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PART 1. The synthesis and characterization of intermediate compounds

General Procedure for intermediate compounds 13a-f.

To a solution of 4-aminophenyl ethenesulfonate 11 (5 mmol) in 10 mL DCM were
added Et;N (6 mmol) and corresponding acyl chloride (5.5 mmol). The mixture was
stirred at room temperature for 12 h. The mixture was diluted with saturated aqueous
solution of sodium hydrogen carbonate (20 mL) and extracted with DCM (3 x 30 mL).
The organic layer was dried (Na>SQOs), after filtration, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (petroleum
ether and ethyl acetate, 10:1~1:1).

4-Acrylamidophenyl ethenesulfonate (13a). Compound 13a was synthesized
according to above general procedure as yellow solid, 80% yield. '"H NMR (400 MHz,
Acetone-ds) 6 9.62 (s, 1H), 8.02 -7.69 (m, 2H), 7.42 - 7.17 (m, 2H), 7.08 - 6.94 (m, 1H),
6.58 - 6.21 (m, 4H), 5.75 (dt,J=9.7, 2.4 Hz, 1H).

(E)-4-(But-2-enamido)phenyl ethenesulfonate (13b). Compound 13b was
synthesized according to above general procedure as white solid, 71% yield. 'H NMR
(400 MHz, Methanol-ds) 6 7.78 - 7.60 (m, 2H), 7.32 - 7.16 (m, 2H), 7.01 - 6.87 (m,
2H), 6.36 - 6.20 (m, 2H), 6.16 - 6.08 (m, 1H), 1.94 (dd, /= 6.9, 1.7 Hz, 3H).
4-(3-Methylbut-2-enamido)phenyl ethenesulfonate (13c). Compound 13c¢ was
synthesized according to above general procedure as yellow solid, 77% yield."H NMR
(400 MHz, CDCIl3) 6 7.69 (s, 1H), 7.58 (d, J = 8.6 Hz, 2H), 7.14 (d, J = 8.7 Hz, 2H),
6.73 - 6.58 (m, 1H), 6.34 (d, /= 16.6 Hz, 1H), 6.18 (d, /= 9.9 Hz, 1H), 5.74 (s, 1H),
2.21 (s, 3H), 1.88 (s, 3H).

4-Propiolamidophenyl ethenesulfonate (13d). Compound 13d was synthesized
according to above general procedure as yellow solid, 72% yield."H NMR (400 MHz,
Acetone-ds) 6 7.86 - 7.69 (m, 2H), 7.41 - 7.20 (m, 2H), 7.07 - 6.98 (m, 1H), 6.43 -6.24
(m, 2H), 3.79 (s, 1H).

4-(2-Chloroacetamido)phenyl ethenesulfonate (13e). Compound 13e was
synthesized according to above general procedure as yellow solid, 67% yield. 'TH NMR
(400 MHz, Acetone-ds) 6 9.60 (s, 1H), 7.88 - 7.70 (m, 2H), 7.37 - 7.21 (m, 2H), 7.06 -
6.97 (m, 1H), 6.43 - 6.23 (m, 2H), 4.26 (s, 2H).

3



4-(2-Bromoacetamido)phenyl ethenesulfonate (13f). Compound 13f was synthesized
according to above general procedure as yellow solid, 43% yield. '"H NMR (400 MHz,
Acetone-ds) 6 7.90 - 7.68 (m, 2H), 7.41 - 7.25 (m, 2H), 7.05 - 6.94 (m, 1H), 6.47 - 6.20
(m, 2H), 4.07 (s, 2H).

General Procedure for intermediate compounds 24a-e

To a solution of 4-(4-(4-aminophenyl)furan-3-yl)phenol 23 (5 mmol) in 10 mL DCM
were added Et3N (6 mmol) and corresponding acyl chloride (5.5 mmol). The mixture
was stirred at 0 °C for 12 h. The mixture was diluted with saturated aqueous solution
of sodium hydrogen carbonate (20 mL) and extracted with DCM (3 x 30 mL). The
organic layer was dried (Na;SOs), after filtration, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (petroleum
ether and ethyl acetate, 10:1~5:1).
N-(4-(4-(4-Hydroxyphenyl)furan-3-yl)phenyl)acrylamide (24a). Compound 24a
was synthesized according to above general procedure as yellow solid, 33% yield. 'H
NMR (400 MHz, CDCI3) 6 9.30 (s, 1H), 8.25 (s, 1H), 7.93 - 7.71 (m, 4H), 7.30 - 7.22
(m, 2H), 7.20 - 7.14 (m, 2H), 7.01 - 6.94 (m, 2H), 6.20 - 6.12 (m, 1H), 5.82 - 5.70 (m,
1H).

