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S1. General information & Instrumentation

Air- and/or moisture sensitive reactions were performed under a nitrogen atmosphere with glassware
that was oven-dried or dried by heat gun, using standard anhydrous techniques. Air- and/or moisture

sensitive liquids and solutions were transferred via syringe through rubber septa.

All reagents were purchased from commercial suppliers and used as received, unless otherwise stated.
Triethylamine was stored over potassium hydroxide pellets. Anhydrous dichloromethane (DCM) and
tetrahydrofuran (THF) were dried using an Anhydrous Engineering Grubbs-type solvent system, or by
distillation over calcium hydride (DCM) or sodium wire (THF). Anhydrous acetonitrile (MeCN) was
purchased from Acros Organics and was measured to have a water content of 7.1 ppm by Karl Fischer
titration (average of 3 measurements). Non-anhydrous solvents were purchased from commercial
suppliers and used as received. P.E. refers to fractions of petroleum ether with boiling points in the
range 40-60 °C.

Flash column chromatography was performed on silica gel (VWR 40-63 um, or Merck 60H 40-60 um,
230-300 mesh) or alumina (Fisher, Brockmann grade 1, neutral). Analytical thin-layer chromatography
(TLC) was performed on aluminium-backed silica (Merck 60 A F,s,) or alumina (Aldrich 60A F,s,) plates,

visualising using a UV lamp (254 nm) or potassium permanganate stain.

1H, 13C and 3P NMR spectra were acquired on Bruker (300, 400, or 500 MHz) or Jeol ECS (400 MHz)
spectrometers. Chemical shifts (8) are reported in parts per million (ppm) and coupling constants (J)
are reported in Hertz (Hz) to the nearest 0.1 Hz. 'H-NMR spectra are referenced to the residual solvent
peak (CDCl; 7.26, CD;0D 3.31, D,0 4.79, DMSO-d; 2.50) and *C-NMR were referenced to the 3C
resonance of the solvent (CDCl; 77.16, CD;0D 49.00, DMSO-d; 39.52) except in the case of D,0 where
MeOH was used as an internal standard and was set to 49.5 ppm. Multiplicities are reported as singlet
(s), doublet (d), triplet (t), quartet (q), multiplet (m), broad (br) or combinations thereof. Major and

minor rotamers/diastereomers are denoted by the subscripts ‘maj’ and ‘min’.

Low- and high-resolution mass spectra were recorded by staff at the Universities of Bristol and
Manchester. High-resolution ESI spectra were acquired on Bruker micrOTOF I, Thermo Scientific
Orbitrap Elite or Thermo Scientific Finnigan MAT95XP spectrometers. Low-resolution ESI spectra were
acquired on a Waters Platform Il spectrometer. High-resolution nanospray spectra were acquired on

a Waters Synapt G2S spectrometer with Advion Nanomate installed.

Infrared spectra were recorded on Perkin Elmer Spectrum Two or Spectrum RX1 FT-IR spectrometers.
Only absorption maxima (vmax) Of interest above 1000 cm are reported and quoted in wavenumbers

(cm).

CD spectra were acquired on a JASCO J-815 CD spectrometer at 25 °C using a 1 mm path length quartz

cuvette. See section S3 for detailed descriptions of sample preparation and experimental methods.



S2. Synthetic details

N,N-bis(quinolin-2-ylmethyl)-N-(pyridin-2-yImethyl)amine (BQPA) 1
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2-Aminomethylpyridine (0.11 ml, 1.0 mmol) was added to a solution of 2-bromomethylquinoline (444
mg, 2.0 mmol) and DIPEA (0.52 mL, 3.0 mmol) in THF (7.5 ml) and the resulting mixture stirred at room
temperature for 3 days. The reaction mixture was filtered and concentrated. The residue was purified
by alumina column chromatography (3:1 EtOAc:P.E., R;=0.2) to give the title compound (297 mg, 76%)
as a yellow solid.

'H NMR (400 MHz, CDCl,): 6, 8.55-8.53 (m, 1H, PyH), 8.12 (d, J = 8.5, 2H, QuinH), 8.05 (d, J = 8.5, 2H,
QuinH), 7.78-7.74 (m, 4H, QuinH), 7.69-7.63 (m, 3H, QuinH + PyH), 7.59 (dt, J = 7.8, 1.3, 1H, PyH),
7.49 (ddd, J=8.1, 6.9, 1.2, 2H, QuinH), 7.15-7.11 (m, 1H, PyH), 4.09 (s, 4H, CH,-Quin), 3.97 (s, 2H, CH,-
Py)

13C NMR (101 MHz, CDCls): 8¢ 160.3 (Cquin), 159.4 (Cp,), 149.3 (CpyH), 147.8 (Cquin), 136.5 (Cp,H + CauinH),
129.5 (CquinH), 129.3 (CaunH), 127.6 (CaunH), 127.5 (Caun), 126.3 (CaqunH), 123.4 (CpyH), 122.2 (Cp,H),
121.2 (CquH), 61.2 (CH,), 60.6 (CH,)

Spectroscopic data are consistent with those previously reported.?
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BQPA 1 (195 mg, 0.5 mmol) was dissolved in MeOH (10 mL), then Zn(ClQ,),.6H,0 (186 mg, 0.5 mmol)
was added dropwise as a solution in MeOH (5 mL). The mixture was stirred at room temperature for
10 minutes, then Et,0 (45 mL) was added. After stirring for 1 hour at room temperature, the solvent
was decanted from the yellow residue that had formed. The residue was triturated with Et,0, then
dried under vacuum to give the title compound (196 mg, 60%) as a yellow solid.

H NMR (400 MHz, CD;0D): &, 8.78 (d, J = 5.3, 1H, PyH), 8.55 (d, J = 8.7, 2H, QuinH), 8.50 (d, J = 8.5,
2H, QuinH), 8.00-7.92 (m, 5H, PyH + QuinH x2), 7.68 (t, J = 7.6, 2H, QuinH), 7.61-7.56 (m, 3H, PyH +
QuinH), 7.50 (t, J = 6.6, 1H, PyH), 4.79 (d, J = 17.3, 2H, CHH-Quin), 4.76 (d, J = 17.3, 2H, CHH-Quin),
4.60 (s, 2H, CH,-Py)



13C NMR (101 MHz, CD;0D): 8. 159.0, 155.9, 148.5, 146.2, 142.5, 142.2, 133.1, 130.1, 130.0, 129.1,
126.7, 126.3, 126.0, 122.6, 62.6, 61.3

IR: 3303 (br), 3081, 3029, 2924, 1604, 1515, 1434, 1090

HRMS (Nanospray*, MeOH): Calc for CyeH,,N,54Zn ([M]?*) 227.0568, found 227.0574

Boc-D-Pro-OMe 2-Me

O
N
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Methyl iodide (50 pL, 0.80 mmol) and potassium carbonate (207 mg, 0.75 mmol) were added to a
solution of Boc-D-proline (108 mg, 0.5 mmol) in DMF (5 mL). The mixture was stirred at room
temperature for 16 h, then quenched by the addition of sat. ammonium chloride. The mixture was
extracted with diethyl ether, and the combined organic layers were washed with brine, dried (Na,S0,)
and concentrated to give the title compound (95 mg, 83%) as a pale yellow oil. Isolated as a 40:60
mixture of rotamers.

'H NMR (CDCl;, 400 MHz): 6 4.28 (dd, J = 8.6, 3.3, 0.4H, C*Hn), 4.18 (dd, J = 8.5, 4.2, 0.6H, C*Hpy),
3.68 (s, 3H, OCHj3), 3.54-3.30 (m, 2H, C%H,), 2.24-2.08 (m, 1H, CPHH), 1.96-1.77 (m, 3H, C'H, + CPHH),
1.42 (s, 3.4H, C(CH3)3 min), 1.37 (s, 5.6H, C(CH3)3 maj)

13C NMR (CDCls, 101 MHz): & 173.8 (CC=0,,,), 173.6 (CC=0 ), 154.5 (NC=0 ;,), 153.8 (NC=0,,,,,),
79.9 (C(CHs)sma;), 79-8 (C(CH3)3.min), 59.2 (C*H myy), 58.8 (CH pmin), 52.1 (OCH3 min), 52.0 (OCH3 myi), 46.6
(COHomin), 46.4 (CHyma), 30.9 (CPHyma), 30.0 (CPHymin), 28.5 (C(CHs)3min), 28.4 (C(CHs)smy), 24.4
(C*Hamin), 23.7 (CHymay)

Spectroscopic data are consistent with those previously reported for Boc-L-Pro-OMe.?

