o

69

mememmns CHANHEL fl ssssssss

5F01 100.5649900 MHz
HUC1 13C

Pl 10.00 usec
PLIN1 44.46300125 W

mxmmmwes CHANHEL £2 sesssse

5F02 399.9015996 MHz
Hucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLI2 T.59999990 W
PLIN12 0.20774999 W
PLIN13 0.16827001 W
F2 = Processing paramesters
51 32768

SF 100.5549350 MHz
WD EM
55B o

LE 1.00 Hz
GE a

PC 1.40



Current Data Param=sters

(0]
/U\ HAME TW-A-194-A RERUN
N N~ H EXPHO 20

PROCHO 1

F2 - Acguisition Parameters

Date_ 20190501
Time 0.02
INSTEUM spe=ct
PROBHD 5 mm PABBO BB/
PULFROG zg30
T 131072
SOLVENT CDCL13
HE [T
DS a
SWH 12019.230 Hz
S10 FIDRES 0.091699 Hz
AQ 5.4525952 sec
RG BO.&
1 DW 41.600 usec
HNMR DE 9.85 usec
TE 300.0 K
Dl 0. 10000000 sec
400 MHz ™o 1
CHAMMEL f] wwsssses
CDCI3 S5F01 399.902469% MHz
HuC1 1H
Pl 14.88 usec
PLE1 T.59999990 W
F2 - Processing parameters
51 131072
5F 399.9%000098 MHz
WD EM
S55B i}
LB 0.10 Hz
GB a
i PC 1.00
[T T [T T A T R [T [T e T
9 8 7 6 5 4 3 2 1 ppm
8 glels g8 |8
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162,30
— 55,46
—33.11
—_—21T7.75

———52.93
— 47.60

_——18.60
T—18.10

S$10
3C NMR
101 MHz

CDCl;

Current Data Parameters

: | : : | : : : ;
180 160 140 120 100 80 60 40 20

71

HAME TW-A-194-A RERUN
EXPHO 22
FROCHO 1

F2 = Acquisition Param=ters
Date_ 20190501
Tim= 1.02
INSTRUM sp=ct
PROBHD 5 mm PABBO BB/
PULPROG gpg30

™ 63536
SOLVENT cnCl3

HS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 H=z
AQ 1.3631488 sec
RG 203

D 20.800 usec
DE 6.30 usec
TE 300.0 K
D1 2.00000000 s=c
nll 0.03000000 s=c
DO I
messsmss CHANHEL f]l ssssssss
SFO1 100.564%500 MHz
HUC1 13C

Fl 10.00 usec
PLIW1 44.46300125 W
e CHANHED 2 s
SF02 399.9015996 MHz
Hucz 1H
CPDPRG[2 waltzlé
FCPD2 90.00 usec
PLIZ T.59999990 W
PLIN12 0.20774999 W

PLIW13 0.16827001 W

F2 = Proceasing parameters

51 32768

5F 100.5549%216 MHz
WD EM

558 L]

LB 1.00 Hz
GB 0

PC 1.40



S11
H NMR
400 MHz

CDCl;

72

—

Current Data Param=t=rs

HAME TW-A-137-A RERUN
EXPHO 10
PROCHO 1

F2 = Acguisition Paramsters

Date_ 20190427
Tim= 20.59
INSTRUM sp=ct
FROBHD 5 mm PABBO BB/
PULPROG zg30

piil 131072
SOLVENT CchC1l3

HS LT

Ds a

SWH 12019.230 Hz
FIDRES 0,.09169%9 Hz
1u ] 5.4525%952 sec
RG 203

Dw 41. 600 usec
DE 9.85 uaec
TE 300.0 K
D1 0.10000000 sec
TDO 1

memmewmw CHANHEL f1 sesssses

5F01 399.9024695% MHz
HuCl 1H

Pl 14,88 usec
PLIN1 T.39999990 W
F2 - Processing parameters
51 131072

5F 399.9%000099 MHz
WDW EM
88B 4]

LB 0.10 Hz
GEB 4]

pC 1.00



134.99
134.48
22

132.
131.78

-y
-
W
i
four |

e
=

—_—124.12
—62.71
— 1947
—32.5]

—17.87
—]5.33

S11
13C NMR
101 MHz

CDCl;

73

Current Data Parameters

HAME TW-A-137-A RERUN
EXPHO 11
PROCHO 1

F2 = Requisition Paramsters
Dates_ 20190429
Tim= 2.09
INSTRLM speact
PROBHD % mm PABBO BB/
PULPROG 2gpg 30

T 65536
SOLVENT cnCl3

HS 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 gec
RiG 203

DW 20,800 usec
DE &.5%0 uasc
TE 300.0 K
ol 2.00000000 =s=c
Di1 0,.03000000 s=c
DO 1

mnsmnnss CHANHEL fl ssssssss

5F01 100.5649900 MHz
HUC1 13C

Pl 10.00 usec
PLNW1 44.46300125 W

memmwmew CHANHEL 2 e

SFO2 399.901599%6 MHz
HuCcz 1H
CPFDPRG[2 waltzle
PCPD2 90.00 usec
PLIZ T.39999990 W
PLI12 0.2077499% W

PLWN13 0.16827001 W

FZ = Processing parameters

51 32768

5F 100.5549350 MHz
WDW EM

558 0

LB 1.00 Hz
GB [}

PC 1.40



Current Data Paramsters

HAME TW-B-196-A 600
EXPHO 27
PROCHO 1

F2 - Acguisition Paramsters

Date_ 20190830
cl O2N Time 1B.57
Y O o INSTRUM spact
N7\ )J\ A PROBHD 5 -m PABEO BB/
\w N ONS, PULPROG 2g30
N 0 ™ 65536
SOLVENT chCl3
HS L&
Ds 2
SWH 12019.230 Hz
FIDRES 0,183399 Hz
S12 AD 2.T262976 sec
RG 134.29
DW 41. 600 usec
1 DE 6.50 usec
HNMR TE 300.0 K
Dl 1.00000000 s=c
TR 1
600 MHz
CHANMHEL f] =eesssss
arol &00.1337060 MHz
CDCl3 Huel IH
Pl 10,00 usec
PLI¥1 26, 60000038 W
F2 - Processing parameters
85I 653536
SF 600,130015%0 MHz
WD EM
SEB i}
LB 0.30 Hz
GB 0
pC L.o00
—
[ e e RS RDL [ e [ e e e I
9 8 7 6 5 4 3 2 1 ppm
\
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S$12
13C NMR
151 MHz

CDCl;

Current Data Parameters

HAME TW-B-196-A 600
EXPHO 28
PROCHD 1

F2 = Acquisition Parameters
Dats_ 20190830
Tim= 19.438
INSTRLUM sp=ct
PROBHD % mm PABBO BB/
PULFROG £y 30

™ 65536
SOLVENT CDC13

HE 1024

DS 4

SHWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 186.92

DH 13.867 usec
DE 6.5%0 usec
TE 300.0 K

o1 2.00000000 =s=c
D11 0. 03000000 s=c
™o 1
mamssnss CHANHEL fl ssssssss
SF01 150.9178981 MHz
HUC1 13C

Pl 11.80 uszec
PLIN1 85.00000000 W

memmwmew CHANHEDL 2 s

$8222 HZX2dE A - + o - 0
gana% AEEAY 3 i 5 § oz
Wi NV |
Cl o O,N
72 0]
N\<N\ N\)}&
| -
ZIIIIO 1B|0 1éﬂ 11IIO 12|0 1l'.IICII EII'J 40 20 ;;.ipm
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SFO2 GO0, 1324005 MHz
HUC2 1H
CPDPRG[2 waltzls
PCPD2 B0.00 usec
PLNZ 27.00000000 W
PLIWN12 D.43891999 W
PLI13 0.28090999 W
F2 = Processing param=ters
51 32768

SF 150.9%028085 MHz
WD EM
S5B 4]

LB 1.00 Hz
GB i}

PC 1.40



S13
H NMR
400 MHz

CDCl;

76

Current Data Param=t=rs

MHAME TH-A-43 BRERUN
EXPHO T0
PROCHNO 1

F2 - Acguisition Paramsters
Date_ 20190425
Tim= 14.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg 30

™ 131072
SOLVENT ChC13

HE 64

0s 4]

SWH 12019.230 Hz
FIDRES 0.091699 Hz
RO 3.4523952 sec
RG 80.5

DWW 41.600 usec
DE 9.85% usec
TE 300.0 K
D1 0. 10000000 s=c
TDO 1
e CHANHEL 1 s
5F01 399.902469% MHz
Hucl 1H

Pl 14.88 usec
PLI] T.59999990 W

F2 - Processing parameters

51 131072

5F 399.%000105 MHz
WD EM

55B i}

LB 0.10 Hz
GB 4]

PC 1.00



-

= Mo =3

s
B = o
—_ - T

— 148.71
134
132

2
_\\._

131.24
—124.41

— 15,72
— 36 81

———22.81
TTe—22.21

S13
3C NMR
101 MHz

CDCl;

77

Current Data Paramsters

HAME TH-A-43 RERUII
EXPHO 72
FROCHO 1

F2 - Acquisition Parameters
Date_ 20190426
Tim= 18.03
INSTEUM sp=ct
PROBHD 5 mm PABBD BB/
PULPROG £gpg30

™ 65536
SOLVEHNT CDCl3

HS 1024

Ds 4

SHWH 24038.461 H=z
FIDRES 0.366T98 Hz
AQ 1.3631488 sec
RG 203

DH 20.800 usec
DE B.5%0 usec
TE 300.0 K
D1 2.00000000 =ssc
D11 0.03000000 sec
™o 1
eamsssss CHANHEL ] sssssses
SFO1 100.5649900 MHz
HUC1 13C

Pl 10.00 usec
PLIN1 44.46300125 W

memeeeew CHANHEL f2 sesssses

SFO2 399.9015%9%8 MHz
HucCz2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLIN2 7.59999990 W
PLW12 0.2077499% W
PLW13 0.16827001 W
FZ = Processing parameters
51 32768

SF 100.5549219 MHz
WD EM
558 4]

LB 1.00 Hz
GB 1]

pc 1.40



O,N
S14
'H NMR
400 MHz
CDCl3
l J __n______H...' L
......... R o T B I e BB EE sy na sy
9 8 7 6 5 4 3 2 1 ppm
L | i U
o ‘A
||| = v | |& o3
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Current Data Paramsters

HAME TH-A-48 BRERLUL
EXPHO 10
PROCHO 1

F2 - Acquisition Parameters
Date_ 20190425
Tim= 12.086
INSTRUM spe=ct
PROBHD 5 mm PABRO BB/
PULPROG zg30

™ 131072
SOLVENT cDhC13

HS [T

nDs 4]

SWH 12019.230 Hz
FIDRES 0.091699 Hz
AQ 3.4325%932 s&c
RG 203

DW 41.600 usec
DE 9.85 usec
TE 300.0 K
D1 0. 10000000 sec
TDO 1

mememees CHANHEL £f1 s

5F0l 399.9024695 MHz
Hucl 1H

Pl 14.88 usec
PLIF1 T7.59999990 W
F2 - Processing parameters
51 131072

5F 399.9%000097 MHz
WD EM
55B 0

LB 0.10 Hz
GE 0

PC 1L.o0



Current Data Parameters

HAME TH-A-48 RERUN
EXPHO 12
PROCHO 1

F2 = Aequisition Parameters
Date_ 20190425
Tim= 19,34
INSTRLUM sp=ct
FPROBHD 5 mm PABBD BB/
PULPROG Egpg30

™ 63536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 H=z
FIDRES 0.366798 Hz
RO 1.3631488 sec
R 203

DM 20, 800 usec
DE 6.5%0 umsc
TE 300.0 K
D1 2.00000000 s=c
Dll 0, 03000000 s=c
o 1

1 Snh=la T8y 8843
3 =oRHAS 3549 ARAN
[/ || |V
H
>Lu g
O,N
s14
13C NMR
101 MHz
CDCls
I ' I ’ I ! I N I ! T ' I ’ T ' I I
180 160 140 120 100 80 60 40 20 ppm

79

snsssmes CHANHEL f] ssssssss

SF01 100.564%900 MHz
HuUC1 13C

Pl 10.00 uasc
PLIN1 44.46300125 W

mememmees CHANHNEL {2 =msscssee

SFo2 399.901%996 MHz
HUC2 1H
CPDPRG[2 waltzle
FCFDZ 90 .00 usec
PLIVZ T.99999990 W
PLIN12 0.20774999 W
PLIW13 0.16827001 W
F2 - Processing paramesters
51 32768

5F 100.5549209 MH=z
WDW EM
S5R L]

LE 1.00 Hz
GB L]

PC 1.40



O,N
Q2 0
9\ )J\ W\ Current Data Param=t=rs
_S HAME TW-A-49-4 RERUN
N NS EXPHO 20
o) FROCHO 1
F2 - Aoquisition Paramsters
Date_ 20190425
Tim= 12.26
IHSETRUM spe=ct
FROBHD 5 mm PABBO BB/
PULPROG zg 30
™ 131072
SOLVENT coCl3
HS &4
ns 4]
SWH 12019.230 Hz
FIDRES 0.091699 Hz
315 RO 3.4525393%2 s&c
RG 203
DW 41,600 usec
H NMR DE 9.85 usec
TE 300.0 K
Dl 0.10000000 sec
400 MHz DO 1
= CHANHEL f] seswsse=
CDCl; SFO1 399.902469% MHz
HUC1 1H
Pl 14 .88 usec
PLiN1 T.39999990 W
F2 - Processing parameters
51 131072
SF 399.9%0000%9 MHz
WD EM
S5B 1]
LB 0.10 Hz
h GB 0
pC 1.00
J | . e e
......... I I R A B R | I I R B
9 8 7 6 5 4 3 2 1 ppm
| | | |
I 3 g [ g 2|
— L] - - - —|ed o ||

80



Current
HAME
EXPHO
PROCHO

Data Parameters
TW-A—49-A RERUN

23
1

FZ = Acquisition Parameters

Dates_
Tim=

THNETRUM

PROBHD

PULPRODG

™

SOLVENT

HE
DE
SWH
FIDRES
A
R
D
DE
TE
Dl
Dl1
o

20190425
22 .38

SPEEt

5 mm PABBD BB/

zgpg30
65536
CDC13

1024

4
24038.461
0.36675%8
1.3631488
203

20. 800
6.30

300.0
2.00000000
0. 03000000
1

Hz
Hz
a=c

usec
usec

gac
sSeC

snssssss CHANHEL fl ssssssss

5F01
HUC1
Pl

PLI1

100.5649%00
13C
10.00

MHz

ugec

44.46300125 W

memewemw CHANMEL £f2 sessssww

| NV | Vo A
o O,N
(@]
%N)]\N/\\S\\@
(o]
S15
3C NMR
101 MHz
CDCl3
! | ! | | ! | | ! | ’ | ! | ! | i |
180 160 140 120 100 80 60 40 20 ppm

81

SFO2 399.9015%9%6 MHz
HuC2 1H
CPFDPRG[2 waltzlé
PCPD2 90.00 usec
PLNZ T.59999990 W
PLIN12 0.207T74999 W
PLI13 0.16827001 W
F2 - Processing parameters
51 32768

8F 100.5549209 MHz
WD EM
S5B 4]

LB 1.00 Hz
GB 0

PC 1.40



Current Data Paramsters
HANME TW-A-T9-& RERUHN

(0]
)]\ EXPHO 30
ﬁ\ N ON- H PROCHO 1

F2 - Acguisition Paramsters

Date_ 20190425
Tim= 12.16
INSTREUM spe=ct
FROBHD 5 mm PABBO BB/
PULPROG zg30
™ 131072
SOLVENT chel3
NS 64
DS a
SWH 12019.230 Hz
S16 FIDRES 0.091699 Hz
AQ 5,45259592 s=c
BG 90.5
H NMR DW 41.600 usec
DE 9.85 ussc
TE 300.0 K
D1l 0.10000000 s=c
400 MHz g 1
mmmm CHANHEL f] sesssses
CDCls; sFo1 399, 9024695 MHz
HUC 1 1H
Pl 14,88 usec
PLI1 T7.59999990 W

F2 = Processing parameters

51 131072
5F 399.9%0000%98 MHz
WD EM
55B 4]
LB 0.10 Hz
GB 4]

l PC 1.00

1 ppm
| 1
s Rl 8 EEEs

82



Current Data Paramsters

Hz
Hz
seC

ugec
ugec

sec
sec

HAME TW-A-79-A REFRLUN
EXPHO 33
PROCHD 1
FZ = Acquisition Parameters
Dates_ 20190426
Tim= 1.42
INSTERLUM sp=ct
PROBHD % mm PABBO BB/
PULPROG 2gpg30
T 65536
SOLVENT CnDCl3
HE 1024
DS 4
SWH 24038.461
FIDRES 0.36679%8
RQ 1.3631488
RG 144
DH 20. 800
DE & .50
TE 300.0
ul | 2 .00000000
D11 0. 03000000
DO 1

snsmnsss CHANHEL ]l sssssses

5F01
HUC1
Pl

PLi1

100.5645900
13C
10.00

MHz

ugec

44.46300125 W

memmwmew CHANHEL 2 sessssss

SF02
Hucz

CPDPRG[2

PCPDZ
PLIZ

PLW12
PLIW13

399,.9015%996
1H

waltzlé
90,00
T7.59999990
0,20774999
0.16827001

MHz

usec
W
W
W

O
S
S16
3C NMR
101 MHz
CDCl;
I | I I I I I I I I
180 160 140 120 100 80 60 40 20 Ppm

83

F2 - Processing parameters

51 32768

SF 100.5549213 MHz
WDW EM
SE5B 4]

LB 1.00 Hz
GB i ]

PC 1.40



6
"H NMR
400 MHz

CDCl;

1.00

O,N
O o
A\
HN™ ON-S,
N
......... A
7

303

84

Current Data Param=st=rs

HAME Te-A-13%-B FULL
EXPHO 30
PROCHO 1

F2 - Acquisition Paransters
Date_ 20190514
Time= 3.1z2
IHSTEUM spe=ct
PROBHD 5 mm PABBO BB/
PULPROG zg30

