Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2021

Selg et al. Supp. Information

Borinostats: Solid Phase Synthesis of Carborane-Capped Histone

Deacetylase Inhibitors with a Tailor-Made Selectivity Profile

Christoph Selg,2 Andrea Schéler,? Julian Schliehe-Diecks,® Maria Hanl,© Laura Sinatra,? Arndt Borkhardt,® Menyhart
B. Sarosi,d Sanil Bhatia,? Evamarie Hey Hawkins? and Finn K. Hansen*¢

a Institute for Drug Discovery, Medical Faculty, Leipzig University, Briiderstrafse 34, 04103 Leipzig (Germany).
b Department of Pediatric Oncology, Hematology and Clinical Immunology, Medical Faculty, Heinrich-Heine
University Diisseldorf, Diisseldorf (Germany).
¢ Pharmaceutical Institute, Department of Pharmaceutical and Cell Biological Chemistry, University of Bonn, An der
Immenburg 4, 53121 Bonn (Germany).
d Institute of Inorganic Chemistry, Faculty of Chemistry and Mineralogy, Leipzig University, Johannisallee 29, 04103
Leipzig (Germany).

E-mail: finn.hansen@uni-bonn.de

Supporting Information

Table of Contents

1 ADDIEVIGTIONS ...ttt st et b e b e bt ehe e sttt e e bt enhe e he e sat e st e are e beeas 2
2 GENEIAl INFOIMALION c..cieie ettt sttt b e bt e s bt e st e et e et e e sbeesaeesaneeas 2
3 General Procedure for the Solid-Phase Synthesis of 8a—d, 9a—d, 10 and 11............c.ccccvvvevviveeecnneen. 3
oI [aa = a1 = D - PPN 4
R ST Te [} = Tor= 1 I SAVZ- 1 [T L] o VU 8
6 Technical Details of the Molecular Docking Simulations ............ccocieeieciiie e 10
7 NMR Data for Compounds 8a—d, 9a—d, 10 and 11 ...........cccoeciiiiieiiiie et eree e 11
8 HRMS ESI Data for Compounds 8a—d, 9a—d, 10 and 11.........cccoeiiiiiiiiiiiiiie e e 25
9 HPLC Chromatograms of Key Target CoOmMPOUNGS ......ccoccuiiieiiiiiieeiciieeecciieeeeeite e e esvre e e e ereeeessareeeeeanes 30

S1



Selg et al. Supp. Information

1 Abbreviations

AMC: 7-Amino-4-methylcoumarin

DIPEA: N-Ethyl-N-(propan-2-yl)propan-2-amine

DMF: N,N-Dimethylformamide

COMU: (1-Cyano-2-ethoxy-2-oxoethylideneaminooxy)dimethyl-amino-morpholino-carbenium-
hexafluorophosphate

HATU: 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate

HOBt: 1-Hydroxybenzotriazole, benzotriazolo-1-ol

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide

ZMAL: Benzyl 5-acetamido-1-(4-methyl-2-oxo-2H-chromen-6-yl)amino-1-oxopentan-2-ylcarbamate

2 General Information

Unless otherwise noted, all commercially available compounds were used as provided without further purification.
NMR spectra were recorded on a Bruker Avance DRX 400 MHz (*H NMR 400.16 MHz and 13C NMR 100.59 MHz) and
a Bruker Avance Il 400 MHz (1H NMR 400.20 MHz, 13C NMR 100.64 MHz) spectrometer using the solvent peak as
internal reference for 1H and 13C NMR (CDCls: 6y 7.26; 6¢ 77.0). 11B NMR chemical shifts were calculated according
to the Z-scale.!) Multiplicities are indicated, s (singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sept
(septet), m (multiplet), b (broad singlet); coupling constants (J) are in Hertz (Hz). High-resolution mass spectra were
recorded using a Bruker Daltonics Impact Il with electrospray-ionization and time-of-flight detection (TOF). TLC
analysis was performed on precoated silica gel 60 F254 slides and visualised by UV-light (254 nm) or palladium
staining (5% ™/, Pd(OAc), solution in MeOH). Flash chromatography was carried out using silica gel, particle size 0.2—
0.063 mm and spherical silica gel, particle size 25 um using the indicated mobile phase as correlated with TLC
analysis. Analytical HPLC analysis were carried out using a Thermo Fisher Scientific UltiMate 3000 system equipped
with an UltiMateTM HPG-3400SD pump, an UltiMateTM 3000 diode array detector, an UltiMateTM 3000
autosampler, and a TCC-3000SD standard thermostated column compartment by Dionex. The system was operated
using a Macherey-Nagel NUCLEODUR 100-5 C18 ec column (250 mm x 4.6 mm). UV absorption was detected at 210
and 254 nm with a linear gradient of 5% B to 95% B within 45 min. Acidified HPLC-grade water (0.1% TFA; solvent A)
and acidified HPLC-grade acetonitrile (0.1% TFA; solvent B) were used for elution at a flow rate of 1 mL/min.
Diethylether was distilled from sodium/benzophenone under argon (note: for both carborane reactions the solvent
has to be free of water and oxygen or yields will drop significantly). Peptide-grade Dimethylformamide was
purchased from Iris Biotech GmbH and used as received. All other solvents were distilled prior to use. n-Butyllithium
was titrated with N-benzyl benzamide prior to use and stored under argon. All solid phase reactions were carried
out in PP-reactors with PE frits (sizes: 5 mL, pore size 23um, MultiSynTech GmbH) and a 2-chlorotrityl chloride resin
(200-400 mesh, 1.60mmol/g, Iris Biotech GmbH) was used.

ortho-Carboranylacetic acid 3[2! and hydroxamic acids immobilized on resin (HAIRs 7a-d)[3! were prepared according
to known literature procedures. meta-Carborane carboxylic acid 4 was synthesized after a slightly modified protocol
of Kasar et al. where instead of the portion wise addition of dry ice, gaseous CO;, was bubbled through the reaction
solution.!! All physical characteristics were identical to those reported.

All other chemicals were purchased from commercial sources and used as received.

m R. H. Harris, E. D. Becker, S. M. Cabral de Menezes, R. Goodfellow and P. Granger, Magn. Reson. Chem. 2002, 40, 489-505.

121 J. Nekvinda, B. Griiner, D. Gabel, W. M. Nau and K. |. Assaf, Chem. Eur. J., 2018, 24, 12970-12975.

13] L. Sinatra, J. J. Bandolik, M. Roatsch, M. Sonnichsen, C. T. Schoeder, A. Hamacher, A. Schéler, A. Borkhardt, J. Meiler, S. Bhatia,
M. U. Kassack and F. K. Hansen, Angew. Chem. Int. Ed., 2020, 59, 22494-22499 and literature cited therein.