Tetrabutylammonium tert-butyl-D-prolinate 2.TBA
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Tetrabutylammonium hydroxide (1.0 mL, 1 M in methanol, 1.0 mmol) was added to a solution of

Boc-D-Pro-OH (215 mg, 1.0 mmol) in methanol (10 mL), The mixture was stirred at room temperature
for 1 hour, then the solvent was evaporated. Azeotropic removal of water with toluene followed by
trituration of the residue with hexane gave the desired salt (447 mg, 98%) as a colourless hygroscopic
solid, which was stored in a vacuum desiccator over CaCl,. Isolated as a 2:1 mixture of rotamers

H NMR (400 MHz, CDCl,): 6, 4.07 (dd, J = 7.7, 4.1, 0.33H, C®H,)), 3.99 (dd, J = 7.5, 2.8, 0.67H, C%H ),
3.57-3.47 (m, 1H, C5HH), 3.40-3.19 (m, 9H, C’HH + N(CH,),), 2.10-1.80 (m, 3H, CPH, + C'HH), 1.69—
1.52 (m, 9H, C*"HH + CH, x4), 1.45-1.31 (m, 17H, C(CH)s + CH, x4), 0.93 (t, J = 7.3, 12H, CH; x4)



13C NMR (101 MHz, CDCl;): 6. 176.8 (CC=0), 155.3 (NC=0n,), 154.6 (NC=0,,,), 78.0 (C(CH3)3 min), 77.4
(C(CHs)3,maj), 62.4 (C*H), 58.5 (NCH,), 46.8 (C®Hy,maj), 46.4 (COH, min), 31.9 (CPH, min), 31.2 (CPHy my), 28.7
(C(CH3)3), 24.4 (CYHy maj), 24.2 (CH,), 23.7 (C¥Hy,min), 19.8 (CH,), 13.8 (CH3)

IR: 2963, 2876, 1678, 1590, 1410, 1387, 1165

HRMS (Nanospray-, CHCl;): Calc. for C,qH1sNO,4 ([M]7) 214.1079, found 214.1074

3-(((3aR,8aR)-2,2-dimethyl-6-oxido-4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-e][1,3,2]
dioxaphosphepin-6-yl)oxy)propanenitrile 4-CH,CH,CN
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Prepared according to a modified literature procedure.? Phosphorus trichloride (138 pL, 1.58 mmol)
was added dropwise to a solution of (4R,5R)-2,2-Dimethyl-a,a,a’,a’-tetraphenyldioxolane-4,5-
dimethanol (700 mg, 1.5 mmol) and NEt; (0.71 mL, 5.1 mmol) in THF (5 mL) at 0 °C. After stirring for 1
h at 0 °C, a solution of 3-hydroxypropionitrile (0.12 mL, 1.8 mmol) in THF (1 mL) was added dropwise
at 0 °C. The mixture was stirred at room temperature for 2 h, then filtered and evaporated. The residue
was redissolved in DCM (5 mL) and cooled to 0 °C. mCPBA (388 mg, 2.25 mmol) was added, and the
mixture was stirred at room temperature for 40 min. then quenched by the addition of NaHCO;. The
organic layer was washed with brine, then dried (MgSQO,), filtered and concentrated. The crude
product was purified over silica (Et,0, Ry = 0.25) to give the title compound (692 mg, 79%) as a

colourless solid.

H NMR (400 MHz, CDCL): &, 7.60-7.52 (m, 4H, ArH), 7.46=7.27 (m, 16H, ArH), 5.43 (d, J = 8.1, 1H,
CH), 5.15 (d, J = 8.1, 1H, CH), 3.94-3.87 (m, OCHH), 3.45-3.37 (m, 1H, OCHH), 2.25-2.17 (m, 1H,
CHHCN), 2.02-1.94 (m, 1H, CHHCN), 0.85 (s, 3H, CHs), 0.50 (s, 3H, CHs)

13C NMR (101 MHz, CDCly): 8¢ 143.9 (d, J = 1.4, Ar), 143.3 (d, J = 4.4, Ar), 139.6 (d, J = 6.7), 139.1 (d, J
= 10.0, Ar), 129.1 (Ar), 128.7 (Ar), 128.7 (Ar), 128.5 (Ar), 128.5 (Ar), 128.4 (Ar), 128.1 (Ar), 128.1 (Ar),
127.8 (Ar), 127.5 (Ar), 127.4 (Ar), 127.0 (Ar), 116.2 (C=N), 114.0 (C(CHs),), 89.0 (d, Uep = 7.5, CPh,), 88.5
(d, 2Jep = 8.2, CPh,), 80.1 (d, 3Jep = 1.3, CH), 78.3 (d, 3Jep = 0.7, CH), 62.1 (d, 2Jcp = 5.0, OCH,), 27.0 (CHs),
26.3 (CHs), 19.1 (d, ¥cp = 8.6, CH,CN)

Spectroscopic data are consistent with those previously reported.3

(3aR,8aR)-6-hydroxy-2,2-dimethyl-4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-e][1,3,2]
dioxaphosphepine 6-oxide ((-)-TADDOL-PO,H) 4-H
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Prepared according to a modified literature procedure.? DBU (0.89 mL, 5.9 mmol) was added to a
solution of mw-331 (692 mg, 1.19 mmol) in DCM (10 mL), and the mixture was stirred at room
temperature for 2.5 h. AcOH (0.5 mL) and water (5 mL) were added, and the organic layer was washed
with HCI (0.5 m, ag.) and brine, then dried (MgSQ,), filtered and concentrated. The crude product was
recrystallised from EtOAc/hexane to give the title compound (477 mg, 76%) as a colourless solid.

1H NMR (400 MHz, CDCls): 8, 8.79 (s, 1H, OH), 7.56-7.52 (m, 4H, ArH), 7.38-7.35 (m, 4H, ArH), 7.34—
7.27 (m, 6H, ArH), 7.27-7.22 (m, 6H, ArH), 5.20 (s, 2H, CH x2), 0.64 (s, 6H, CH; x2)

13C NMR (101 MHz, CDCl): 8¢ 143.5 (d, J = 2.1, Ar), 139.7 (d, J = 8.8, Ar), 128.9 (Ar), 128.3 (Ar), 128.3
(Ar), 127.8 (Ar), 127.3 (Ar), 127.0 (Ar), 113.8 (C(CH5),), 88.1 (d, J = 6.1, CPh,), 79.6 (CH), 26.7 (CH5)

HRMS (Nanospray-, DCM): Calc. for C31H2806P ([M-H]") 527.1624, found 527.1638

Spectroscopic data are consistent with those previously reported.3

Tetrabutylammonium (3aR,8aR)-2,2-dimethyl-4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-€]
[1,3,2]dioxaphosphepin-6-olate 6-oxide 4.TBA
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Tetrabutylammonium hydroxide (0.2 mL, 1 M in methanol, 0.2 mmol) was added to a suspension of
mw-332 (106 mg, 0.2 mmol) in methanol (2 mL), The mixture was stirred at room temperature for 1
hour, then the solvent was evaporated. Azeotropic removal of water with toluene followed by
trituration of the residue with pentane gave the desired salt (142 mg, 92%) as a colourless solid. An
analytically pure sample (50 mg, 32%) was obtained by recrystallising twice from EtOAc/hexane.

1H NMR (400 MHz, CDCl,): 6, 7.71-7.68 (m, 4H, ArH), 7.63=7.59 (m, 4H, ArH), 7.23-7.09 (m, 12H, ArH),
5.33 (s, 2H, OCH), 3.03-2.99 (m, 8H, NCH,CH,), 1.44-1.35 (m, 8H, NCH,CH,), 1.34-1.23 (m, 8H,
CH,CH;), 0.93 (t, J = 7.2, 12H, CH,CH5), 0.76 (s, 6H, C(CH;),)

13C NMR (101 MHz, CDCl5): 5 148.1 (d, ¥Jcp = 5.3, Ar), 143.4 (d, 3Jcp = 6.0, Ar), 129.8 (Ar), 127.7 (Ar),
127.4 (Ar), 126.7 (Ar), 126.3(Ar), 110.3 (C(CHs),), 81.7 (d, Ucp = 6.3, C(Ph),), 81.2 (d, ¥Jcp = 1.3, OCH)),
58.5 (NCH,CH,), 26.7 (C(CHs),), 24.1 (NCH,CH,), 19.8 (CH,CHs), 13.9 (CH,CH;)

IR: 3058, 2962, 2935, 2875, 1492, 1447, 1266, 1055

HRMS (Nanospray-, CHCl;): Calc. for C;5;H,306P ([M]7) 527.1624, found 527.1609

(45,55)-2,2-Dimethyl-a,0,0’,a’-tetraphenyldioxolane-4,5-dimethanol ((+)-TADDOL)
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Prepared according to a modified literature procedure.* Phenylmagnesium bromide (3.37 mL, 2.6 M
in hexane, 8.8 mmol) was dissolved in THF (6 mL) and cooled to 0 °C. (+)-Dimethyl 2,3-O-
isopropylidene-D-tartrate (0.37 mL, 2.0 mmol) was added dropwise. The mixture was heated under
reflux for 2 h, then cooled to room temperature and quenched with sat. NH,Cl. THF was removed
under reduced pressure and the residue was extracted with EtOAc. The combined organic extracts
were washed with brine, then dried (MgS0,) and concentrated. The crude residue was purified over
silica (30:70 Et,0:P.E., R = 0.23) to give the title compound (733 mg, 79%) as a colourless solid.

