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Qualitative boronic esterification experiments
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To a 0.020 ¢ 0.030 m solution of the respective diol (1 ¢ 12) in DMSO-ds (0.60 ¢ 0.70 mL), (3-
acetamidophenyl)boronic acid (13, 1.0 equiv) was added. The reaction mixture was transferred
to a NMR-tube and *H spectra (300 MHz, 300 K) were recorded in different time intervals until
an equilibrium has been established (6 ¢ 15 h). The verification of the diol/boronic acid ratio of
1:1 and the conversion to the boronic ester (14 ¢ 25) was determined by integration of isolated
signals of the different species in the *H NMR spectrum.

(3aS,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-azido-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (14).

-~ 'H NMR (500 MHz, DMSO-dg): + [ppm] 9.96 (s, 1H, NHAc), 7.84 (d, *] =
2.5 Hz, 1H, H2"), 7.79 (dt, %) = 7.4 Hz, “J = 2.1 Hz, 1H, H4"), 7.34-7.30
B0 (m, 2H, H5", H6"), 5.31 (dd, 31 = 0.9 Hz, %1 = 6.3 Hz, H3), 5.27 (d, 3] = 2.2

2.2 Hz, %) = 7.8 Hz, 1H, H7), 4.67 (d, ®] = 2.2 Hz, 1H, H6), 3.69 (s, 3H,

o  come COOCHs), 3.21 (dd, 2= 11.4 Hz, 3 = 0.9 Hz, 1H, H2), 3.06 (dd, 2 = 11.4

Hz, %) = 6.2 Hz, 1H, H2), 2.03 (s, 3H, Ac-CHs). *C NMR (125 MHz,

DMSO-dg): 4+ [ppm] 169.0 (COOCHs), 168.3 (NHCO), 163.1 (C5), 139.0 (C3"), 128.9 (C6"), 128.4

(C5°), 124.8 (C2'), 122.3 (C4), 76.7 (C8), 75.5 (C7), 61.4 (C6), 61.0 (C3), 60.3 (C8a), 52.7

(COOCH3), 31.4 (C2), 23.9 (Ac-CHs). HRMS (ESI):: m/z calcd for Ci7H:1gBNsOgSNa [M+Na]’
454.0966, found 454.0963.

/@S Hz, 1H, H8a), 4.98 (dd, %) = 2.2 Hz, 3 = 7.8 Hz, 1H, H8), 4.93 (dd, %] =
N
N3

(3aR,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-chloro-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (15).

o 'H NMR (500 MHz, DMSO-dg): + [ppm] 9.97 (s, 1H, NHAc), 7.84 (d, *J =
Q 2.4 Hz, H2'), 7.81-7.75 (m, 1H, H4"), 7.35-7.28 (m, 2H, H5', H6"), 5.42
B0 (d, 1= 2.3 Hz, 1H, H8a), 5.30 (dd, ®) = 5.7 Hz, %] = 1.0 Hz, 1H, H3), 5.14

H8), 4.64 (d, % = 2.0 Hz, 1H, H6), 3.68 (s, 3H, COOCHs), 3.21 (dd, 4 =

4 tome 11.5Hz,3)=1.0Hz, 1H, H2), 3.07 (dd, 2 = 11.5 Hz, %1 = 6.1 Hz, 1H, H2),

2.03 (s, 3H, Ac-CH3). °C NMR (125 MHz, DMSO-dg): + [ppm] 169.1

(COOCHs), 168.3 (NHCO), 162.4 (C5), 139.1 (C3), 128.9 (C6'), 128.5 (C5), 127.4 (C1'), 124.8
3

);;S (dd, %) = 7.8 Hz, ®) = 2.1 Hz, 1H, H7), 5.06 (dd, ®J= 7.6 Hz, 1 2.2 Hz , 1H,
N
Cl



(C2'), 122.3 (C4'), 77.7 (C7), 76.5 (C8), 61.4 (C3), 60.5 (C8a), 52.7 (OCH3), 51.9 (C6), 31.5 (C2),
23.9 (Ac-CHa). HRMS (ESI): m/z calcd for C17H1sBCIN,OgSNa [M+Na]* 447.0563, found 447.0557.

(3aS,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-hydroxy-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (16).

- 'H NMR (500 MHz, DMSO-de): 1 [ppm] 9.97 (s, 1H, NHAc), 7.83 (d, *J =
2.2 Hz, 1H, H2"), 7.81-7.78 (m, 1H, H4"), 7.35-7.29 (m, 2H, H5", H6"),
) 6.67 (d, 3] = 4.7 Hz, 1H, OH), 5.40 (d, %) = 2.2 Hz, 1H, H8a), 5.19 (dd, % =

NS 6.4 Hz, %= 0.9 Hz, H3), 4.98 (dd, 3] = 7.9 Hz, 3] = 2.2 Hz, 1H, H8), 4.87

HOJ;;N (dd, 31 = 7.9 Hz, %) = 2.6 Hz, 1H, H7), 4.16 (dd, *) = 4.0 Hz, 3] = 2.7 Hz,

5  come 1H, H6), 3.66 (s, 3H, COOCH3), 3.18 (dd, % = 11.5 Hz, *J = 1.0 Hz, 1H,

H2), 3.06 (dd, 2 = 11.4 Hz, %) = 6.3 Hz, 1H, H2), 2.03 (s, 3H, Ac-CH3). *3C

NMR (125 MHz, DMSO-dg): + [ppm] 169.5 (COOCHs), 168.3 (NHCO), 167.0 (C5), 139.1 (C3"),

129.0 (C6'), 128.5 (C5'), 126.9 (C1'), 124.9 (C2'), 122.4 (C4’), 77.8 (C7 or C8), 77.5 (C7 or C8),

70.7 (C6), 60.8 (C3), 60.2 (C8a), 52.5 (COOCHs), 31.4 (C2), 23.9 (Ac-CH3). HRMS (ESI): m/z calcd
for C17H10BN,0,SNa [M+Na]" 429.0899, found 429.0897.