14] R. A. Kasar, G. M. Knudsen and S. B. Kahl, Inorg. Chem., 1999, 38, 2936-2940.
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3 General Procedure for the Solid-Phase Synthesis of 8a-d, 9a-d, 10 and 11

Following the procedure described by Sinatra et al.3], prior to synthesis, 5 mg of respective modified resin 7a-d was
mixed with 500 pL of 20% piperidine in DMF for 5min. The solid was filtered off via syringe filtration and the process
was repeated once. The filtrates were united and diluted in steps of 10 pL solution per mL of DMF forming a dilution
row from 10 to 100 pL/mL. The concentration of the cleaved Fmoc-group was subsequently determined
photometrically using a 3500 pL quartz cuvette (100-QS, Hellma Analytics) with a pathlengths of 10mm and a
Shimadzu UV-160A spectrometer at room temperature (€300nm (dibenzofulvene) = 7800 m2 mol1). Resin loadings
[mol g'1] were calculated using Lambert-Beer law:

. s ;

7a, loading 0.79 mol g™ 7c, loading 0.77 mol g™

. O :
OTHMH/OO OTHV@H/OO

7b, loading 0.80 mol g™ O 7d, loading 0.66 mol g'

A 5 mL syringe was equipped with a syringe filter and charged with the respective Fmoc-protected resin 7a-d (0.1
mmol, 1.0 equiv.) and 2.0 mL of DMF leaving an air-bubble sufficient for proper mixing. The syringe was closed with
plastic cap and gently shaken for 30 min on a laboratory shaker at room temperature. The cap was removed and the
excess solvent was pushed out and discarded leaving the now visibly swollen resin. To remove the Fmoc protecting
group, 3.0 mL of a freshly prepared cleaving solution (20 vol.-% piperidine in DMF) was sucked into the syringe. The
syringe was capped, shaken for 5 min and the excess solution was discarded. The process was repeated once before
the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and again DMF (5 x 3 mL).

For carboxylic acid activation, a mixture consisting of benzoic acid, phenyl acetic acid, 3 or 4 (0.2 mmol, 2.0 equiv.),
and the coupling reagent COMU or HATU (0.2 mmol, 2.0 equiv.) in 2 mL of DMF was vortexed for 10 s and upon
dissolution DIPEA (388 pL, 0.3 mmol, 3.0 equiv.) was added. The resulting clear solution was agitated for 10 minutes
and added to the deprotected resin. To remove residuals, the vial was rinsed with 1 mL of DMF which was also
added to the reaction mixture. The mixture was agitated for 16 hours at room temperature under exclusion of light.
The excess solution was discarded and the residual resin was washed with DMF (5 x 3 mL) and DCM (10 x 3mL). The
plunger was removed carefully and the open syringe was dried inside a round bottom flask connected to high
vacuum for 1 h. (Note: The final washing cycle with DCM has to be performed very thoroughly to avoid traces of
DMF disturbing the following step). To obtain the free hydroxamate, 4 mL of a freshly prepared acidic cleaving
solution (5 vol.-% TFA in DCM) was sucked into the syringe. The syringe was shaken at room temperature for 1 h
and the dark red solution was collected. The syringe was extracted once again with 3 mL of the cleaving solution,
with MeOH (3 x 3 mL) and DCM (3 x 3 mL). The extracts were united to form a now colourless clear solution. The
solvent was removed under reduced pressure and the crude product was subjected to flash chromatography (1.5 x
12 cm, EtOAc/cyclohexane) gradient elution 20-55%) yielding the respective hydroxamic acids 8a—d, 9a—d, 10 and
11.
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4 Experimental Data

7-(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)-N-hydroxyheptanamide 8a

H H
N

N
M ~oH
(0] (0]
H

C11H,gB1gN20; 344.46 g mol”!

Synthesized according to the general procedure using resin 7a (127 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2 equiv.), DIPEA (51 pL, 0.3 mmol, 3 equiv.) and carboranylacetic acid 3 (41 mg, 0.2 mmol, 2 equiv.). The
crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-55%, R¢
(cyclohexane/EtOAc, 1:1) = 0.18) yielding 8a as colourless oil (31 mg, 0.09 mmol, 90%). *H NMR (400 MHz, CD3CN) 6
6.97 (s, 1H), 4.75 (s, 1H), 3.14 (t, J = 6.4 Hz, 2H), 3.11 (s, 2H), 3.50-1.25 (m, 10H, carborane cluster BH), 2.09 (t, J =
7.4 Hz, 2H), 1.58 (t, J = 7.1 Hz, 2H), 1.48 (t, J = 7.0 Hz, 2H), 1.33 (h, J = 4.8, 4.4 Hz, 5H). 11B{1H} NMR (128 MHz, CDsCN)
6-2.8,-5.8,-9.9, -10.7, -12.9. 13C{*H} NMR (101 MHz, CDsCN) 6 171.99, 167.08, 71.83, 61.28, 43.67, 40.04, 33.17,
29.48,29.15, 27.05, 25.99. HRMS-ESI (m/z): [M+Na]* calcd for C31H28B10N203Na: 367.3001, found: 367.2967 with the
expected isotopic distribution.

7-(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)-N-hydroxyhexanamide 8b

C1oH26B10N203, 330.43 g mol™!

Synthesized according to the general procedure using resin 7b (125 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2 equiv.), DIPEA (51 pL, 0.3 mmol, 3 equiv.) and carboranylacetic acid 3 (41 mg, 0.2 mmol, 2 equiv.). The
crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane, gradient elution 20-55%,
Rs (cyclohexane/EtOAc, 1:1) = 0.18) yielding 8b as colourless oil (26 mg, 0.08 mmol, 80%). *H NMR (400 MHz, DMSO-
de) 6 10.33 (s, 1H), 8.21 (t, J = 5.6 Hz, 1H), 5.13 (s, 1H), 3.18 (s, 3H), 3.10 (s, 2H), 3.02 (q, J = 6.4 Hz, 2H), 3.50-1.25
(m, 10H, carborane cluster BH), 1.94 (t, J = 7.4 Hz, 2H), 1.50 (q, /= 7.5 Hz, 2H), 1.39 (t, /= 7.4 Hz, 2H), 1.25(q, /= 8.2,
7.6 Hz, 3H). 11B{1H} NMR (128 MHz, DMSO-d¢) 6 -3.1, -5.9, -10.0, -10.7, -12.8. 13C{*H} NMR (101 MHz, DMSO-dp)
6 169.06, 165.48, 71.51, 61.19, 42.27, 38.61, 32.19, 28.44, 25.99, 24.78. HRMS-ESI (m/z): [M+H]* calcd for
C10H27310N2031 331.3036, found: 331.3025.

(E)-3-{4-[(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)methyl]phenyl}-N-hydroxyacrylamide 8c

o

N _OH
N
H H
N
@Hﬁg C14H24B1oN,05 376.46 g mol™!