'H NMR (400 MHz, CDCl;): 64 7.54-7.51 (m, 4H, ArH), 7.36-7.21 (m, 16H, ArH), 4.60 (s, 2H, CH), 3.88
(s, 2H, OH), 1.04 (s, 6H, C(CHs),)

13C NMR (101 MHz, CDCl,): 8¢ 146.0 (Ar), 142.8 (Ar), 128.7 (Ar), 128.3 (Ar), 127.7 (Ar), 127.4 (Ar), 127.4
(Ar), 109.7 (C(CHs),), 81.1 (CH), 78.3 (COH), 27.3 (C(CHs),)

Spectroscopic data are consistent with those previously reported for the (-)- enantiomer.®

(3aS,8aS)-6-chloro-2,2-dimethyl-4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-e][1,3,2]
dioxaphosphepine 6-oxide ((+)-TADDOL-PO,Cl)
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Prepared according to a modified literature procedure.® "BulLi (1.04 mL, 2.5 M in hexanes, 2.6 mmol)
was added dropwise to a solution of (4S,55)-2,2-Dimethyl-a,a,a’,a’-tetraphenyldioxolane-4,5-
dimethanol (559 mg, 1.2 mmol) in THF (6 mL) at -78 °C. The mixture was warmed to room temperature
and stirred for 1 h, then cooled to -78 °C. Phosphoryl chloride (0.15 mL, 1.6 mmol) was added
dropwise, and the mixture was stirred for 1 h at -78 °C. After warming to room temperature, the
mixture was stirred for 1 h then quenched by the addition sat. NH,CI (10 mL) and diluted with Et,0 (25
mL). The mixture was washed with sat. NaHCO; and brine, then dried (MgSQ,), filtered and
concentrated. The crude product was recrystallised from EtOAc/hexane to give the title compound
(357 mg, 54%) as a colourless solid.

1H NMR (400 MHz, CDCLy): §,, 7.61—7.57 (m, 4H, ArH), 7.44—7.37 (m, 6H, ArH), 7.34-7.26 (m, 10H, ArH),
5.38 (d, J=7.9, CH), 5.32 (d, J = 7.9, CH), 0.63 (s, 3H, CHs), 0.57 (s, 3H, CHs)

13C NMR (101 MHz, CDCls): 5. 142.2 (Ar), 141.5 (Ar), 138.9 (d, J = 10.4, Ar), 138.8 (d, J = 11.2, Ar), 129.1
(Ar), 129.0 (Ar), 128.9 (Ar), 128.6 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 128.2 (Ar), 127.6 (Ar), 127.6
(Ar), 127.5 (Ar), 127.0 (Ar), 115.2 (C(CHs),), 92.7 (d, U = 9.5, C(Ph),), 91.7 (d, Ucp = 10.9, CPh,), 79.6
(CH), 78.7 (CH), 26.7 (CH;)

Spectroscopic data are consistent with those previously reported for the (-)- enantiomer.®

N-((3aS,8aS)-2,2-dimethyl-6-oxido-4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-
el][1,3,2]dioxaphosphepin-6-yl)-1,1,1-trifluoromethanesulfonamide (+)-TADDOL-PO,NHTf 5-H
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Prepared according to a modified literature procedure.” A mixture of Mw-328 (302 mg, 0.55),
trifluoromethanesulfonamide (165 mg, 1.1 mmol) and DIPEA (0.58 mL, 3.3 mmol) in chloroform (2 mL)
was heated under reflux for 20 h. After evaporation of the solvent, the crude residue purified over
silica (2:1 EtOAc:P.E., R; = 0.37) to give the diisopropylethylammonium salt 5.iPr,EtNH. The salt was
dissolved in EtOAc and washed with HBr (2 M aq.), and the organic layer dried (Na,SO,), filtered and
concentrated. The residue was triturated with hexane and dried under vacuum to give the title
compound (143 mg, 39%) as a pale-yellow solid.

H NMR (400 MHz, CDCL): 8, 7.53-7.43 (m, 6H, ArH), 7.37-7.26 (m, 14H, ArH), 5.36 (d, J = 7.9, 1H,
CH), 5.28 (d, J = 7.9, 1H, CH), 0.92 (s, 3H, CH,), 0.44 (s, 3H, CHs)

13C NMR (126 MHz, CDCLy): 5. 143.7 (Ar), 143.1 (d, ¥Jcr = 6.8, Ar), 139.53 (Ar), 139.2 (d, 3 = 10.6, Ar),
129.1 (Ar), 128.5 (Ar), 128.3 (Ar), 128.1 (Ar), 127.6 (Ar), 127.5 (Ar), 127.1 (Ar), 119.5 (q, Yer = 323.2,
CF3), 113.6 (C(CHs),), 90.4 (d, J = 5.8, CPh,), 88.8 (d, J = 3.3, CPh,), 80.1 (CH), 79.3 (CH), 27.3 (CHs), 26.0
(CHs)

IR: 3065, 2992, 2935, 1448, 1206, 1011

HRMS (ESI-, MeCN): Calc. for C3,H,sFsNO;PS ([M-H]") 658.1282, found 658.1253

tert-Butyl (S)-2-carbamothioylpyrrolidine-1-carboxylate 6-H

S
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Boc-Pro-NH, (54 mg, 0.25 mmol) and Lawesson’s reagent (55 mg, 0.14 mmol) were dissolved in THF
(1 mL) and heated under reflux for 26 h. After cooling to room temperature, the solvent was
evaporated and the crude residue purified over silica (5:95 MeOH:CHCI;, R; = 0.40) to give the title
compound (59 mg, quant.) as a colourless solid. Isolated as a mixture of rotamers.

1H NMR (400 MHz, DMSO-dg): 6 9.52 (br s, 1H, NH), 9.12-9.07 (m, 1H, NH), 4.42-4.39 (m, 1H, C®H),
3.49-3.28 (m, partially obscured by H,0 peak, C®H,), 2.23-2.13 (m, 1H, C*HH), 1.89-1.69 (m, 3H, C*HH
+ C'H,), 1.39-1.33 (m, 9H, C(CHs)3)

13C NMR (101 MHz, DMSO-dg): 8¢ 209.0 (C=S,,;), 208.2 (C=Sin), 153.6 (C=0yniy), 153.1 (C=0p), 78.5
(C(CHs)3), 66.4 (C2H), 47.0 (C°Hy,min), 46.7 (COHa maj), 33.5 (CPH, ma), 32.7 (CPH, min), 28.1 (C(CH3)s min), 28.0
(C(CH3)3,maj)r 236 (CVHZ,min)l 230 (CVHZ,maj)

HRMS (ESI*, CHCI;): Calc. for C;oH15N,NaO,S ([M+Na]*) 253.0981, found 253.0981

Spectroscopic data are consistent with those previously reported.?

Boc-L-Pro-NHOBn 7-Bn




O
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N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (105 mg, 0.55 mmol) was added to a
solution of Boc-L-Proline (108 mg, 0.5 mmol), O-benzylhydroxylamine hydrochloride (88 mg, 0.55
mmol) and 4-dimethylaminopyridine (128 mg, 1.05 mmol) in DCM (8 ml). The mixture was stirred at
room temperature for 17 hours. The mixture was washed with 1M HCl and brine, then dried (Na,S0,),
filtered and concentrated to give the pure product (154 mg, 96%), which appeared as a colourless
solid.

1H NMR (400 MHz, CDCl,): 6, 9.76 (s br, 1H, NH), 7.41—7.32 (m, 5H, ArH), 4.94 (d, J = 11.2, 1H, CHHPh),
4.86 (d, J = 11.2, 1H, CHHPh), 4.17-4.15 (m, 1H, C®H), 3.40-3.22 (m, 2H, C°H,), 2.40-1.80 (m, 4H, C*H,
+ C'H,), 1.41 (s, 9H, C(CHs)s)

13C NMR (101 MHz, CDCl3): 5. 169.8 (CC=0), 156.0 (OC=0), 135.5 (Ar), 129.2 (Ar), 128.6 (Ar), 80.8
(C(CHs)s), 78.2 (CH,Ph), 57.6 (C2H), 47.1 (C®H,), 28.5 (C(CHs)3), 27.4 (CH,), 24.8 (CH,)

Spectroscopic data are consistent with those previously reported.®

Boc-L-Pro-NHOH 7-H
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Pd/C (12 mg, 10wt%) was added to a solution of mw-108 (119 mg, 0.37 mmol) in MeOH (5 mL). The
mixture was placed under a hydrogen atmosphere (balloon pressure) and stirred at room temperature
for 4.5 hours. The mixture was filtered through celite, then concentrated under reduced pressure. The
crude residue was redissolved in ethyl acetate and passed through a silica plug, eluting with EtOAc (R¢
= 0.22). Evaporation of the solvent yielded the product (59 mg, 69%) which appeared as a colourless
solid. Isolated as a mixture of rotamers.