(3aS,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-amino-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (17).

- 'H NMR (500 MHz, DMSO-dg): * [ppm] 9.96 (s, 1H, NHAc), 7.82 (d, *] =
2.6 Hz, 1H, H2"), 7.81-7-78 (m, 1H, H4"), 7.35-7.29 (m, 2H, H5", H6"),
B0 5.66 (d, %) = 2.3 Hz, 1H, H8a), 5.18 (dd, %) = 6.3 Hz, %] = 1.0 Hz, 1H, H3),

Hz, 1H, H7), 3.67-3.65 (m, 1H, H86), 3.66 (s, 3H, COOCHs), 3.16 (dd, %) =

0 tome 11.4Hz,3)=1.1Hz, 1H, H2), 3.05 (dd, % = 11.5 Hz, %) = 6.4 Hz, 1H, H2),

2.03 (s, 3H, Ac-CH3). **C NMR (125 MHz, DMSO-dg): + [ppm] 169.6

(COOCH3), 168.3 (NHCO), 168.2 (C5), 139.0 (C3'), 129.0 (C6'), 128.5 (C5'), 127.1 (C1'), 124.9

(C2'), 122.3 (C4"), 78.4 (C7), 77.6 (C8), 60.9 (C3), 60.0 (C8a), 57.1 (C6), 52.5 (COOCH;), 31.3 (C2),
23.9 (Ac-CHs). HRMS (ESI): m/z calcd for C17H20BN3OsSNa [M+Na]* 428.1061, found 428.1060.

/@ \\\\\ s 4.93 (dd, %)= 8.0 Hz, %) = 2.4 Hz, 1H, H8), 4.81 (dd, 3] = 8.0 Hz, 3] = 2.2
N
H,oN

(3aS,4S,7R,9aS,9bS)-2-(3-acetamidophenyl)-7-(methoxycarbonyl)-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridin-4-aminium (18).

- H NMR (300 MHz, DMSO-d): * [ppm] 9.99 (s, 1H, NHAc), 8.38 (bs,
Q 3H, NH3"), 7.84-7.78 (m, 2H, H2' H4'), 7.35-7.29 (m, 2H, H5, H6"), 5.66
£ (d, %) =2.3 Hz, 1H, H8a), 5.19 (dd, *J= 6.3 Hz, *] = 1.3 Hz, 1H, H3), 4.94

1H, H7), 3.67 (d, %1 =2.1 Hz, 1H, H6), 3.65 (s, 3H, COOCHs3), 3.16 (dd,

1 tome 2J=11.5Hz, %) =1.3Hz, 1H, H2), 3.10 (dd, %) = 11.6 Hz, *J=5.1 Hz, 1H,

H2), 2.03 (s, 3H, Ac-CHs). *3C NMR (75 MHz, DMSO-dg): + [ppm] 169.5

(COOCH;), 168.3 (NHCO), 162.7 (C5), 139.0 (C3'), 129.0 (C6'), 128.4 (C5'), 124.9 (C2), 122.3 (C4"),
78.2 (C8), 77.5 (C7), 60.9 (C3), 60.0 (C8a), 56.9 (C6), 52.4 (COOCH3), 31.3 (C2), 23.9 (Ac-CHa).

O/QS (dd, ®1=8.1Hz, % = 2.3 Hz, 1H, H8), 4.82 (dd, *J=8.2 Hz, 3 = 2.1 Hz,
N
H3N



(3aS,4S,7R,9aS,9bS)-methyl 4-acetamido-2-(3-acetamidophenyl)-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (19).

- 'H NMR (300 MHz, DMSO-dg): ¢+ [ppm] 9.98 (s, 1H, NHAC"), 8.40 (d,
Q %)=8.1 Hz, 1H, NHAc), 7.85-7.79 (m, 2H, H2", H4"), 7.35-7.31 (m, 2H,
J H5', H6'), 5.49 (d, J=2.1Hz, 1H, H8a), 5.22 (dd, 1=6.3Hz, % =

%)=7.9Hz, 3 = 1.7 Hz, 1H, H7), 4.60 (dd, 3J=8.0 Hz, 3] = 1.7 Hz, 1H,

1 ‘tome H8), 3.68 (s, 3H, COOCH3), 3.23 (dd, 2J=11.5 Hz, 3= 1.5 Hz, 1H, H2),

3.11(dd, 4= 11.5 Hz, *J = 6.3 Hz, 1H, H2), 2.04 (s, 3H, Ac’-CH3), 1.95 (s,

3H, Ac-CHs). *C NMR (75 MHz, DMSO-dg): 1 [ppm] 169.2 (COOCH;3 or NHCO), 169.0 (COOCH5 or

NHCO), 168.3 (NHCO"), 164.5 (C5), 139.0 (C3'), 128.9 (C6), 128.4 (C5"), 124.8 (C2"), 122.3 (C4),

77.5 (C8), 77.1 (C7), 61.1 (C3), 60.1 (C8a), 53.6 (C6), 52.5 (COOCH3), 31.3 (C2), 23.9 (Ac’-CHs),
22.4 (Ac-CHs).

0/@ \\\\\ s 1.2 Hz, 1H, H3), 4.97 (dd, *J=7.9Hz, *] = 2.1 Hz, 1H, H8), 4.85 (dd,
AcHN

(3aS,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-((tert-butoxycarbonyl)amino)-5-
oxohexahydro-3aH-[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (20).