(E)-N-(4-(4-(4-Hydroxyphenyl)furan-3-yl)phenyl)but-2-enamide (24b). Compound
24b was synthesized according to above general procedure as yellow solid, 42% yield.
'H NMR (400 MHz, Acetone-ds) & 9.27 (s, 1H), 8.50 (s, 1H), 7.82 - 7.61 (m, 4H), 7.25
- 7.17 (m, 2H), 7.14 - 7.08 (m, 2H), 6.96 - 6.86 (m, 1H), 6.84 - 6.79 (m, 2H), 6.18 -
6.11 (m, 1H), 1.87 (dd, /= 6.9, 1.7 Hz, 3H).
N-(4-(4-(4-Hydroxyphenyl)furan-3-yl)phenyl)-3-methylbut-2-enamide (24c¢).
Compound 24¢ was synthesized according to above general procedure as yellow solid,
45% yield. 'H NMR (400 MHz, Methanol-ds) § 7.65 - 7.42 (m, 4H), 7.23 - 7.12 (m,
2H), 7.10 - 7.00 (m, 2H), 6.77 - 6.64 (m, 2H), 5.92 - 5.82 (m, 1H), 2.19 (s, 3H), 1.91 (s,
3H).

2-Chloro-N-(4-(4-(4-hydroxyphenyl)furan-3-yl)phenyl)acetamide (244d).
Compound 24d was synthesized according to above general procedure as yellow solid,
39% yield."H NMR (400 MHz, CDCl3) § 9.29 (s, 1H), 8.24 (s, 1H), 7.63 - 7.58 (m, 2H),
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7.55-7.49 (m, 2H), 7.34 - 7.22 (m, 4H), 7.13 - 7.08 (m, 2H), 4.14 (s, 2H).
2-Bromo-N-(4-(4-(4-hydroxyphenyl)furan-3-yl)phenyl)acetamide (24e).
Compound 24e was synthesized according to above general procedure as yellow solid,
53% yield. "H NMR (400 MHz, CDCl3) § 9.27 (s, 1H), 8.22 (s, 1H), 7.60 - 7.55 (s, 2H),
7.52 -7.47 (m, 2H), 7.32 - 7.19 (m, 4H), 7.11 - 7.05 (m, 2H), 4.04 (s, 2H).

The NOESY-NMR of regioisomer 29¢ and 29¢'.
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The peaks at § 5.47 and & 5.31 are the hydrogen atoms on the bridgehead carbons (H'

and H?), it is evident that the H! interacts with the moiety, and H? interacts with the

phenol.

Figure S1. The characterization of the regioisomers 29¢ and 29¢'. (A) NOESY-NMR of compound 29c;

(B) NOESY-NMR of compound 29c¢".

PART II. The cell viability of the target compounds and the transcriptional curves

of selected compounds for ERa antagonist activity

Table S1. The cell viability of the target compounds on MCF-10A cells (ICso, pM)“.
HO
o 0] R3
O 0 Q o
\\ /o /. S/N X
g by
HO R1

Series | : 26a-f Series Il : 28a-f Series Il : 29a-m



MCF-10A cells (ICsq,

Entry Cmpd. R! R? R3 T
uM)