'H NMR (400 MHz, CD;0D): 6, 4.13-4.03 (m, 1H, C°H), 3.52-3.37 (m, 2H, C%H,), 2.25-1.80 (m, 4H,
CPH, + C'H,), 1.46-1.40 (m, 9H (C(CH3)s).

13C NMR (101 MHz, CD;0D): (Major rotamer) &; 172.5 (C=0), 155.8 (C=0), 81.6 (C(CH3)3), 59. (C*H),
47.8 (C°H,), 32.4 (C*H,), 28.6 (C(CHs)s), 24.7 (C'H,)

(Minor rotamer) & 172.3 (C=0), 156.2 (C=0), 81.3 (C(CHs)s), 59.4 (C®H), 47.8 (C®H,), 31.4 (CPH,), 28.7
(C(CHs)s), 25.3 (C¥Hy)

HRMS (ESI*, MeOH): Calc. for CyoH;5N,0,Na ([M+Na]*) 253.1159, found 253.1152

Spectroscopic data are consistent with those previously reported.°

Bryden’s stuff
BL-28a HBr.H-(R)-Aib*-OH




HBr.HgN/-<n/OH (v = 13CH, )
(e}

Following an adapted method reported by Clayden and co-workers,! potassium hexamethyl disilazide
(8.5 M in THF, 8.5 mmol) was cooled to —78 °C. The cold solution was then quickly added (5 x 5.7 mL
portions over 3 min) to a stirred solution of (5)-2,2-dimethyl-4-methyl-3-(1-naphthoyl)-oxazolidin-5-
one!! (1.15 g, 4.05 mmol) at =78 °C in THF (30 mL). After 4 min, 3CH;l (1.05 mL, 5.74 mmol) was added
in one portion. After a further 30 min, HCI (1 M, 15 mL) was added. The reaction mixture was allowed
to warm to room temperature, partitioned between water (40 mL) and EtOAc (60 mL), and the organic
phase was concentrated. HBr (47% in water, 30 mL) was added, and the mixture was heated to reflux
for 18 h then cooled to room temperature, diluted with water (50 mL) and washed with DCM (2 x 20
mL) and Et,0 (20 mL). The aqueous phase was concentrated to dryness, triturated with diethyl ether
(10 mL) and dried under reduced pressure to give the crude hydrobromide salt, which was used
without further purification.

The optical purity of the salt was determined by first Cbz protection of the amine, then coupling to H-
Phe-O'Bu (see below). This gave a mixture of diastereomers, the diastereomeric ratio of which could
be quantified by integration of the 3CH; peaks in the 13C NMR spectrum. The d.r. was determined to
be 80:20 in this way, therefore HBr.H-(R)-Aib*-OH was prepared in an 80:20 (R:S) ratio.

BL-28 Cbz-Aib*-OH

o
Ph,\OJLHAI(OH

o

To a solution of HBr.H-(R)-Aib*-OH (505 mg, 2.73 mmol) and Na,CO; (868 mg, 8.19 mmol) in water
(9.5 mL), a solution of benzyl chloroformate (0.78 mL, 5.46 mmol) in 1,4-dioxane (5.5 mL) was added
at 0 °C over 15 min. The mixture was stirred at 0 °C for 1.5 h, before it was allowed to warm to room
temperature and stirred for a further 20 h. The reaction mixture was washed with Et,0 (2 x 15 mL),
acidified with HCI (conc.) to pH=1, and extracted with EtOAc (2 x 20 mL). The combined organic phases
were dried (MgS0Q,), filtered and concentrated. The crude residue was purified by column
chromatography (P.E.:EtOAc, 1:1) to give the title compound (751 mg, 81%) as a colourless solid.

H NMR (400 MHz, CDCly): 8, 7.30-7.40 (m, 5H, ArCH x5), 5.35 (br s, 1H, NH), 5.12 (s, 2H, CH,Ph), 1.59
(d,J = 4.5, 3H, CHs), 1.59 (d, J = 130.0, 3H, *CH)

13C NMR (101 MHz, CDCl5): 5. 179.5 (C=0), 155.3 (C=0 (Cbz)), 136.1 (ArC), 128.5 (ArCH), 128.1 (ArCH),
66.9 (CH,), 56.3 (d, J = 36.5, C%-*CHj), 25.1 (*CHs)

IR (neat): 3328, 3036, 2989, 2932, 1716, 1683
HRMS (ESI-, DCM): Calc. for C;;3CH14NO, ([M-H]") 237.0961, found 237.0968

Mp 69-71 °C.

BL-T29 (121) Cbz-(R)-Aib*-Phe-O'Bu




O ) 4 O
Ph/\OJLN/<n/ N\.)LOtBu

o
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Cbz-Aib*-OH 28 (28 mg, 0.12 mmol) and HOBt hydrate (27 mg, 0.15 mmol) were added to DCM (5 mL)
and the solution cooled to 0 °C. EDC (21 puL, 0.12 mmol) was added, and the mixture allowed to warm
to room temperature. Once the reaction mixture was homogenous, Phe-OtBu (40 mg, 0.15 mmol) and
NEt; (41 pL, 0.30 mmol) were added and the solution stirred for 24 h. The mixture was diluted with
EtOAc (20 mL), washed with KHSO, (5%, 2 x 5 mL), NaHCO; (sat., 2 x 5 mL), brine (5 mL), dried (MgS0,),
filtered and concentrated. The crude residue was purified by column chromatography (3:1 P.E.:EtOAc)
to give the title compound (39 mg, 75%) as a colourless solid.

1H NMR (500 MHz, CDCls): 6,, 7.23—7.30 (m, 5H, ArCH x5), 7.07-7.19 (m, 5H, ArCH x5), 6.60 (br s, 1H,
NH), 5.31 (br s, 1H, NH), 5.00 (d, J = 12.0, 1H, OCHHPh), 4.99 (d, J = 12.0, 1H, OCHHPh), 4.65 (ddd, J =
5.5,5.5,5.5, 1H, CH), 3.01 (m, 2H, CCH,Ph), 1.41 (d, J = 129.0, 3H, *CH; major and minor), 1.41 (m, 3H,
CH; major and minor), 1.33 (s, 9H, C(CHs),)

13C NMR (126 MHz, CDCl): 5. 173.6 (C=0), 170.4 (C=0), 154.8 (C=0 (Cbz)), 136.2 (ArC), 129.5 (ArCH),
128.5 (ArCH), 128.3 (ArCH), 128.1 (ArCH), 128.0 (ArCH), 126.9 (ArC), 82.8 (C(CH3)s), 66.6 (OCH,Ph),
56.8 (d, J = 37.0, C*-*CH,), 53.6 (CH), 37.9 (CCH,Ph), 27.9 (C(CHs)), 25.5 (CHs* major), 25.2 (CH*
minor)

IR (neat): 3306, 2978, 1724, 1662, 1498
HRMS (ESI*, MeOH): Calc. for C,,*3CH33N,05 ([M+H]*) 442.2418, found 442.2410

Mp 117-119 °C

BL-154 HCI.H-(R)-Aib*-OEt

*
HCI.H2N/<|(OEt (+ ="3CH;)

0]

HCI.H-(R)-Aib*OEt was prepared from HBr.H-(R)-Aib*-OH (5.29 mmol scale) according to the
procedure by Clayden and co-workers'? to give the pure product (892 mg, >99%) as a pale yellow solid.

1H NMR (500 MHz, CD;0D): §,, 4.30 (2H, q, J = 7.0, CH,), 1.57 (3H, d, J = 4.5, CH5), 1.57 (3H, d, J =
130.0, 13CH;), 1.33 (3H, t, J = 7.5, CH,CH;)

13C NMR (126 MHz, CD;0D): 6. 172.7 (C=0), 63.9 (CH,), 57.7 (d, J = 35.5, C), 24.0 (*CH; and CHs),
14.3 (CH,CHs).

Spectroscopic data are consistent with those previously reported.?

BL-155 N;-Aib,Aib*-OFt

0] H (0] H 0]
NsmeXWN%NXWNKMOEt
H 8 H o § S\




Prepared according to the procedure by Clayden and co-workers!? (1.47 mmol scale) to give the title
compound (377 mg, 51%) as an off-white solid.