™ 131072
SOLVENT chCl3

HES [T ]

DS Q

SWH 12019.230 H=z
FIDRES 0.091699 Hz
AQ 5.4525%9%2 sec
RG 2013

DW 41.600 usec
DE 9.85 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
seessses CHANHEL f] sssssses

s5F01 399.90246%9% MHz
Hcl 1H

Pl 14 .88 usec
PLI1 T.39999990 W
F2 = Processing parameters
51 131072

5F 399.90000%9 MHz
WD

55B 1]

LB 0.10 Hz
GB 4]

PC 1.00



Current Data Parameters

= BENG 8 - ¥ 1~
8 5387 § 5 3% aAs
| NV IR
o ON
0
HN)]\N/\\S\\
o)
6
13C NMR
101 MHz
CDCl,
| i | ! i | | I
180 160 140 120 100 40 20

85

HAME TW-A-13%-B FULL
EXPHO 32
PROCHO 1

F2 = Acquisition FParameters
Date_ 20190514
Tim= 4.12
INSTEUM sp=ct
PROBHD % mm FABBO BB/
PULPROG rgpg30

D 65536
SOLVENT cncl3

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
BG 203

DW 20, 800 usec
DE 6.5%0 usec
TE 300.0 K
Dl 2.00000000 ==c
D11 0,03000000 sec
DO 1
meneases CHANHEL fl ssssssss
5F01 100.5649%900 MHz
HUC1 13C

Pl 10.00 usec
PLI1 44.46300125 W

messsses CHANHNEL {2 sessssss

SFO2 399.9015%996 MHz
HuC2 1H
CPDPRG[2 waltzla
PCPD2 90.00 uses
PLIZ T.39999990 W
PLW12 0.,20774999 W
PLW13 0.16827001 W
F2 - Processing parameters
51 32768

5F 100.5549219 MHz
WD EM
558 4]

LB 1.00 Hz
GHB 4]

PC 1.40



NO,

S17
"H NMR
400 MHz

CDCl;

Current Data Param=t=rs

HAFE
EXPHO
PROCHO

TH-A-19%-A
10
1

F2 = Acquisition Paramsters

Date_
Tim=
INSTRUM
FROBHD
PULFROG
™
SOLVENT
S

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

TDO

SFO1
HUC1
Pl

PLiN]

86

memeswss CHANMEL f1

20190424
14.02
spe=ct

5 mm PABBO BB/

£g30

131072

chCl13

16

4]
12019.230 H=z
0.091699 Hz
3.4532393%2
203
41. 600 usec
9.85 usec

300.0 K

0.10000000 sec
1

J&c

e
399.9024695 MHz
1H
14 .88 usec
T.539999990 W

F2 - Processing parameters

131072
399.9%00009%6 MHz
EM
4]
0.10 Hz
4]
1L.00
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S17
13C NMR
101 MHz
CDCl;
I : | = I i ] : | ; I : | : I : | I
180 160 140 120 100 80 60 40 20 ppm
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Current Data Paramsters

HAME TW-A-195-A
EXPHO 14
PROCHO 1

F2 = Acquisition Paramsters
Date_ 20190424
Tim= 20.04
INSTRUM ap=ct
PROBHD 5 mm PABBO BB/
PULPROG Bgpg30

™ 655936
SOLVENT CcDCl3

NS 1024

D 4

SWH 24038.461 H=z
FIDRES 0.366798 Hz
RQ 1.3631488 gec
RG 203

DH 20,800 usec
DE 6.50 usec
TE 300.0 K

ol 2.00000000 s=c
D11 0.03000000 s=c
™o 1
mamsnmas [HANHEL fl ssssssss
5F01 100.564%900 MHz
HUC1 13cC

Pl 10.00 uaec
PLIN1 44.46300125 W

=emeseew CHANHEDL 2 ssssssews

SFoz2 399.9015%99%96 MHz
Hucz 1H
CPOPRG (2 waltzlé
FCPD2 90.00 usec
FLWZ T.59999990 W
PLIW12 0.20774999 W
PLIW13 0.16827001 W
F2 - Processing paramsters
51 32768

i1 100.5549209 MHz
WDW EM
S5B 0

LB 1.00 Hz
GB 0

PC 1.40



NO,

Q
==
o

S18
"H NMR
400 MHz

CDCl;

88

Current Data Param=sters

HAME BEE1-B3-1

EXPHO 10

PROCHO 1

F2 - Acquisition Paramsters

Date_ 20181128

Tim= 16.16

INSTRUM spe=ct

PROBHD 5 mm PABBO BB/

PULPROG zg30

TD 131072

SOLVENT CDC13

s 16

0s a

SWH 12019.230 Hz

FIDRES 0.091699 Hz

AD 5.4525%95%2 sec

RG 90.5

D 41,600 usec

DE 9.85 usec

TE 298.1 K

D1 0. 10000000 sec

TDO 1
CHAMNHEL f] wesssses

SF01 399.902469% MHZ

Hucl 1H

Pl 14.88 usec

PLI1 T7.59999990 W

F2 - Processing parameters

51 131072

5F 399.9000059 MHz
WD EM
SE5B 4]

LB 0.10 Hz
GB a

pC 1.00



Q
==
o

S18
3C NMR
101 MHz

CDCl;

— 148 .50
———— 38 .82
16.93

———36.75

134,33

|
180 160

Current Daka Parameters

HAME RE1-83-1
EXPHO 11
PROCHO 1

F2 = Acquisition Paramsters
Datea_ 20181128
Tim= 21.17
INSTRUM spect
PROBHD 5% mm PABBO BB/
PULPROG Egpg30

™ 65536
SOLVENT cDCl3

HE 1024

DS 'l
SWH 24038.461 H=z
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DwW 20. 800 usec
DE 6.%0 usec
TE 298.6 K
D1 2.00000000 sec
D11 0.03000000 sec
™o 1

mamsmmes CHANHEL f]l ssssssss

S5FO1 100.5649900 MHz
HUC1 13cC

Pl 10.00 uaec
PLI1 44.46300125 W
memmmmes CHANNEL £2 ssses=e=
SFO2 399.9015%996 MHz
HuC2 1H
CPDPRG[2 waltzls
PCPD2 90.00 usec
PLIN2 T7.59999990 W
PLIW12 0.20774999 W
PLIN13 0.16827001 W

F2 - Processing parameters

51 32768

5F 100.5549353 MHz
WD EM

S55B 1]

LB 1.00 H=z
GB Q

PC 1.40



S$19
'HNMR
400 MHz

CDCl;

90

Current Data Param=sters

HAME REKl1-B9-recrys

EXPHO 10

PROCHO 1

F2 - Acquisition Parameters

Date_ 20190108

Tim= 17.53

INSTRUM sp=ct

PROBHD 5 mm PABBO BB/

PULPROG zg30

D 131072

SOLVENT CcDC13

HS 1@

DS ]

SWH 12019.230 Hz

FIDRES 0.091699 Hz

RO 3.45323932 sec

RG 90.5

DW 41, 600 ume

DE 9.85 usm

TE 300.0 K

D1 0. 10000000 s=c

TDO 1
CHANHEL f]l wwswms

5F01 399.90246%9% MHz

Hucl 1H

Fl 14.88 use:

PLLi1 T.595999990 W

F2 - Processing parameters

51 131072

5F 399.%000070 MHz

WDW EM

55B 4]

LB 0.10 Hz

GB 0

pc 1.o0
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N g
(0]
O,N
S19
3C NMR
101 MHz
CDCl;

134.69

—147.5T
133.25
132.64
130 .86

—_—125.22

———250.06
T—47.49
— 28.96
—19.76

-
=
—
51,21

|
180 160

Current Data Paramsters

HAME RE1-89-recrys
EXPHO 14
FROCNG 1

Fz = Acquisition Parameters

Date_ 20190108
Tim= 20.489
INSTRUM sp=ct
PROBHD 5% mm PABBO BB/
PULPROG 2gpg30

™ 119044
SOLVENT CpCl3

HE 512

DE 4

SWH 25000.000 Hz
FIDRES 0.210006 Hz
AQ 2.3808801 sec
RG 20%0

DH 20.000 usec
DE .12 usec
TE 300.0 K
Dl 1.00000000 sec
D11 0.03000000 sec
DO 1

mesesess (HANHEL f] sssssss

5F01 100.5659947 MHz
HUC1 13C

Pl 10.00 ua=c
PLI1 44.46300125 W

memseses CHANHEL 2 sweswsme=

SFO2 399.9015996 MHz
Hucz 1H
CPODPRG[2 waltzéd
PCPD2 90.00 usec
PLIiZ T.59999990 W
PLW12 0,20774999 W
PLW13 0.16827001 W

FZ = Processing parameters

51 131072

sF 100.5549350 MHz
WD EM
S5B i

LB 1.00 Hz
GB 0

PC 1.40



S20
H NMR
400 MHz

CDCl;

-

Jdl

92

3
) J
3

o

Current Data Param=sters

HAME
EXPHO
PROCHO

RKl-108-1
10
1

F2 - ARoquisition Paramsters

Date_
Time=
INSTEUM
PROBHD
PULFROG
™
SOLVENT
HS

0s

SWH
FIDRES
AQ

RG

DwW

DE

TE

Dl

TDO

20190321
13.27
AVIII_400
5 mm PABEO BB~
zg30
65538
ChC13
L@
2
B223.6B5 Hz
0.1253483 Hz
3.9B45889 s=cC
144
60, 800 usec
16.82 usec
300.0 K
1.00000000 sec
1

semeewes CHAKNHEL f1 sesssses

SFO1
HuC 1
Fl

PLI1

400.1124708 MHz
1H
15.00 usec
17.29199982 W

F2 - Processing parameters

5I
5F
WD
55B
LB
GH
pC

32768
400.1100077 MHz
EM
4]
D.30 Hz
[#]
1.00



S20
13C NMR
101 MHz

CDCl;

IR i
o, ON
Q
F A
L&O
e —
180 160 140 120 100 %0 E o

93

Current Data Paramsters

HAME REl-108-1
EXPHO 22
PROCHO 1

F2 = Requisition Parameters
Date_ 20190322
Tim= 19.59
INSTELUM AVIII_400
PROBHD 3 mm PABBD BBE—
PULPROG 2gpg 30

D 96150
SOLVENT CDC13

Hs 1024

D8 4

SHWH 24038.461 Hz
FIDRES 0.250010 Hz
A 1.9999200 sec
REG 20350

Dk 20.800 usac
DE &.3%0 usec
TE I00.0 K
D1 1.00000000 s=c
D11 0.,03000000 sec
0 1
ssssssss CHANHEL f]l ssssssos
5F01 100.617B003 MHz
HUC1 13C

Pl 9.00 usec
PLIN1 96. 68000031 W
mewmewms CHANHEL f2 ssssssss
SFo2 400.1118004 MHzZ
HuCcz 1H
CPDPRG[2 waltzed
PCPD2 90,00 usec
PLIi2 17.29199982 W
PLI12 0.48032999 W
PLIN132 0.24160001 W

FZ = Processing parameters

51 131072

5F 100. 6077400 MHz
WD EM

558 a

LE 1.00 Hez
GB a

PC .40



7
'H NMR
400 MHz

CDCl;

Current Data Param=st=rs

HAME BK1-112-1
EXPHO 10
FROCNO 1

F2 = Acquisition Paramsters
Date_ 20190328
Time 12.24
IHSTRUM AVIII_400
FROBHD 5 mm PABBO BE~-
PULPROG zg30

™ 65536
SOLVENT cDC13

HS la

Ds 2

SWH B223.685 H=z
FIDRES 0.125483 Hz
A 3.9B845889 sec
RG 181

DW 60, 800 usec
DE 16.82 uaec
TE 300.0 K
b1 1.00000000 s=c
TDO 1

mewewews CHANHEL £f1 sesssss

SFO1 400.1124708 MHz
Hucl 1H

Pl 15.00 usec
PLIN] 17.29199982 W

F2 - Processing parameters

51 32768
SF 400, 1100083 MHz
WD EM
S5B 0
LB 0.30 Hez
GB 2]
PC 1.00
n s -
........................... M L
5 4 3 2 1 ppm
] JE 2 5 5 2
& = - - - =
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13C NMR
101 MHz
CDCl,
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95

Current Data Paramsters

Hz
Hz
sec

ugec
ugeo
E
gac
s&C

HAME REl-112-1
EXPHO 11
PROCHO 1
FZz = Acquisition Parameters
Date_ 20190328
Tim= 12.31
INSTRUM AVIII_400
PROBHD 5 mm PABBO BB~
PULPROG gpg30
™ 6150
SOLVENT cpels
NS 512
Ds 4
SHH 24038.461
FIDRES 0.250010
AQ 1.9999200
RG 2050
D 20. 800
DE 6.30
TE 300.0
Dl 1.00000000
D11 0. 03000000
DO 1

massnnes CHANHEL fl ssssssss

5F01
HUC1
Pl

PLI1

100.617TBOD3
13C

9.00

96. 68000031

MHz=

usec
W

memmewes CHANHEL 2 sesssses

SFO2
Hucz

CPDPRG[2

PCPDZ2
PLWZ

PLW12
PLIN13

400.111s004

1H

waltzbd
90.00
17.29199982
0.48032999
0.24160001

MHz

usec
W
W
W

FZ = Processing parameters

51
5F
WDW
S5B
LB
GB
PC

131072

100 . 6077400
EM

4]

1.o0

4]

1.40

MHz

Hz



S21
'HNMR
400 MHz

CDCl;

0] S
N Q N’S\\o
N

=N

JL

9 8
| 1
eels] s

F<Y
— 14

FXE D
107

1.11

Current Data Param=ters

HAME TW=A=17T=A RERUN
EXPHO 10
PROCHNO 1

FZ2 - hrqulsltim Param=bt=rs

Dates_ 20190426
Time 20.14
INSTRUM sp=ct
PROBHD 5 mm PABBO BB/
PULFROG zg 30

T 131072
SOLVENT COC13

HES 64

DS Q

SWH 12019.230 Hz
FIDRES 0.0%916%9 Hz
-1u] 5.452595%2 mec
RG 203

DHW 41,600 use
DE 9.85 use:
TE 300.0 K

Dl 0, 10000000 sec
TDO 1
snnsssss CHANHEL f] sssssms
5rol 399.90246%5 MHz
HUC1 1H

Pl 14.88 uas
PLI1 T7.59999990 W

F2 — Process l.l'lq pﬂt’ﬂ."l‘h’—.t&l’ﬁ

s1 131072

sF 399,.9000097 MHz
WD EHM
55B Q

LB 0.10 Hz
GB [#]

PC 1.00
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s21
13C NMR
101 MHz
CDCl,
180 160 140 120 100

97

Current Dabta Param=L=rs

HAME
EXPHO
PROCNO

TW-A-177 &00
112
1

F2 = Acguisition Parameters

Date_
Tim=
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

oW

DE

TE

Dl

Dl1

TDO

=mmmm=e= CHAMHMEL f1

5F01
Huc]
Fl

PLI1

20190831
16.39
spact

5 mm PABBO BB/
2gpg30
65536
chCl3

1024

4

36057, 691
0.350197
0.9087659
186.92
13.867
&.50

300.0
2.00000000
0.03000000
1

Hz
Hz
sec

usec
uasc

se=Cc
B=Cc

150.9178981 MHz
13C
11.80 usec

B5 ., 00000000 W

ssssssss CHANHEL f2 ssssssss

SF02
HuC2
CPDPRG[2
PCPD2
PLINZ
PLIN12
PLIN13

600.1324005 MHz
1H
waltzlé
80.00 usec
27.00000000 W
0.43891999 W
0.2B090999 W

F2 - Processing parameters

32768
150.9027878 MHz
EM
a
1.00 Hz
4]
1.40



S22
'HNMR
600 MHz

CDCl;

Current Data Param=t=ras

HAME TW=A=183=A TRIT &a00
EXPHO 20
PROCHOD 1

= n:‘qulslt lon Paramn=ters

H Date_ 20190910
, Time 17.05
§/N Ny IHNSTRUM spect
N N \)\\ PROBHD 5 wm PABEO BB/
Y\( PULPROG 230
| TD 65526
SOLVENT cDC13
s 16
DS 2
SWH 12019.230 H=
FIDRES 0.183399 Hez
AQ 2.7T2629Th maC
Bz 134.29
DW 41,600 usec
DE 6.50 usec
TE I00.0 K
Dl 1.00000000 s=c
TDO 1

asssssss CHANHEL f]l ssssssss

1.04

I IPIVIN k
8 P|[%EEEE B (x| 5B

98

SF01 600.1337060 MHz
HUC1 1H
Pl 10.00 usgec
PLIN1 26, 60000038 W
F2 — Processing paramsters
L3 [ 11
5F 600.130013% MHz
WD EM
55B 0
LB 0.30 Hz
GEBE 4]

|| J LJI\_) U | PC 1.00
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13C NMR
151 MHz
cDCl,
I I I I I | I J I I I
180 160 140 120 100 80 60 40 20  ppm

99

Curr=nt Data Paramn=t=rs

HAME
EXPHO
PROCHO

21
1

TW-A-183-A TRIT &0OO0

F2 = Acguisition Parameters

Date_
Tim=

INSTRUM

PROBHD

PULPRODG

el

SOLVENT

s
ns
SWH
FIDRES
AQ
RG
DW
DE
TE
D1
D11
TDO

=mmeeee= CHANHNEL

5F01
HuC 1
Pl

PLN]

20190910
17.56

spect

5 mm PABBO BB/

zgpg30
65536

L s To

1024

4
36057.691
0.550197
0.9087639
186.92
13.867

6. 50

300.0
2.00000000
0.03000000
1

150.9178981
13cC

11.80

85, 00000000

Hz
Hz

sec

usec
uasc

gac
geac

]l s

HMHz

ussc
W

anssssss CHANHEL f? ssssssss

SF02
HUC2

CPDPRG [2

PCPD2
PLINZ

PLIN12
PLIN13

600, 1324005
1H

waltzlé
j0.00

27.00000000

0.438919%99
0.2B090999

MHz

uasc
W
W
W

FZ2 - Processing parameters

51
5F
WDW
55B
LB
GB
PC

IZTHB
150,9027879
EM

L&)

1.00

4]

1.40

MHz

Hz



1a
H NMR
600 MHz

CDCl;
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9 8 T 6 5 3 2
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Current Data Paramsters

HAME
EXPHD
PROCHO

10
1

TW=A=184 TRIT &00

FZ2 — ncqulsltlnn Param=ters

Date_
Time
INSTRUM
PROBHD
PULPROG
™
SOLVENT
Hs

Ds

SWH
FIDRES
AQ

Rz

DW

DE

TE

Dl

TDO

20190904
10.43
sp=ct

5 mm PABBO BB/
zg30

65536
CcDC13

1&

2
12019.230
0.183399
2.7262978
119.2

41. 600
6.50

300.0
1.00000000
1

Hz
Hz
sac

uses
usec

seC

mensmans CHANHEL fl ssssssss
600.1337060 MHz

5F01
HUC1
Pl

PLIN1

1H
lo.o0
26. 60000038

uasec
W

Fd = Fracesslng parameters

S1
SF
WD
55B
LB
GB
FC

63336
E00D.1300127
EM

(i}

0.30

0

1.00

MHz

Hz
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13C NMR
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180 160 140 120 100 80 60 40 20 ppm
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Current Data Param=ters

HAME
EXFHO
PROCHO

11
1

TW-A-184 TRIT &00

F2 = Acguisition Parameters

Date_
Tim=

INSTRUM

PROBHD

PULFROG

T

SOLVENT

HE
DS
SWH
FIDRES
A
RG
DH
DE
TE
01
D11
TDO

20190906
18.27

Sp!Ct

5 mm PABBO BB/

Egpg30
683336
CDC13

1024

4
I6G057T . 691
0.350197
0.9%087659
186.92

13. 867
6.50

300.0
2.00000000
0. 03000000
1

Hz
Hz
sec

usec
usec

gec
BEC

mmmamams CHANNEL £l =sssesm

s5FO01
HUC1
Pl

PLI]

130.917TE981
13C
11.80

MHz

usec

BS.00000000 W

mesnenns CHANHEL 2 ssssssss

5F02
HuUCz2

CFDPRG [2

PCPD2
PLINZ

PLIN12
PLIN13

600.1324005

1H
waltzls
80 .00

27 . 00000000

0.43891999
0.28090999

MHz

usac
.
.
.