1 26a voku/% / / 19.97 +3.61 2.59
2 26b A\imk / / 27.31+2.94 2.97
3 26¢ )\vokmk / / 43.77+2.85 13.85
4 26d %u}l / / 39.21+2.67 2191
5 26¢ clﬂua / / 1531+ 1.93 4.48
6 26f srﬂu/a / / 5.16+0.88 7.37
7 28a @HA / / 15.86 % 2.20 3.13
g8  28b Mou% / / 20.88 + 1.82 47.45
9 28 P / / 11.25+0.15 32.14
100 28d clﬂua / / 9.02+027 13.67
e 28e Brﬂu/z / / 8.08 £ 022 7.35
120 28f K 4-OH / 13.59 0.35 14.61
13 29a du/‘a 40H  CFs 20.73 +0.88 24.69
14 29 Mou% 40H  CFs 19.21 + 3.89 53.36
15 29 )\vokmk 4-OH  CF;s 8.16+0.15 145.71
16/ 29¢ )\vokmk 4-OH  CF;s 38.97+2.27 41.02
17 29d )\vokmk 4Me  CF; 23.41+1.89 3121
18 29 A\iu% H CF; >50 >75.75
19 29f )\vokuz 4-OMe  CF; 5.16+0.15 54.89
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“The data are expressed as mean = SD of at least three independent determinations; °TI is therapeutic

index, TI = ICsoMCF10A /IC5oMCF-7, <Series II compounds were mixtures of regioisomers. “Compound

29¢' was regioisomer of 29¢. “6a was a derivative of OBHSA, X = NCH>CF;, R = 4-OH.
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Figure S2. The transcriptional curves of selected compounds for ERa Antagonist activity.



T-47DP538¢ T-47D LCC-2 MCF-7

T-47DY537S

Figure S3. Cell lines (MCF-7, LCC-2, T-47D, T-47DY>3"S, T-47DP3S) undergoing apoptosis were

detected by flow cytometry. Cells were treated with or without 5 pM 29¢ in multi-well X6 culture plates
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Figure S4. (A) Immunoblot analysis of ERa protein treated with 29¢ at 0.5, 1, and 5 uM and time course
of ERa degradation in (A) MCF-7cells, (B) LCC-2 cells, (C) T-47DP338G cells and (D) T-47DY57S cells.
(D) Immunoblot analysis of ERa protein treated with gradient concentrations Ful or 29¢ in the indicated
BC cell lines. DCsp and Dmax values were quantified from two independent experiments. All Immunoblot

was treated with B-actin as the loading control.

11



A B |
* *
*okk %
— —
ns ns
0.4+ ! 0.4 I 1
%) *kk * ¥k o ns ns k%
f—f 0.3 | L 0.3+
]
© 4
X 0.2 E 0.2
S o
a (=]
o 01 O 0.1
s =
0.0- 0.0-
N >
‘s*o é‘.‘b é‘bo"\ é{-o"\ Q\V-Q ééo é‘-® *Q\ é‘@ é‘g
& S RSP
NP & 0
C PP & & P

Figure S5. Statistical IHC analysis of Ki-67 and ERa in dissected tumor tissues of each treatment group.
*HxEP value <0.0001, ***P value <0.001, **P value <0.01 and *P value <0.05. ns = not statistically

significant.

PART III. LC/MS analysis of mutant ER and compound 29c¢ covalent profile
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Figure S6. (A) ERa mutant sequence alignment highlighting position (shown in red) and (B, C) LC-MS

analysis of 29¢ covalent targeting ERoY>37S and ERq Y378 €381S C4178

PART IV. ERa protein purification and crystallography

Protein Expression and Purification

Escherichia coli codon-optimized genes encoding the LBDs of the receptors, His-TEV-
ERa-Y537S (305-554), and His-TEV-ERa C381S-C417S-Y537S (305-554) were
synthesized and cloned into pET46 EK/LIC (Genecreate). Proteins were expressed in
BL21 (DE3) Escherichia coli overnight at 16 °C after induction with 0.2 mM IPTG at
an OD600 of ~0.8. Soluble protein was purified by immobilized metal affinity
chromatography using a Ni*" column twice followed by dialysis. For mass spectrometry
and crystallography, the His-tag was removed by TEV protease digest.*’