1H NMR (400 MHz, CDCl,): 6 7.28 (br s, 1H, NH), 7.11 (br s, 1H, NH), 6.86 (br s, 1H, NH), 6.12 (br s, 1H,
NH), 4.14 (g, J = 7.0, 2H, CH,), 1.55 (s, 6H, CH; x2), 1.51 (m, 3H, CH3-C-*CH), 1.50 (d, J = 129.0, 3H,
*CHs), 1.50 (s, 6H, CH3 x2), 1.49 (s, 6H, CH; x2), 1.43 (s, 6H, CH; x2), 1.23 (t, J = 7.0, 3H, CH5CH,).

13C NMR (101 MHz, CDCl5): 6 174.8 (C=0), 174.0 (C=0), 172.82 (C=0), 172.81 (C=0), 172.3 (C=0), 64.0
(C%), 60.6 (CH,), 56.9 (C%), 56.81 (C%), 56.78 (C%), 55.7 (d, J = 37.0, C%-*CHs), 25.4 (CHs), 25.3 (CHs), 24.9
(CHs), 24.8 (*CHs), 24.3 (CHs), 14.1 (CH5CH,)

Spectroscopic data are consistent with those previously reported.?

BL-231 H,N-Aib,Aib*-OEt

e} O ¥ %

Pd/C (35 mg, 10wt%) was added to a solution of N;-Aib,Aib*-OEt (357 mg, 0.72 mmol) in MeOH (10
mL). The mixture was placed under a hydrogen atmosphere (balloon pressure) and stirred at room

temperature for 3 d. The mixture was filtered through a celite pad with charcoal on top, eluting with
MeOH, and the solution was concentrated under reduced pressure to give the title compound (339
mg, >99%) as a colourless solid which was used without further purification.

1H-NMR (400 MHz, CD;0D): §,, 4.11 (q, J = 7.0, 2H, CH,), 1.48 (d, J = 4.5, 3H, CH;), 1.48 (d, J = 128.5,
3H, *CHs), 1.47 (s, 6H, CH; x2), 1.44 (s, 6H, CH; x2), 1.38 (s, 6H, CH; x2), 1.33 (s, 6H, CH3 x2), 1.23 (t, J
=7.0, 3H, CH5CH,)

13C-NMR (101 MHz, CD;0D): &. 179.8 (C=0), 176.8 (C=0), 176.6 (C=0), 176.4 (C=0), 176.3 (C=0), 62.0
(CH,), 57.8 (C%), 57.7 (C%), 57.4 (C%), 57.0 (d, J = 37.0, C%-*CH), 55.7 (C%), 28.4 (CHs), 25.7 (CHs), 25.4
(CHs), 25.2 (*CHs), 24.9 (CH;), 14.4 (CH5CH,)

BL-215 6-(aminomethyl)nicotinic acid

(0]
I\ OH

H,N ~
2 N

Prepared according to the procedure reported by Zhang et al.® (1 mmol scale) to give the title
compound (151 mg, >99%) as a colourless solid.

H NMR (400 MHz, D,0): 5, 8.91 (m, 1H, ArH), 8.21 (dd, J = 8.0, 2.0, 1H, ArH), 7.49 (d, J = 8.0, 1H, ArH),
4.29 (s, 2H, CH,)

13C NMR (101 MHz, D,0): 5. 173.5 (C=0), 155.3 (Ar), 150.2 (Ar), 139.0 (Ar), 132.5 (Ar), 123.0 (Ar), 44.0
(CH,)

Spectroscopic data are consistent with those previously reported.3



BL-121 methyl 6-(aminomethyl)nicotinate hydrochloride

O

| X OMe

H2N Z
2 N .2HCI

Prepared according to a modified version of the procedure reported by Zhang et al.3 BL-215 (152 mg,
1 mmol) was dissolved in MeOH (10 mL) and thionyl chloride (0.3 mL) was added dropwise. The
resulting solution was heated under reflux for 16 h. The mixture was concentrated and Et,0O was
added. The precipitate formed was filtered to give the title compound (163 mg, 98%) as a colourless
solid.

1H NMR (400 MHz, CD;0D): 5,,9.19 (d, J = 2.0, 1H, ArH), 8.43 (dd, J = 8.0, 2.0, 1H, ArH), 7.62 (d, J = 8.0,
1H, ArH), 4.40 (s, 2H, CH,), 3.96 (s, 3H, OCH)

13C NMR (101 MHz, CD;0D): 5. 166.6 (C=0), 157.9 (Ar), 151.2 (Ar), 139.8 (Ar), 127.5 (Ar), 123.6 (Ar),
53.2 (OCHs), 44.0 (CH,)

IR (neat): 2915, 2441, 1741, 1644
HRMS (ESI*, MeOH): Calc. for CgH;,N,0; [M+H]* 167.0816, found 167.0818.

Mp >222 °C (decomp.).

BL-122 Methyl 6-((bis(quinolin-2-ylmethyl)amino)methyl)nicotinate

(0]
X ﬂ)kOMe
= N x>
NTT, N

2-(Bromomethyl)-quinoline (888 mg, 4 mmol) and N,N-diisopropylethylamine (1.74 mL, 10 mmol)
were dissolved in THF (15 mL). BL-121 (405 mg, 2 mmol) was added and the resulting mixture stirred
for 3 d. The reaction mixture was filtered and concentrated. The crude reaction product was purified
by alumina column chromatography (0.4% NEt; in EtOAc) to give the title compound (511 mg, 57%) as
a yellow solid.

1H NMR (400 MHz, CDCl;): 6,,9.13 (dd, /= 2.5, 1.0, 1H, PyCH) 8.26 (dd, /= 8.0, 2.0, 1H, PyCH), 8.15 (d,
J=8.5, 2H, QuinCH x2), 8.06 (d, J = 8.5, 2H, QuinCH x2), 7.80 (d, J = 8.5, 2H, QuinCH x2), 7.73 (d, J =
8.5, 2H, QuinCH x2), 7.72 (dd, J = 8.0, 0.5, 1H, PyCH), 7.72 (m, 2H, QuinCH x2), 7.52 (ddd, J = 8.5, 7.0,
1.5, 2H, QuinCH x2), 4.10 (s, 4H, CH,-Quin x2), 4.04 (s, 2H, CH,-Py), 3.94 (s, 3H, OCH3)

13C NMR (101 MHz, CDCl;): 5 165.8 (C=0), 164.1 (PyC), 159.7 (QuinC), 150.3 (PyCH), 147.6 (QuinC),
137.4 (PyCH), 136.5 (QuinCH), 129.5 (QuinCH), 129.1 (QuinCH), 127.5 (QuinCH), 127.3 (QuinC), 126.3
(QuinCH), 124.4 (PyC), 122.7 (PyCH), 121.0 (QuinCH), 61.1 (CH,-Quin), 60.2 (CH,-Py), 52.3 (OCH)

IR (neat) = 3058, 2947, 2814, 1717, 1616, 1595
HRMS (ESI*, DCM): Calc. for C,5H,5N,0, ([M+H]*) 449.1973, found 449.1964

Mp 133-135 °C



BL-156 6-((bis(quinolin-2-ylmethyl)amino)methyl)nicotinic acid

O
> ﬂ*"“
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6-((Bis(quinolin-2-ylmethyl)amino)methyl)nicotinic acid BL-122 (468 mg, 1.04 mmol) was dissolved in
MeOH (15 mL), then a solution of KOH (1 M, 5 mL) was added and the resulting solution heated under
reflux for 4 h. After being allowed to cool to room temperature, the MeOH was removed in vacuo and
HCI (1 M, ag.) was added until the pH=5-6. Brine (2 mL) was added, and the solution was extracted
with DCM (2 x 30 mL). The combined organic phases were concentrated in vacuo to give the title
compound (449 mg, 99%) as a yellow solid.