F2 — Processing parameters

51
5F
WDW
S55B
LB
GB
PC

32768
150.902787T6
EM

0

1.00

3]

1.40

MHz

Hz



Current Data Paramsters

HAME
EXPHO
PROCNO

10
1

TW=-A=-185%-A TRIT &00

F2 — i:‘qulslt lon Param=ters

Date_ 20190904
Tim= 10,55
Cl THNSTRIM spect
H PROBHD 5 mm PABBO BB/
| PULPROG zg30
N._O 2 '\\l D 65536
\f (@) ~ ) SOLVENT CDC13
N N NS 16
N ns 2
I NN R SWH 12019.230 Hz
N ' FIDRES 0.183399 Hz
=N AQ 2.7262976 sac
RG 10%.21
2a DW 41,600 usec
DE 6.50 usec
TE 300.0 K
1 Dl 1.00000000 sec
H NMR el 1
ansnnsss CHANHEL ]l seesssse
600 MHZ SFOl 600.1337060 MHz
Huc1 1H
Pl 10.00 usec
CDCl; PLIN1 26.60000038 W
FZ2 - Prmesslnq parame-ter!
51 65536
SF 600.1300142 MHZ
WDW EM
558 Q
LB 0.30 Hz
GB 4]
A | L PC 1.00

9 8 7 6 5

4 3 2 1 ppm
|
3| [Elele saE) [l e s EEEess

102
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13C NMR
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Curr=nt
HAME
EXPHD
PROCHO

Data Paramn=lL=rs

TH-A-18%-A TRIT &00

11
1

F2 = Acquisition Parameters

Date_
Tim=
INSTRUM
PROBHD
PULFROG
T
SOLVENT
s

Ds

SWH
FIDRES
AQ

RG

D

DE

TE

b1

D11

TDO

S5F01
Huc
Pl

PLV1]

5F02
HuUCz2
CPDPRG[2
PCPD2
PLIN2
PLIN12
PLIN13

20190906
23.03
spact

5 mm PABBO BB/
Egpg 30
65536
CDC13

1024

4
I6057.691
0.550197
D.9087639
186.92
13.867
6.50

300.0
2.00000000
0. 03000000
1

Hz
Hz
sec

usec
usec
K
e
Bec

CHANNEL ] ========

150.917B981
13cC

11.80

8BS, 00000000

MHz

uses
W

CHANNEL 2 sssssmss

600. 1324005
1H

waltzlé
80.00
27.00000000
D.43891999
D.2B09%099%

MHz

usec
W
W
3

F2 - Processing paramsters

51
5F
WDW
55B
LE
GB
PC

32768
130.9027870
EM

Q

1.00

4]

1.40

MHz

Hz
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S23*
'H NMR
600 MHz
CDCls

N J'L-l JKJ J'L_‘_JU‘U

m BC
\

| T T T | | T T | 1
95 90 85 80 75 70 65 6.0 55 5.0

1.00
1.21
1.07
1.27
2.30

2.29
239
1.06
1.10
017

™ (=]

« ]

o~ L:J
-

* This compound was partially contaminated with hydrocarbon grease.
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Current Data Parameters

NAME TW-B-220-A TRIT 600
EXPNO 10
PROCNO 1
F2 - Acguisition Parameters
Date_ 20190910
Time 2.50
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 119.2
DW 41,600 usec
DE 6.50 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 65536
SF 600.1300151 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0

1.00
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-

1586
155
—150.84
——148.03
—134.75
132
13

- ~156.97
135,47

S23* BN N A~

3C NMR
151 MHz

CDCl;

n onm w O~ (=) W0 - OMNO N

N o~ O (=] wn o 0 @ O

< e qoo < ~ 00 e

e lENTe Yo T M Lp] o
Current Data Parameters
NAME TW-B-220-A TRIT 600
EXPNO 11
PROCNO 1
F2 - Acgquisition Parameters
Date_ 20190910
Time 3.42
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT b
NS
DS
SWH 36057.691 Hz
FIDRES 0550197 Hz
AQ 0.9087659 sec
RG 186.92
DW 13.867 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f1l =

SFOl 150.9178981 MHz
NUC1 150

P1 11.80 usec
PLW1 85.00000000 W

======== CHANNEL f2
SFOZ2 600.1324005 MH
NUC2 1H
G[2 waltzlé
80.00 usec
27.00000000 W
0.43891999 W
0.28090999 W

- |Processing parameters

32768
150.9028083 MHz

| L EM

. 0
i 1.00 Hz

GEB 0

T T T T T T T T T T T T | REgaieaiey 1.40

170 160 150 140 130 120 110 100 60 50 40 30 20 ppm

* This compound was partially contaminated with hydrocarbon grease.
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S24
"H NMR
600 MHz
CDCl;
9 8 T 6 5 4 3 2 1 ppm

00
06
101 =
00
114
108\ _
1.05
07
108
13
023
107 7~

106

Current Data Paramsters

HAME
EXFHO
PROCHO

TW=-B=-225 600
50
1

F2 — Acquislition Paramsbers

Date_
Time
THSTRUM
FROBHD
FULPROG
™
SOLVENT
HE

oS

SWH
FIDRES
AQ

RG

DW

DE

TE

Dl

TDO

20190831
11.25
sp=ct

5 mm PAEBD BR/
zg30

65536
CchC13

16

2
12019.230
0.183399
2.72629786
10%.21

41, 600
6.50

ino.o
1.00000000
1

Hz
Hz
BEeC

uges
usec

sec

ssssssss CHANHEL ] ssssssss
600.1337060 MHZ

5F01
HUC1
Pl

PLIN1

1H
10.00
26, 60000038

usec
W

F2 — Processing paramsters

s51
SF
WDW
55B
LB
GB
PC

63336

G00.1300149 MHEz

EM
4]
0.30

Q
1.00

Hz
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13C NMR
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CDCl;
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[ 1 [ [ 1 | |
180 160 140 120 100 40 20 ppm
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Current Daka Param=L=rs

HAME TW-B—225% &00
EXPH 92
FROCHO 1

F2 = Acquisition Parameters
Date_ 20190831
Tim= 12.18
IHNSTRUM sp=act
FROBHD 5 mm PABRO BB/
PULPROG zgpg30

T 63536
SOLVENT CDC13

HS loz4

0s 4

SWH I6057.691 H=z
FIDRES 0.550197 H=z
RQ 0.9087659 sec
RG 186.92

DW 13. 867 usec
DE 6.50 usec
TE 300.0 K
o1 2.00000000 sec
Dl1 0.03000000 s=c
DO 1

mxmwsesx CHANNEL ] =sssssss

sSF0l 150.9178981 MH=z
HuC 13C

Fl 11.80 usec
PL&1 B5.00000000 W

snsmsmss CHANHEL {2 ssssssss

SF02 600.1324005 MHz
HuC2 1H
CPDPRG[2 waltzlé
BCPD2 80 .00 usec
PLINZ 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.2B090999 W

F2 - Processing paramsters

SI 32768

5F 150.9027881 MHz
WDW EM

55B Q

LB 1.00 Hz
GB 4]

PC 1.40



1b
'H NMR
600 MHz

CDCl;

Curr=nt Data Param=tsra

HAME TW=-B=244=A 600
EXFHO 10
PROCNO 1

Fz - J'al[‘:.lLIlElt lon Param=bers

N Date_ 20190906
o} Time 0.04
N o z {“ THETRUM spect
I, >\\ - PROBHD 5 mm PAEBO BB/
PULPROG zg 30
N>/_\>7N N" N ™ 65536
\=n \)\/\ SOLVENT cDCl3
; HE 18
E DS 2
SWH 12019%.230 Hz
FIDERES 0.183399 Hz
Al 2.T26297TH BeC
Rz 108,21
DW 41,600 usec
DE 6.30 usec
TE I00.0 K
ol 1.00000000 sec
DO 1
srol &00.1337060 MHz
HUC 1 LH
Pl 10.00 usec
PLIN1 26.60000038 W
FZ2 — Proceas lng parametera
51 65536
sF &00,13001%2 MHz
WD EM
S5B ]
LB 0.30 Hz
GB ]
M A r PC 1.00
1 A 'I. IL
.................. e e e
8 7 5 1 ppm
J
- o | o A L=
8 |53 =3 2EREEE
~—

108



Current Data Param=t=rsa

3ES=355% g & HEg SRNREITQ SRSH
CERERLESR 5 g 3398 SIS nER A=
N | VoV WY
oo
an o) S
/;N/ \ N>\\N N
\=N \)\/\
1b
3C NMR
151 MHz
CDCl;
! I ! I ) I ! ] N I : | ! I 4 | ! I ! I
180 160 140 120 100 80 60 40 20 ppm

109

HANME TW-B—244-A &00
EXPHO 12
PROCHD 1

F2 = Acgquisition Parameters
Date_ 20190908
Tim= 0.55%
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG £gpg 30

D 65536
SOLVENT CDC13

HS 1024

DS 4

SWH 36057.691 H=z
FIDRES 0,.550197 Hz
AQ D.9087639 sec
RG 186.92

DH 13.867 usec
DE 6.50 usec
TE 300.0 K
D1 2,00000000 sec
Dll 0.03000000 ==C
TDO 1
======== CHANNEL ] ========
SF01 150 .91 7E9E8]1 MH=Z
HuC 13C

Fl 11.80 usec
PLI] BS . 00000000 W

sesnemes CHANHEL {2 ssssssss

SFO2 600.1324005 MHz
Huc2 1H
CPDPRG[2 waltzls
PCPDZ2 B0.00 usec
PLI2 27.00000000 W
PLIN12 0.43891999 W

PLIW13 0.2B090999 W

FZ - Processing paramsters

51 32768

SF 150.9027883 MHz
WDW EM

55B [#]

LB 1.00 Hz
GB 4]

PC 1.40



Current Data Param=ters

HAME TW=-B-248 &00
EXPHO 1o0
PROCHMO 1

F2 - Acquisitlon Paramsters

Date_ 20190831

Tim= 13.36
INSTRUM spe=ct
PROBHD 5 mm PAEBO BB/
PULFROG zg30

TD 65536
SOLVENT CDhCL13

NS 16

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262978 mec
RG 168.12

DW 41. 600 uses
DE 6.30 usec
TE 300.0 K
ol 1.00000000 sec
TDO 1

ssssssss CHANHEL ]l ssssssss

l’-l Cl
" © 7z
Ty, N O ~ \
N>/_\>7N>\\N v
2b \
H NMR
600 MHz
CDCl;
_;____.JLJL L LJJL 4“ U um I‘L._____.JI_
| | | | 1 | | | | | |
9 8 7 6 5 4 3 2 1 ppm
I, L b
SlEEE ss [E e [ EEhismes

110

5Fol 600.1337T060 MHz
HuC1 1H

Pl 10.00 usec
PLIN1 26, 60000038 W
F2 - Procezssing paramstsrs
51 65336

SF 600.13001%3 MHz
WD EM
S5R a

LB 0.30 Hz
GB a

PC 1.00
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Current Data Param=t=r=

HAME TW-B—248 &00
EXFHO 102
FROCNO 1

F2 - Acquisition Parameters
Date_ 201%0831
Tim= 14.27
INSTRUM sp=ct
FROBHD 5 mm FABBO BB/
PULPROG 2qpPg 30

T 65336
SOLVENT CDC13

HE 1024

Ds 4

SWH 36057.691 Hz
FIDRES 0.550197 H=z
AQ 0.9087659 sec
RG 186.92

(0] 13.867 usec
DE 6.50 usec
TE I00.0 K
Dl 2.00000000 s=c
Dll 0.03000000 sac
TDO 1

======== CHAMNHMEL ] ========

SF0l1 150 . 917E981 MHZ
Huc] 13C

Fl 11.80 usec
PLi] B3 .00000000 W

snssemens CHANHEL f? sssssses

SF02 600.1324005 MHz
Hucz2 1H
CPDPRG[2 waltzlé
BCPD2 80.00 usec
PLINZ 27.00000000 W
PLIN12 0.43891999 W

FLIN13 0.280%0999 W

F2 - Processing parameters

51 32768

SF 150.9027873 MHz
WD EM

55B [}

LB 1.00 Hz
GB 4]

PC 1.40



O,N
O~
<S<
< o) O  ©
N
Y
NN
S25
H NMR
600 MHz
CDCl;
Ly L
9 8 7 6 5 3 2 1 ppm
J UL AL
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Current Data Param=ters

HAME Te=A=144=A TRIT &00
EXPHO 1o
PROCHO 1

F2 - Acgqulsition Paramsters

Date_ 20190903

Tim= 16.12
INSTRUM spe=ct
PROBHD 5 mm PABBO BB/
PULFROG g 30

T 65536
SOLVENT ChOC13

HS L&

Ds 2

SWH 12019.230 H=z
FIDRES 0.183399 H=z
AD 2.7T262976 BeC
RG 168.12

DW 41,600 usee
DE 6.50 usec
TE 300.0 K

Dl 1.00000000 sec
TDO 1

messssss CHANHEL ]l ssssssss

SFol 600.1337T060 MHz
HUC1 1IH

Pl 10.00 usec
PLIN1 26.60000038 W

F2 - FF&C‘EERII‘IE! para."ru&ters

S1 63536

SF 600.13001%2 MHz
WD EM
55B 4]

LB 0.30 Hz
GB 4]

PC 1.00
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13C NMR
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Current
HAME
EXPHO
PROCHO

Data Paramsters
TW-A-144 CARBOH

10
1

F2 - Acquisition Parameters

Date_
Tim=

INSTEUM

FROBHD

PULFROG

TN

SOLVENT

S
DS
SWH
FIDRES
A
RG
DW
DE
TE
D1
D11
TDO

201%0%07
22.286

spact

5 mm FABBO BB/

Egpg 30
65536
CoCl13
4092
4
36057.691 Hz
0.550197 Hz
D.908B7659 sec
186.92
13.867 usec
6.50 usec
300.0 K
2,00000000 sac

0.03000000 s=C

1

e CHANNHEL ] s

S5F01
Hucl
Pl

PLId]

150.9178981 MHz

13C
11.80 usec

BS, 00000000 W

asmmssns CHANHEL 7 ssssssss

5F02
NUCz

CPDPRG [2

PCPD2
PLINZ

PLIN12
PLIN13

600.1324005 MHz

1H
waltzlé
80.00 usec

27.00000000 W
O.43891999 W
0.2B090999 W

F2 — Processing parameters

51
5F
WDW
55B
LB
GB
FC

32768

150,.9027867 MHz

EM

Q
1.00 Hz

4]

1.40



Current Data Paramsters
H HAME T=A=146=A REELUN
‘X< 0 0 ] EXPHO 50
N\( YN PROCHO 1
N N F2 - Acquisition Paramsters
W Date_ 20190425
Tim= 12.45
NN IHSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
T 131072
SOLVENT cDC13
HS LT
ns 0
SWH 12019.230 Hz
FIDRES 0.091699 Hz
S26 AQ %.4525%95%2 mec
RG 203
DW 41,600 usgec
H NMR DE 9.85 usec
TE 300.0 K
Dl 0. 10000000 sec
400 MHz e -
CHAMHEL ] ssssss==
SFO1 399.9%024695 MHz
CDCls; HUE L IH
Pl 14.88 usec
PLIN1 T.59999990 W
F2 - FECH'.‘EBS].I'IQ parametera
51 131072
SF 399, 9000097 MHz
WD EM
55R Q
LB 0.10 Hz

1 i sla i ss

097
1.00
098
1.06
1.00
109 —
1.03
107
1.06
235",
113
1.30
1.08

10.16

1205

114
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3C NMR
101 MHz

CDCl;

mELRE = NEPYRSE 5a232RR
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180 160 140 120 100 80 40 20 ppm
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Curr=nt Data Param=t=r=s