Protein sequences of ERa LBD Y5378 (305-554)
SLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMI
NWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPGKLLFAPNLLL
DRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLS
STLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHM
SNKGMEHLYSMKCKNVVPLSDLLLEMLDAHRLHAPTS
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Protein sequences of ERa LBD Y537S C381S C417S (305-554)
SLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMI
NWAKRVPGFVDLTLHDQVHLLESAWLEILMIGLVWRSMEHPGKLLFAPNLLL
DRNQGKSVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLS
STLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHM
SNKGMEHLYSMKCKNVVPLSDLLLEMLDAHRLHAPTS
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Macromolecular X-ray Crystallography

The ERa C381S-C417S-Y537S LBD was co-crystallized with compound 29¢ through
sitting drop vapor diffusion method using trial gradients of 16 to 18% (weight/ volume)
PEG 3350, 0.25 M Ammonium sulfate, and 0.1 M HEPES pH 7.5. The X-ray diffraction
datasets were collected on the in-house Bruker D8 Venture coupled with a CMOS-
PHOTON II detector in Hubei university. Proteum 3 (Bruker AXS GmbH) was used to
process the X-ray diffraction datasets. The structures were solved by molecular
replacement of the starting model, Protein Data Bank (PDB) entry 5DI7, and then

rebuilt and refined using the Refmac5' and COOT?. Prior to structure refinement, 5%
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randomly selected reflections were set aside for calculating R as a monitor of model
quality. All graphics for the protein structures were prepared by using the PyMOL
program (http://pymol.sourceforge.net/). The PDB identification code for ER complex
with compound 29c is 7YMK.

Figure S7. Structure of the ER LBD with 29¢ shows that H12 could not be modeled in two of four
subunits due to poor electron density. The A chain of H3 (yellow) is shown with the B chain superimposed
(gray) to show the expected location of H12, which was not modeled. The 2Fo-Fc electron density map
is contoured at 1.0 c.

Table S2. Data collection and refinement statistics for crystal structures

ERa LBD C381S C417S
Y537S/29¢
PDB code 7TYMK
Data collection

Wavelength 1.34138

Space group C222,
Unit cell
a,b,c(A) 52.4,101.4,195.8
o, B, v (%) 90, 90, 90

15



33.76-2.25

Resolution (A)?
(2.28-2.25)
No. of observed reflections 25394 (1020)
Redundancy 10.1 (6.4)
Completeness (%) 99.8 (98.7)
Average I/o (1) 12.2 (2.2)
Rumerge (%)° 8.7 (51.0)
Refinement®
Rwork (%) 19.4
Rfree (%0) 253
r.m.s.d. bonds (A)¢4 0.009
r.m.s.d. angles (°) 1.58
Ramachandran statistics®
Most favored (%) 98.7
Allowed (%) 1.3
Outliers (%) 0
Average B-factor (A?) /atoms
Protein 47.7/3757
Water 44.0/153
Ligand 60.9/55

*Values in parentheses are for the highest resolution shell.

® Rimeree =ZnkiZi [Li(hkD)- (I(hkD)) |/ZhZili(hkl), in which the sum is over all the i measured

reflections with equivalent miller indices hkl; (I(hkl)) is the averaged intensity of these

i reflections, and the grand sum is over all measured reflections in the data set.
¢ All positive reflections were used in the refinement.

4 According to Engh and Huber °.

¢ Calculated by using MolProbity *.
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PART V. Proteomics experiments

Tandem Mass Tag (TMT)-based quantitative proteomic approach was applied to
measure the protein fold changes after 12 hours of treatment with 5 uM 29¢ or DMSO
in MCF-7 cells. A total of 2 pg of simple peptides were separated and analyzed using a
nano-UPLC (Thermo Fisher Scientific). The separation was achieved using a reversed-
phase column (100 um ID x 15 cm, Reprosil-Pur 120 C18-AQ, 1.9 pm, Dr. Maisch).
Mobile phases consisted of H,O with 0.1% FA, 2% ACN (phase A) and 80% ACN, 0.1%
FA (phase B). The sample separation was performed with a 90-minute gradient at a flow
rate of 300 nL/min. Mass spectrometry files were analyzed using Proteome Discoverer
software (Version 2.4.0.305) with the built-in Sequest HT search engine. The false

discovery rate (FDR) was set to 0.01 for both peptide-spectrum matches (PSMs).