Synthesized according to the general procedure using resin 7c (125 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 uL, 0.3 mmol, 3.0 equiv.) and carboranylacetic acid 3 (41 mg, 0.2 mmol, 2.0 equiv.).
The crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-55%, Rs
(cyclohexane/EtOAc, 1:1) = 0.20) yielding 8c as colourless oil (28 mg, 0.07 mmol, 74%). 'H NMR (400 MHz, CDs0D)
57.56(d,J=7.9 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 6.48 (d, J = 15.8 Hz, 1H), 4.38 (s, 1H), 3.50—1.25 (m, 10H, carborane
cluster BH), 3.21 (s, 1H), 2.83 (s, 1H), -C-NH-OH signal could not be detected due to solvent exchange. 11B{1H} NMR
(128 MHz, CDs0D) 6 -2.5, -5.5, -9.7, -10.8, -11.7, -12.9. 13C{*H} NMR (101 MHz, CDs0D) & 168.42, 166.33, 141.23,
141.17, 135.45, 129.42, 129.02, 118.45, 71.67, 61.59, 44.05, 44.00, 38.89. HRMS-ESI (m/z): [M+H]* calcd for
C14H25B10N203: 377.2870, found: 377.2874. HPLC tr: 13.39 min, purity: 99.7% rel. area.
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4-[(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)methyl]-N-hydroxybenzamide 8d
o

N/OH
H H
N
@HI( Cy3H25B1oN,05 350.42 g mol”

Synthesized according to the general procedure using resin 7d (151 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 uL, 0.3 mmol, 3.0 equiv.) and carboranylacetic acid 3 (41 mg, 0.2 mmol, 2.0 equiv.).
The crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-55%, Rs
(cyclohexane/EtOAc, 1:1) = 0.20) yielding 8d as colourless oil (35 mg, 0.1 mmol, 99%). *H NMR (400 MHz, CDsOD) é
7.81—-7.65(m, 1H), 7.55 —7.25 (m, 1H), 4.42 (s, 1H), 3.50—-1.25 (m, 10H, carborane cluster BH), 3.22 (s, 1H), 2.83 (s,
1H), -C-NH-OH signal could not be detected due to solvent exchange. 11B{H} NMR (128 MHz, CDs0D) 6 -2.5, -5.6, -
9.7, -10.8, -11.7, -12.9. 13C{1H} NMR (101 MHz, CDs0OD) 6 168.48, 167.85, 143.35, 132.61, 128.97, 128.40, 71.64,
61.60, 43.98, 43.95, 38.88. HRMS-ESI (m/z): [M+H]* calcd for Ci2H23B10N203: 351.2713, found: 351.2731. HPLC tg:
13.47 min, purity: 95.1% rel. area.

1,2-Dicarba-closo-dodecaborane(12)-N-[6-(hydroxyamino)-6-oxoheptyl]-1-carboxamide 9a

N N
H V\/W “oH

o} o}

C19H6B1oN,03, 330.43 g mol’!
Synthesized according to the general procedure using resin 7a (127 mg, 0.1 mmol, 1.0 equiv.), COMU (86 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and carborane carboxylic acid 4 (38 mg, 0.2 mmol, 2.0
equiv.). The crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-
55%, R¢ (cyclohexane/EtOAc, 1:1) = 0.22) yielding 9a as colourless oil (32 mg, 0.09 mmol, 96%). *H NMR (400 MHz,
CDs0D) 6 3.74 — 3.64 (m, 1H), 3.50-1.25 (m, 10H, carborane cluster BH), 3.14 (t, J = 7.1 Hz, 2H), 2.10 (t, / = 7.4 Hz,
2H), 1.62 (t, J = 7.4 Hz, 2H), 1.55 — 1.43 (m, 2H), 1.43 — 1.21 (m, 5H), -C-NH-OH signal could not be detected due to
solvent exchange. 11B{*H} NMR (128 MHz, CDs0OD) 6 -5.7, -7.7, -11.1, -11.6, -13.3, -13.9, -15.6. 13C{IH} NMR (101
MHz, CDs0D) 6 172.90, 162.51, 77.48, 56.80, 41.61, 33.66, 29.85, 29.68, 27.34, 26.65. HRMS-ESI (m/z): [M+Nal*
calcd for Ci9H26B1oN203Na: 353.2811, found: 353.2850. HPLC tg: 13.47 min, purity: 95.8% rel. area.

1,2-Dicarba-closo-dodecaborane(12)-N-[6-(hydroxyamino)-6-oxohexyl]-1-carboxamide 9b

CoHz4B1oN205 318.27 g mol”

Synthesized according to the general procedure using resin 7b (125 mg, 0.1 mmol, 1.0 equiv.), COMU (86 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and carborane carboxylic acid 4 (38 mg, 0.2 mmol, 2.0
equiv.). The crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-
55%, R¢ (cyclohexane/EtOAc, 1:1) = 0.18) yielding 9b as colourless oil (26 mg, 0.08 mmol, 82%). 'H NMR (400 MHz,
CDs0D) 6 3.74 — 3.60 (m, 1H), 3.33 (p, J = 1.6 Hz, 2H), 3.50-1.25 (m, 10H, carborane cluster BH), 3.14 (t, /= 7.1 Hz,
2H), 2.10 (t, J = 7.5 Hz, 2H), 1.63 (p, J = 7.6 Hz, 2H), 1.56 — 1.39 (m, 2H), 1.39 — 1.21 (m, 2H), -C-NH-OH signal could
not be detected due to solvent exchange. 11B{*H} NMR (128 MHz, CDs0D) 6 -5.0, -6.3, -7.1, -8.3, -10.5, -10.9, -11.7,
-12.6,-13.9, -14.9, -16.3. 13C{1H} NMR (101 MHz, CDs0D) 6 172.79, 162.56, 77.46, 56.80, 41.54, 33.59, 29.67, 27.19,
26.31. HRMS-ESI (m/z): [M+Na]* calcd for CoH25B10N203: 339.2687, found: 339.2705. HPLC tg: 13.16 min, purity:
96.5% rel. area.
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(E)-3-{4-[(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)methyl]phenyl}-N-hydroxyacrylamide 9c
o}

NN _OH
N
H

O Cy3HpByoN,03, 362.43 g mol™

Synthesized according to the general procedure using resin 7c (125 mg, 0.1 mmol, 1.0 equiv.), COMU (86 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and carborane carboxylic acid 4 (38 mg, 0.2 mmol, 2.0
equiv.). The crude oil was purified by flash chromatography (1.5 x 12 cm, DCM/cyclohexane) gradient elution 20-
55%, R¢ (cyclohexane/EtOAc, 1:1) = 0.20) yielding 9c as colourless oil (33 mg, 0.09 mmol, 92%). *H NMR (400 MHz,
CDsOD) 6 7.57 (d, J = 15.9 Hz, 1H), 7.53 (d, J = 7.8 Hz, 2H), 7.24 (d, J = 7.9 Hz, 2H), 6.47 (d, J = 15.7 Hz, 1H), 4.35 (s,
2H), 3.70 (s, 1H), 3.50-1.25 (m, 10H, carborane cluster BH), 3.19 — 1.36 (m, 2H), -C-NH-OH signal could not be
detected due to solvent exchange. 11B{1H} NMR (128 MHz, CDs0D) 6 -5.1, -6.4, -8.0, -10.5, -11.6, -12.6, -13.9, -14.8,
-16.3. 13C{*H} NMR (101 MHz, CDsOD) é 166.34, 162.77, 141.38, 141.18, 135.25, 128.95, 128.56, 118.36, 77.21,
56.89, 44.81. HRMS-ESI (m/z): [M+Na]* calcd for C13H22B10N203Na: 385.2533, found: 385.2536. HPLC tg: 13.28 min,
purity: 95.0% rel. area.