HAME TH-A&-146-A RERUMN
EXPHO B F
PROCHO 1

F2 = Acguisition Parameters

Date_ 20190428
Tim= 7.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30

T 655336
SOLVENT CoCcl3

HS 1024

0s ]

SWH 24038.461 Hz
FIDRES 0,.366T98 Hz
AQ 1.3631488 s=c
RG 203

DW 20, 800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
Dll 0.03000000 s=Cc
TDO 1

mrmmmees CHANHEL ]l =sssses

SF01 100.%649900 MHz
HoC 1 13C

Pl 10.00 usec
PLI] 44.46300125 W
messssss CHANNEL {2 ssssssss
5F02 399.9015996 MHz
Hucz2 1H
CPDPRG [2 waltzlé
PCPDZ 90.00 usec
PLISZ T.599999%0 W
PLIN12 0.20774999 W
PLIN13 0,16B27001 W

F2 — Processing parameters
51 32768

SF 100.5549210 MHz
WD EM

558 Q

LB 1.00 Hz
GB a

PC 1.40



1c
H NMR
600 MHz

CDCl;

116

o7
117
1.13

Current Data Param=t=rs

HAME TW=-A=108 &00 TRIT
EXFHOD 10
PROCHO 1

= ncquultim Param=ters

Date 20190909
Tim= 17.05
IHNSTRUM sp=ct
PROBHD 5 mm PABBO BB/
PULPROG zg 30

TD 65536
SOLVENT CDCL1l3

NS L&

Ds 2
SWH 12019,.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 BerC
Rz 168,12

DM 41,600 usec
DE .50 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1

CHANHEL f1

5F01 600.1337060 MHz
HUC1 LH

Pl 10.00 usec
PLIN1 26, 60000038 W
F2 - Processing parameters
SI 65536

SF 600.13001%2 MHz
WDW EM
S5R 3]

LB 0.30 Hz
GB a

PC 1.00
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Current Data Paran=t=rs

HAME TH-A-108 CARBOM
EXPHO 10
PROCHO 1

F2 = Acquisition Parameters
Date_ 20190910
Tim= 21.25
IHNSTRUM spact
FROBHD 5 mm FABBO BB/
PULPROG Qg 30

™ 65336
SOLVENT CcDCl3

s 2048

DS 4

SWH 36057.691 Hz
FIDRES 0.550197 H=
AQ 0.9087659 sec
RG 186.9%2

DW 13. 867 usec
DE 6.50 uasec
TE 300.0 K
D1 2.00000000 sec
D1l 0.03000000 s=c
TDO 1
=nmzmmms CHANMEL {] =se=ss=e=

SF01 150. 9178981 MHz
HuC 1 13cC

Pl 11.80 usec
PLI] B5.00000000 W

asmsssns (HANHEL 2 ssssssss

5F02 600, 1324005 MHz
HuC 2 1H
CPDPRG[2 waltzlsé
PCPD2 80.00 usgec
PLINZ 27.00000000 W
PLIN12 0.4389199%9 W
PLI13 D.28090999 W

F2 — Processing paramsters

SI 32T&B

SF 150.9027883 MHZ
WD EM

55B Q

LB 1.00 Hz
GB i}

PC 1.40



Current Data Paramstears

HAME
EXFHO
PROCND

TW=-A=-164-A

10
1

F2 - Acqulisition Parameters

pate_
Tim=
THSTRUM
PROBHD

H cl PULPROG
(e} ™

7\ SOLVENT
HS

N (0] - J

DS
N>/_\>*N>\\ N N SWH
\— FIDRES

N AQ
Rz

DW
2c DE
TE

ol
H NMR Bl

600 MHz sFol

HUE 1
Pl
CDCl; PLI¢1

51
SF
WD
55B

9 8 7 6 5 a 3 2 1 ppm
\ \ d
a|ee 3 [ EEEE  EREEEN

118

20190128
15.41
spe=ct

% mm PABBO BB/
zg 30
131072
cDC13

16

4]
12019.230
0.0%1699
3.4525932
BD. &

41, 600
9.85

300.0

0. 10000000
1

399.9024695

1H

14.88
T7.399995990

131072
399. 9000060

EM

0
0.10
4]
1.00

Hz
Hz
BEC

use
LE ]

sec

eessssss CHANHEL fl s

MHz

ugs
W

r2 = FL'CH'.‘EES].I'Ig pﬂl’ﬂ."l‘h:—t&l.'ﬁ

MHz

Hz



Eﬂ‘fgﬂgﬁﬂ E = — G o= F e~ A 1]
1 : + W TS @ o ;e e
—-unmmr'-r'-r-;'H & 1 LR} W = o & w
e e e Qe e e | =1 o T L L LR
Current Dabta Param=L=rs
\W/ | | l \\V \V% HAME TH-B-164 600
EXPH 11
PROCHO 1
F2 - Acquisition Parameters
Date_ 20190904
Tim= T.38
H cl INSTRUM spact
o) PROBHD 5 mm PABBO BB/
\F N PULPROG zgpg30
N (o) \ ™ 65536
»\ \N) SOLVENT cDCcl1l3
74 N HS 1024
N A N DS 4
\—N SWH 36057.69]1 H=z
FIDRES Q.350197 Hz
RO 0.9087659 sec
RG 186.92
DH 13.867 uaec
2c DE 6.50 uaec
TE 300.0 K
D1 2.00000000 sec
3C NMR D11 0.03000000 sec
TDO 1
151 MHz ======== CHANNEL ] =s======
S5F01 150.917E981 MHz
HuC] 13C
CDCl3 Pl 11.80 usec
PL&1 B5.00000000 W
memsasss [HANHEL 2 sssssss
SFD2 600 .1324005 MHz
HUC2 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLIN2 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.28090999 W
F2 - Processing paramsters
SI 32768
5F 150.9027897 MHz
WDW EM
4 t 55B 0
o LB 1.00 Hz
GB a
BpC 1.40
I : I 8 I : | g I : I . I : I : I : I
180 160 140 120 100 1] 60 40 20 ppm

119



Current Data Param=st=rs

HAFE TW-B-231-A &OD
EXPHO 40
OoN PROCHD 1
O\\ FZ2 - Acquisition Paramsters
0 e} ,S\\o Date_ 20190830
N N Tim= 21.07
\( Y THSTRUM spect
N X N PROBHD 5 mm PABBO BB/
Y\( PULPROG zg 30
N_. __N T 65536
N~ SOLVENT chel3
HES 1a
DEs 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
327 AQ 2. T2629TH s=C
RG 105.21
DH 41. 600 usec
H NMR DE 6.50 usec
TE 300.0 K
ol 1.00000000 s=c
600 MHz guily] 1
CHAMNHEL f] sessssss
CDC:|3 5F0l1 600.1337T060 MHz
Huc 1 1H
Pl 10.00 usec
PLI1 26, 60000038 W

F2 = Processing parameters

51 65536

5F 600.1300155 MHz
WDW EM

S5B 0

LB 0.30 Hz

M u " | = 00
0EER W 8 EE R

120



ReeRs~ GLEARs ¢ @ 85 53 B$s Toel
RRRARY cER " @ T M mme med T
e et e e — o et on U o =r = ey B e e i
Current Data Paramsters
WA ANV I LY NV
EXPHO 42
FROCHO 1
F2 = Acquisition Parameters
Data 20190830
O2N Tim= 21.%9
\X( O= INS TRUM spect
~Ss PROBHD % mm PABBO BB/
N 0) @) N/ o PULPROG 2gpg30
\( Y ™ 65536
SOLVENT cDC13
NWNﬂ NS 1024
| DS 4
NN SHH 36057.691 Hz
FIDRES 0.550197 H=z
RQ 0.9087659 @e=c
BG 186.92
DH 13,867 usec
S27 DE 6.%0 usec
TE 300.0 K
Dl 2.00000000 sec
3C NMR Dl 0.03000000 sec
TN 1
151 MHz manmmnus CHANHEL fl ssssssss
SF01 150.917898]1 MHz
Hucl 13C
CDCl; Fl 11.80 usec
PLIS1 85. 00000000 W
mesesees CHANHEL 2 ssocssss
SFo2 600.132400% MHz
HuC2 1H
CPDPRG [2 waltzlé
PCPD2 BOD OO0 uses
PLINZ 27.00000000 W
PLIT12 0.4389199% W
PLIN13 0.2B09%9099% W
F2 - Processing parameters
51 32768
SF 150.9027885 MHz
WO EM
258 i
LE 1.00 He
GE 0
PC 1.40
I I I I I I I | I ]
180 160 140 120 100 80 60 40 20 pPpm

121



S28
H NMR
400 MHz

CDCl;

HAME
EXPHOD
PROCHO

Date_
Time=
INSTRUM
PROBHD
PULFROG
T
SOLVENT
HS

0s

SWH
FIDRES
RO

RG

DH

DE

TE

D1

TDO

5Fol
HuC1
Pl

PLI1

51
5F
WD
55B
LB
GB

"

122

2 1 ppm
ARATATEAR
2l s

CHANHEL f1

Current Data Paramsters
TW-A-1T6-A RERUN

90
1

F2 - Acguisitilon Paramsters

20190427
21.19
spect

5 mm PABBO BB/
zg30
131072
coCl3
LT
4]
12019.230 Hz
0.091699 Hz
5.4525%95%2 sec
101
41. 600 usec
9.85 uaec
300.0 K
0. 10000000 s=c
1

399.9024695 MHz2
1H
14.88 usec
T.59999990 W

F2 - Processing parameters

131072
399.9000096 MHz
EM
0
0.10 He
4]
1.00



Ny | \/ VY
A( H
NP O N
\f N N\H
Y
N N
S28
3C NMR
101 MHz
CDCl3
| : 1 ; T - T . | : T . 1 : T : 1 ' T
180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

HAME TW-A-176—A RERUN
EXFHO 52
PROCNO 1

F2z = Acquisition Parameters
Date_ 20190429
Tim= 7.3%0
INSTRUM sp=ct
PROBHD % mm PABBO BB/
PULFROG 2gpg 30

T 65536
SOLVENT cpCl3

NS 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 gec
BiG 203

DW 20.800 uzec
DE 6.30 usec
TE ioD.0 K
ol 2.00000000 s=c
D11 0. 03000000 ssc
T™aO 1

msssssss CHANHEL ]l ssssssss

5F01 100.564%900 MHz
HuC1 13C

Pl 10.00 usec
PLIN1 44.46300125 W

sesssses CHANMEL 2 ssssssss

SF02 399.901%9%98 MHz
HuC2 1H
CPDPRG[2 waltzle
PCPD2 90.00 usec
PLIWZ 7.59999990 W
PLI12 0.20774999 W
PLW13 0.16827001 W

F2 - Processing parameters

51 32768

8F 100.5549112 MHz
WD EM

S55B o]

LB 1.00 Hz
GB L]

PC 1.40



Current Data Param=ters
HAME TW-A-178 BERUN
cl EXPHOD 11
PROCHO 1
\/&O 7 F2 - Acquisition Parameters
N O, — Date_ 20190427
>\ N Time 21.2%
7 \ N INSTRUM spect
N N PROBHD 5 7 PABBO BB/
\=N PULPROG 2g 30
T 131072
SOLVENT checl3
HS &4
Ds 0
SWH 12019.230 Hz
1d FIDRES 0.091699% Hz
AQ 5,4525952 mec
RG 203
1 D 41,600 usec
H NMR DE 9.85 uasec
TE 300.0 K
bl 0. 10000000 s=c
400 MHz ™0 1
e CHANHEL ] sss———
CDCl; sFO1 3999024695 MHz
WUl LH
Pl 14.88 usec
PLI1 7.59999990 W
F2 - Processing parame=ters
51 131072
5F 399.900009% MHz
WD EM
55B [i]
L 0.10 Hz
GBE ]
pC 1.00
I, Ju, i JI'l kS ..J“' L
R B [ R e [ mEmEm REAEAREES: -
7 6 4 3 2 1 ppm
| j L]
Fxli“\_ ,
5 (88 [s 5| 58| [3lg] [¢ lefe s]s
= - ol - = - |- - || o od|ed e o3
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1d
3C NMR
101 MHz

CDCl;

P
AERLUERS

-~ r- uft
cRRhhh&E5R
—_—— = —

W

— 109,89

—96. 51

——41.37

TUe— 40,46

18.42
18.1&
14.59
14.13

180

160

140

120

100

125

Current Data Parameters

HAME TW-A-178 RERUN
EXPHO 12
FROCHO 1

F2 = Acquisition Parameters
Date_ 20190429
Tim= 19.03
INSTRUM spect
PROBHD % mm PABBO BB/
PULPROG zgpg 30

™ [+ LE1
SOLVENT CoC13

NS 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
R 181

DH 20,800 uaec
DE 6.5%0 usec
TE i00.0 K
D1 2.00000000 =sec
D11 0.03000000 s=c
DO 1
mensssss CHANHEL f] ssssssss
5F01 100,.5649900 MH=z
HUC1 13C

Pl 10.00 usec
PLIW1 44.46300125 W

mxmems=es CHANMEL 2 ssssssss

SFO2 399.90159%8 MHz
Huc 2 1H
CPDPRG [2 waltzls
FCPD2 90.00 usec
PLIN2 T.59999990 W
PLIW12 0.20774999 W
PLIN13 0.16827001 W
F2 - Processing paramsters
81 32768

1 100.5549209% MHz
WD EM
558 0

LB 1.00 Hez
GB 0

PC 1.40



>$O Cl
N 0 = /F
N\ NXN SN
L‘N
2d
H NMR
400 MHz
CDCl;
3 A J\_LM h i JL.. .
— . A—— S R— . A— . W—— [rrrepetrere |
9 8 7 6 5 4 3 2 1 ppm
SS E!)E%E (ﬂ (" “EJ Elg gBge
2| 2122 sl e EJ .-'.-'1 5 asie-sﬁﬁ
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Current Data Paramstsrs

HAME
EXFHO
PROCHD

TW-A-17% BERUN

BO
1

F2 - Acgulsition Paramsters

Date_
Tim=
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS

Ds

SWH
FIDRES
RO

RG

DW

DE

TE

D1

TDO

20190427
21.38
sp=ct

5 mm PABBRO BB/
zg30
131072
CcDCLl3
[T
a
12019.230 Hz
0.091699 Hx
5.4525%952 =s=c
203
41,600 usec
9.85 usec
300.0 K
0.10000000 sec
1

mamemees CHAMHEL fl sessssss

SFO1
HuC1
Pl

PL#]

399._.9024695% MH=z
1H
14.8B usec
T.59999990 W

F2 - Processing parameters

51
SF
WDIW
S5B
LB
GB
PC

131072
399.9000099 MHz
EM
4]
0.10 H=z
4]
1.00



#ﬂnﬂ:fgﬁ :—1 & = o 0o Lo o el i)
SO S ST H [H a.l'l ™ D ] —ama
= P~ = o . »oa = m . [
HARAERRE E ¥ T 5 88 ==233
© N | N Current Data Parameters
N\ | [V NV e g
EXPHO B2
PROCHO 1
H F2 = hequisition Parameters
1 Date_ 20190427
N Cl Time 22.%1
/V/O INSTRUM spect
PROBHD 5% mm PABBD BB/
N 0] ~ lN PULPROG £gpg30
/ )k X ) T 65536
N \ N N N SOLVENT cDCl3
\: HE 1024
N DS 4
o
SWH 24038.461 H=z
FIDRES 0.366T98 Hz
RQ 1.3631488 sec
RG 203
DH 20. 800 usec
2d DE 6.5%0 usec
TE i00.0 K
Dl 2.00000000 sec
130 NMR Dii 0.03000000 s=c
OO 1
101 MHz mmmmmmeme CHANHEL fl ==mesae=
S5FO1 100, 5649900 MHz
HUC1 13C
CDCl; Pl 10.00 usec
PLIN1 44.46300125 W
mmmemems CHANNEL 2 sesssse
BFO2 399.9015996 MHz
HuCcz2 LH
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLI2 T.59999990 W
PLW12 0.20774999 W
PLI13 0.16827001 W
F2 = Processing parameters
51 32768
5F 100.5549208 MHz
WDW EM
55B a
LB 1.00 Hz
GB o]
rC 1.40
| E I L I ; | = I ' I . | * I i I F I
180 160 140 120 100 80 60 40 20 ppm
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7 o -
N\%N\ NJ\N \NJ’N
S29
1H NMR
400 MHz
CDCl3

ol ﬁl . b " MU

.

Current Data Parameters

NAME TW-C-391-A
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20201111

Time 17.14 h
INSTRUM AVIII_400
PROBHD 2108618_0146 (
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 256

DW 60.800 usec
DE 17.42 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1124708 MHz
NUC1 1H

PO 5.00 usec
Pl 15.00 usec
PLW1 17.29199982 W

| | T T T T | T | T | | | T T T ] T
95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0

(N - O [=(m| |2 |© Qt|M
=i o = [a|=|a| ||| [& q(@finf~
(=] =] ~ | [r=|r|N| [ - ™[] |™m

E==11) ™ =3
2| QRN « Qe
o|o|o © -

128

o)
< )
N
=

32768
400.1100088

Processing parameters

MHz



S29 N
3C NMR
151 MHz

CDCl;

—134.81

~ o @

™ I3 — 0
= 5 oo
o = = T
™M™ ~ @ 0
gl o &

NOMANMOWVEOW NI ~OFOW AN
FOTONMNNOT OODPODTXOOW
NNON OV T A =TT NN At

00 T NN NN N N oy Current Data Parameters

vy LT T -
NAME TW-B-266 TRIT+Celite 600 new

\\\\ /// \&V/ EXENO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200906
Time 17.42
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgpg30
TD 119044
SOLVENT €DC13
NS 32000
DS 4
SWH 37500.000 Hz
FIDRES 0.315010
AQ 1.58725
RG 18
DW 3.
DE 7
TE 3
D1 1.00000
D11 0.03000¢
TDO

== CHANNEL fl

S 150.9154058 MHz
NUC1 13cC
P1 11.80 usec

85.00000000 W

CHANN o
5 MHz

SF0O2 600

NUC2

CPDPRG([2

PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
PLW13 0.28090999 W
F2 - Processing parameters
81 131072

SE' 150.9028084 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

| | T
170 160 150

|
140

| | |
130 120 110 100

129

ppm



4 0 —
NKN\ NJ\N \NJ/N
30
'H NMR
400 MHz
CDCl,

Current Data Parameters

NAME TW-C-392
EXPNO 10
PROCNO 1

F2 - Acgquisition Parameters
Date_ 202011186

Time 9.43 h
INSTRUM AVIII_400
PROBHD 2108618_0146 (
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 256

DW 60.800 usec
DE 17.42 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1124708 MHz
NUC1 11

PO 5.00 usec
Pl 15.00 usec
PLW1 17.29199982 W

9 8 T 6 5 4 3 2 1
=T (D ooV T NN DO T N O |©O N
S| @ s 2|3 || S| 2| (S|S =R
C)LWL:1D Q|| =S KT:WF OON| [©N
-

130

Ppm

32768
400.1100081
EM

0

0.30

0

1.00

- Processing parameters

MHz

Hz



S30
3C NMR
101 MHz

CDCl;

SN O S oo
W NN O @I @
=00 Wy
0o W0 0
— —

_—197.33
TT—196.,90

50.14
49.93

53.70

9

49.7

__—47.31

Current Data Parameters

NAME TW-B-254-A FULL
EXPNO 72
PRCCNO 4.