- 'H NMR (300 MHz, DMSO-dg): + [ppm] 9.98 (s, 1H, NHAc), 7.84-7.79
@ (m, 2H, H2', H4), 7.64 (d, 3= 8.3 Hz, 1H, NHBoc), 7.33-7.30 (m, 2H,
B0 H5', H6'), 5.45 (d, J=2.1Hz, 1H, H8a), 5.21 (dd, 1=6.2Hz, % =

O, A8 1.1 Hz, 1H, H3), 4.94-4.87 (m, 2H, H7, H8), 4.27 (pd, %1 =8.7 Hz, 1H,

BocHNQ H6), 3.65 (s, 3H, COOCHs3), 3.20 (dd, 2)=11.6 Hz, 3J= 1.2 Hz, 1H, H2),

1 tome 3.07(dd, % =11.6 Hz, )= 6.3 Hz, 1H, H2), 2.03 (s, 3H, Ac-CHs), 1.43 (s,

9H, C(CH3)s). **C NMR (75 MHz, DMSO-dg): + [ppm] 169.3 (COOCHs),

168.3 (NHCO"), 164.9 (C5), 139.1 (C3"), 129.0 (C6"), 128.5 (C5"), 124.9 (C2'), 122.4 (C4"), 79.1

(C8), 77.7 (C7), 61.1 (C3), 59.9 (C8a), 52.5 (C6), 52.2 (COOCH3), 31.3 (C2), 28.1 (C(CH3)3), 23.9
(Ac-CHs3). HRMS (ESI): m/z calcd for C,yH2gBN30gSNa [M+Na] " 528.1586, found 528.1580.

(3aS,4S,7R,9S,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-azido-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate 9-oxide (21).

'H NMR (300 MHz, DMSO-dg): + [ppm] 9.88 (s, 1H, NHAc), 7.73-7.69

A°”“Q (m, 1H, H2"), 7.68-7.64 (m, 1H, H4"), 7.30-7.15 (m, 2H, H5’, H6"), 5.69

B0 (d, %= 7.6 Hz, 1H, H3), 5.49 (dd, %) = 7.6 Hz, %) = 2.2 Hz, 1H, H8), 4.88

0, A .¢ (dd, 3= 7.8 Hz, %1 = 1.9 Hz, 1H, H7), 4.77 (d, %] = 2.2 Hz, 1H, H8a), 4.69

/Q (d, )= 2.0 Hz, 1H, H6), 3.64 (s, 3H, COOCH3), 3.53 (d, % = 14.0 Hz, 1H,

NS i tome H2),3.18-3.13 (m, 1H, H2), 2.02 (s, 3H, Ac-CHs). HRMS (ESI): m/z calcd
for C17H15BN50O,SNa [M+Na]+ 470.0915, found 470.09009.



(3aS,4S,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-azido-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate 9,9-dioxide (22).

. 'H NMR (500 MHz, DMSO-dg): * [ppm] 9.91 (s, 1H, NHAc), 7.72 (d, “1 =
Q 1.2 Hz, 1H, H2"), 7.71-7.67 (m, 1H, H4"), 7.30-7.19 (m, 2H, H5", H6),
B—o 5.54 (d, %) = 8.6 Hz, 1H, H3), 5.20 (dd, ) = 1.9 Hz, %) = 7.6 Hz, 1H, H8),

(d, % = 2.0 Hz, 1H, H6), 3.99 (d, 2] = 13.3 Hz, 1H, H2), 3.69 (s, 3H,

COOCH;), 3.26 (dd, 2 = 13.4 Hz, %) = 8.7 Hz, 1H, H2), 2.03 (s, 3H, Ac-

CHa). *C NMR (125 MHz, DMSO-de): + [ppm] 168.2 (COOCHs), 167.7
(NHCO), 163.8 (C5), 138.8 (C3"), 128.5 (C6), 128.2 (C5'), 124.4 (C2'), 121.4 (C4), 75.2 (C8), 72.3
(C7), 69.6 (C8a), 62.1 (C6), 53.0 (COOCH3), 52.4 (C3), 50.5 (C2), 23.9 (Ac-CH3). HRMS (ESI): m/z
calcd for C17H;8BNsOgSNa [M+Na]* 486.0865, found 486.0862.

z (0]
0, A~ .87 4.94(d,% =15 Hz, 1H, H8a), 4.83 (dd, %) = 2.0 Hz, 7.6 Hz, 1H, H7), 4.67
0 CO,Me

(3aS,4R,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-azido-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (23).

'H NMR (500 MHz, DMSO-ds): + [ppm] 9.98 (s, 1H, NHAc), 7.83 (d, *J =
A““Q 2.2 Hz, 1H, H2"), 7.81 (dt, %1 = 7.9 Hz, *J = 1.9 Hz, 1H, H4), 7.36-7.32
B0 (m, 1H, H5"), 7.32-7.28 (m, 1H, H6"), 5.27 (dd, ) = 6.4 Hz, %) = 0.8 Hz,

. 1H, H8a), 4.96 (dd, 3 = 8.1 Hz, ) = 2.1 Hz, 1H, H8), 4.47 (d, %) = 3.8 Hz,

I Yome 1H, H6), 3.68 (s, 3H, COOCHs), 3.24 (dd, *J = 11.6 Hz, %) = 1.0 Hz, 1H,

H2), 3.15 (dd, 2J = 11.6 Hz, %) = 6.4 Hz, 1H, H2), 2.03 (s, 3H, Ac-CH5). *3C

NMR (125 MHz, DMSO-dg): + [ppm] 169.3 (COOCHs), 168.4 (NHCO), 163.7 (C5), 139.1 (C3"),

129.0 (C67), 128.5 (C5°), 127.0 (C1), 124.9 (C2'), 122.5 (C4’), 78.4 (C8), 78.3 (C7), 61.4 (C3), 60.4

(C8a), 60.0 (C6), 52.8 (COOCHs), 32.4 (C2), 24.0 (Ac-CHs). HRMS (ESI): m/z calcd for
C17H1sBNsOsSNa [M+Na]* 454.0966, found 454.0963.

Oq \\\\\ s 1H, H3), 5.22 (dd, %) = 8.1 Hz, %) = 3.8 Hz, 1H, H7), 5.16 (d, 3] = 2.1 Hz,
N
N3

(3aS,4R,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-amino-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (24).