1H NMR (300 MHz, CDC,): §,,9.21 (d, J = 1.5, 1H, PyCH), 8.25 (m, 1H, PyCH), 8.21 (m, 4H, QuinCH x4),
7.81 (m, 4H, QuinCH x4), 7.72 (m, 2H, QuinCH x2), 7.61 (d, J = 8.0, 1H, PyCH), 7.53 (m, 2H, QuinCH x2),
4.27 (s, 4H, CH,-Quin x2), 4.10 (s, 2H, CH,-Py)

13C NMR (75 MHz, CDCl,): 6. 167.4 (C=0), 162.0 (QuinC), 159.5 (PyC), 150.6 (PyCH), 146.9 (QuinC),
137.9 (PyCH), 137.2 (QuinCH), 129.9 (QuinCH), 128.3 (QuinCH), 127.52 (QuinCH), 127.49 (QuinC),
126.6 (QuinCH), 126.8 (PyC), 123.2 (PyCH), 121.6 (QuinCH), 59.8 (CH,-Quin), 59.3 (CH,-Py)

IR (neat): 2825, 2451, 1923, 1704, 1596, 1504
HRMS (ESI*, DCM): Calc. for C;;H,1N4O, ([M+H]*) 433.1670, found 433.1669

Mp 96-98 °C

BL-157 BQPA-3-(CO-Aib,Aib*-OEt)

o) H 0]
N N peLOEt
~ N D O s
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BL-156 (352 mg, 0.81 mmol), HOBt hydrate (148 mg, 0.84 mmol), triethylamine (0.26 mL, 1.52 mmol)
and BL-231 (319 mg, 0.67 mmol) were dissolved in DCM (8 mL). EDC hydrochloride (161 mg, 0.84
mmol) was added, and the reaction mixture was stirred for 48 h. DCM (50 mL) was added and the
organic phase washed with H,0 (2 x 10 mL), dried (Na,SO,), filtered and concentrated. The crude
residue was purified by column chromatography on alumina (1-5% EtOH in DCM) to give the title
compound (290 mg, 49%) as a pale-yellow solid.

1H-NMR (400 MHz, CDCl;): 6, 9.00 (s, 1H, PyCH), 8.16 (d, J = 8.5, 2H, QuinCH x2), 8.16 (m, 1H, PyCH),
8.06 (d, J = 8.5, 2H, QuinCH x2), 7.74 (m, 7H, QuinCH x6 and PyCH), 7.60 (br s, 1H, NH), 7.52 (dd, J =
7.5,7.5, 2H, QuinCH x2), 7.45 (br's, 1H, NH), 7.35 (br's, 1H, NH), 7.20 (br's, 1H, NH), 6.55 (br's, 1H, NH),
4.09 (s, 4H, CH,-Quin x2), 4.05 (m, 2H, CH,CHs, 4.05 (s, 2H, CH,-Py), 1.61 (s, 6H, CH; x2), 1.50 (d, J =
129.0, 3H, *CHj3), 1.50 (m, 15H, CHs x5), 1.44 (s, 6H, CH; x2), 1.18 (t, J = 7.0, 3H, CH,CH3)

13C-NMR (101 MHz, CDCl;): 5. 175.0 (C=0), 174.6 (C=0), 174.1 (C=0), 173.8 (C=0), 173.3 (C=0), 166.2
(C=0-Py), 159.5 (QuinC), 147.8 (PyCH), 147.6 (QuinC), 136.6 (QuinCH), 135.7 (PyCH), 129.6 (QuinCH),
129.0 (QuinCH), 127.5 (QuinCH), 127.4 (QuinC), 127.2 (PyC), 126.4 (QuinCH), 123.1 (PyCH), 121.0



(QuinCH), 61.0 (CH,-Quin), 60.6 (CH,-Py), 59.9 (CH,CH;), 57.6 (C%), 57.0 (C%), 56.79 (d, J = 40.5, C°-
*CHs), 56.77 (C%), 56.6 (C%), 25.4 (CHs), 25.2 (CHs), 25.1 (CHs), 24.9 (*CHs), 24.8 (CH5), 14.1 (CH,CH;)
One carbon (PyC) could not be located

IR (neat): 3329, 3044, 2983, 2936, 1722, 1663, 1642, 1597, 1528, 1506, 1467, 1454, 1428
HRMS (ESI*, MeOH): Calc. for C48 13CH61N90O7Na ([M+Na]*) 911.4625, found 911.4620.

Mp 177-180 °C.

BL-232 BQPA-3-(CO-Aib,Aib*-OH)
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157 (149 mg, 0.17 mmol) was dissolved in MeOH (5 mL) and KOH (1 M, 1 mL) and the resulting solution
stirred at 60 °C for 16 h. After being allowed to cool to room temperature, the MeOH was removed in
vacuo and HCI (1 m) was added until the pH = 5-6. Water (3 mL) was added, and the solution was
extracted with CHCI; (2 x 15 mL). The combined organic phases were concentrated in vacuo to give
the title compound (134 mg, 93%) as a light yellow solid.

1H-NMR (400 MHz, CDCl;): 6, 9.22 (s, 1H, PyCH), 8.50 (br s, 1H, NH), 8.36 (d, J = 7.5, 1H, PyCH), 8.17
(d,/=8.5, 2H, QuinCH x2), 8.10 (br's, 1H, NH), 8.09 (d, /= 8.5, 2H, QuinCH x2), 7.86 (br s, 1H, NH), 7.80
(d, J = 8.0, 2H, QuinCH x2), 7.73 (d, J = 7.5, 2H, QuinCH x2), 7.72 (br s, 1H, NH), 7.69 (d, J = 8.5, 2H,
QuinCH x2), 7.69 (m, 1H, PyCH), 7.60 (br s, 1H, NH), 7.53 (dd, /= 7.5, 7.5, 2H, QuinCH x2), 4.27 (s, 4H,
CH,-Quin x2), 4.18 (s, 2H, CH,-Py), 1.61 (s, 6H, CH3 x2), 1.50 (s, 12H, CH; x4), 1.42 (d, J = 130.5, 3H,
*CHs), 1.42 (m, 3H, CH3-C-*CH;), 1.41 (s, 6H, CH; x2)

13C-NMR (101 MHz, CDCl,): 6. 176.8 (C=0), 176.6 (C=0), 175.5 (C=0), 175.4 (C=0), 175.0 (C=0), 166.5
(C=0-Py), 148.9 (PyCH), 146.8 (PyC), 137.4 (QuinCH), 136.5 (PyCH), 130.1 (QuinCH), 128.5 (QuinCH),
128.4 (PyC), 127.6 (QuinC), 127.4 (QuinCH), 126.8 (QuinCH), 122.9 (PyCH), 120.9 (QuinCH), 60.0 (CH,-
Quin), 59.6 (CH,-Py), 57.6 (C*), 56.9 (d, J = 37.0, C*-*CH,), 56.8 (C*), 56.72 (C*), 56.67 (C*), 24.9 (*CH;
and all CH;). Two carbons (QuinC x2) could not be located

IR (neat): 3305, 3050, 2985, 2938, 1649, 1599, 1532, 1507, 1466, 1455
HRMS (ESI*, MeOH): Calc. for C4'3CHsgNgO- ([M+H]*) 861.4493, found 861.4457

Mp 224-226 °C.

BL-T158 (450) BQPA-3-(CO-Aib4Aib*-NHMe) 8
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BL-232 (119 mg, 0.14 mmol), HOBt hydrate (32 mg, 0.18 mmol), triethylamine (87 uL, 0.62 mmol) and
methylamine hydrochloride (23 mg, 0.35 mmol) were dissolved in DCM (5 mL) and then EDC
hydrochloride (29 mg, 0.15 mmol) was added. The resulting solution was stirred for 16 h, then the
solvent removed in vacuo and the residue re-dissolved in CHCI;/IPA (3:1, 30 mL). The organic phase
was washed with H,0 (5 mL), dried (Na,SO,), filtered and concentrated. The crude residue was purified
by column chromatography on alumina (0.5-5% MeOH in DCM) to give the title compound (91 mg,
75%) as yellow solid.

1H-NMR (500 MHz, CDCl) 6,,8.99 (br's, 1H, PyCH), 8.16 (m, 1H, PyCH), 8.16 (d, J = 8.5, 2H, QuinCH x2),
8.06 (d, J= 8.5, 2H, QuinCH x2), 7.80 (d, J = 8.5, 2H, QuinCH x2), 7.77 (d, /= 6.5, 1H, PyCH), 7.74 (d, J =
8.5, 2H, QuinCH x2), 7.71 (ddd, /= 8.5, 7.0, 1.5, 2H, QuinCH x2), 7.67 (br s, 1H, NH), 7.67 (br s, 1H, NH),
7.53 (ddd, J = 8.0, 7.0, 1.0, 2H, QuinCH x2), 7.39 (q, J = 4.5, 1H, NHCH;), 7.31 (br s, 1H, NH), 7.24 (br s,
1H, NH), 6.57 (brs, 1H, NH), 4.10 (s, 4H, CH,-Quin x2), 4.06 (s, 2H, CH,-Py), 2.75 (d, J = 4.5, 3H, NHCH,),
1.61 (s, 6H, CH3x2), 1.53 (s, 6H, CH3 x2), 1.51 (d, J = 4.5, 3H, CH5-C%-*CH,), 1.51 (d, J = 129.0, 3H, *CHs),
1.48 (s, 6H, CH; x2), 1.43 (s, 6H, CH; x2)

13C-NMR (126 MHz, CDCl;) 6. 176.1 (C=0), 175.6 (C=0), 174.4 (C=0), 174.0 (C=0), 173.5 (C=0), 166.3
(C=0-Py), 163.8 (PyC), 159.6 (QuinC), 147.7 (PyCH), 147.6 (QuinC), 136.5 (QuinCH), 135.5 (PyCH), 129.6
(QuinCH), 129.1 (QuinCH), 127.5 (QuinCH), 127.4 (QuinC), 127.0 (PyC), 126.4 (QuinCH), 123.2 (PyCH),
121.0 (QuinCH), 61.0 (CH,-Quin), 59.9 (CH,-Py), 57.6 (C%), 57.2 (d, J = 37.5, C%-*CH), 57.0 (C%), 56.9
(C%), 56.8 (C%), 26.5 (NHCH5), 25.9 (*CH; and CH), 25.2 (CHs), 25.1 (CHs), 24.9 (CHs)

IR (neat): 3303, 2983, 2933, 1643, 1597, 1533, 1505, 1468, 1427
HRMS (ESI*, MeOH): Calc. for C,;*3CHggN1oOgNa ([M+Na]*) 896.4623, found 896.4627

Mp 154-156 °C.