A ® Down-regulated B
® Not-significant | - . - - |
e Up-regulated Endocrine and other calcium reabsor 1] [ ]
Prolactin signaling pathway[hsa04917] [
| Endocrine resistance[hsa01522] ‘ .
6
— ) Thyroid hormone signaling pathway[hsa04919] [ ] Lo
E] o Inm
$ 4 “r | Estrogen signaling pamway[hsanamﬁ]l [ ] ooz
s f‘.' Count
Em »L Breast cancer[hsa05224] [ ] o
8 ..
v ~.
2 v P I in cancer L 5205] ®
e
Chemical carcinogenesis[hsa05207] [ ]
0 B
3 7 7 H 3 Pathways in cancer[hsa05200] @
log2 (fold change) 0,605 adt0 0615
Cc coK1 Rich factor

ToPzA

Interaction Caunt

b0
Gene Index

Figure S8. Tandem Mass Tag (TMT)-based quantitative proteomic approach was applied to measure the
protein fold changes. (A) Proteomic analysis was performed to compare the protein level change between
29c¢ treated group and the control group. (B) Kyoto Encyclopedia of Genes and Genomes (KEGG)
metabolic pathway enrichment analysis of differentially expressed proteins. The color of the circle
indicates the size of the p-value, with deeper red shades being correlated with smaller p-values. (C)

Significant regulation of protein-involved interactions.
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PART VI. 'H NMR and 3C NMR spectra of final compounds
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PART VII. HPLC and HMRS spectra of final compounds
All the HPLC were conducted on Shimadzu LabSolutions LC and all the results were
obtained under the condition of UV 254 nm.

Table S3. Ascertainment of purity by HPLC.

Ret. | Purity Ret. | Purity
Cmpd. Reverse Phase Cmpd. Reverse Phase
Time % Time %

26a 90:10 MeOH: H20 | 4.91 | 99.21 29b 90:10 MeOH: H20 | 4.86 | 99.94

26b 90:10 MeOH: H20 | 5.45 | 96.68 29c 90:10 MeOH: H20 | 4.66 | 99.91

26¢ 90:10 MeOH: H20 | 4.61 | 99.56 29c' 90:10 MeOH: H20 | 4.59 100

26d 90:10 MeOH: HO | 4.13 | 98.71 29d 90:10 MeOH: H20 | 5.29 | 99.89

26e 90:10 MeOH: H:O | 4.63 | 99.80 2% 90:10 MeOH: H20 | 5.03 | 98.64

26f 90:10 MeOH: HO | 4.66 100 29f 90:10 MeOH: H20 | 5.03 | 99.73

28a 80:20 MeOH: HO | 11.91 | 98.01 299 90:10 MeOH: H20 | 5.13 | 98.09

28b 80:20 MeOH: H:O | 9.00 | 99.15 29h 90:10 MeOH: H20 | 4.64 | 99.88

28c 80:20 MeOH: H.O | 11.27 | 99.44 29i 90:10 MeOH: H20 | 4.71 | 99.56

28d 80:20 MeOH: H.O | 13.84 | 100 29j 90:10 MeOH: H20 | 5.22 100

28e 80:20 MeOH: H.O | 15.76 | 95.32 29k 90:10 MeOH: H20 | 4.73 | 99.87

28f 80:20 MeOH: H:O | 11.70 | 99.28 291 90:10 MeOH: H20 | 4.59 | 98.96

29a 80:20 MeOH: H.O | 5.13 | 99.87 29m 90:10 MeOH: H20 | 4.99 | 98.42
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HPLC chromatogram of 26a. Reverse Phase (Method 90:10 CH3OH: H>O, Flow rate

0.7 mL/min).
¥
2000
] HO
1?.-'-,|:-—E O /o .
15004 = Ho o 0
- : Saanaely
12504
lUUU—E
[ . _ﬁ_i: 4 i
A 2.5 5.0 7.5 100 12.5 15.0
NO. Retention Time Area Percent
1 2.892 217701 0.786
2 4911 27466493 99.214
Total 100.000