'H NMR (500 MHz, DMSO-de): + [ppm] 9.95 (s, 1H, NHAc), 7.85-7.75

A"“NQ (m, 2H, H2", H4"), 7.35-7.28 (m, 2H, H5", H6"), 5.20 (d, % = 1.8 Hz, 1H,
5o H8a), 5.14 (dd, %) = 5.9 Hz, % = 1.1 Hz, 1H, H3), 4.94 (dd, ) = 8.1 Hz, %)

o, > _.s = 3.7 Hz, 1H, H7), 4.89 (dd, 1 = 8.2 Hz, ®) = 1.9 Hz, 1H, H8), 3.80 (d, %) =

Q 3.6 Hz, 1H, H6), 3.66 (s, 3H, COOCHS3), 3.20 (dd, % = 11.6 Hz, %) = 1.0

RN I Yome Hz 1H,H2),3.15(dd, %) = 11.5 Hz, *J = 6.3 Hz, 1H, H2), 2.03 (s, 3H, Ac-

CHs). *C NMR (125 MHz, DMSO-dg): 1 [ppm] 169.5 (COOCH3), 168.8
(C5), 168.2 (NHCO), 138.9 (C3'), 128.8 (C6), 128.2 (C5'), 127.2 (C1'), 124.7 (C2'), 122.0 (C4),
78.5 (C7), 78.4 (C8), 60.8 (C3), 60.4 (C8a), 53.8 (C6), 52.3 (COOCHS3), 32.1 (C2), 23.6 (Ac-CHs).
HRMS (ESI): m/z calcd for C17H21BN30gS [M+H]* 406.1242, found 406.1240.



(3aS,4R,7R,9aS,9bS)-methyl 2-(3-acetamidophenyl)-4-hydroxy-5-oxohexahydro-3aH-
[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-7-carboxylate (25).

'H NMR (500 MHz, DMSO-dg): 4+ [ppm] 9.97 (s, 1H, NHAc), 7.85 (d,
A°”N@ %)=2.0 Hz, 1H, H2), 7.80-7.78 (m, 1H, H4"), 7.33-7.32 (m, 2H, H5’,
5o H6'), 5.17 (d, %)= 2.2 Hz, 1H, H8a), 5.18-5.16 (m, 1H, H3), 4.99 (dd,

H8), 4.53 (d, ®J=3.8Hz, 1H, H6), 3.66 (s, 3H, COOCHs), 3.21 (dd,

I Yome 2=115Hz, *J=1.2Hz, 1H, H2), 3.12 (dd, 1= 11.5 Hz, ) =6.3 Hz, 1H,

H2), 2.03 (s, 3H, Ac-CHs). 3C NMR (125 MHz, DMSO-dg): ¢ [ppm] 169.5

(COOCHs3), 168.2 (NHCO), 167.6 (C5), 139.0 (C3'), 129.0 (C6°), 128.4 (C5), 125.0 (C2'), 122.3

(C4'), 78.1 (C8), 78.0 (C7), 69.0 (C6), 60.9 (C3), 60.1 (C8a), 52.6 (COOCH;), 32.4 (C2), 23.9 (Ac-
CHs). HRMS (ESI): m/z calcd for C17H;9BN,O7SNa [M+Na]* 429.0901, found 429.0901.

OQ \\\\\ s %)=8.2 Hz, ®) = 3.8 Hz, 1H, H7), 4.89 (dd, %J=8.2 Hz, ®) = 2.2 Hz, 1H,
N
HO

Semi-quantitative boronic esterification experiments

The semi-quantification of the affinity of the bicyclic compounds was performed with
competition experiments according to the work of Haav et al. in a NMR-tube at three different
concentrations (10 - 30 mM).! Therefore, two bicyclic compounds and boronic acid 13 (ratio
1:1:1) were dissolved in 500 uL DMSO-dg. The reaction mixture was allowed to stand overnight
to achieve an equilibrium. HNMR spectra were recorded on a Bruker Avance 300. To
RIISIYtyS (KS ISE-idS Sljdifioiidy” 02yailyi onf23Y,), the concentrations of all four species
have to be detectable which is illustrated in Figure S1 for the competition experiment of 1 and 2
(Scheme Smit ¢KS RSISIY IySR 02y0Syilil-ii2ya 27 iKS 4L301S4 gSIS diSR (2 O0d@-0S nf23Y 4. An
average and the standard deviation were calculated from the three measurements.

B-o OH B-0 OH
O/”/, - a S HO’//,, : a S O/"r, - L S Ho’h,, : a S
+ _— +
N N N N

N3 Cl Cl N3

O OMe (e] OMe (e] OMe (6] OMe

(6] o (0] (0]
14 2 15 1

Scheme S1. Competitive experiment of diols 1 and 2 with boronic ester 13 in DMSO-d.
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Figure S1. 'H NMR spectrum (300 K, 300 MHz, DMSO-dg) of the competition experiment of diol 1 and 2 with
boronic acid 13 (20 mM solution). The signals which were used to determine the ratio of the species are highlighted
in different colours.

Comparison of the *J,; 4 coupling constants
Table S1. Comparison of the 3JH,H ¢ coupling constants of the 6,7-trans diols 1 ¢ 9 and the all-cis derivatives 10 -12.

OH
O, ga AN
ST
X7 sT Y X
'S CcoMe ‘
1-9 10-12
Diol X Y 3J2-3 3J2-3 3J6-7 3J7-8 3\]8-8a
1 N S 5.7 7.2 9.9 1.9 1.9
2 Cl S 5.7 6.9 9.1 m m
3 OH S 5.0 7.2 9.2 2.0 2.0
4 NH, S m m 9.7 2.0 m
5 NH;" S 5.1 7.4 10.7 2.2 2.3
6 NHAc S 4.7 7.2 10.3 2.2 1.9
7 NHBoc S 4.8 7.2 10.6 2.0 2.2
8 N3 SO 4.2 8.1 9.8 m m
9 N SO, 3.0 8.7 9.4 1.7 1.3
10 N S 4.9 7.4 m m 4.3
11 NH, S 5.1 7.3 5.4 35 34
12 OH S 5.0 7.4 4.1 41 4.3




Table S2. Comparison of the 3JH,H ¢ coupling constants of the synthesized boronic ester.