4-[(1,2-Dicarba-closo-dodecaborane(12)-1-acetamido)methyl]-N-hydroxybenzamide 9d

o)
OH
H
N N
O CyyHyoB1gN,03, 336.40 g mol”
Synthesized according to the general procedure using resin 7d (151 mg, 0.1 mmol, 1.0 equiv.), COMU (86 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and carborane carboxylic acid 4 (38 mg, 0.2 mmol, 2.0
equiv.). The crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-
55%, R¢ (cyclohexane/EtOAc, 1:1) = 0.20) yielding 9d as colourless oil (27 mg, 0.08 mmol, 81%). 'H NMR (400 MHz,
CDs0D) 6 7.89 —7.62 (m, 1H), 7.30 (d, J = 8.1 Hz, 1H), 4.38 (s, 1H), 3.78 — 3.60 (m, 1H) 3.50-1.25 (m, 10H, carborane
cluster BH), -C-NH-OH signal could not be detected due to solvent exchange. B{*H} NMR (128 MHz, CDs0OD)
6 -5.7, -7.5, -11.0, -11.6, -13.3, -15.5. 13C{*H} NMR (101 MHz, CDs0OD) 6 167.91, 162.80, 143.45, 132.47, 128.33,
128.16, 77.16, 56.91, 44.75. HRMS-ESI (m/z): [M+H]* calcd for C11H»1B10N203: 337.2556, found: 337.2566. HPLC tx:
13.67 min, purity: 95.1% rel. area.

(E)-N-Hydroxy-3-{4-[(2-phenylacetamido)methyl]phenyl}acrylamide 10
o
N _OH
N
H H

N
SR
C1gH1gN203, 310.35 g mol”’!

Synthesized according to the general procedure using resin 7c (151 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and phenylacetic acid (38 mg, 0.2 mmol, 2.0 equiv.). The
crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-55%, R¢
(cyclohexane/EtOAc, 1:1) = 0.20) yielding 10 as colourless oil (24 mg, 0.07 mmol, 77%). 'H NMR (400 MHz, DMSO-
ds) 6 9.37 (b, 1H), 8.59 (t, J = 5.9 Hz, 1H), 7.50 (d, J = 7.9 Hz, 2H), 7.42 (d, J = 15.8 Hz, 1H), 7.31 — 7.28 (m, 4H), 7.28 —
7.25(m, 2H), 6.45 (d, J = 15.8 Hz, 1H), 4.29 (d, J = 5.9 Hz, 3H), 3.49 (s, 3H). 13C{H} NMR (101 MHz, DMSO-dg) & 170.17,
162.68, 140.95, 137.88, 136.36, 133.44, 129.00, 128.20, 127.70, 127.43, 126.36, 118.76, 42.35, 41.96. HRMS-ESI
(m/z): [M+H]* caled for C1gH19N203: 311.1390, found: 311.1408. HPLC tg: 11.70 min, purity: 95.5% rel. area.
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4-(Benzamidomethyl)-N-hydroxybenzamide 11

OH

ZT
Iz

o}
C15H14N,03, 270.29 g mol’!

Synthesized according to the general procedure using resin 7c (151 mg, 0.1 mmol, 1.0 equiv.), HATU (76 mg,
0.2 mmol, 2.0 equiv.), DIPEA (51 pL, 0.3 mmol, 3.0 equiv.) and phenylacetic acid (38 mg, 0.2 mmol, 2.0 equiv.). The
crude oil was purified by flash chromatography (1.5 x 12 cm, EtOAc/cyclohexane) gradient elution 20-55%, R
(cyclohexane/EtOAc, 1:1) = 0.20) yielding 10 as colourless oil (21 mg, 0.08 mmol, 79%). TH NMR (300 MHz, CD30D)
67.89—-7.81(m, 1H), 7.75 — 7.65 (m, 1H), 7.55 — 7.38 (m, 3H), 4.62 (s, 1H), -C-NH-OH signal could not be detected
due to solvent exchange. 13C{*H} NMR (75 MHz, CD30D) 6 170.26, 168.00, 144.35, 135.44, 132.83, 132.34, 130.96,
129.63, 128.59, 128.35, 128.33, 44.16. HRMS-ESI (m/z): [M+H]* calcd for CisH1sN>03: 271.1077, found: 271.1082.
HPLC tg: 11.27 min, purity: 95.4% rel. area.
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5 Biological Evaluation
Reagents

Stock solutions (10 mm) of investigated compounds were prepared in DMSO. All cell culture material was provided
by Sarstedt (Newton, USA). All other reagents were supplied by PAN Biotech (Germany) unless otherwise stated.

Cell Line and Cell Culture

The human ovarian carcinoma cell line A2780 (ECACC no. 93112519) was obtained from the European Collection of
Cell Cultures (ECACC, UK) and cultured in RPMI 1640 medium supplemented with 10 % fetal bovine serum, 2 mM
L-Glutamine, 50 U/mL penicillin and 50 pug/mL streptomycin. The cells were grown at 37 °C under humidified air with
5 % CO; to 80%-90% confluency before being used in further assays.

MTT Cell Viability Assay

The intrinsic cytotoxicity of test compounds was evaluated by an MTT assay as previously described. [51 A2780 cells
were seeded in 96 well plates (Starlab GmbH, Hamburg, Germany) at a density of 8000 cells/well and incubated for
12 h. Subsequently cells were exposed to increasing concentrations of the test compounds. After 72 h MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (BioChemica, Applichem GmbH, Germany) solution
(5 mg/mL in phosphate-buffered saline) was added to determine cell survival. The formazan dye was dissolved after
1 h in DMSO (Sigma-Aldrich, Germany) and absorbance was measured at 570 nm and 690 nm in a Multiskan
microplate photometer (Thermo Fisher Scientific, USA).

All compounds were evaluated in triplicate in at least three independent experiments.

In Vitro Human HDACI, 2, 3 and 6 Assay

OptiPlate-96 black microplates (Perkin Elmer) were used with an assay volume of 50 uL. 5 pL test compound or
control, diluted in assay buffer (50 mm Tris-HCI, pH 8.0, 137 mm NaCl, 2.7 mm KCI, 1 mm MgCl,, 0.1 mg/mL BSA),
were incubated with 35 pL of the fluorogenic substrate ZMAL (Z-Lys(Ac)-AMC) (21.43 um in assay buffer) and 10 pL
of human recombinant HDAC1 (BPS Bioscience, Catalog# 50051), HDAC2 (BPS Bioscience, Catalog# 50052), HDAC3
(BPS Bioscience, Catalog# 50003) or HDAC6 (BPS Bioscience, Catalog# 50006) at 37 °C. After an incubation time of
90 min, 50 pL of 0.4 mg/mL trypsin in trypsin buffer (50 mm Tris-HCI, pH 8.0, 100 mM NaCl) were added, followed
by further incubation at 37 °C for 30 min. Fluorescence was measured with an excitation wavelength of 355 nm and
an emission wavelength of 460 nm using a Fluoroskan Ascent microplate reader (Thermo Scientific). All compounds
were evaluated in duplicates in at least two independent experiments.