HRMS (ESI) caled for C27H23NO7S [M + Na]* 528.1087, found 528.1087.
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T: FTMS + p ESI Full ms [300.0000-1000.0000)
oy 5281087
953
903
853
803
759
70 528.8589
65
603
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50
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40

359 529.3605
: 5291119

Relative Abundance

E 5284989
7 5283227 A 528407
AN
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mwz

HPLC chromatogram of 26b. Reverse Phase (Method 90:10 CH3OH: H20, Flow rate

0.7 mL/min).
mY
4000
3500 Ho
] g 1o
.
3000+ HO O o ] o
) 2 ”M
4 [T2] 26b
J1[’]l’)._
2000
1500
1000
500
l-.: r 1 1 4
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
NO. Retention Time Area Percent
1 3.007 110787 0.173
2 4.602 2021108 3.152
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3

Total

5.453

61998968 96.676

100.000

HRMS (ESI) caled for C23H2sNO7S [M + Na]* 542.1244, found 542.1246.

T. FTMS + p ESI Full ms [300.0000-1000.0000)
100 5421246

95
90

85

80-
759
703
65

Relative Abundance
2

5412625
5405352

0 L . 'AJL o

\‘ 542 5693
Gk

5431281

5433102

5441309 545 4028 847.5620
A 5443139 5451691 | 5464075
1882000 aane aans sans tany

T
541 542

HPLC chromatogram of 26c¢.
0.7 mL/min).

T

543

544 545 546 547 548
mz

Reverse Phase (Method 90:10 CH30OH: H>O, Flow rate

m¥
SO0
HO
! i e
4000 = 7 C\)\ o
i) = S~
' o) o @ M
] 26¢ H =
2000
2[][]0—-
mnf.u- =
0 fJ. _J: x
T T T
0.0 2.5 5.0 7.5 10. 0 125 15.0
No. Retention Time Area Percent
1 2.900 136768 0.137
2 3.183 64467 0.064
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3 3.715
4 4.614
Total

234892 0.235
99640073 99.564
100.000

HRMS (ESI) caled for C20H27NO7S [M + Na]* 556.1400, found 556.1399.

T: FTMS + p ESI Full ms [300.0000-1000.0000]

100 556.1399
95
90
854
80
75
70
65
60
55
50
45

40

Relative Abundance

35

20 5571431

553 4589

554 4623
554 6339
555.4656
™7

5583793

l 5536329
1
T

5565297 5574409 | | s50.1454
T '

5594189

5613970
5604227
5505168 l
F

564.3589

|

5624008

|

|

™7 T
555 559

mwz

T
554 556 557 558

HPLC chromatogram of 26d. Reverse Phase (Method 90:10 CH3;0H

0.7 mL/min).
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NO. Retention Time
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1 2.858 256624 1.068

2 3.366 53802 0.224
3 4.136 23727744 98.709
Total 100.000

HRMS (ESI) caled for C27H21NO7S [M + Na]* 526.0931, found 526.0931.

T FTMS + p ESI Full ms [300.0000.1000.0000]
1004 526,0031
957
903
853
807
753
709
657
607
55
50

45

Relative Abundance

403
35
0] 527.0064

20 526.2915
53 528.8588
529.3611

53
= 5272925 528.0912
A

528.4988
T T ey LM Madt i Mat iaiis sesos ot
5275 5280 5285 5290 5295
miz

Liaaas iasss aens anas nanas eses saces \ad Ranes Mesad Maads aaoas naste
5260 526.5 5270

HPLC chromatogram of 26e. Reverse Phase (Method 90:10 CH30H: H>O, Flow rate

0.7 mL/min).
my
1006
HO
g
o)
4 “S/O
50 HO O e o
= H&C'
bl 26e
500
2504
e |
=
x.
. i
T T
250 T T T T T
0.0 2.5 a.0 1.5 10, 0 12. 5 15.0

i f
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NO. Retention Time Area Percent
1 2.872 25408 0.196
2 4.633 12963539 99.804

Total 100.000

HRMS (ESI) caled for C26H22CINO-S [M + Na]™ 550.0698, found 550.0698.