£0
O, 8.
I 82‘ :2 k
X7 578 X"
8 coMe
14-22 23-25
Ester X Y s s *lo s *Jo.6a
14 N3 S 6.3 0.9 2.2 7.8 2.2
15 Cl S 5.7 1.0 2.0 7.8 2.3
16 OH S 6.4 0.9 2.7 7.9 2.2
17 NH, S 6.3 1.0 2.2 8.0 2.3
18 NH," S 6.3 1.3 2.1 8.2 2.3
19 NHAc S 6.3 1.2 1.7 7.9 2.1
20 NHBoc S 6.2 1.1 m m 2.1
21 Ns SO 7.6 n.d. 2.0 7.8 2.2
22 Ns SO, 8.6 n.d. 2.0 7.6 15
23 N3 S 6.4 0.8 3.8 8.1 2.1
24 NH, S 5.9 11 3.6 8.1 1.8
25 OH S 6.3 1.2 3.8 8.2 2.2

Solid phase peptide s@yliKS&ia 27 1360oH-40)
The synthesis was performed as described in the literature.” The crude peptide was purified by
RP-HPLC and obtained as a white powder.

HPLC: t; = 6.12 min (gradient: 25 to 45 % B in 10 min). *H NMR (600 MHz, DMSO-dg): 4 [ppm]
8.57 (t, 3 = 5.6 Hz, 1H, NHga3), 8.26-8.19 (m, 2H, NHuas, NHgs7), 8.13 (d, % = 8.0 Hz, 1H, NH,3s),
8.03 (t, %) = 5.7 Hz, 1H, NHgsg), 8.00 (d, 3J = 8.0 Hz, 1H, NHyag), 7.80 (d, 3J = 8.9 Hz, 1H, NHysg),
7.66 (d, 3] = 8.5 Hz, 1H, NHyss), 4.40-4.34 (m, 2H, L34n, M35n), 4.32 (dd, %) = 8.9 Hz, ®) = 6.8 Hz,
1H, V39n), 4.15 (dd, %) = 8.3 Hz, %) = 6.6 Hz, 1H, V36n), 4.07 (dd, ) = 8.0 Hz, %) = 6.0 Hz, 1H, V40n),
3.92 (dd, %) = 16.5 Hz, %) = 5.9 Hz, 1H, G33n), 3.81 (dd, 2 = 16.7 Hz, 3J = 5.8 Hz, 1H, G38n), 3.78-
3.68 (M, 4H, G33n, G37n, G37n, G38n), 3.65 (d, %) = 5.7 Hz, I32n), 2.48-2.42 (m, 1H, M35.), 2.42-
2.35 (m, 1H, M35.), 2.07-2.00 (m, 4H, V40;, M35¢c43), 2.00-1.87 (m, 3H, V363, V39;, M35;), 1.84-
1.74 (m, 2H, M35;, 1325), 1.65-1.55 (m, 1H, L34.), 1.55-1.47 (m, 1H, 132.), 1.44 (t, %) = 7.2 Hz, 2H,
L34;), 1.20-1.10 (m, 1H, 132.), 0.96-0.74 (m, 30H, 132cHs:cras, L34cHarcras, V3Bckaschas,
V39cH3s cHas, VA0cHsscuzs). HRMS (ESI): m/z caled for CsgH7oNgO10S [M+H]™ 844.4972, found
844.4967.



Boronic ester formation in the three-component system

(3aS,4R,7R,9aS,9bS)-methyl 4-hydroxy-5-oxo0-2-(2-((E)-
(propylimino)methyl)phenyl)hexahydro-3aH-[1,3,2]dioxaborolo[4,5-c]thiazolo[3,2-a]pyridine-
7-carboxylate (37).

O,
OH X
B \
HO”~ N
5o N\
o, * s

OH
HO., S, propylamine o
W N w N
HO DMSO-dg, rt HO
[©) OMe (0] OMe
0]
12

Scheme S2. Synthesis of iminoboronate 37 using 2-formylphenylboronic acid and propylamine.

To a solution of triol 12 (5.26 mg, 0.02 mmol) in 0.7 mL DMSO-ds, 2-formylphenylboronic acid
(3.00 mg, 1.0 equiv) and propylamine (1.64 pL, 1.0 equiv) were added. NMR analysis showed a
complete conversion. *H NMR (500 MHz, DMSO-ds): ¢ [ppm] 8.67 (s, 1H, NCH), 7.54 (td, %) = 7.4
Hz, *J= 0.9 Hz, 1H, H3"), 7.42 (dt, *J = 7.0 Hz, ¥} = 1.0 Hz, 1H, H5"), 7.29 (dt, %) = 7.5 Hz, ) = 1.1 Hz,
1H, H4'), 7.10 (dd, % = 6.9 Hz, *J = 0.8 Hz, 1H, H6"), 5.37 (dd, 3] = 5.9 Hz, 3 = 1.5 Hz, 1H, H3), 4.97
(d, %)= 1.9 Hz, 1H, H8a), 4.70 (d, %) = 7.3 Hz, 1H, OH), 4.65 (dd, 3] = 7.7 Hz, %) = 3.7 Hz, 1H, H7),
450 (dd, %) = 7.7 Hz, %) = 1.9 Hz, 1H, H8), 4.29 (dd, *J = 7.3 Hz, %) = 3.7 Hz, 1H, H6), 3.69 (s, 3H,
COOCHS3), 3.54 (t, %1 = 7.0 Hz, 2H, H1""), 3.11 (dd, 2 = 11.1 Hz, ) = 6.0 Hz, 1H, H2), 3.07 (dd, 2] =
11.0 Hz, 3 = 1.6 Hz, 1H, H2), 1.73 (psext, %) = 7.4 Hz, 2H, H2""), 0.93 (t, %) = 7.4 Hz, 3H, H3"). °C
NMR (125 MHz, DMSO-dg): + [ppm] 170.0 (COOCHs), 168.8 (C5), 168.0 (NCH), 137.9 (C2'), 132.5
(C5'), 129.3 (C6'), 127.7 (C4'), 126.1 (C3'), 76.7 (C8), 75.9 (C7), 70.4 (C6), 61.9 (C8a), 61.2 (C3),
52.5 (COOCHs), 50.9 (C17), 32.3 (C2), 21.9 (C2”), 11.2 (C3”). HRMS (ESI): m/z calcd for
C1oH24BN,06S [M+H]" 419.1146, found 419.1443.