In Vitro Human HDACS8 Assay

OptiPlate-96 black microplates (Perkin Elmer) were used with an assay volume of 50 uL. 5 pL test compound or
control, diluted in assay buffer (50 mm Tris-HCI, pH 8.0, 137 mm NaCl, 2.7 mm KCI, 1 mm MgCl,, 1.0 mg/mL BSA),
were incubated with 35 pL of the fluorogenic substrate Boc-Lys(Tfa)-AMC (Bachem, Catalog# 4060676, 100 um in
assay buffer) and 10 pL of human recombinant HDAC8 (BPS Bioscience, Catalog# 50008) at 37 °C. After an incubation
time of 90 min, 50 pL of 1 mg/mL trypsin in trypsin buffer (50 mm Tris-HCI, pH 8.0, 100 mm NaCl) were added,
followed by further incubation at 37 °C for 30 min. Fluorescence was measured with an excitation wavelength of
355 nm and an emission wavelength of 460 nm using a Fluoroskan Ascent microplate reader (Thermo Scientific). All
compounds were evaluated in duplicates in at least two independent experiments.

Data Analysis

Concentration effect curves were generated using the four-parameter logistic equation (GraphPad Prism 9.0, San
Diego, CA) and mean ICso values were calculated based on at least three distinct experiments.

(3] a) H. Mueller, M. U. Kassack and M. Wiese, J. Biomol. Screen. 2004, 9, 506-515; b) F. Marighetti, K. Steggemann, M. Hanl and M.
Wiese, ChemMedChem, 2013, 8, 125-135; c) S. Kraege, K. Stefan, K. Juvale, T. Ross, T. Willmes, M. Wiese, Eur. J. Med. Chem.,
2016, 117, 212-229.

S8



Selg et al. Supp. Information

Cell culture

The leukemic cell lines HL60 (acute myeloid leukemia or AML), K562 (chronic myeloid leukemia or CML) and HPBALL (T-cell
acute lymphoblastic leukemia or T-ALL) were cultured in RPMI 1640 GlutaMax (Life Technology, California, USA,
Catalog#61870036) supplemented with 10% FCS. All cells were cultured in a 37 °C humidified incubator with 5% CO; according
to the suggested culture conditions from DSMZ (https://www.dsmz.de), with the addition of 1% penicillin-streptomycin
(Catalogt#15070063, Life Technologies).

Cell viability assay

The cell viability assay was performed to determine the ICsg values for the leukemic cell lines. The experimental compounds
were first dissolved in DMSO with an initial stock concentration of 10mm and printed on white 384-well plates (Catalog#3570,
Thermo Fisher Scientific) with 26 increasing concentrations (0.1 — 25 um) by using a digital dispenser (D300e, Tecan).
Afterwards, 30 uL of cell suspension/well were seeded with a concentration of 0.04 x 106 cells /mL and incubated under
standard culture conditions. After 72 h the cell viability was measured utilizing the ATP based CellTiter-Glo luminescent assay
(Catalog#G7573, Promega) with a microplate reader (Spark, Tecan). The obtained raw data were normalized to DMSO treated
controls (DMSO < 0.5%) and the ICso values calculated using the sigmoid dose curve (Hill slope) and nonlinear regression
(GraphPad Prism Inc.) (n=3). The ICso data were plotted as a clustered heat map. Each box of the heat map represents the
mean of three independent experiments (n=3).

Combinatorial drug screening

Experimental compounds, vorinostat and bortezomib were printed on white 384-well plates with increasing concentrations
in a dose-response 8x8 matrices using a digital dispenser. The viability was monitored after 72 h using CellTiter-Glo
luminescent assay, using a microplate reader. The ZIP synergy scores calculations were based on the ZIP model using the
Synergy Finder tool (https://synergyfinder.fimm.fi/).l6l

Immunoblotting

HL60 cells (0.5 x 106 cells/ml) were treated with the indicated concentration of the compound or vehicle (DMSO) for 24 h
under standard culture conditions. Cell pellets were lysed with 300 pL RIPA buffer (50 mm Tris-HCl pH 8.0, 1 % Triton X-100,
0.5 % sodium deoxycholate, 0.1% SDS, 150 mm sodium chloride, 2 mm EDTA, supplemented with protease inhibitors
(Catalog#11697498001, Roche) and phosphatase inhibitor (Catalog#4906845001, Roche) cocktail tablets, following
manufactures’ guidelines. After centrifugation, the protein concentration of the whole cell extracts was determined using the
Pierce BCA protein assay kit (Catalog#23225, ThermoFisher Scientific), according to manufacture guidelines. 20 ug of total
protein extracts were resolved by an 8% or 12% SDS-PAGE at 60 mA for 60 min and transferred at 100 V for 60 min~120 min
to nitrocellulose blotting membrane (Catalog#10600002, GE Healthcare, Germany) utilizing the wet mini trans-blot
electrophoretic transfer cell system (Catalog#1703930. Bio-Rad). PageRuler Prestained Protein Ladder, 10 to 180 kDa
(Catalog#26616, ThermoFisher Scientific) was used as protein molecular weight marker. First, Blots were incubated in 5%
BSA/ TBS-T blocking solution for 30 min under slight agitation at room temperature and washed three times for 5 min in TBS-
T. Afterwards, the blots were incubated overnight at 4 °C with anti-a-tubulin (Catalog#2144), anti-acetyl-a-tubulin
(Catalog#5335), anti-acetyl-histone H3 (Catalog#9677) and anti-GAPDH (Catalog#5174) antibodies from Cell Signaling
Technology and anti-acetyl SMC3 (Catalog# MABE1925, Merck Millipore). All primary antibodies were diluted 1:1000 in 5%
BSA/ TBS-T as suggested by the manufacturer’s guidelines. Afterwards, blots were washed three times for 5 min in TBS-T.
Next, blots were incubated with 1:2000 dilution of secondary horseradish peroxidase-conjugated antibodies (Catalog#7074
or #7076, Cell Signalling Technology) for 2 h at room temperature. Blots were washed three times with TBS-T and developed
with the ECL system (Catalog#GERPN2109, GE Healthcare), according to the manufacturer’s guidelines. Blots were detected
and analyzed with the Jess western blot system (Protein simple).

el A. lanevski, L. He, T. Aittokallio and J. Tang, Bioinformatics, 2020, 36, 2645.
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6 Technical Details of the Molecular Docking Simulations

The crystal structure of human histone deacetylase 6 catalytic domain 2 (hHDAC6-CD2) as a chimera with maltose-
binding protein (MBP) and the HDAC1:MTA1 complex were downloaded from www.rcsb.org (PDB ID: 5EDU and
5ICN).[7.891 MBP, all ligands, non-standard residues except for the Zn2* ion, and all water molecules were removed
with UCSF Chimera.l29l Protein hydrogen atoms were added using the reduce program without performing
automated flips on ASN, GLN, and HIS sidechain residues (NQH), creating N H hydrogens on histidine rings and
allowing existing O H and S H groups to rotate.[11]