BL-T159 (463) [Zn(BQPA-3-(CO-Aib,Aib*-NHMe))(ClO,),] Zn(8).2CIO,

- 192+

Ho o] $Y 2(CIO,)

A solution of zinc perchlorate hexahydrate (82 mg, 0.22 mmol) in MeOH (2 mL) was added dropwise
to a suspension of BL-T158 (187 mg, 0.22 mmol) in MeOH (3 mL). The mixture was stirred at room
temperature for 10 min, then Et,0 (18 mL) was added. After stirring for a further hour, the mixture
was filtered and the precipitate washed with Et,0 to give the title compound (190 mg, 74%) as an off-
white solid.

1H-NMR (400 MHz, CD;0D) 8H 9.27 (br s, 1H, PyCH), 8.56 (dd, J = 8.0, 2.0, 1H, PyCH), 8.55 (m, 2H,
QuinCH x2), 8.53 (d, /= 8.5, 2H, QuinCH x2), 8.02 (br s, 1H, NH), 8.02 (d, J = 7.5, 2H, QuinCH x2), 7.94
(dd, J = 7.5, 7.5, 1H, QuinCH x2), 7.76 (br s, 1H, NH), 7.74 (d, J = 8.5, 1H, PyCH), 7.71 (dd, J = 7.5, 7.5,
2H, QuinCH x2), 7.62 (br s, 1H, NH), 7.60 (d, J = 8.5, 2H, QuinCH x2), 4.80 (d, J = 17.5, 2H, CHH-Quin),
4.75(d, J=17.5, 2H, CHH-Quin), 4.70 (s, 2H, CH,-Py), 2.75 (s, 3H, NHCH3), 1.53 (s, 6H, CH; x2), 1.50 (d,
J=4.5, 3H, CH;-C*-*CHs), 1.50 (d, J = 129.0, 3H, *CHs), 1.48 (s, 6H, CH3 x2), 1.41 (s, 6H, CH3 x2), 1.34
(s, 6H, CH; x2).



13C-NMR (101 MHz, CD;0D) 6C 178.3 (C=0), 178.1 (C=0), 177.0 (C=0), 176.2 (C=0), 166.1 (C=0-Py),
159.0 (QuinC), 158.6 (PyC), 149.1 (PyCH), 146.2 (QuinC), 142.7 (QuinCH), 140.7 (PyCH), 133.2
(QuinCH), 132.6 (PyC), 130.23 (QuinC), 130.15 (QuinCH), 129.2 (QuinCH), 126.8 (QuinCH), 125.6
(PyCH), 122.6 (QuinCH), 62.5 (CH,-Quin), 61.2 (CH,-Py), 58.5 (C%), 58.4 (d, J = 37.5, C*-*CHj3), 58.1 (C%),
57.9 (C%), 57.8 (C%), 26.6 (NHCH;), 26.0 (*CH5 and CHj), 25.5 (CHs), 25.4 (CH;), 25.1 (CH;). One CO could
not be located.

IR (neat): 3301, 2971, 2934, 1649, 1604, 1533, 1517, 1467, 1436, 1098.

LRMS (ESI*, MeOH): 469 (100%, [5*Zn(BQPA-3-(CO-Aib,Aib*-NHMe))]?*), 470 (45%, [66Zn(BQPA-3-(CO-
Aib,Aib*-NHMe))]2*), 471 (35%, [68Zn(BQPA-3-(CO-Aib,Aib*-NHMe))]2*).

Mp >219 °C (decomp.).

S3. CD spectroscopy methodology
S3.1 Preparation of stock solutions

Stock solutions of non-hygroscopic solid compounds were prepared as 2.50 mm solutions by weighing
out the appropriate mass of compound in a volumetric flask (dried by heat gun under vacuum), then
dissolving in anhydrous' MeCN. For liquid compounds (NEt;, TfOH, ‘BuP;(dma)s) or hygroscopic solids
(Boc-D-Pro.TBA), a small, arbitrary amount of compound was weighed out in a pre-weighed, stoppered
volumetric flask (to minimise compound evaporation or water absorption) and dissolved in MeCN to
give a solution of arbitrary, but known, concentration. An aliquot of this solution was then diluted to

5.00, 2.50 or 1.25 mmM by the addition of the appropriate volume of MeCN, as required.

$3.2 Base titrations and formula for [0]

An initial sample (c, = 0.25 mMm) was prepared in a 1 mm path length quartz cuvette from
Zn(BQPA).2ClO,4 (20 pL, 2.50 mm, 50 nmol) and ligand(s) (20" uL each, 2.50 mM, 50 nmol), made up to
200 pL with MeCN, and its CD spectrum (200-270 nm) was recorded. Then, NEt; (2.50 mM) was added
in 10 pL (25 nmol, 0.5 eq.) increments and the sample gently shaken; the CD spectrum was recorded
after each addition.

During such titration experiments, the sample was diluted after each addition of titrant. It was
therefore necessary to convert the raw ellipticity output, 6, into molar values to account for this

concentration change. The molar ellipticity, [0],, was calculated using the following formula:

[0]2=

&

" Anhydrous MeCN was used for all stock solutions and titration experiments.
i Except (+)-TADDOL-PONHTTf, see section S3.3



Where 6, is the ellipticity measured at wavelength A, ¢ is the concentration of Zn(BQPA) in the sample
and [ is the path length of the cuvette. In practice, it is more convenient to rewrite ¢ in terms of

Zn(BQPA) stock solution concentration:

Ve,

vc'l

[0]x=

Where ¢’ is the concentration of the Zn(BQPA) stock solution, V'is the total volume of the sample and

v is the volume of Zn(BQPA) stock solution used in the sample.

$3.3 Base titration to estimate concentration of (+)-TADDOL-PONHTf stock solution

A base titration was performed using a freshly preparedi stock solution of (+)-TADDOL-PONHTf (5-H)
with a nominal concentration of 2.50 mm. An initial sample (¢, = 0.25 mm) was prepared from
Zn(BQPA).2Cl0, (20 pL, 2.50 mMm, 50 nmol) and 5-H (20 uL, “2.50” mm) in MeCN (160 pL, 200 pL total),
and its CD spectrum was recorded. A solution of NEt; (1.25 mm) was added in 10 pL (12.5 nmol, 0.25
eq.) increments and the CD spectrum recorded after each addition. Maximum signal magnitude was
expected at 1 equivalent of base as 5-H should be completely deprotonated at this point, while excess
base would displace 5 from the metal centre, reducing signal magnitude. However, the signal
maximum was observed at 0.5 equivalents of base, suggesting that the true concentration of 5-H was
less than 0.25 mm (Fig. S1). This was most likely due to the presence of metal salts 5,M, in the sample

of 5-H (see main article).

Due to the extremely large pK, difference between 5-H and HNEt;* (8.5 vs. 18.83, main article Table
1), the titration curve from 0 to 1 equivalent of base should be approximately linear, assuming that
the binding constant of 5~ is not so small that the binding curve deviates from the typical tight-binding
curve. Similarly, the signal should decay approximately linearly immediately after the signal maximum,
due to displacement of 5~ by excess NEt;. It should therefore be possible to estimate the position of

this maximum by extrapolating the linear segments of the titration curve and finding the intersection.

Linear trendlines were extrapolated from the first two groups of three data points (0, 0.25, 0.5 and
0.75, 1, 1.25) either side of the hypothetical signal maximum. Solving the two simultaneous equations
gave the coordinates of the intersection as (0.61, -13,394). Thus, the true concentration of 5-H in this
sample was estimated to be 0.25%0.61 = 0.15 mM. All subsequent titration experiments involving 5-H
were performed using freshly prepared 5-H stock solution titrated in this manner prior to use. Where
an experiment called for 20 uL of ligand to be used in a sample, 20/x uL was used instead, where x

was the x-coordinate of the hypothetical signal maximum.

i A precipitate formed within a couple of days in stock solutions of 5-H under ambient conditions. Storage in
the freezer slowed, but did not halt, this process.
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Figure S1: Molar ellipticities at 240 nm of Zn(1) (co = 0.25 mm) with 5-H (“0.25 mm” nominal concentration) and NEt; (0.0 >
2.0eq.)