{8yliKSald 2F (KS 13 ¢ miniamyloids by boronic ester formation using the three-component
system.

To a solution of the template (1.20 ¢ 1.80 pumol, 1.0 equiv) in 0.6 mL DMSO-ds, 2-
T20Y BfLBSyRio212y10 1-0IR omon Sljdigy L3N R2f Y21Si80 1yR iKS 13 LILBRS omon Sljdigy LI Rt
moiety) were added. Based on the used amount of the template, a 2.0 ¢ 3.0 mM solution of the
respective miniamyloid was obtained. To guarantee an equilibrium *H NMR spectra were
recorded in several time intervals. In all performed experiments a complete conversion was
observed.
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Table S3. {13yl I4a13yY Syl 27 (KS 621i2y10 SaiSI 61-aSR 13 (17-21) dimer 49 in DMSO-dg (600 MHz, 300K).

Amino acid proton 4 [ppm]/ J[Hz]
Leul?7 1h 4,65-4.45m
13 1.91-1.74m, 1.49-1.32 m
14 1.49-1.32 m
14 0.93-0.84m
Vall8 NH 8.55d(8.9),8.51d(8.9)
Ih 4.27-4.14m, 4.10dd (8.9,7.2)
13 1.91-1.74m
14 0.78d(6.7),0.75d (6.7), 0.70-0.63 m
Phel9 NH 8.19d(8.3),8.12d (8.3)
Ih 4.65-4.45m
13 3.09-2.66 m
Harom. 7.27-7.07m
Phe20 NH 8.03d(8.3),8.01d(8.3)
1h 4.65-4.45m
13 3.09-2.66 m
Harom. 7.27-7.07m
Ala21 NH 8.32d(7.4),8.28d(7.3)
1h 4,27-4.14 m
13 1.28d(7.2),1.27d (7.3)
Boronic ester Imin 8.855,8.84s
H3’ 7.66-7.60 m
H4 7.32dt(7.4,1.1),7.29dt(7.5,1.2)
H5 7.46 dt(7.3,1.1),7.36 dt (7.2, 1.2)
H6" 7.27-7.07m
hotl H8a 5.03-4.96 m
H8 4.65-4.45m
H7 5.03-4.96 m
H6 3.93d(3.4)
Tap2 H2 3.18-2.98 m
H3 5.42dd (6.2, 1.0)
hot3 NH 7.95d(8.6)
H8a 5.21d(1.3)
H8 4,73-4.66 m
H7 4.80dd (7.5,3.7)
H6 4.73-4.66 m
Tap4 H2 3.18-2.98 m
H3 5.38dd (6.2, 1.2)
COOCH; 3.71s
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Table S4. Signal 413y Syl 27 (KS 621210 S&iSll 61-4SR 13 (17-21) trimer 50 in DMSO-dg (600 MHz, 300K).

Amino acid proton 4 [ppm]/ J[Hz]
Leul?7 1h 4,67-4.40 m
13 1.92-1.72m, 1.49-1.33 m
14 1.49-1.33 m
14 0.95-0.82m
Vall8 NH 8.61-8.43m
Ih 4.25-4.14m, 4.12dd (8.6,7.7),4.08 dd (8.6,
7.2)
13 1.92-1.72m
14 0.78d (6.6), 0.75d (6.5), 0.71-0.63 m
Phel9 NH 8.20d (8.16), 8.16-8.08 m
1h 4,67-4.40 m
13 2.96-2.66 m
Harom. 7.27-7.03 m
Phe20 NH 8.08-7.94 m
1h 4.67-4.40m
13 3.10-2.75m
Harom. 7.27-7.03 m
Ala21 NH 8.33-8.23 m
1h 4.25-4.14 m
13 1.28d(7.1),1.27d (7.2),1.26 d (7.3)
Boronic ester Imine 8.8525,8.8475s,8.845
H3" 7.68-7.57m
H4 7.33-7.27m
H5 7.46 dt (7.2,1.3),7.42-7.33m
H6” 7.27-7.03 m
hotl H6 3.98d(3.4)
H7 5.01-4.96 m
H8 4.67-4.40 m
H8a 5.02d(1.4)
Tap2 H2 3.17-2.96 m
H3 5.32-5.26 m
hot3 NH 7.82d(7.6)
H6 4.67-4.40 m
H7 4.93-4.86 m
H8 4.67-4.40m
H8a 5.09d (1.5)
Tap4 H2 3.17-2.96 m
H3 5.57-5.46 m
hot5 NH 8.08-7.94 m
H6 4,79-4.67 m
H7 4,79-4.67 m
H8 4.79-4.67m
H8a 5.22d(1.1)
Tap6 H2 3.17-2.96 m
H3 5.39dd (6.3, 1.4)
COOCH;3 3.70s
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Table S5. {13yl 4313y’ Syl 27 iKS 6212y10 4051 61-43R 1360H-40) trimer 51 in DMSO-dg (600 MHz, 300K).