T: FTMS + p ESI Full ms [300.0000-1000.0000]

100
%5
%
85
80
75
70
65
60
55
50
45
40-
353
30
25

Relative Abundance

5490616 549.5074
A A

550.0698

5520661
551.0730

553.0699

551.3552
| 551 4356

550.3642 552 i’:SBG
A

553.4590

553.3007

554.4622

5540751
A

10 NASUMM It et s
5490 5495

HPLC chromatogram of 26f. Reverse Phase (Method 90:10 CH;OH

0.7 mL/min).

3

T T
550.0

T T T TreverevepeereeT T
552.0 5525 553.0

miz

™ e T
5505 5510 5515

u T
5535

T yrreeri ey
5540 5545

: H2O, Flow rate

o0
H[:'[:'—:
5004
4 L)l‘.'—f
:{UU—:
2000+

100+

1, GEd
I
(@]

\
26f

S/O

\\

0 \Q\ o)
”&/Br

100

200

(2]
o
=
=
=]
or
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NO. Retention Time Area Percent

1 4.664 10376805 100.000

Total 100.000

HRMS (ESI) caled for C26H22BrNO7S [M + Na]" 594.1573, found 594.1578.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
504.1578
100
o5 595.1541

65 599 1826

55 603.5340

605.5494

Relative Abundance
o
=]

5961549

15 6045377
593 5143
103f 598 2039

LM% Ay e M Mand Mt 100 Al e as il o Raut MAC A haut M hAnd e Aot Mot otk Mt Al Mt o DA et Lun it A Al Mt el A A M0nd o Maut ot At t Mand it Al bt At e i Al Mt Ml A gt 0
594 595 596 597 598 599 600 601 602 603 604 605

HPLC chromatogram of 28a. Reverse Phase (Method 80:20 CH30H: H>O, Flow rate
1.0 mL/min).
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mY

2500
22.50—: " ‘ o
zooo—f JL N O / SOO\@
] 28
17502
1500—: B
1250—: i
1000{
750{
5002
250; 2
g : 5 >
NO. Retention Time Area Percent
1 10.220 178559 0.716
2 11.905 24447747 98.077
3 20.479 300792 1.207
Total 100.000

HRMS (ESI) calcd for C27H2sNOgS [M + Na]* 513.1367, found 513.1363.

T: FTMS + p ESI Full ms [150.0000-2000.0000]
100 513.1363

Relative Abundance
14,
o

30 514.1389

512.8667

T T | ascad Mo naced 1000e ened 2aned Aasds aned Moass Rased haced \aAR ReSOE Maad RaSas MOARE Moot Rases Maoas RAROE MO0a{ ROGS! Raoad MASDM REGME Macad Rased Rans
5128 513.0 5132 5134 5136 5138 5140 5142 5144
miz
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HPLC chromatogram of 28b. Reverse Phase (Method 80:20 CH30H: H>O, Flow rate
1.0 mL/min).

mV

) HO
2500 O 0
2000

1500+

9. 003

1000

500

1 11. 900

NO. Retention Time Area Percent

1 9.003 26905238 99.154
2 11.900 229425 0.846

Total 100.000

HRMS (ESI) caled for C2sH2sNOsS [M + Na]* 526.1294, found 526.1296.

T: FTMS + p ESI Full ms [300.0000-1000.0000]
100 526.1296

Relative Abundance
o
S

527.1329
5262916
528 8591

10 529.3612

527.2951
5 5281355

529 8622
529.1282 5294076 M
e A

T [Ty M0 Aond MM 100t Mt Mt Ay L0001 A Maat Aot Meaad 1ont Mgt
526.0 526.5 527.0 5275 528.0 5285 5290 5295 530.0
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HPLC chromatogram of 28c. Reverse Phase (Method 80:20 CH30H: H>O, Flow rate

1.0 mL/min).
mY
5000
1 HO.
4noo—: O Q -
] o L 5~
4000 )Q)L b O ? \®
J 28c
3500
3000—2 ~
2500 2
20005
15005
10005
aoo—f 3
(\- T TJ’:Ll T L L 1
0 5 10 15 20 .
min
NO. Retention Time Area Percent
1 10.244 307021 0.557
2 11.274 54819112 99.443
Total 100.000