F2 - Acguisition Parameters
Date_ 20190828

Time D2 3
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 1024

D3 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 299.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.5649900 MHz
NUC1 13¢

Pl 10.00 usec
PLW1 44.46300125 W

NUCZ

CPDPRG (2
PCPD2
PLW2
PLW12
PLW13

|
170

| | |
160 150 140

|
130

I
120

|
110

T |
100 90

131

CHANNEL f2 == =
399.9015996 MHz
1H
waltzlé
90.00 usec
7.59899990 W
0.20774999 W
0.16827001 W

2 - Processing parameters
I 32768
F 100.5549350 MHz
DW EM
SB 0
B 1.00 Hz
GB 0
ﬁC 1.40
ppm



S31
"H NMR
400 MHz

CDCl;

T | | | | | | | 1 | | | | | | |
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

qNTOoTO|D
F:t;ngfﬁ%q:q
(=J[=]{=]f=]{=][=]

gle 9 LIS

‘ﬁ
10
=]

132

Current Data Parameters
NAME TW-B-274-A
EXPNO 10
PROCNO 1
F2 - Acgquisition Parameters
Date_ 20190828
Time 19.086
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 131072
SOLVENT CDC13
NS 16
DS 0
SWH 12019.230 Hz
FIDRES 0.091699 Hz
AQ 5.4525952 sec
RG 1.8
DW 41.600 usec
DE 9.85 usec
TE 298.4 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 399.9024695 MHz
NUC1 1H
Pl 14.88 usec
PLW1 7.599999%0 W
F2 - Processing parameters
SI 131072
SF 399.9000096 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

uJ PC 1.00



8
5

66

o = N Oy ~ L=ty
e ko ; &34 S32IZTE2RE
- 00~~~ O N a ..
=T TRl TaNToNToNTs T NTo T NTe) o o [ T MM A
A A A A A A A A A A A - a3 NI NI NNy
W/ | \z \\\ V/W Current Data Parameters
NAME TW-B-274-A
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190828
Time 20.06
INSTRUM spect
PROBHD 5 mm PABRRBRO RB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
S31 FIDRES 0.366798 Hz
RO 1.3631488 sec
RG 203
DW 20.800 usec
13C NMR DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
101 MHZ ?éé 0.033(30009 sec
======== CHANNEL fl ========
SFol 100.5649900 MHz
CDCls NUC1 13¢
Bl 10.00 usec
PLW1 44.46300125 W
======== CHANNEL f2 ========
SFO2 399.9015996 MHz
NUC2 1H
CPDPRG|[2 waltzlé
PCPD2 90.00 usec
PLW2 7.59899990 W
PLW12 0.20774999 W
PLW13 0.16827001 W
F2Z - Processing parameters
ST 32768
SF 100.5549350 MHz
WDW EM
SSB 0
1.00 Hz
GB 0
BPC 1.40
I I ! T I T I ! T I I I ! T I I T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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N N

4a 0
N L ﬁ”
"H NMR \< N N \NJ/

600 MHz

CDCl;

134

Current Data Param=ters

HAME
EXPHO
PROCHO

TH-B-2T78-A TRIT

10
1

F2 = Acquisition Paramsters

Date_
Tim=
INSTERUM
FROBHD
PULPROG
T
SOLVENT
HS

DS

SWH
FIDRES
RO

RG

DW

DE

TE

D1

TDO

20190923

19.50

sp=ct

5 mm PABBO BB/
zg30

65536

CDhC13

L&

2
12019.230
0.183399

2. 7262976

83.95
41.600
6.50

300.0
1.00000000
1

Hz
Hz

nusec
usec

Fec

saeememes CHANHEL f£f1 sesssses

5F01 600, 1337060 MHZ
Hucl 1H

Fl 10.00 usec
PLI1 26, 60000038 W
F2 - Processing parameters
51 65536

5F 600.1300150 MHz
WD EM
85B [i]

LB 0.30 H=z
GB 4]

PC 1.00
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NN D . 8 " R ON O TES~QETHO O
H . -~ o FEEesSERlSCSERSEEFRER
cRRELLLLLEEH a o jﬁll.l;!ﬁr-;_d-:—lu;u:\.r;r-:r:c\;-:—;—ﬂ:
e st et - Rk ot it el et | — [ = = = L L LT
Current Data Paramsters
S\ Y QU
EXPHO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190823
Time 21.132
INSTRUM spect
N PROBHD % mm PABBO BB/
cl = PULPROG 2qpg 30
\ N ™ 65536
¢ SOLVENT ChC13
,H s 2048
N N Ds 4
SWH 36057.691 Hz
)\/[ /\:O O;\/ FIDRES 0.550197 Hz
N N BQ D.9087659 sec
o B 186,92
4a N)\\)\ )]\ ﬁN ¥ 13.867 usec
| DE 6.%0 usec
\§N N N \NJ TE 300.0 K
ol 2.00000000 s=c
13C NMR D11 0.03000000 sec
DO 1
151 MHz smmes=== CHAHHEL f] ==sess==
SFO1 150.917TE98]1 MHz
HUC1 13C
CDCl; Bl 11.80 us=c
PLI1 85.00000000 W

memmemew CHANHEL f2 sesssses

SFO2 600.1324008% MHz
Hucz2 LH
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLINZ 27.00000000 W
PLIW12 0.43891999 W
PLIN13 0.2809%09%9 W
F2 - Proceasing parameters
81 32768
5F 150.9027895 MHz
WD EM
- L a
1 I P T L J L i 1 LB 1.00 Hz
; E GB o
PC 1.40

; | . | ; | . . , . ; ;
180 160 140 120 100 80 60 40 20 ppm
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$32 /
'HNMR
600 MHz

CDCl;

I o

9
)

1.01
1.03
1.04
1.05

B8 T
5 %

136

sg [

Py Py

10.11

Current Data Paramsters

HAME TH=-B=26T7=A &00
EXPNO 140
PROCHOD 1

F2 - Ac‘quisltlm Param=t=rs

Date_ 20190901

Time 3.46
IHNSTRUM spect
PROBEHD 5 mm PABBO BB/
PULPROG zg 30

™ 65536
SOLVENT COCL13

NS 1

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 mac
RG 108,21

D 41.600 usec
DE 6.50 usec
TE 300.0 K

(LD ] 1.00000000 sec
Do 1
meenmnns CHANMEL ]l ssssssss
5FOl 600.1337060 MHEz
HUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing paramsters

=3 B3536

SF a00, 1300150 MRz
WOW EM

558 1]

LB 0.30 Hz
GBE [1]

PC 1.00
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RRRARE ARAR £ §08 g ZNnd S3ad
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«, NN
$32 /
13C NMR
151 MHz
cDCl,
I I I T I | I | I I
180 160 140 120 100 80 60 40 20  ppm
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Current Data Param=t=rs

HAME
EXPHO
PROCHNO

TW-B-267-A &00

10
1

F2 = Acquisition Parameters

Date_
Tim=
INSTRUM
PROBHD
PULFPROG
T
SOLVENT
HE

Ds

SWH
FIDRES
AQ

RG

DH

DE

TE

Dl

D11

TDO

=mmmmsms CHANHEL

5F01
HUC1
Pl

PLIV]

20190507
14.13

spact

5 mm PABBO BB/

zgpg30
65536
CnC13
2048

4
I6057, 691
0.550197
D.9087839
186.92
13.867

6. 50

300.0

2., 00000000
0. 032000000
1

130.917TB981
13C

11.80

85, 00000000

Hz
Hz

sec

usec
usec

]l =

MHz

usec
W

snssssss CHANHEL f? ssssssss

5F02
HuC2
CPDPRG[2
PCPDZ
PLINZ
PLIN12
PLIN13

600.1324005

waltzlé
80.00

27. 00000000

0.43891999
0. 2ED90999

MHz

FZ - Processing parameters

51
SF
WDW
55B
LB
GB
pC

32768

150 . 9028084
EM

4]

1.00

4]

1.40

MHz

Hz



Current Data Param=ters

HAME TW=B=271=A 600
EXPHO 180
PROCHO 1

FZz - .ﬁﬂ-qulsltim Paramn=ters

Date_ 20190901
O (0] N Tim= 17.24
N\( \\," INSTRUM sp=ct
N N\)‘< PROBHD 5 mm PABEO BR/
Y\( PULPROG 230
| Tn 65536
Y, N SOLVENT D13
/ HE i
Ds 2
SWH 12019.230 H=z
FIDERES 0.183399 Hz
333 f-1u] 2. T262976 BEC
Rz 148.0%
DW 41,600 usec
H NMR DE 6.50 usec
TE I00.0 K
Dl 1.00000000 s=c
600 MHz DO 1
messssss CHANHEL ]l ssssssss
SFo1 600.1337060 MHz
CDCls HUE 1 LH
Pl 10.00 usec
PLIN1 2660000038 W
F2 — FEQCE!SII'IQ I‘.‘Aﬂl’ﬂ.’h&tét’ﬂ
51 65536
s5F 600.13001%3 MHzZ
WDW EM
SSB 0
LB 0.30 Hz
GB ]
| \ .L PC 1.00
" L

g,
L~ -
--]
|
=]
o
w
o
F=3
W

2 1 ppm
g 8 EIREEE [ RERRIEEE

100
06

138



Hz
Hz
sec

usec
usec

Bec
BEC

Curr=nt Data Param=L=rs
HAME TW-B—271-& &0O0
EXPHO 192
PROCHO 1
F2 = Acquisition Parameters
Date_ 20190901
Tim= 19.04
INSTRUM sp=ct
FROBHD 5 mm PABBO BB/
PULPROG 2gpg30
™D 65536
SOLVENT CnCcl3
HS 2048
Ds 4
SWH 36057.691
FIDRES 0.550197
AQ D.9087659
RG 186.92
DW 13. 8687
DE B .50
TE 300.0
D1 2.00000000
Dl1 0. 03000000
TDO 1

seesmwes CHANHEL ]l ssssssm

SF0O1 15%50.9178981
HuC ] 13c
Pl 11.80
PLI] 85, 00000000

MHz

usec
W

el 2 28 @ 7 83 83 5238
EEEEE $ iz 5 § 48R4 =58n
N/ VTV
8y ]
NP NN
T~
Sy
“, N\?N
/
S33
3C NMR
151 MHz
CDCl3
I I I I I i T I | I I
180 160 140 120 100 80O 60 40 20 ppm

139

sessssss [HANHEL 2 ssssssss

SFO2 600.1324005 MH=z
HUC2 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLINZ 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.2B090999 W
F2 — Processing parameters
S1 32T6E

SF 150.9027871 MHz
WDW EM
55B 4]

LB 1.00 Hz
GB 1]

PC 1.40



, NN
2e /
"H NMR
600 MHz
CDCl,

HAME
EXPHO
PROCHO

Date
Tim=
THSTRUM
PROBHD
PULFROG
T
SOLVENT
HE

DS

SWH
FIDRES
AQ

Rz

O

DE

TE

D1

ToD

5rol
HUC1
Pl

PLIN1

558
LB
GB
et et o e s
9 8 7 6 5 4 3 2 1 ppm
e Y] |
g Bk 88| 82 (58 (8|8 [3BBE5EE

140

Current Data Paramst=rs
TH-B=-276-A &00

1o
1

F2 — Acquisition Paramsters

20190903
B.03
spect
5 mm PABBO BB/
zg30
65536
cDC13
&4
2
12019.230 Hz
0.183399 Hz
2.7262976 BeC
B3.95
41, 600 usec
6.50 usec
300.0 K
1.00000000 s=c
1

masnnnss CHANHEL fl ssssssss

600.1337060 MHz
1H
10.00 usec
26. 60000038 W

F2 — FL'DI'.‘E'SSII'IQ para."net&rs

635336
600 .1300099 MHz
EM
4]
0.30 Hz
Q
1.00



F:ﬁseggm E <] Mo g W =~ W™ W 0"
_:u;qo-r-lr-lr\:uﬂ: - ..r! WGU" H':-I'IN Nr—:a .—:—cur
b R e e B = ] AF R F5 5 BLa 223z
Current Dakta Param=ters
N\ | WoOTV Y e s
EXPHO 11
PROCHO 1
F2 = Acquisition Parameters
Cl Date_ 20190903
N Tim= B.55
74 \> INSTEUM spact
PROBHD 5 mm PABBO BB/
\X( —N PULPROG zgpg 30
N 0] 0] N ™ 65536
\( Y SOLVENT chC13
HS 1024
NWN\H DS 4
| SHH 36057, 691 Hz
‘“, N\¢N FIDRES 0.550197 Hz
/ RO D.90B7659 sec
RG 186.92
DH 13.867 usec
2e DE 6.50 uaec
TE 300.0 K
o1 2.00000000 sec
3C NMR D11 0.03000000 s=c
TDO 1
151 MHz ======== CHAMMEL ] ========
SF01 15%0.917E981 MHz
HuC] 13C
CDC|3 Pl ) 11.80 usec
PLI1 B3.00000000 W
ssmsnnss CHANHEL f? ssssssss
SF02 600.1324005 MHz
HUC2 1H
CFDPRG[2 waltzle
PCPD2 80.00 usec
PLIN2 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.28090999 W
FZ2 - Processing paramsters
s1 32TRE
5F 150.9027891 MHz
WD EM
S5B ]
- NP [— " = LB 1.00 Hz
GB i}
PC 1.40
I : I - I d ] y I g | ; I d T : I d I
180 160 140 120 100 80 60 40 20 ppm
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S34
'HNMR
600 MHz

CDCl;

i

P

9

8
saEla] [l

4

3 2 1 ppm
| | L ] |
spisleEle ) EesEE

142

Curr=nt Data Param=tsrs

HAME
EXPHOD
PROCHO

TW=-B-2B0-A
10
1

F2 — Acguisition Paramsbers

Date
Time
TNSTRUM
PROBHD
PULPROG
TD
SOLVENT
HS

Ds

SWH
FIDRES
AQ

Rz

oW

DE

TE

Dl

TDO

20190926
15.22
spect

5 mm PABBO BB/
zg30

65536

CDC13

16

2

l12019.230

0.183399

2.726297H
83.93
41 . 600
6.50

300.0

1. 00000000
1

Hz
Hz
Bec

usec
usesc

sec

messssns CHANHEL fl ssssssss
600.1337060 MHz

5F01
HUC1
Fl

PLI1

1H
1o, o0
26. 60000038

ugac
W

F2 — Processing paramsters

31
SF
WD
558

65336
600.1300147
EM

4]

0.30

4]

1.00

MHz

Hz



Current Data Param=ters

HAME
EXPHO
PROCHD

TW-B—2B0-A
11
1

F2 = Acguisition Parameters

Date_
Tim=
INSTRUM
PROBHD
PULPROG
o
SOLVENT
HE

DS

SWH
FIDRES
RO

RG

DW

DE

TE

D1

D11

D0

20190926
23.44
sp=ct

5 mm PABBO BB/
zgpg 30
65536
cncls

2048

4

36057, 691
0.550197
D.9087639
186.9%92
13.867
6.50

300.0

2., 00000000
0. 03000000
1

mmmmmmes CHANHEL ]l =sssssms

5F01
HuC1
Pl

PLIV1

150.9178981
13C

MHz

11.80 usec
BS.00000000 W

messssss CHANHEL {2 ssssssms

BEER SR BN RULA R g = SUS T U MWTETE G
EEEEEREEEETEE S 55 55078 98 & SneNSIns
W NI \f WAV TN
;}yl_— O.N ()§E§:()
\v/[—>=o o=
N N
N f<
N\i;\)\N)]\N N
S34
13C NMR
151 MHz
cDCl,
N 1 | )
[ I I 4 T I | l | I
180 160 140 120 100 80 60 40 20 ppm

143

5F02 600.1324005 MHz
HUC2 1H
CFDPRG[2 waltzlé
pCPD2 80.00 usec
PLINZ2 27.00000000 W
PLIN12 0.4389199%9 W
PLIN13 0.2B090999 W

F2 — Processing parameters

51
5F
WDW
558
LB
GB
PC

32THB
150.9027896
EM

Q

1.00

4]

1.40

MHz

Hz



H
N N
=0 oX
Z N N
= (0]
~ 7 =
N™ )J\ N
N
s NN -
S35
H NMR
600 MHz
CDCl;
g, i Ul J-IL-J [ S T
el X o P e - -
9 B 5 4 3 1 ppm

1.00
100 ~
1.01
1.01

-

SENELE

== = |

144

AN

afs

5|8

Ll

:

Current Data Param=t=aras

HAME TH=C=405=600 FULL
EXPHO 10
FROCHOD 1

Fi = .I'-;E".]_LII.HJ.L]L‘H.‘\ Paramnters

Date_ 20201213

Time= 14.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG g 30

TD 655386
SOLVENT CDC13

NS 64

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AD 2.7262976 BeC
RG 186.92

DW 41. 600 usec
DE 6.30 usec
TE 300.0 K

Dl 1.00000000 sec
TDO 1

sassssss CHANHEL f] sssssmss

5F01 600.1337060 MHz
HUC1 1H

Pl 10.00 usec
PLI1 26. 60000038 W

F2 - Frm:‘r-_sslng pat'ameters

S1 65336

SF 600.1300141 MHEz
WD EM
55B 4]