Amino acid proton LOLOY 6k J [Hz]
lle32 Ih 4.20-3.97 m
13 2.11-1.85m
1+ 1.50-1.31m, 1.12-1.03 m
14/10 1.03-0.95m
14 0.94-0.72 m
Gly33 NH 8.85-8.73m
Ih 4.20-3.97 m, 3.58-3.51 m, 3.27-3.13 m
Leu34 NH 8.11-8.05 m, 8.00-7.94 m
Ih 4.40-4.26 m
1J 1.50-1.31m
1+ 1.63-1.50 m
14 0.94-0.72 m
Met35 NH 8.24-8.15m
Ih 4.40-4.26 m
13 2.11-1.85m, 1.84-1.71' m
14 2.48-2.42 m, 2.42-2.32 m
SCH3 2.025,2.015,2.00s
Val36 NH 7.69-7.56 m
Ih 4.20-3.97 m
13 2.11-1.85m
14 0.94-0.72 m
Gly37 NH 8.24-8.15m
Ih 3.78-3.66m
Gly38 NH 8.05-8.00 m
Ih 3.81dd (16.6, 5.6), 3.78-3.65m
Val39 NH 7.79d(8.9)
Ih 4.32.dd (8.8, 6.8)
13 2.11-1.85m
1+ 0.94-0.72m
Val40 NH 8.05-8.00 m
Ih 4.08 dd (8.0, 6.0)
13 2.11-1.85m
14 0.94-0.72 m
Boronic ester Imin 8.955,8.915,8.89s
H3" 7.69-7.56 m
H4 7.35-7.23m
H5 7.49-7.43 m, 7.42-7.35m
H6” 7.20-7.11m
hotl H8a 5.05s
H8 4.64-451m
H7 5.00dd (7.2, 3.7)
H6 4,20-3.97 m
Tap2 H2 3.27-3.13 m, 2.84d (11.3)
H3 5.49d (6.8)
hot3 NH 8.11-8.05m
H8a 5.13s
H8 4.64-451m
H7 4.91dd (6.7, 3.0)
H6 4.71d(8.1)
Tap4 H2 3.27-3.13m, 2.75d (11.6)
H3 5.59d (6.4)
hot5 NH 8.28d (8.0)
H8a 5.19s
H8 4.64-451 m
H7 4.87dd (7.1,3.2)
H6 4.77dd (8.5, 3.2)
Tap6 H2 3.27-3.13m
H3 5.45d (6.4)
COOCH;3 3.72s
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Table S6. Signal assignment of the boronic S&iS\ 61-aSR 13 60H-40) tetramer 52 in DMSO-dg (600 MHz, 300K).

Amino acid proton LOLOY 6k J [HZ]
lle32 Ih 4.21-3.94m
1i 2.10-1.98 m
14 1.46-1.30m, 1.13-1.03 m
14/10 1.03-0.95m
11 0.95-0.73m
Gly33 NH 8.88-8.70 m
Ih 4.21-3.94m, 3.59-3.53 m, 3.30-3.20 m
Leu34 NH 8.15-7.93m
Ih 4.50-4.21'm
1i 1.46-1.30 m
14 1.72-1.46 m
11 0.95-0.73m
Met35 NH 8.49-8.15m
Ih 4.50-4.21'm
1i 2.46-2.31m
14 1.93-1.73m
SCH3 2.03-1.99m
Val36 NH 7.93-7.68m
Ih 4.21-3.94m
1i 2.10-1.94m
14 0.89-0.73m
Gly37 NH 8.49-8.15m
Ih 3.77-3.66 m
Gly3s NH 8.15-7.93m
Ih 3.81dd (16.6, 5.6), 3.77-3.66 m
Val39 NH 7.93-7.68m
Ih 450-4.21'm
13 2.10-1.94m
14 0.89-0.73m
Val40 NH 7.93-7.68m
Ih 4.21-3.94m
1i 2.10-1.94m
14 0.89-0.73m
Boronic ester Imin 8.955,8.93-8.84 m
H3’ 7.68-7.51m
H4’ 7.50-6.97 m
H5' 7.50-6.97 m
H6’ 7.50-6.97 m
hotl H8a 5.26-4.51m
H8 5.26-4.51m
H7 5.26-4.51m
H6 4.21-3.94m
Tap2 H2 3.18-3.07m, 2.91-2.73m
H3 5.87-5.72m, 5.67-5.37 m
hot3 NH 8.26-8.06 m
H8a 5.26-4.51 m
H8 5.26-4.51m
H7 5.26-4.51 m
H6 4.83-4.67m
Tap4 H2 3.18-3.07m, 2.91-2.73m
H3 5.87-5.72m, 5.67-5.37 m
hot5 NH 8.26-8.06 m
H8a 5.26-4.51m
H8 5.26-4.51 m
H7 5.26-4.51m
H6 4.83-4.67m
Tap6 H2 3.18-3.07m, 2.91-2.73m
H3 5.87-5.72m, 5.67-5.37 m
hot7 NH 8.26-8.06 m
H8a 5.26-4.51 m
H8 5.26-4.51 m
H7 5.26-4.51m
H6 4.83-4.67m
Tap8 H2 3.18-3.07m, 2.91-2.73m
H3 5.87-5.72m, 5.67-5.37 m
COOCH; 372s
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NOE-61-4SR Y 2S0d#+) Y 2RSfly3 2T 13 6oH-40) trimer 51

Interproton-distances were determined from the NOESY spectra and classified into the
categories strong, medium and weak. Selected NOE contacts were used as restraints for the
molecular dynamic simulation (table S7). The program package HyperChem with the MM+ force
field without explicit water included was used for the calculation.® Ten snapshots of a 10x10 ps
molecular dynamic simulation were averaged (step size 1 fs, 300 K). After removing the
restraints the structure was energy minimized. The observed distances are shown in the MD/EM
column. Except for one long-rang contact (Tap4-H3 / H6") they match the experimental
distances with deviations below 10 % which speaks for the plausibility of the obtained structure.
For the visualization of the resulting structure PyMOL was used.”

Table S7. Selected NOE contacts for the molecular dynamic simulation and the observed distances after removing
the restraints and an energy minimization.