$3.4 Base/acid cycling experiments

An initial sample (c, = 0.25 mM) was prepared in a 1 mm path length quartz cuvette from
Zn(BQPA).2CIO,4 (20 pL, 2.50 mm, 50 nmol) and n ligands (20" pL each, 2.50 mm, 50 nmol), made up to
200 pL with MeCN, and its CD spectrum (200-270 nm) was recorded. Base (NEt; or ‘BuP,(dma);, 5.0
mm) was added in 10 pL (50 nmol, 1 eq.) increments up to n equivalents of base. Then, forn =1 or 2,
TfOH (10 pL, 5.0 mm, 50 nmol) was added followed by base (10 puL, 5.0 mm, 50 nmol). For n = 3, TfOH
(5.0 mm) was added in 10 pL (50 nmol, 1 eq.) increments up to 2 equivalents of acid, then base (5.0
mm) was added in 10 pL (50 nmol, 1 eq.) increments up to 2 equivalents of base. This process was

repeated as desired, with the CD spectrum recorded after each addition of acid or base.

$3.5 Binding constant measurement titration

An initial sample (¢, = 0.25 mM) was prepared in a 1 mm path length quartz cuvette from
Zn(BQPA).2CI04 (20 pL, 2.50 mm, 50 nmol) and MeCN (180 L, 200 pL total), and its CD spectrum (200-
270 nm) was recorded. Tetrabutylammonium salt 2.TBA or 4.TBA (1.25 mMm) was added in 10 pL (12.5

nmol, 0.25 eq.) increments up to 2.25 eq., with the CD spectrum recorded after each addition.

v Except (+)-TADDOL-PONHTT, see section S3.3



S4. Miscellaneous CD spectra
S4.1 Ligand spectra in the absence of Zn(BQPA)

CD spectra of 0.25 mm solutions of 2-H, 4-H, 5-H and their tetrabutylammonium (TBA) salts (or
triethylammonium salt in the case of 5-H) in MeCN were recorded (Fig. S2), to prove that any pH-
induced changes in the observed CD spectrum were solely due to ligand binding or exchange at the
Zn(1) receptor complex. All of these ligand species had molar ellipticities of around 0 at 240 nm, the
characteristic output wavelength of Zn(1), so any structural changes in the ligands had negligible

contribution to the overall CD spectrum of the reported CD switching systems.
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Figure S2: CD spectra of (a) 2-H and 2.TBA; (b) 4-H and 4.TBA; (c) 5-H and 5.HNEt; (all ¢ = 0.25 mm) in MeCN

$4.2 Unsuccessful lower acidity ligands

Titration of an equimolar 0.25 mm solution of hydroxamic acid 7-H and Zn(BQPA).2CIO, with NEt;
revealed an almost complete absence of a positive signal at 240 nm expected for the Boc-L-prolyl
backbone (Fig. S3a). This was not due to a lack of binding since the negative lobe was still present at
232 nm. Hydroxamic acids function as bidentate metal chelators in nature,’* so bidentate binding with

Zn(BQPA) could have had a significant effect on the optical properties of the complex. The zinc centre



must either become six-coordinate by accommodating the extra lone pair or remain five-coordinate
by having one of the BQPA groups displaced by 7-. Both possibilities would affect the orientation of

the quinoline chromophores around the zinc centre.

The base titration was also performed with thioamide 6-H, but using triazabicyclodecene (TBD) as a
more powerful base (pK,(MeCN) = 26.02, cf. 18.83 for NEt3).1> 6-H gave a very weak positive signal at
240 nm upon addition of TBD (Fig. S3b). The signal magnitude reached a maximum of only 1000 deg
dm? mol? at 1 eq. of base, only 13% of the maximum signal magnitude achieved with 1 eq. Boc-D-Pro-
OH, which had the same chiral backbone. Further addition of TBD caused a reduction in signal

magnitude, indicating that deprotonation of the ligand was likely complete around 1 eq. of base.
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Figure S3: CD spectra of Zn(1) (co = 0.25 mM) with (a) 7-H (1 eq.) or (b) 6-H (1 eq.) in MeCN with addition of NEt; (0.0 - 4.0
eq.) in 0.5 eq. increments. For 7-H, the [0],3, and [0],49 data points were plotted against [NEt3]/[Zn(BQPA)], while for 6-H, the
average of the [0],39, [0]230.5 and [0],40 Nm data points were plotted against [TBD]/[Zn(BQPA)].



S5. NMR titration methodology
Monitoring the binary pH switch by 1*C-NMR

Stock solutions of Zn(8).2ClIO, (0.015 m), Boc-L-Pro-OH 9-H (0.075 m), NEt; (0.45 m) and TFA (0.45 m)
were made up in MeCN-d;. The metal complex (500 pL, 7.5 pmol) and 9-H (120 uL, 9.0 umol) stock
solutions were added to an NMR tube and the H and *C-NMR spectra acquired. The spectra were
then reacquired after addition of NEt; (21 pL, 9.5 umol), then TFA (22 L, 9.9 umol), then NEt; (23 L,
10.4 umol), then TFA (26.4 uL, 11.9 umol), then NEt; (26.2 pL, 11.8 umol).

Monitoring the ternary pH switch by 13C- and 3'P-NMR

Stock solutions of the metal complex (0.015 m), 9-H (0.075 m), NEt; (0.825 m) and HCIO, (0.825 m)
were made up in MeCN-ds. The metal complex (500 uL, 7.5 pumol) and Boc-Pro-OH (110 pL, 8.25 pmol)
stock solutions, along with (S)-TPSP 10-H (7.14 mg, 8.25 umol) were added to an NMR tube and the
H, 31P and '3C-NMR spectra acquired. The spectra were then reacquired following each addition of
two additions of triethylamine (10 pL, 8.25 umol), then two additions of HCIO, (10 pL, 8.25 umol). For
subsequent additions, 10 pL of triethylamine or HCIO, were first added and the spectra reacquired. If
the system had not switched fully over to the desired state, further base/acid was added in 2.0 uL (1.7
pumol) increments and the spectra reacquired until the desired state was achieved. In this way, two
additions of triethylamine were alternated with two additions of HCIO, for a total of 8 further additions
each of triethylamine/HCIO, (10 total).

S6. pK, calculation methodology

The pK, values were obtained using COSMO-RS'618 method with empirical corrections. The geometry
optimizations were carried out at BP86/TZVP level of theory with Rl approximation and applying the
COSMO model. They were followed by single-point calculations at BP86/TZVPD level of theory with
COSMO model and Fine cavity parameter. For every acid and anion, a number of initial geometries
were created to identify stable conformers. The vibrational frequency analysis was carried out to
confirm that the conformers correspond to local minima (evidenced by absence of imaginary
frequencies in the calculated vibrational spectra). The quantum-chemical calculations were carried
out with the Turbomole V6.5 software package.

COSMOtherm?° software with parametrization BP_TZVPD_FINE_20 was used to obtain pK, values in
MeCN from the results of DFT calculations (energies, geometries, charge distributions on the
molecular surface). All stable conformers were taken into account, weighted by their energies in
MeCN.

According to our experience, pK, values from COSMO-RS calculations usually correlate well with
experimental pK, values (especially within the groups of structurally related compounds), but
systematic errors are often present. The available high-quality experimental pK, data in MeCN (mainly
from ref. 21?') was used to evaluate the accuracy of calculations for each acid type and to correct
systematic errors (see Fig. S4). The uncertainty estimates of the corrected results were derived from
the quality of the respective correlation between experimental and calculated data (standard error of
regression) and consistency of the results obtained by different correction approaches. The results are
detailed in Table S1.
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Table S1: Calculated and corrected pK, data of the acids of interest, together with standard uncertainty estimates (u).

Acid LTl sl Correction method Sl u Assigned pK,
center pK, pPK,
correlation incl. all OH acids 22.6 1.5
2 C-OH 24.2 — - 22.6+1.5
correlation incl. C-OH acids 22.6 1.3
correlation incl. all OH acids 15.6 1.5
4 P-OH 16.3 additive correction for 17.9 0.3 17.0+£1.5
BINOL-type acids
correlation incl. all NH acids 8.2 0.8
5 PO-NH-SO, | 10.0 additive correction for 8.8 0.2 8510.8
PO-NH-SO, acids ) )
NH 31.6 | correlation incl. all NH acids 29.1 0.8 29+1
NH 26.9 | correlation incl. all NH acids 24.5 0.8 245+1.0
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