LB 0.30 Hz
GB Q

PC 1.00



157.59
T8

158,77
158,62
157.64
157.17
156,97
ﬁ\\hLESIgl
155,89
153.30
7
Tm—97,11

S35
3C NMR
151 MHz

CDCl;

53.98
53.91
51.18
——— 44,82
.34

.49

14
TTe— 25 86

41

55,37

28
12.10
11.81

e 1L

—35.23

=——21.91
—18.19

J”f
-l::::
TTe— 40,52
—14.27

Curr=nt

Data Param=sLsrs

180 160 140 120 100

HAME TW-C—-40%—-600 FULL
EXFHO 11
PROCNO 1

F2 = Acguisition Param=ters
Date_ 20201213
Tim= 15.42
IHSTRUM apact
PROBHD 5 mm PABBO BB,
PULFROG 2gpg30

T 119044
SOLVENT CDC13

HS 1024

0s 4

SWH 37500.000 Hz
FIDRES 0.315010 Hz
RO 1.5872533 sec
RG 186.92

DW 13.333 usec
DE 7.73 usec
TE 300.0 K
Dl 1.00000000 s=c
Dl1l 0.03000000 s=C
TDO 1

mxxmnzes CHANMEL ] =sssssss

SF01 15%0.91940%8 MH=z
HUC] 13C

Pl 11.80 usec
PL&] B5.00000000 W

memmenss CHANHEL f2 ssssssss

5F02 600.1324005 MHz
HuC2 1H
CFDPRG[2 waltz64d
PCPD2 80.00 usec
PLINZ 27.00000000 W
PLIN12 0.43891999 W
PLIN13 0.2B090999 W

Fz — F|-.':-|'-—::.-:|ng pﬂrd'ﬂ""—r-“

51 131072

5F 150.9027872 MHz
WD EiM

55B [&]

LB 1.00 Hz
GB 0

PC 1.40



S36
H NMR
600 MHz

CDCl;

4 3
L Uy
2 /2 s5[c 22l

2

L)
:‘%Hﬁ. i
Lol

146

Current Data Param=ters

HAME TH=-B-296=B
EXPHOD 1o
PROCHO 1

F2 - it‘qul!lt]r)ﬂ Param=ters

Dats 20191126

Tim= 16.23
THSTELUM sp=ct
PROBHD 5 mm PABBO BB/
PULPROG zg 30

™ 65536
SOLVENT CDC13

HE 1a

D& 2

SWH 12019.230 Hez
FIDRES 0.183399 Hez
AQ 2.7262976 mec
Rz 83.95

DW 41.600 usec
DE 6.50 usec
TE 300.0 K

Dl 1.00000000 sec
TDO 1

snsnsmes CHANHEL f]l ssssssss

5F01 600.1337060 MHz
HUC1 1H

Pl 10.00 usec
PLIN1 2660000038 W

F2 - FL'GC‘E'SS[I‘IQ para:‘n&ters

51 65336

SF 600.1300148 MHz
WDW EM
55B [}

LB 0.30 Hz
GB 0

PC 1.00



S36
3C NMR
151 MHz

CDCl;

161 .42
158 .58
158.20

-l RN =
O m Mmoo
-
Al U N en i N

o

——109.81

——98.19
TT—97.18

55.59
54.02

35.20

28
——=27.7T4

T 25,84

.47

—18.17

e 20.23
—_—14.22

12.05
11.82

iy

147

Current Data Param=tesrs

HAME TH-C—-407
EXPHO 11
PROCHO 1

F2 = Acquisition Parameters
Date_ 20201216
Tim= 0.52
INSTRUM AVIII_400
PROBHD 5 mm PABBO BB/
PULPROG rgpg30

™ 96150
SOLVENT chcl13

Hs 1024

DS 4

SWH Z4038.461 Ha
FIDRES 0.250010 Hz
AQ 1.9999200 sec
RG BO. &

DW 20. 800 usec
DE 6.50 uasec
TE 299.6 K
D1 1.00000000 sec
ol1 0.03000000 sec
yali] 1

mmmamees CHANHEL ] =

SF01 100, 5673047 MHz
HUC ] 13C

Fl 9.00 usec
PLI] 96.6B000031 W
eenssses CHANHEL f2 ssssssss
SF02 399.9115996 MHz
HUC 2 1H
CPDPRG [2 waltzed
PCPD2 90.00 usec
PLINZ 17.29199982 W
PLIN12 0.48032999 W
PLIN13 0, 38907000 W

F2 - Processing parameters

51 131072

5F 100.5574376 MHz
WDW EM

55B 0

LB 1.00 Hz
GB 0

PC 1.40



4b
'H NMR
400 MHz

CDCl;

148

2 1 ppm
1 ) s NI £
B /2 Bz

Current Data Param=tears

HAME TH=C=408
EXPHO 10
PROCHNO 1

F2 - Acqulsltlon Paramsters

Date_ 20201216
Time 15.13
INSTRUM AVITII_400
PROEHD 5 mm PABBO BB/
PULFROG =g 30

D 65536
SOLVENT COC13

HE 1&

oS 2

SWH B223.68% Hz
FIDRES 0.125483 Hz
ADQ 3.9B45%889 BerC
RG 64

OW &0 . 300 usec
DE 6.50 usec
TE 294.3 K
Dl 1.00000000 s=c
TDO 1
mansssss CHANHEL fl ssssssss
5F01 399.91246%6 MHz
HUC1 1H

Pl 15.00 usec
FLIN1 17.29199982 W
F2 — Processing paramsters
S1 32768

SF 399.91000%8 MHz
WD EM

S55B a

LB 0.30 Hz
GB a

PC 1.00



161 .55

1 58 . 50
158.33
158.20
L58.07

4b
3C NMR
101 MHz

CDCl;

157 .86
157.57
157.16
157.0%
153.41
152,57
— 0,77
97,34
——58.09
——55.58
.1
47.96
—_—dl.42
— 7,86
——35.16
——28.50
——25.73
—18.21
12.05
11.81

__—98.06
20,29
—14.26

; |
180 160

Curr=nt Dakta Param=t=ps

HAME
EXPHO
PROCHO

TW-C-408
11
1

F2 - Acquisition FParameters

Date_
Tim=
IHSTREUM
FROBHD
PULPROG
™
SOLVENT
HE

ng

SWH
FIDRES
AQ

RG

D#

DE

TE

Dl

Dll

DO

20201216
20.49
AVIII_400

5 mm PABBO BB/

Bgpg 30
96150
CDC13
1024
4
24038.461 Hz
0,.250010 Hz
1.9999200 sec
144
20, 800 usec
6.50 uaec
300.3 K
1.00000000 sec
0.03000000 B=C
1

exmemees CHANHEL ] ssssssws

5F01
HUC1
Pl

PLI1

100.%675047 MHz
13C
9.00 usec
96, 6EODDOIL W

snssssss CHANHEL f? ssssssss

5F02 399.9115996 MHz
Hucz 1H
CPDPRG [2 waltzed
PCPD2 90.00 usec
PLINZ2 17.29199982 W
PLIN12 0.48032999% W
PLIN13 0,38907000 W
F2 - Processing paramebters
51 131072

aF 100.5574351 MHz
WD EM
SEB 0

LB 1.00 Hz
GB 4]

PC 1.40



3a
'H NMR
600 MHz

CDCl;

Current Data Paramstsra

HANME TW-A-186 &00 31-08-20
EXPHO Lo
PROCHD 1

F2 = Acgquisition Paramsters

AN .
N” |N Date_ 20200829
Time 6. 50
H\N&)\N INETRUM spsct
FROBHD 5 mm PABED BE/
N < )\N PULBROG =g
N— 0 TTH 655316
< N SOLVENT coel 3
\ Y/ 74 \> HE 64
N DS 2
@] (o) i \| SWH 12019.230 Hz
N\( y_N FIDRES 0.183395 Hz
B 2.7262976 mec
N A N BG 148.05
m oW 41.600 usse
DE B.50 umec
“ N TE 300.0 K
/ ol 1.00000000 sec
TRO 1
==s===== CHANMEL f| =ssss====
s5Fol 600,1337060 MH=
HuCl LH
Fl 10.00 usec
PLWL 26.60000038 W
F2 - Processing paramslsrs
51 65536
5F 600,1300146 MHz
WM EM
S58 0
LE 0.30 Hz
GE 0
PC 1.00
A . _.In___ JqL_J]L,_ l‘-.ﬂ-____Jn_
| T I T | T I |
10 9 7 5 4 3 ppm

N

¢

I\

¥

150




e delelch 53 37 8% G 333N
g s Rt i 5 rilpe §% - HBnm =234z
7 VoV W
-
N "N -
)\(\NJ\)\N{
NIV P
Q @
N\(O O}—N =N
3a }NWN\)T/
“, NN
3C NMR /
151 MHz
CDCl3
. I ! I . I . | " I ' | . I : | y I 4 I
180 160 140 120 100 80 60 40 20 ppm

151

Current Data Parameters

FIAME TH=A=186 600 31-0DB=20
EXPHO 17
FROCHD 1

F2 - Aoquisition Paramsters
Date_ 20200830
Time 4.48
INETEUM spect
EROEHD Y% mm PAHBO BB/
PULFPROG zgpg30

TD 119044
SOLVENT coel3

HE 4000

Ds 4

SWH 37500.000 H=
FIDRES 0.315010 Hz
A 1.5872533 assc
RG 186.92

o 13.333 usec
DE 7.73 umsec
TE 300.0 K

Dl 1.00000000 sec
oll 0.02000000 mec
TDO 1

messssss CHANHEL ] ssssssa=

SFOl 150.919405%8 MH=z
HuCl 13¢C

Pl 11.80 uaec
PLW1 85.00000000 W
mxszmm=s CHANHEL [ sss=sa==
SFo2 600.1324005 MH=
B2 1H
CPDPRG[ 2 waltz6d
PCPD2 B0 .00 uasc
PLW2 27.00000000 w
PLW12 0.43891999 W
PLW13 0.2B090999 W

F2Z - Processing paramsbLers
51 131072

5F 150 .9027870 MH=
WDW EH

588 0

LB 1.00 H=z
R 0

PC 1.40



Current Data Parameters

= | NAME TW-A-250 600 31-08-20
B EXPNO 10
\/\(\N/l\)\N PROCNO 1
N—§ F2 - Acquisition Parameters
N Date_ 20200829
N\ O O Time 11.38
< N INSTRUM spect
\ / / A\ PROBHD 5 mm PABBO BB/
N PULPROG 2g30
o) =5 D 65536
N\( O»_N N SOLVENT cpcl3
NS 64
DS 2
N N SWH 12019.230 Hz
| B FIDRES 0.183399 Hz
- - AQ 2.7262976 sec
3b W NVN RG 168.12
DW 41.600 usec
DE 6.50 usec
TE 300.0 K
1 Dl 1.00000000 sec
H NMR e 1
==s===== CHANNEL f] ====s===
600 MHZ SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.,60000038 W
CDCI3 F2 - Processing parameters
ST 55536
SF 600.1300132 MHz
WDW EM
55B 0
LB 0.30 Hz
GB 0
PC 1.00
_ A JL N
I I I I I I I I
10 9 8 7 6 5 4 1 ppm
o ] [=] [se) 2 o |||
« bl 3 < 2| ] RIR Q| (N
L] Q= <t ™™ L] Q|||
|-

152



3b
3C NMR
151 MHz

CDCl;

Current Data Parameters

S 1 . - R . oo NAME TW-A-250 600 31-08-20
o ~ N ~ o 0 ® &  EXPNO 12
IBAGAE B ~ < o w w ~ —~ PROCNO 1
- [e2] wy - (3} (] -
\4/ / | ’ | \/ F2 - Acguisition Parameters
Date_ 20200829
Time 13.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
Né\N o SWH 36057.691 Hz

E /l\)\ FIDRES 0.550197 Hz
p AQ 0.9087659 sec
\/\(\N X N RG 186. 92
DW 13.867 usec
N 4)~\ DE 6.50 usec

N g
N— TE 300.0 K
< () () N D1 2.00000000 sec
D11 0.03000000 sec
?\j Y/ 4 \> D0 1
O @) =N —======= CHANNEL fl ========
N*~f7 N SFO1 150.9178981 MHz
NUC1 13C
N Pl 11.80 usec
\Tr/aiiq/‘N 7 PLW1 85.00000000 W
et N__N - ======== CHANNEL 2 ========
~~ SFO2 600.1324005 MHz
NUC2 1H
CPDPRG([2 waltz1l6
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.4389199% W
PLW13 0.28090999 W

F2 - Processing parameters

SI 32768
SF 150.9028085 MHz
WDW EM
SSB 4]
LB 1.00 Hz
GB 0
PC 1.40

! T I T T ! I ! T ! I ! ! I

| |
170 160 150 140 130 120 110 100 9 &80 70 60 50 40 30 20 ppm

153



P
N {\l Current Data Paramcters
MAME TH-A-16T=A &00 31-06-2D
NJ\)\N EXFNG 10

PROCHC 1
N— N—§O O)\N N .F..'. Aeguis it io '."I:'a !:.a-r::'L'::z
W {t ) T e
=N

}— THSTRLM i
FROTBHD 5 mx FARBO DR/
Sy
SOLVENT CoC13
NN = :

W
3c DE

T
01 1. 00000000 sec

1H NMR oo 1

mmmmmme= CHAMNEL [] ========
SFD1 &00. 1337060 MHz
600 MHz NUC1 18

Pl 10.00 usec
PlWl 26, 80000038 W
CDCI3 2 - Processing parancters
I ESET 5

F &00. 1300144 MHz
WD B

LB G.30 Hz
aB o
FC 1.00

154



......

%
Y

. \f *’

RS 186, 52 :
13C NMR JB\ T 100.0 K

151 MHz

CDCl;

180 160 140 120 100 80 60 40 20 ppm
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3d
'HNMR
600 MHz

CDCl;

Current Data Param=tsras

HAME TW=-A=-238 600 31-08-20
EXPHO 10
PROCHNO 1

F2 = .l‘-l:ql.u:li_tic-n Paramstsrns
Date_ 20200829

Tims 2.02
INSTEUH spect
PROBHD 5 mm PABBO BE/
PULPROG =g30

™™ 65536
SOLVENT cocl3

HE 64

ns 2

SWH 12019.230 H=z
FIDRES D.183399 H=
=14 2.7262978 mec
RG 105.21

oW 41.600 usec
DE 6.50 usec
TE 300.0 K

ol 1.00000000 mse
DO 1

—
o ]
o

00
411 =

3.99

156

-k

ppm

1214
1225

axswssewn CHANHNEL ]l =essssss

sFol 600.1337060 MH=z
HuCl 1H

Pl 10,00 ussc
PLW] 26,.60000038 W
F2 - Processing paramstsrs
51 65536

SF 600.1300147 MH=
WDW EM
SEB o

LE 0.30 H=
GE 1

BC 1.00
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Currsnt Data Paramstsro

HAME TH-A-238 600 31-0B-20
EXPHO 17
PROCHD 1

F2 - Acquisition Paramstsra
Dats_ 20200830
Time 9.29
IHNSTRUM spact
FPROBHD 5 mm PARBO HEB/
FPULFROG zgpg3l

™ 119044
SOLVENT chcl3

HE 4000

DE 4

SWH 3T500.000 Hz
FIDRES 0.315010 H=z
AQ 1.5872533 mec
RG 186,92

oW 13.333 ussc
DE T7.73 usec
TE 00,0 K

ol 1.00000000 mec
Bl1 0.03000000 assc
TRO 1

memwwems CHANHEL f]l seweessssw

SFO1 150.919405%8 MH=z
Huc] 13c

Fl 11.80 usec
PLH1 85.00000000 W

ssssssss CHANNEL [? ssssssss

SF02 600, 1324005 MH=z
Hucz lH
CPDPRG[2 waltzfd
PCFD2 BOD.00 umec
FLH2Z 27.00000000 W
PLW12Z 0.43891999 W
PLWL3 0.28090999 W
F2 - Processing paramstars
BEI 131072

SF 150.9027867 MH=z
WDW EM
558 0

LB 1.00 H=
GB o

BC 1.40



5a
H NMR
600 MHz

CDCl;

o |9

Current Data Param=sters

HAME TH-E-404 pure Full
EXPHO 10
PROCHOD 1

F2 = Acquisition Paramsters
Dates_ 20201215
Time 3.23
INSTRUM sp=ct
PROBHD 5 mm PABBO BB/
PULPROG zg30

™ 655368
SOLVENT CDC13

HS 236

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AR 2.T262976 sec
RG 186.92

oW 41.600 usec
DE 6.50 uaec
TE 300.0 K
D1 1.00000000 s=c
TDO 1

mmmemmes CHANHEL f£1 sssssses

5F01 600.1337060 MHz
HuCl 1H

Pl 10,00 usec
PL&] 26,60000038 W
F2 - Processing parameters
51 65536

5F 600.1300146 MHz
WD EM
55B [i]

LB 0.30 Hz
GB 4]

PC 1.00
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151 MHz
CDCl;
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Current Data Farameters

NAME TW-E-404 pure Full
EXFHNO 11
FRECCHO 1

F2 - Acguisiticn Farameters
Date_ 20201215
Time B.24
INETEUM =pect
FROEHD §E mm FAEED EE/
FULFROG zgpg 30

D 115044
ECLWVENT CDCl3

N5 E152

03] 4

EWH IT500.000 Rz
FIDREE 0.315010 Rz
AQ 1.5872533 =ec
RG 1BG. 52

)] 3.333 use
DE T.73 u=e
TE 300.0 K
ol l.0000DD0O0D =ec
oll 0.03I00DDD0OD =ec
oD 1
======== CHANHNEL fl1 =======
EFCl 150.5%1%4058 MHz
NUC1 13ic