Ligand structures were constructed in their deprotonated forms with UCSF Chimera.[1% Ligand geometries were
optimized with the PM6-D3H4X/COSMO(water) method, as implemented in MOPAC2016 (Version: 19.179L).1121 The
linear scaling algorithm MOZYME was used to speed up the calculations. The boron atom radius in MOZYME was set
to 0.92 A. The CHELPG atomic partial charges for each ligand were derived at the HF/6-31G* level, as implemented
in ORCA.[13]

Ligand molecules and one hHDAC6-CD2 were prepared for docking with AutoDock Tools 1.5.6.114 All hydrogen atoms
and ligand CHELPG partial atomic charges were kept and all torsion angles within the carborane clusters were set to
non-rotatable, but otherwise default protocols were followed for preparing receptor and ligand structures.
Gasteiger charges were assigned to each atom of the macromolecule, and boron AutoDock atom types were
adapted from literature.[15.16]

Docking was performed with AutoDock 4.2.5.1.11417] A 56x52x44 points three-dimensional affinity grid with 0.375 A
grid point spacing was defined around the hHDAC6-CD2 active site cavity. A 60x56x50 points three-dimensional
affinity grid with the same grid point spacing was defined around the HDAC1 active site cavity. The number of
docking runs was increased to 100, but otherwise default protocols were followed: Lamarckian genetic algorithm
(LGA) for ligand conformational search; population size of 150 individuals; maximum of 2.5 x 10° energy evaluations;
maximum of 27 000 generations; one top individual to survive to the next generation automatically; mutation rate
of 0.02; crossover rate of 0.8; random initial positions and conformations; the probability of performing a local
search on an individual in the population was set to 0.06; the maximum number of iterations per local search was
set to 300.

UCSF Chimera was used to inspect the docking results and to render images thereof.[10]

/

> R SN BN o ‘
/ H17sq}u\f\o17s
. B , \

Figure S1. 9d docked into human HDAC1 (PDB ID: 5ICN). The docked pose of 8c is shown as magenta wireframe for comparison. Residue numbering
according to PDB ID: 5ICN. B: orange, C: grey/green, N: blue, O: red, Zn: purple. Hydrogen atoms are omitted. HDAC1 is shown in grey. HDAC6
backbone trace is shown in light blue for comparison.

7 Y. Hai, D. W. Christianson, Nat. Chem. Biol. 2016, 12, 741-747.

18] H. M. Berman, J. Westbrook, Z. Feng, G. Gilliland, T. N. Bhat, H. Weissig, I. N. Shindyalov, P. E. Bourne, Nucleic Acids Res.
2000, 28, 235-242.

19 P. ). Watson, C. J. Millard, A. M. Riley, N. S. Robertson, L. C. Wright, H. Y. Godage, S. M. Cowley, A. G. Jamieson, B. V. Potter, J. W.
Schwabe, Nat. Commun. 2016, 7, 11262-11262.

[10] E. F. Pettersen, T. D. Goddard, C. C. Huang, G. S. Couch, D. M. Greenblatt, E. C. Meng, T. E. Ferrin, J. Comput. Chem. 2004,
25, 1605-1612.

[ J. M. Word, S. C. Lovell, J. S. Richardson, D. C. Richardson, J. Mol. Biol. 1999, 285, 1735-1747.

[12] J. J. P. Stewart, MOPAC2016, Stewart Computational Chemistry, Colorado Springs, USA, 2016.

[13] F. Neese, WIREs Comput. Mol. Sci. 2012, 2, 73-78.

[14] G. M. Morris, R. Huey, W. Lindstrom, M. F. Sanner, R. K. Belew, D. S. Goodsell, A. J. Olson, J. Comput. Chem. 2009, 30,
2785-2791.

[15] J. Fanfrlik, J. Brynda, J. Reza¢, P. Hobza, M. Lepsik, J. Phys. Chem. B 2008, 112, 15094-15102.

116] R. Tiwari, K. Mahasenan, R. Pavlovicz, C. Li, W. Tjarks, J. Chem. Inf. Model. 2009, 49, 1581-1589.

1171 G. M. Morris, D. S. Goodsell, R. S. Halliday, R. Huey, W. E. Hart, R. K. Belew, A. J. Olson, J. Comput. Chem. 1998, 19, 1639—
1662.

S10



Selg et al. Supp. Information

7 NMR Data for Compounds 8a-d, 9a-d, 10 and 11
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8 HRMS ESI Data for Compounds 8a-d, 9a-d, 10 and 11
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predicted [C14H24B10N203 + H]+

377.2870
378.2838
376.2904
379.2814
375.2939
374.2974 380.2837
373.3010 381.2858
. :
T T T T T T T T T T T T T T T T T T T T T T
367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388
: m/z (Da)
experimental
a 377.2874
H,DH
i
378.2843
T 4HaB s, 376:46 g mol!
376.2899
375.3010 379.2808
387.1874
369.3063 381.2993 383.3187 385.3234
‘ ‘ l \H l ‘ \‘ u H ‘\‘\ \“m ‘\‘ - ‘ ! ‘ ‘\ “
T T T T T T T T T T T T T T T T T T T T T T
367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 3
m/z (Da)
Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 8c.
predicted [C12H22B10N203 + H]+
351.2713
352.2680
350.2747
353.2655
349.2782
348.2817 354.2679
347.2853 355.2699
L :
T T T T T T T T T T T T T T T T
142 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
m/z (Da)
experimental
a
Sons
H 352.2737
351.2731
" CyzHaohl g0, 350,82 gmal ! 353.2755
350.2757
349.3446 354.2795
355.2814
349,277
357.3077
343.2981 345.1073 347.3241
' o [ T} ‘ ‘ o H R ‘ ‘ 1 ' N
T T T T T T T T T T T T T T T
343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
m/z (Da)

Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 8d.
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predicted [CLOH26B10N203 + Na]+

353.2844
354.2811
352.2879
355.2785
351.2914
350.2949
356.2811
349.2985 357.2829
.
T T T T T T T T T T T T T T T T T T T T T T T
342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364
m/z (Da)
experimental
353.2850
354.2815
H
o
c
352.2886
355.2786
351.2011
350.2052
356.2799
349.2983 | 357.2849 359.1577
i :
T T T T T T T T T T T T T T T T T T T T T T T
342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364
m/z (Da)
Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 9a.
predicted [CO9H24B10N203 + Na]+
339.2687
340.2654
338.2722
341.2627
337.2757
336.2793 422653
335.2829 ‘
.
T T T T T T T T T T T T T T T T T T T T T T T
328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350
m/z (Da)
experimental
339.2705
340.2671
0
Homm A o
H N
H
0
338.2733
CaHl 2 4M20 5 MW 318.33 g mol?
341.2634
337.2770
336.2801
335.2825 342.‘2559
.
T T T T T T T T T T T T T T T T T T T T T 1
329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 3
m/z (Da)

Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 9b.
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predicted [C13H22B10N203 + Na]+

385.2533
386.2501
384.2567
387.2476
383.2601
382.2637 388.2500
381.2673 389.2520
. :
T T T T T T T T T T T T T T T T T T T T T T T
374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 z
m/z (Da)
experimental
9 385.2536
_OH 386.2516
N i
N
H
O CpghhyBigNy0y 362.43 gmol
384.2571
387.2513
383.2652
388.2623
374.7337
382.2622 389.2600
376.7321
74.251 377.2662  378.7274 380.2579 381.2685 390.2556 391.2441 392.2261 393"2180 394.2192 395 7483
. . o [ . (- 1 | | I 1 .
T T T T T T T T T T T T T T T T T T T T T T
375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396
m/z (Da)
Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 9c.
predicted [C11H20B10N203 + H]+
337.2556
338.2523
336.2590
339.2497
335.2625
334.2661 340.2522
333.2696 341.2541
.