NOE target distance MD/EM
hot1-H7 / Gly33yy 4.00 4.09
hot3-H7 / Gly33yy4 4.00 4.09
hot5-H7 / Gly33yy 4.00 4.14
hot1-H7 / lle32-1h 3.00 2.75
hot3-H7 / lle32-1h 3.00 3.01
hot5-H7 / lle32-1h 3.00 2.96
Gly33yn / 1le32-1h 3.00 2.89/2.86/2.80

Tap2-H3 / HE’ 3.50 3.61
Tap4-H3 / HE’ 3.50 4.36
Tap6-H3 / HE’ 3.50 3.56
Tap2-H3 / hot3-NH 3.00 2.90
Tap4-H3 / hot5-NH 3.00 2.85
Him. / H3’ 2.70 2.70/2.71/2.69
hot3-NH / hot3-H6 3.00 2.90
hot5-NH / hot5-H6 3.00 2.91

X-ray crystallography

The crystals of compound 6, 9, 10, 12 and 25 were obtained using the vapor-diffusion method
with pentane and a solution of the respective compound (5-10 mg) in methanol over several
days.

The X-ray data were collected with a Bruker 3 circuit D8 Quest diffractometer with MoKa
radiation and Photon 100 CMOS detector. The structures were refined using the full matrix least
squares procedure in SHELXL-97° and SHELXL-2013.° Hydrogen atoms were placed in calculated
positions. Crystal data and details of the structure determination are presented in
Supplementary Table S8.
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Table S8. Crystal data of and refinement parameters of 6, 9, 10, 12 and 25.

6 9 10 12 25
ccpe 1004498 1004472 1004616 1004146 1004644
Empirical C11 H16 N2 06 S COHI2N4O7S | COHI2N4AO5S CoH13NOgs | C17HIZBN207
formula S
Formula
weight 304.32 320.29 288.29 263.26 406.21
(g/mol)

Crystal size 0.255 x 0.233 x 0.229 x 0.203 x 0.395 x 0.109 x 0.538 x 0.050 x
(mm?) 0.288 x 0.088 x 0.053 0.120 0.107 0.062 0.033
gy?::ﬂ Monoclinic Monoclinic Orthorhombic Orthorhombic Orthorhombic

Space group P21 Cc2 pP212121 P212121 P212121

z 2 4 4 4 4
23.8066(9) / 6.2462(4) / 5.5868(4) / 6.4782(3) /
amsey | >80 5%?2%6(14) / 5.4476(2) / 9.5487(7) / 6.1938(4) / 9.8389(4) /
: 10.6667(4) 20.1585(15) 31.330(2) 28.4710(12)
hKiK dci 90/ 97.53(5) / 90 90/ 10%(?60(10) 90/90/90 90/90/90 90/90/90
Volume (&%) 642.9(17) 1301.85(8) 1202.32(15) 1084.14(13) 1814.69(14)
Calculated
density 1572 1.634 1593 1613 1.487
(g/cm’)
Absorption
coefficient 0.281 0.292 0.294 0.317 0.223

(mm™)

F(000) 320 664 600 552 848
Wa"?gngth 0.71073 0.71073 0.71073 0.71073 0.71073
Temp(ir)at“re 100(2) 100(2) 100(2) 100(2) 100(2)

Data BRUKER APEX BRUKER APEX | Bruker Instrument
collection BRUKER APEX II BRUKER APEX Il :
1 1 Service v3.0.28
software
cell APEX2 v2013.4-
refinement BRUKER SAINT BRUKER SAINT | BRUKERSAINT | BRUKER SAINT 0‘4 :
software
Data
reduction Bruker APEX Il Bruker APEX |1 Bruker APEX II Bruker APEX Il SAINT V8.30C?
software
31,31/-7,71- 77/11127- 88/-12.12/-
h/k/I 7,7/-12,12/-14,14 1414 s 7,7/-8,5/-35/41 36.30
Theta range

for data 2757 to 27.203 3.150 to 27.917 2.939 t0 27.042 2.600 to 27.839 2.52 t0 27.20

collection (°)

Reflections 13989 11047 8429 6562 17673

collected

Independent 2826 3096 2613 2575 4032
reflections
R(int) 0.0618 0.0241 0.0421 0.0229 0.0588

Observed 2430 3014 2328 2406 3578

reflections

Absorption Semi-empirical from . . Semi-empirical Semi-empirical

- . multi-scan multi-scan . .
correction equivalents from equivalents from equivalents

Largest diff.

peak and 1.145 and -0.308 0.310and -0.258 | 0.338and-0.337 | 0.304and-0.173 | 0.257 and -0.238

hole (e.A”)
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Solution

direct/ difmap

direct/ difmap

direct/ difmap

direct / difmap

direct/ difmap

Refinement

Full-matrix least-
squares on F2

Full-matrix least-
squares on F2

Full-matrix least-
squares on F2

Full-matrix least-
squares on F2

Full-matrix least-
squares on F2

Treatment of
hydrogen
atoms

geom., mixed

geom, mixed

geom, mixed

mixed, mixed

geom, mixed

Data /
restraints /
parameters

2826/1/192

3096/1/197

2613/0/181

2575/0/167

4032/0/258

Goodness-of-
fit on F2

1.030

1.072

1.059

1.059

1.041

R index (all
data)

WR2 =0.1454

wR2 = 0.0584

wR2 =0.0833

wR2 =0.0610

wR2 =0.0771

R index
conventional
[1>2sigma(l)]

R1 =0.0604

R1=0.0232

R1=0.0354

R1 =0.0267

R1=0.0376

'H and **C NMR spectra
In a few cases HSQC and HMBC spectra were used for chemical shift determination of the
carbons. For these compounds copies of the HSQC (O1P and SW is given in the spectrum) and
HMBC (O1P = 100 ppm, SW = 200 ppm) spectra are shown. For the not quantitative boronic
esterifications only the boronic ester signals are picked. In addition, the NOESY spectrum of 51 is

shown.
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