Fl 11.BD u=e
FIWl ER.OODDDOOD W
======== [CHANHNEL f2 =======
EFOZ2 G00.1324005 MHz
NUC2 1H
CFDFRG[2 waltzid
FCEFD2Z BD.DD use
FIWZ 27.00000D0D00 W
FLW1Z 0.43B%15%55% W
FIW13 D.ZBD5D355% W
FZ - Frocessing parameters
51 131072

5F 150.5%02TEG3 MHz
WLW EM

55E o]

LE 1.00 Hz
GE o

FC 1.490



6a
H NMR
400 MHz

CDCl;

o8 ¥e

k\N N)J\N \N)

2 .| T | _ﬁ.ﬁ LA.l i AN J 8
N— ORT— UGN N N—— R " —— "
9 8 7 5 4 3 2 1 ppm
3 ) | | T g
SeE oy @bl BR EElEE)
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Current Data Param=ts=rs

HAME
EXPHOD
PROCHO

TH=C=409=TRIT
1o
1

F2 - Acguisitlon Paramsters

Date
Time
INSTRUM
PROBHD
PULPROG
T
SOLVENT
HE

0DE

SWH
FIDRES
AQ

BG

DW

DE

TE

ol

TD
SF01
HuUC1

PO

Pl

PLIN1

20201217
14.52
AVIII_400
Z10B&618_0D146 |
£g30

65536

CDC13

1s

2

8223.683%
0.25%0967
3.9845889
456

&0, 800
17.42

300.0

1. 00000000
1
400.1124708
1H

5.00

15.00
17.29199982

h

Hz
Hz
BEC

usec
usec

sec
MHz
usec

usec
W

F2 - Processing parameters

Sl
SF
WD
S55B
LE
GB
PC

32768

400, 1100095
EM

0

0. 30

L&)

1.00

MHz

Hz



MO AOT 4O ®N D - o
N MmOOOTTNYTO (SRR -~ o - & o Oy [=} <
- - . - - R SRS ) w0
B e e o e W) { - . - . .
W0 W0 0 WD 0 W00 N coco n e @@ — - =0
e R e e e it N - = ™ K
Né\N Current Data Parameters
)\/lk NAME TW-B-409 e Full Reru
EXPNO 11
N N PROCNG 1
- /& )\ F2 - Acquisition Parameters
< N O O N Date 20210106
Time 6.24
INSTRUM spect
N= 0 Z >N PROBHD 5 mm PABBO BE/
I\ | I PULFROG 3
X )J\ X ) o
SOLVENT [
N~ 'N° N° N Ss T
DS
SWH 37500.000 Hz
FIDRE$ 0.315010 Hz
AQ 1.5872533 sec
6a RG 186.92
DW 13.333 usec
DE 7.73 usec
13 TE 300.0 K
D1 1.00000000 sec
C NMR D11 0.03000000 sec
TDO 1
————— t== CHANNEL fl ========
151 MHz SFO 150.9194058 MHz
Nucl 1.3¢
P1 11.80 usec
PLWL 85.00000000 W
CDCI3 CHANNEL £2 == -
600.1324005 MHz
1H
CPDPR& [2 waltz6d
PCPD2 80.00 usec
PLWZ 27.00000000 w
PLW12 0.43891999 W
PLWL3 0.28090999 W
FZ - Processing parameters
sI 131072
m SF 150.9028084 MHz
WDW EM
SSB 0
| LB 1.00 Hz
‘ GB 0
PC 1.40

T I I I
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

161
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8 Appendix - Coordinates for DFT-Optimized Geometries
H -4.8855 -1.91415 -0.82854
Trimer Coordinates (Figure 3B) H -5.60682 0.037042 0.368813
H -4.92657 0.898568 -1.03066
R=Me, Pseudo-Axial H 4101425 -3.27502 -0.82537
H 2.769624 -4.87466 0.368879
4.486655  -0.59285  -0.55038 H 1.684421 -4.71471 -1.03113
3.404083 -0.71712 0.241927 H 291554 538437 -139971
2.767509 0.380589 0.817981 H 073874 181297 1493875
3.190042 1.635894  0.364419 C 0.866887 3.421166 -2.08077
4.271136  1.789424 -0.41998 H 1175776 2373465 -2.00188
4873436 0658887  -0.79518 H -0.17759 3.462976 -2.38984
2:436773 - 2.78761 0.619049 H 1475824 3.899473 -2.85348
1.123257 2.682348 1.127182 c 339398 -0.9587 -2.08019
0.305771 3.507017 0.353718 H 90746  -188392  -2.38921
1.074351 4.140241 -0.74675 H 411153 067  .2.8538
2.519316 3.979568 -0.23237 H 64122 016741 -1.99954
-1.0811 3.306276 0.241582 c 5531426 24612  -2.0809
-1.71384  2.206601  0.81821 H 1.469806 -2.20392  -2.00292
-3.01195 1.544439  0.363992 H 3.090865 -1.57805 -2.38955
~3.006793.889864  -0.79723 H 2641185 -3.22786 -2.85346
-1.72957 4.181046 -0.55179
-3.63313 0.716485 0.61893 R=Me, Pseudo-Equatorial
-2.8859 -0.36867 1.127712
319107 148894  0.35405 N -0.20656  -4.5456 -0.73496
412239 113944  -0.74738 C -0.42198 -3.50851 0.095925
470634 0191955 -0.23292 C 0.619429 -2.75128  0.63898
5884538 2.01857 0353968 C 1.885489 -2.99503 0.101315
3048946  -3.00077  -0.74648 N 2.130956  -4.0265 -0.72936
5186287 417143  -0.23289 C 1.068298 -4.76024  -1.0615
1195391 -3.50384 0.618575 N 2.955753 -2.11171 0.298052
1761197 231394 1.127002 C 2.77548 -0.86896 0.917695
017867 -3.58035 0.364038 N 3.619973 0.052035 0.286534
058576 459254  -0.4217 C 4549871 -0.61274 -0.62916
186587 454871  -0.79735 C 4106636 -2.10238 -0.62377
57567 3.58831 -0.55183 C 3.249669 1.388843 0.096257
232363 258953 0.241945 C 2.072979 1.911887 0.639062
105497 25876  0.81869 C 1.651064 3.130234 0.101422
368492 2.803299 042156 C 3.588592 3.305426 -1.06098
1378167 166796  2.05803 N 4.040228 2.094104 -0.73439
211046 031683  2.05917 N 0.350915 3.615428  0.29796
0780319 19842 2.058099 C -0.63527 2.838048 0.917584
1937554 0267078 149188 N -1.85502 3.108862 0.286219
577973 0773816  -1.39645 C -1.74411  4.24633  -0.62975
0785121 5.188637 -0.82647 C -0.23246 4.607443  -0.62395
3241298 3817124  -1.03021 N -1.76484  -3.16079 0.286283
2.835678 4.836565 0.369637 ¢ -2.80565  -3.6338  -0.62918
-1.2011 1.545202 1.493116 ¢ -3.87407 25051 -0.62367
355564 4.610757  -1.39935 N -3.30671 -1.50384 0.298269
C -2.14027 -1.96916 0.917783
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R=iPr, Pseudo-Axial

O O zZ2 0 22 0 2 0 0 0 2

-3.53658

-4.5527
-4.65691
-3.83362
-2.82766
-2.69246
2.421697
-1.54376
-0.45985
2.003454

0.44113
1.261341
5.578129
4.486941
3.751291
1.475468
4.238286
-2.10666
-2.35549
0.206886
-2.37997

-3.2227
-3.95778
-5.49969
-1.91658
0.046961
1.122265
-0.43275
-0.34527
5.203233
4.826699

6.05908
5.542657
-5.25023
-5.94895
-5.62628
-5.19762

0.725283
0.817889
-0.29699
-1.53956
-1.66153
-0.51398
-2.71019
-2.65159

-3.4893
-4.09268
-3.85927

-0.13528
0.167825
1.454967
2.451752
2.119812
0.839344
3.858677
-1.42226
2.048087
-0.62588
-1.9584
-5.62181
-0.50072
-0.15733
-2.40421
1.36081
3.903518
3.963774
5.080841
4.450732
-3.80711
-4.58027
-2.04637
1.718528
0.597481
6.035077
6.221138
6.746335
6.200591
-3.0583
-4.08257
-2.9984
-2.80154
-2.97677
-2.13851
-3.74797
-3.39899

-4.5173
-3.39611
-2.77332
-3.25011
-4.36339
-4.95031

-2.5138
-1.20401
-0.40575
-1.17234
-2.62465

0.101572
-0.72899
-1.06113

-0.7347

0.096069

0.639142
-0.72905
1.822178
1.822047
1.821999
1.342231
-1.69713
-0.27432

-1.6184
-1.61183

1.342147
-1.69642
-1.61903
-0.27539
-1.61191
-1.61847
-0.27414

-1.6117
-1.69664

1.342366
-0.16996
-0.16936
-0.85046

0.838321
-0.16992
-0.16947
-0.85038

0.838419
-0.16985
-0.16952
-0.85024

0.838538

0.060649
-0.68108
-1.23843
-0.80536
-0.06122

0.28781
-1.012
-1.5287
-0.75195

0.365027
-0.10717
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-3.34976

-2.2529
-2.04456

-4.0301
-4.27468
-0.82146
0.283715
1.393451
1.030396

-0.3432
2.097019
3.061776
4.203375
3.533298
2.369729
3.585498
4.610602
4.545152
3.550405
2.533126
2.551346

-2.9478
1.722941
0.255491
-1.97606
-0.20711
-0.60316
-5.15849
-3.62521
-4.72281
-1.55278
-4.78856
1.762393

-0.2464
-1.05647
3.395497
4.970793
4.682322
5.392665

1.76152
-3.45168
-3.62642
0.993249
2.004577
2.455051
1.617666
-4.17659
-4.02228
-3.80189
-5.25467

0.990755
1.645207
2.959473
2.921044
1.631389
3.605215
2.900144
3.225246
4.128451
4.654114
-2.8187
-2.9567
-2.02954
-1.09036
-1.6947
0.291643
0.742723
2.030001
2.88661
2.406194
1.129341
3.621394
-1.28856
2.137816
-0.84709
-1.91314
-5.87737
-0.94277
-3.31244
-3.01259
1.137606
3.461607
4.936237
5.59682
4.794272
-3.99453
-2.58441
-1.48246
2.416398
0.777045
-0.84316
0.22422
3.404768
3.021179
-2.56385
-3.24837
-1.59916
-2.68139
-1.28168
-1.40874

-0.68219
-1.23919
-0.80529
0.287151
0.059375
-1.01088
-1.52806
-0.75026
0.368511
-0.10394
-0.75066
0.367096
-0.10585
-1.01163
-1.52821
-0.80531
-0.06123
0.287657
0.060575
-0.68115
-1.23866
-0.06099
-2.47177
-2.47234
-2.47198
-1.87704
0.849936
0.414411
0.701948
-0.65473
-1.87795
0.8492
0.420829
-0.64979
0.704818
0.418248
-0.65286
0.702722
0.849613
-1.87733
1.733306
1.893734
1.734735
1.894894
1.734309
1.895039
2.852758
2.781759
3.830268
2.830514
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-1.93898
-1.69597
-1.41556
-1.52755
0.700837
0.786918
1.405697
-0.31305
0.021334
-1.02204
0.130046
0.215095
1.913805
2.714438
1.196684
1.392994
3.470978

3.00794
3.844131
4.331765

-1.09128
-2.15582
-0.56394
-0.72901
4.407445
3.921117
5.245187
4.816228
2.219188
2.541718
1.677495
1.505729
-1.12964
-0.38719
-0.94113
-0.95304
-2.81215
-2.64383
-3.84141
-2.13836

R=iPr, Pseudo-Equatorial

Z O 0O 2 0 0 2 0 0 2 0 2 2 0 00000 202020002

-0.88425
-0.94165
0.200225
1.416643
1.505883
0.34428
2.601622
2.613752
3.581873
4.339954
3.770573
3.419332
2.336471
2.105394
4.0507
4.307862
0.891095
-0.20373
-1.36291
-1.06271
0.467417
-2.2186
-3.27821
-4.23793
-3.49251
-2.40924
-3.52188
-4.48923

-4.4648
-3.40449
-2.81239
-3.24882
-4.31475
-4.87741
-2.53075
-1.27334
-0.49404
-1.27881
-2.71679

0.886689
1.579674
2.851152
2.736745
1.466461
3.518203
2.899521
3.348618
4.398441
4.623955
-2.85491
-3.12017
-1.90714
-0.98768
-1.62651
0.397525
0.852673

1.775328
1.699651
0.972717
2.722167
2.856946
3.833066

2.83801
2.786164
1.772489
1.699426
2.716809
0.966471
1.773547
1.698004

0.96956
2.719358
2.855186
3.831914
2.835555
2.783507

-0.78082
0.046981
0.590895
0.058981

-0.75946

-1.0951
0.251046
0.866481
0.223985

-0.75636

-0.62309
0.045592
0.591063
0.059007

-1.09727

-0.78338
0.251975
0.867294
0.225362

-0.75408

-0.62149
0.225889

-0.75307

-0.6215
0.252652
0.867839
0.059944

-0.75927
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-4.39554
-3.42393
-2.47742
-2.53613
2.982971
-1.74057
-0.15434
1.896463
0.142763
0.405943
5.40765
4.191273
3.418993
1.659744
4.786525
-1.34766
-1.63602
0.95811
-2.84612
-3.77286
-4.37628
-5.19347
-1.80141
0.879325
1.971372
4.749596
4.16529
-5.62918
-6.13671
-5.55825
-6.56553
-5.05345
-5.02599
-6.42198
-5.96686
-7.44195
-6.48542
0.523966
-0.56004
0.897708
0.964015
0.296251
-0.7984
0.656893
5.898104
6.526594
6.544011
5.522462
5.260925
5.851625

2.139747
2.997472
2.517603
1.233203
3.46136
-1.18351
2.099044
-0.91589
-1.9967
-5.76342
-1.23286
-0.8647
-3.08102
1.122229
3.233172
4.063715
5.300021
4.50191
-3.20088
-4.06695
-1.42111
2.528981
0.875602
5.991677
5.947403
-3.7571
-4.68066
-2.23355
-1.26551
-2.86421
-3.02832
-3.83673
-2.21856
-3.10255
-4.09164
-3.25879
-2.63273
7.113547
7.213562
8.074789
6.934725
6.244255
6.292773
7.198547
-4.01064
-3.1219
-4.81479
-4.30266
-3.37796
-2.45512

-1.09576
-0.78185
0.046807
0.591981
-0.76047
1.778994
1.778525
1.778237
1.28847
-1.72345
-0.537
-1.75579
-1.59028
1.289671
-1.72637
-1.75368
-0.53335
-1.58898
-1.75267
-0.53131
-1.58917
-1.72461
1.290238
-0.04398
0.04067
-0.04587
0.039566
-0.04555
0.03802
1.348583
1.742556
1.330734
2.052409
-1.02818
-1.15383
-0.66527
-2.01544
-1.02599
-1.15306
-0.66162
-2.01281
1.349783
1.331017
1.744783
-1.02866
-1.1565
-0.66453
-2.0151
1.347385
1.327665



H
H
H

4.435948
5.906066
0.589067

-3.23777
-4.16804
5.460172

R=ABC, Pseudo-Axial
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3.201946
2.277033

2.47673
3.604435
4.549392
4.300689

3.73755
2.626004
2.485564
3.541317
4.549692
1.277297
0.100779
-1.08288
0.122068
1.306427
-2.33006
-2.42585
-3.40901
-4.03618
-3.52529
1.048499

0.55965
-0.84855
-1.19569
-0.01266
-2.35307
-3.33128
-4.34721
-4.45222
-3.44721
-2.42402
-1.08278
0.055988

-1.7494

1.91837
1.752987
5.077274
3.977727
5.012925
5.338176
0.096058
0.135372

-5.1196
-4.25862

3.395137
2.894786
1.716228
0.968343
1.449555

2.65563
-0.37031
-1.05104
-2.25153
-2.42399
-1.32498
-2.96631
-2.43669
-3.08955
-4.72384
-4.13902
-2.49771

-1.1499

-0.5473

-1.5142
-2.86394
3.577167

4.29889
4.729193
3.710886
3.192285
2.930403
3.402171
2.562637
1.291527

0.83991
1.673049
-4.25688
2.523909
-0.61679
-0.63975
1.354486
3.069805
-3.41823
-0.82204
-1.72606
-1.53329
-5.68784
-1.43755
-3.32598

2.051151
1.742755
2.053342

0.580853
-0.26217
-0.97817
-0.61833

0.208033

0.725197
-1.00609
-1.54922
-0.85595

0.170627
-0.24363
-0.81871
-1.34611
-0.98329

0.022871
-0.15536
-1.20237
-1.59694
-0.81373

0.121934
-0.44021
-0.28361

0.916852

0.456711
-0.53989
-1.10377
-0.44417

0.349134

0.563267

0.174441
-0.60028
-1.05147
-0.31513
-2.11465
-2.45226
-2.44468
-1.68591
1.364583

0.05668

0.601902
-0.88644
-1.92791

0.52674

0.010063

-1.10727
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-3.26308
1.204856
-0.8404
-1.58005
-5.17357
-1.66389
3.022493
2.222102
-3.70234
-4.01838
0.503579
-0.15322
1.496866
0.106594
4.131528
4.976523
3.752047
4.511535
2.4498
3.228649
1.696694
1.970218
-4.57157
-4.4655
-5.6315
-4.28364
-2.21896
-1.82158
-2.19145
-1.29006
-1.05271
-1.73827
-0.34287

-3.58148
5.157662
5.717162
4.726019
2.952856
1.326399

-2.27499

-3.01111

-1.30859

-0.292
3.388438

2.532964
3.021454
3.945582

-2.64628

-1.95073

-2.61514

-3.65617

-0.8851

-0.11671

-0.58935

-0.88127

-2.27134

-2.05919

-2.17324

-3.31742

-1.45671

-2.41728

-1.51606

-0.31478

-0.32791
0.658351

-0.37693

R=ABC, Pseudo-Equatorial

O O o0 o000 z2 02020002

4.497552
3.586777
2.513658
2.314683
3.211552
4.269465

1.11314
-0.00707
-1.14621
-0.82392
0.728332
-2.26275
-2.34834
-3.33147
-4.15471

1.769752

1.20144
1.913652
3.193537
3.788562
3.046445
3.892942
3.278052
3.764579
4.903835
4.977985
2.956756
1.652099
0.850438
2.644845