T T T T T T T T T T T T T T T T T
328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344
experimental m/z (Da)

o 337.2566
338.2538
" H
O CogHah o205, 33640 g mol!
336.2597
339.2467
333.2411
335.2598
331.2241
334.2542
332.2279 3402492 3412682 343.1644
3283191 329.2006 554,953 ‘ ‘340.3487 ‘ 342.2491 344.16
I I ! . — 1 1 1
T T T T T T T T T T T T T T T T
329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344
m/z (Da)

Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 9d.
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predicted [C18H18N203 + H]+

311.1390
312.1422
313.1448
1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
19.0 309.4 309.8 310.2 310.6 311.0 311.4 311.8 312.2 312.6 313.0 313.4 313.8 314.2 314.6 315.0 315.4 315
m/z (Da)
experimental
o
l:‘,UH
mu 311.1408
CysHisHz05210.3 gma™!
310.2043 312.1466
315.2575
309.2789 311.2907 314.2841
310.1104310.3285 312.3090 313.1540 315.1617
L = i ‘ [ 1 |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
309.2 309.6 310.0 310.4 310.8 311.2 311.6 312.0 312.4 312.8 313.2 313.6 314.0 314.4 314.8 315.2 315.6
m/z (Da)

Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 10.

predicted [C15H14N203 + H]+

271.1077

272.1108

273.1133
i

T T T T T T T T T T T T T T T T T T
268.5 269.0 269.5 270.0 270.5 271.0 271.5 272.0 272.5 273.0 273.5 274.0 274.5 275.0 275.5 276.0 276.5 277.0 277.5 278.0 278.5 279.0 279.5 2§

m/z (Da)
experimental
0 271.1082
_OH
i i
N
CysHy M0 5 27028 g mol!
268.9840 272.1132
271/,2626 272.2841
269.9867 270.986 i 273.1187 274.2719 275.2579 277.1842 27t
. (Y I . PR Y (I . (N
T T T T T T T T T T T T T T T T T T T
269.0 269.5 270.0 270.5 271.0 271.5 272.0 272.5 273.0 273.5 274.0 274.5 275.0 275.5 276.0 276.5 277.0 277.5 278.(
m/z (Da)

Simulated (top) and measured (bottom) HRMS-ESI spectrum (positive mode) of 11.
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9 HPLC Chromatograms of Key Target Compounds

4.000
mAU WVL:250 nm
1 95,8
. / g c;\
3.000— / 2
E) ] Ve
E | /
E‘ 2.%9__.ucNLG,9% / 5,8
v |xceex
© Wasser/TFA :95,0 % 95,8
o 4
ra N
o ]
a \
< 1.000—
4 AN @
] \ &
A ,i; > P
il Ak
L 1T T T —
| Flow: 1,800 m 1/min
o min|
-560 T T L — T T [
0,0 5,8 10,0 15,0 20,0 28,0
RetentionTime [min]
No Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in m AU m AU *min %
1 11,32 n.a. 1,169 @,150 9,04 n.a. BMB
2 12,43  n.a. 1,248 @,136 9,03 n.a. BMB
3 12,72 n.a. 1,139 @,135 8,03 n.a. BMB
4 13,48 n.a. HHEREHE 423,966 99,67 n.a. BM B
5 14,93 n.a. 8,611 0,085 8,02 n.a. BMB
6 15,64  n.a. 2,254 0,291 0,07 n.a. BMB
7 16,27  ebs4 8,724 2,060 8,01 n.a. BMB
8 16,87  n.a. 8,775 0,129 9,03 n.a. BMB
9 18,06 n.a. 2,635 9,329 0,08 n.a. BM B
10 19,52 n.a. 0,434 9,069 0,02 n.a. BMB
Total: HHHERHH 425,351 100,00
HPLC chromatogram of 8c. (Thermo Fisher Scientific UltiMateTM 3000).
6.000
mAU WVL:250 nm
5.080 / |
— 3.750
% J /
— 4 ACN:5,0 % / 5,8
v |
v %C:0,0 %
© 2. 5%__ Wasser/TFA:95,8 % 95,8
o \
[ 1 \
o |
wn N
o 1 \ ®
< 1.250 A
1 g\ 2
N o i~
] oY o
] \,‘\g:!é:q'»l bt
2] BRI )
Flow: 1,608 m 1/min h o
-1.009 | e N
0,0 5,0 10,0 15,0 20,0 28,0
RetentionTime [min]
No Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in m AU m AU *min %
1 10,59 n.a. 1,201 @,077 9,01 n.a. BMB*
2 11,59  eb52 34,854 3,452 9,38 n.a. BMB*
3 11,88 n.a. 4,585 0,624 8,07 n.a. BM
4 12,84  n.a. 6,548 1,053 9,12 n.a. MB
5 13,47 n.a. FRASHER 857,822 95,07 n.a. BMB*
6 14,34 n.a. 104,653 10,823 1,20 n.a. BMb?
7 14,82 n.a. 46,610 4,208 8,47 n.a. bMB
8 15,61  n.a. 5,739 0,471 9,05 n.a. BM *
9 15,77  ebs4 243,817 22,548 2,50 n.a. MB*
10 15,92 n.a. 18,840 1,215 9,13 n.a. Rd
Total: #HEHE 902,294 100,00

HPLC chromatogram of 8d. (Thermo Fisher Scientific UltiMateTM 3000).
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T AU WVL:210 nm
4 95,8
] ;
] /
e
2.000 S @
1 / 7
= 1. 5%*_ e
E ] /
— ACN:5,8 % S 5,8
v /
u % C:e,0 %
§ 1.800 | certra 05,0 % 95,0
o 1 ™~
g 4 \
< 5ee ' AN
1] \ .
a—| - . &
] V | "’981' 1@?‘:\ 7
 Flow: 1,000 m 1/min \J'\u\?_f" QY [
1 r min
-500 T R T T R R
0,0 5,0 10,0 15,0 20,0 28,0
RetentionTime [min]
No Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in m AU m AU *min %
1 11,11 n.a. 69,579 5,672 2,70 n.a. BMB*
2 13,47 n.a. i 200,892 95,78 n.a. BM B
3 14,33 n.a. 0,000 0,701 9,33 n.a. BM B
4 14,71 n.a. 2,655 0,206 9,10 n.a. BM B
5 15,62  n.a. 8,988 0,085 0,04 n.a. BMB
6 16,19  eb54 11,329 1,011 0,48 n.a.  BM
7 16,36 n.a. 10,813 1,044 0,50 na. MB
8 17,63 n.a. 1,168 8,139 0,87 n.a. BMB
Total #HHHHE 209,750 100,00
HPLC chromatogram of 9a. (Thermo Fisher Scientific UltiMateTM 3000).
3.000
mAU WVL:210 nm
4 95,0 Al
g /
/
/
1 /
2.000 /
— /
— ACN:5,8 % s 5,8
o /
J %C:0,0 %
E T wasser/TFa :95,0 % 95,0
5 1.000— N
wn “,
o 1 \
<< \
i
[ — s
~ Flow: Laeé m 1/min
00
-500 ——— T
0,0 5,0 10,0 15,0 20,0 28,0
RetentionTime [min]
No R Et.T-ime Peak Nam e Height Area Rel.Area Amount Type
m in mAU _ mAU *min %
1 13,16 n.a. #HHE 289,004 96,47 n.a. BM B
2 13,67  n.a. 14,261 1,253 8,42 n.a. BMB
3 14,18  n.a. 34,432 3,143 1,85 n.a. BMB
4 14,62  n.a. 5,912 0,688 9,23 n.a. BMB
5 14,74  n.a. 1,773 0,156 8,85 n.a. BMB
6 15,88 n.a. 2,066 0,198 0,07 n.a. BMB
7 15,35 n.a. 3,274 9,311 0,18 n.a. BM B
8 15,64 n.a. 1,685 9,135 0,85 n.a. BM B
9 15,89 eb54 47,146 3,924 1,31 n.a. BM B
10 16,18  n.a. 6,352 0,681 0,23 na. BMB
11 16,95 n.a. 8,557 0,089 0,03 n.a. BMB
Total: #HHHHHEE 299,581 100,00