0.333639
1.104566
-0.01358
1.262739
1.153352
-1.72677
1.617885
1.728475
1.618785
1.867084
2.144778
1.956918
2.404401
2.998494
2.609101

2.55402
3.634669
2.423281
1.914614
1.928418
1.179544
2.898249
2.442632
3.510198
2.186609
2.289203

2.00969
1.659051
3.104558
1.581007
0.515164
1.807351
2.121368

-0.69241
0.119871
0.661891
0.137097

-0.6724

-1.00109
0.321177
0.895831
0.244141

-0.61661

-0.6018

-0.00287
0.488183

-0.09743

-1.20809
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-3.18482
-3.32584
-2.29483
-2.11322
-3.1442
-4.07569
3.71787
4.492293
3.901617
2.705055
2.715074
1.516367
1.615931
0.457393
-0.77432
-0.84189
0.290121
-4.27135
1.971376
-1.6622
0.00839
1.819847
5.021882
-1.27005
-1.22978
1.136261
-1.63647
-4.93084
-2.67921
-3.67231
-4.16802
4.375511
5.554163
3.5798
0.525808
0.222609
-5.49901
-5.99603
1.262653
2.353688
0.920123
0.905719
4.8463
4.247149
5.314853
5.936452
5.917257
4.468504
6.024447
6.66895

3.480006
-0.53845
-1.2169
-2.4432
-2.66417
-1.42635
-0.18434
-0.96831
-2.39963
-2.2051
-0.95544
-2.90107
-3.95396
-4.49033
-4.06093
-3.01531
-2.45469
1.346872
-0.597
-0.80896
2.448712
1.463526
3.532314
5.81927
4.742636
4.742974
1.258754
3.067385
-2.7424
-3.59948
-0.92806
-0.54158
-0.93788
-2.75219
-5.3665
-1.65184
-1.72571
-0.75009
6.329914
6.317721
7.117259
6.562128
-3.45664
-4.3728
-3.09325
-3.89398
-2.17782
-2.94734
-3.7196
-2.83877

-0.833
0.049922
0.703726
0.054874

-0.96549
-0.84937
0.283072
-0.68546
-0.58363
0.250196
0.881481
0.006215
-0.82792
-1.2134
-0.93526
-0.09021
0.505435
-0.92504
1.771383
1.656998
1.781656
1.348155
-1.61866
-0.2173
-1.61588
-1.58809
1.190871
-1.8427
-1.95038
-0.77473
-1.81652
-1.6838
-0.43717
-1.56529
-1.85469
1.216922
-0.33756
-0.27777
-0.14551
-0.1442
-0.82518
0.862686
0.01974
0.078992
1.432139
1.843492
1.438616
2.108839
-0.92474
-1.02449
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8.2 Tetramer Coordinates (Figure 3A)

R=iPr

Z2 0O 0O 0O 0 0O 2 0 2 000 200200000202 000200 2

6.646438
5.679288
-6.24286
-5.82838
-7.29732
-6.195
-5.55478
-4.80957
-6.52712
-5.39985
-4.40042
-6.11292
-5.6

-0.68871
-0.19785
1.315576
1.542436
0.351866
0.240966
2.805376
3.811341
5.010766
5.328789
4.308099
3.005411

1.75182

1.61723
1.008412
4.646241
5.959419
5.895502
4.449748
3.745017
2.571534
3.866785
4.712853
4.150864

2.86058
2.038168

2.49593
6.682285

8.18923
6.241987
0.689048

-4.53493
-3.99989
-2.56917
-3.58088
-2.67052
-2.11108
-2.38426
-3.18845
-2.88395
-1.43045
-0.99907
-0.60218

-1.9578

-4.64602
-5.95903

-5.8954
-4.44976
-3.74501
-2.57172
-3.86679
-4.71281
-4.15073
-2.86042
-2.03805
-2.49592
-6.68272
-8.18952
-6.24256
-0.68891
-0.19795
1.315496
1.542206
0.351588
0.240549
2.805171
3.811122
5.010598
5.328708
4.308056
3.005297
1.751924
1.617919
1.008245
4.646214

-0.54424
-1.9256
-1.3826
-1.4588

-1.11113

-2.37627

1.057185

1.124017

1.144838

2.248707

2.32244
2.174657
3.186701

-0.28316
-0.70194
-0.39875
-0.24308
-0.05894
0.239254
-0.32665
-0.62931
-0.77363
-0.67192
-0.358
-0.1452
0.855382
0.609659
2.120812
-0.28341
-0.70151
-0.39844
-0.24336
-0.05964
0.237763
-0.32674
-0.62932
-0.77352
-0.67173
-0.35781
-0.14518
0.855937
0.610693
2.121168
-0.28315
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0.198017
-1.31547
-1.54206
-0.35135
-0.24012
-2.80499
-3.81079
-5.01022
-5.32837
-4.30789
-3.00526
-1.75221
-1.61746
-1.00934
-4.64622
-5.95901
-5.89538
-4.44975
-3.74526
-2.57216
-3.86667
-4.71258
-4.15042
-2.86012
-2.03783
-2.49579
-6.68315

-8.1899
-6.24385

2.201649
2.815953
2.012188
2.170453

0.57104

1.390089
1.138911
-0.06605
-0.70735
-0.40353
6.747715
6.115614
6.250326

4.827553
1.900735
1.830032
6.456082

8.752156

8.498731

8.48912

6.783841

5.959188
5.895213
4.449545
3.745067
2.571895
3.866517
4.712486
4.150469
2.860244
2.037902
2.495744
6.682658
8.189441
6.242554
0.688835
0.197863
-1.31554
-1.54228
-0.35165
-0.24059
-2.80515
-3.81107
-5.01042
-5.32839
-4.30778
-3.00517

-1.7518
-1.61777
-1.00797

-1.8301
-6.45692
-8.75287
-8.49896
-8.48895
-6.78508
-5.17399

-6.4461
-6.74757
-6.11465
-0.70736
-0.40366
1.900614
5.829127
-6.24998
2.201589
2.815955
2.013135

2.17125
0.571857
1.390274

-0.70179

-0.3989
-0.24298
-0.05868
0.239851
-0.32639
-0.62971
-0.77422
-0.67214

-0.3574
-0.14415
0.854957
0.609153
2.120729
-0.28261
-0.70191
-0.39866
-0.24246
-0.05771
0.241179
-0.32618
-0.62929
-0.77394
-0.67217
-0.35774
-0.14456
0.855183
0.608716
2.120658
0.110619
0.981943
1.460127

-0.2834
0.479333
2.990879
2.313662
2.054484
-0.14906
-1.76539

-0.1482
-1.76488
-1.24857
-1.01085
-1.24894
0.110619

0.98252
1.461327
-0.28228
0.480494
2.991493
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R=Me, carbonyls on same face

Z2 0 0 0 0O 0 zZ2 00 200202200020

6.446261
5.173243
0.707252
0.403914
-1.90052
-5.82863
-2.20168

-2.8164
-2.01282
-0.57121
-2.17025

-1.3914
0.065153
-1.13989
-6.74783
-6.11419
-6.24959
-4.82698
-1.83007
-6.45703
-8.75351

-8.4987
-8.48968

-6.7866
-5.17532
-6.44781
5.829316

0.445327
-0.78866
-0.86174

0.269647
1.497251
1.601607
2.708783
2.823212

4.166019
5.002613
3.974148
-2.15531
-3.32534
-4.49739

-3.832
-2.45797
-4.5258

4.688069
3.869497

4.525821
5.864262

-0.0661
1.138039

6.74772
6.115045
6.249473
4.827112
1.829971
6.456925
8.752881
8.488842
8.498798
6.785097
6.446115
5.173992
0.707338

0.40347
-1.90073
-5.82892
-2.20146
-2.81583
-2.01293
-2.17112
-0.57171
-1.38971
-1.13799
0.066403
-4.82737

-6.47917
-5.99606
-4.70498
-3.92465
-4.54307
-5.83204
-3.86015
-2.47596
-2.15474
-3.34886
-4.46873
-4.19404
-4.96966
-4.00109
-2.70387

-2.8386
-1.49622
-0.86353
0.265677
1.496225
1.604123

2.054963
2.313479
-0.14865
-1.76516

-1.2493
-1.01207
0.112422
0.981106
1.459376
0.479301

-0.2842
2.990612
2.054872
2.313546

-0.1494
-1.76544
-1.24897
-1.01173
0.111685
0.982059
1.458914
-0.28448
0.478231
2.990565
2.313987
2.054029
-1.01102

-0.52522
-0.37773
0.000145
0.248629
0.00121
-0.37655
0.107665
0.2625
0.062331
-0.05909
-0.31134
0.1056
-0.31446
-0.06218
0.060504
0.261141
0.055857
0.056777
0.126561
0.055629
-0.0559
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6.52798
6.028689
-5.86418
-6.52788
-6.02861
-4.68805
-3.86952
3.831983
-4.16604
-5.00261
-3.97413
-2.70878
-2.82323
2.457945
2.155298
3.325337
4.497349
0.861728
-0.26966
-1.49726
-1.60162
-0.44534
0.788653
-1.92441
1.673747
1.924375
-1.67377
0.517294
0.199059

5.71579
4.178637
3.920366
-3.23254
-5.03867
-5.21904
2.802639
7.610103
-7.60996
-2.80272
-5.71573
-3.92034
-4.17862
3.232659
5.219489
5.038029
-0.19907

-0.5173
3.437707
4.469312
2.989391

0.448359
-0.78733
-1.60411
-0.44835

0.787329

0.863539
-0.26568
2.703842
2.154755

3.348845

4.468663

3.860154
2.476012
2.838537

4.194016

4.969609

4.001142

4.704976

3.924632

4.543079

5.832086

6.479219

5.996095
1.700245

1.94721
-1.70012
-1.94734
-7.52584
-2.89732
-3.23489
-5.36976
-4.75375

-5.244
-4.23586
-3.98512

0.192345

0.522716

-0.5227
-0.19236

3.234661

4.753478

5.369817

5.243596

3.985473

4.235734
2.897266

7.525916

6.270829

6.492365

7.074236

-0.10115
-0.05475
-0.05641
-0.10191
-0.05523
0.057004

0.12731
0.060024
0.062769
-0.05905
-0.31151
0.107618

0.26286
0.260718
0.105496
-0.31464
-0.06193
0.000103
0.248525

0.00122
-0.37643
-0.52508
-0.37765
0.520924
0.519242
0.520316
0.519875
-0.81382
0.554707
-0.87522
0.267137
-1.36671
-1.36995
0.859963
-0.87867
0.231313
-0.18774
-0.18902
0.232644
-0.87519
-1.36694
0.266778
-1.37024
-0.87799
0.860617
0.554498

-0.8136
0.501329
0.679128
-0.04498
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2.932492
-5.80136
-5.86761
-6.78556
-5.30589
-3.43789
-4.46952
-2.98962
-2.93271
5.801248
5.869259
6.784781
5.304598

6.149979
3.571451
4.620001
3.167176
3.081843
-6.27063
-6.49201
-7.07424
-6.14954
-3.57112
-4.61972
-3.16502
-3.08305

1.436772
1.238662

1.44128
1.125485
2.050875
0.501895
0.679705
-0.04414
1.437329

1.23875
1.440535
1.126289

2.05117

R=Me, one carbonyl on different face

O o0z 00 2200202202 000002z2002z200202z22000220

4.829627
5.217443
4.241131
2.914212
2.643766
3.599019
1.357931
0.195509
-0.88014
-0.44508

1.06198
4.641571
6.031326
5.863288
4.521288
3.790939
3.978521
-2.21608

-2.6222
-3.97836
-4.85889
-4.34949
-3.08032
4.853845
4.342252
3.072224
2.212941
2.624133
-4.52042
0.876677
0.444349
-1.07366

-1.3612
-0.19586
-3.79051

4.348502
3.080826
2.204533
2.595113
3.950469
4.844861
4.480646
3.733271
4.601858
6.00122
5.84755
0.871572
0.441478
-1.0629
-1.36618
-0.20826
-2.64638
4.214621
2.89
2.63565
3.602267
4.829886
5.203996
-3.61008
-4.8366
-5.21066
-4.22097
-2.9037
1.353276
-4.60064
-6.00708
-5.89994
-4.48219
-3.71117
0.190482

-0.51284
-0.37857
-0.06707
0.134598
-0.06989

-0.3931
0.020605
0.220793
0.029642
-0.11442
-0.41261

-0.0038
-0.23083
-0.53901
-0.03851
0.235735
-0.13245
-0.05444
0.127754
-0.09314
-0.41925
-0.51546
-0.35917
-0.47934
-0.58641
-0.43163
-0.11813
0.093646
-0.02338
0.006699
0.062538
-0.21101
0.010967
-0.01195
0.226807
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-4.64403
-6.03437
-5.86446
-4.24562
-2.91914
-2.64704
-3.60257
-4.8344
-5.22181
-0.13234
-2.63441
0.134898
2.636824
5.612216
2.144541
-0.974
1.668821
1.293905
6.428202
6.609122
5.920797
-1.92963
-5.05441
5.045898
1.934325
0.950111
-1.33606
-1.66098
-6.43945
-5.92407
-6.60775
-2.14926
-5.61848
-6.89834
-7.92186
-6.92255
-6.50026
-0.7261
-0.38183
-1.79762
-0.20185
6.904174
7.927013
6.927788
6.514017
0.771558
0.434237
1.849385
0.271699

-0.88444
-0.44864
1.059495
-2.21713
-2.60791

-3.9612
-4.86016
-4.36337
-3.09458
-2.49793

0.12901
2.552761
-0.15334
5.063894
1.892555
6.446642
6.564512
5.961396
0.981817
-1.67499
-1.28164
2.110875
5.622385
-5.62726
-2.12539
-6.56107
-6.18317

-6.5196
-0.97572
1.292751
1.666003

-1.9025
-5.08017
-0.72933
-0.38289
-1.80095
-0.20619

6.80407
7.835525
6.817237
6.364803
0.707487
0.365649

1.77634
0.171936
-6.63015
-7.67102

-6.6118
-6.08116

-0.02705

-0.2368
-0.52487
-0.10428
0.091799
-0.11887
-0.42462

-0.5416
-0.41359
-0.04126
0.597213
0.503669
0.613063

-0.7577

0.39815
-0.95787
0.141195

-1.4764

-1.0912
-0.03082
-1.61014
0.389818

-0.7588
-0.83893
0.364066
-0.72967
-1.23502
0.468105
-1.10166
-1.59285

-0.0066
0.344932
-0.77722
0.991209
0.816302
1.195289
1.866554
1.154217
1.028895
1.360467
2.008901
0.994038
0.806531

1.21224
1.865428
1.417682
1.444158
1.590618
2.221862
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R=H, flat

I O 000 Z20Z2000002Z2002Z2002Z22Z2002Z202Z2202Z2000002Z2Z2002Z002Z202Z2200020

-4.22109

-4.7658
-3.88773
-2.50574
-2.07385
-2.92664
-0.72072
0.325337
1.515057
1.291613
-0.25066
-4.45196
-5.89749
-6.03247
-4.64725
-3.72515
-4.31255
2.789837
2.984569
4.312277
5.354538
5.029594
3.810862
-5.35468
-5.02946

-3.8106

-2.7897
-2.98474
4.646923
-1.51491
-1.29186

0.25066
0.720838
-0.32499
3.724854
4.451736
5.897351
6.032058
3.887631
2.505626
2.073975
2.926927
4.221361
4.765885
-0.21935
2.514151
0.220314
-2.51449
-4.91997

-5.02914
-3.81101
-2.7894
-2.98291
-4.31007
-5.35286
-4.64429
-3.72244
-4.44946
-5.89508
-6.02901
-1.51499
-1.29193
0.250471
0.720606
-0.32513
2.073595
-3.886
-2.50402
-2.07365
-2.92754
-4.22174
-4.76517
2.927709
4.221856
4.765017
3.885642
2.503652
-0.72065
4.449121
5.894835
6.029295
4.644477
3.72242
0.325137
1.514956
1.291851
-0.25055
2.789424
2.98305
4.310324
5.353111
5.029244
3.811018
2.511816
0.219626
-2.51178
-0.2195
-5.86284

-0.04444
-0.03775
-0.00791
0.018494
0.002975
-0.02818
0.017667

0.02417
0.012706
0.019647

-0.0229
-0.00594

-0.0321
0.005493
-0.00942
-0.00135
0.000921
0.010874
-0.00514
-0.00161
0.012749
0.023038
0.023564
0.009805
0.017488
0.019458
0.011909
0.000193
-0.01358
0.014389
0.014885
-0.01841
0.016364
0.024607
-0.01093

-0.0099
-0.02923
0.008894
-0.01032

0.01366
0.002172
-0.02435

-0.0394
-0.03518
0.038907
-0.01084
0.038112
0.006798
-0.06754



I r r r r r r r r r r r r* X X I I I I I I I T

-1.81663
1.776135
1.724886
-0.64575
-0.603
-6.33079
-6.37092
-6.54178
-6.57547
2.162532
5.862728
-5.86245
-2.1629
-1.73117
-1.77093
0.607921
0.640942
6.366677
6.334996
6.579772
6.536413
1.81631
4.920399

-2.16021
-6.35738
-6.34024
-6.58851
-6.52077
-1.72729
-1.77476
0.60409
0.644227
-1.81373
-4.92161
4.921936
1.813103
6.344905
6.352112
6.526778
6.583566
1.774612
1.727222
-0.64417
-0.60434
2.160403
5.862906

0.042282
-0.84288
0.918571
0.827568
-0.93287
-0.93573
0.825389
0.905203
-0.85626
-0.01501
0.033158
0.02356
-0.00548
0.908311
-0.85345
-0.92323
0.837791
0.830541
-0.93077
-0.84993
0.911327
0.033667
-0.05883
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