HPLC chromatogram of 9b. (Thermo Fisher Scientific UltiMateTM 3000).
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3.500 mAU WVL:250 nm
1 95,8
. S
—
2 2.000 ‘
— Jacn:s,0 % 5,0
o 1
[v) %C:0,8 %
5 T wasser/Tea ;95,0 % 5,0
o
o 1 \
2 1.000- h
o - N
< 1 \
] . 2
A & g
1 P R
I g
| Flow: 1,880 m 1/min ’
.
0,0 5,0 10,8 15,0 20,0 28,0
RetentionTime [min]
No. Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in mAU  mAU *min %
1 18,21 n.a. 2,453 9,251 8,11 n.a. BM B
2 18,99 n.a. 0,646 0,165 0,05 n.a. BMB
3 11,34 n.a. 0,607 9,851 0,82 n.a. BMB
4 11,53 eb52 3,026 9,318 0,14 n.a. BMB
5 11,81 n.a. 2,005 0,187 0,08 n.a. BMB
6 12,31 n.a 2,629 8,203 9,09 n.a. BMB
7 13,67 n.a. i 215,363 95,08 n.a. BM #
8 13,87 n.a, 53,687 6,207 2,74 n.a. M
9 14,10 n.a. 24,885 3,006 1,33 n.a. MB*
1@ 14,24 n.a. 4,485 9,301 8,13 n.a. Rd
11 14,95  n.a 1,560 8,149 0,07 n.a. BM ?
12 15,05 n.a. 0,583 0,855 0,02 n.a. Rd
13 15,38 n.a. 1,566 0,088 0,04 n.a.  MB*
14 15,61 n.a. 2,603 8,218 9,10 n.a. BMB
Total: HEHE 226,503 166,00

HPLC chromatogram of 9c. (Thermo Fisher Scientific UltiMateTM 3000).

5.000 mAU WVL:25@ nm
i 95,8 o
] o
4.000— g
~— T / g
% 3.000— S/
— ACN:S,8 % y 5,0
] lxceex o
& 95,0
8 2.9 R IRRE b e
[
a
o
<
Flow: 1,009 m 1/min
-500—— B ; ————
8,0 5,0 10,0 28,0
RetentionTime [min]
No Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in mAU _ mAU *min %
1 18,45  n.a. 8,962 0,103 8,61 n.a. BM
2 10,80 n.a. 1,3e7 0,199 0,02 n.a. Ru
3 11,42 n.a. 25,291 7,698 9,91 n.a. M
4 11,75 eb52 4,245 0,642 0,88 n.a. Rd
5 12,05 n.a. 0,994 0,158 0,02 n.a. MB
6 12,56  n.a. 4,285 0,742 8,60 n.a. BMB
7 13,28 n.a. HHHEHE 801,495 95,03 n.a. BM
8 13,74 n.a. 94,667 17,094 2,03 n.a. M
9 14,23 n.a. 32,544 6,657 8,79 n.a. M
10 14,43 n.a. 0,818 0,061 0,01 n.a. Rd
11 14,71 n.a 29,769 4,363 9,52 n.a. M
12 14,87 n.a. 3,528 9,251 0,03 n.a. Rd
13 15,82 n.a. 11,154 1,1e8 8,13 n.a. MB
14 15,27  n.a. 1,628 9,153 8,02 n.a. BMB
15 15,42 n.a. 2,344 9,164 0,02 n.a. BMB
16 15,58 n.a. 1,442 0,098 0,01 n.a. BMB
17 15,75 eb54 19,447 1,797 8,21 n.a. BMB
18 16,17 n.a. 0,974 0,101 0,01 n.a. BMB
19 16,95  n.a. 4,030 8,398 0,85 na.  BMB
20 17,41 n.a. 1,532 9,152 8,82 n.a. BMB
Total: HHHEHEE 843,435 160,00

HPLC chromatogram of 9d. (Thermo Fisher Scientific UltiMateTM 3000).
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3.500 mAU WVL:25@ nm
b 95,8
v <]
— . ‘»:gg
i e
] &
—_ |
5 /
< 2.800- S/
— Jacn:s,e % / 5.0
) ,
¢ |¥ceen
] Masser/TFA :95,8 % 95,0
a \
o p .
a N
2 1.000- .
=
i
™~ -
Jid —
R}
{ Flow: 1,888 m 1/min
min
ST
0,0 5,0 10,0 15,0 20,0 28,0
RetentionTime [min]
No. | Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in mAU  mAU *min %
1 11,7@ eb52 #EEHE 196,264 95,45 n.a. BMB*
2 12,52 n.a. 139,752 9,355 4,55 n.a. MB*
Total: #iHEEE 205,620 1ee,ee

HPLC chromatogram of 10. (Thermo Fisher Scientific UltiMateTM 3000).

1. mAU 2 WVL:250 nm
] o
i Gl
sem iprepl.11 F.1 b
1.000 /!
g ] )
= 750 sk e 5,8
) y
[v] 1% cee %
& Jviasser/Tra :95,0 % 95,0
2 500 N
Q 1 .
] ]
2 ] \
< ] ™
250 -
i N :g?
] \ ¥
- ‘Ai—ﬂﬁ—%—f -
1r10u: 1,808 m 1/min h
N - .
0,0 5,8 10,0 15,0 20,0 28,0
RetentionTime [min]
No. | Ret.Time Peak Nam e Height Area Rel.Area Amount Type
m in mAU  mAU *min %
1 11,27 n.a. #itiHH 100,708 95,48 n.a. Mb*
2 12,23 n.a. 66,298 4,855 4,60 n.a. bM*

Total:

#ikihEEEE 105,562 160,00

HPLC chromatogram of 11. (Thermo Fisher Scientific UltiMateTM 3000).
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