HRMS (ESI) calcd for C29H27NOgS [M + Na]" 540.1451, found 540.1452.
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T: FTMS + p ESI Full ms [300.0000-1000.0000]
100 540.1452

957
.
85
807
75
703
65

Relative Abundance
o
S

541.1487

207 5412618

104 5415670

53 5398543 || 5405347 5421511 5425693 SEESRE

gl | 5408065 A L 542.10% | | 431077 A 5438363 5443137 5454034

| S— S S— - i . -~ . —rr MO/l G NEEVVENEMANED WA—
5300 5305 5400 5405 5410 5415 5420 5425 5430 5435 5440 5445 5450 5455
miz

HPLC chromatogram of 28d. Reverse Phase (Method 80:20 CH3OH: H>0, Flow rate

1.0 mL/min).
mV
600
HO. O
(o)
500 o A 7% o
] C|\)Lu O J \®
28d
4001
300
200 =
100-
N
T T T T
0 5 10 15 20 ‘
min
NO. Retention Time Area Percent
1 13.839 4431856 100.000
Total 100.000

HRMS (ESI) caled for C26H22CINO6S [M + H]* 512.0923, found 512.0926.
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T: FTMS + p ESI Full ms [100.0000-1000.0000]
100 512.0926

Relative Abundance
o
S

35 514.0894
30 513.0958

5150925

5160953 5170806 5188806 9203322 5p43381 5230762 524.1385 5252875 526.1167 5280871

T A T s T

§12 513 514 515 516 517 518 519 520 521 52 623 524 525 526 527 628
miz

HPLC chromatogram of 28e. Reverse Phase (Method 80:20 CH30H: H>O, Flow rate

1.0 mL/min).
mY
1500
: HO.
] O o
1250 o A% o
Br\)Lu O b \O
1 28e
1000
7504
500—_
250
o =t -
T T T T T T T T T i T
5] 10 15 20 )
min
NO. Retention Time Area Percent
1 13.452 790490 4.677
2 15.760 16111732 95.323
Total 100.000
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HRMS (ESI) caled for C2sH22BrNOsS [M + H]" 556.0423, found 556.0418.

T: FTMS + p ESI Full ms [100.0000-1000.0000]

1005
o
90
853
803
75
TD;
65
60
553
503
40
353
303

Relative Abundance

253

558.0398
556.0418

557.0451 550.0427

560.0441

5634864 564 4697

5485035 5495065
1
— -

T T
548 550

551 f031 552 5062 5550331 | 561.0363
| . |

Lhaaad Maaat
552

Madad Landa) |RaA aanAd | LA AR AAALS Madad
554 556 558 560
miz

T
562

T
564

T T
566

HPLC chromatogram of 28f. Reverse Phase (Method 80:20 CH3OH: H>O, Flow rate

1.0 mL/min).
mV
5000
4 HO.
O o
o L OS’O
] i SO0
4000 & )\)LH 28 on
3000;
2000
1000—_
fi_. ‘ : .ri —_— : = — ,
5 10 15 20 .
min
NO. Retention Time Area Percent
1 7.831 153399 0.151
2 11.701 101000162 99.286
3 15.745 573141 0.563
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Total 100.000

HRMS (ESI) caled for C20H27NO7S [M + Na]* 556.1400, found 556.1399.

T: FTMS + p ESI Full ms [300.0000-1000.0000]
100 556.1399

Relative Abundance
¢
(=}

557.1431

5594189
561.3970

5583793 560 4227 o
565.4656 556.5207 5574400 | | 550.3823 | 5505168 | S
L L fgeed

555 556 557 558 559 560 561 562 563 564
miz

HPLC chromatogram of 29a. Reverse Phase (Method 80:20 CH3OH: H>O, Flow rate

1.0 mL/min).
mY
2500
an “_' HO.
3000 ) O /o , N//CFa
N S
] ] \//(ﬂ O ° \©\OH
EJDD-_ -~ 202
zmm-:
1500
1000
5004
; . =i N .
0.0 25 5.0 75 10,0 12.5 15.0
NO. Retention Time Area Percent
1 2.894 63743 0.131
2 5.126 48538224 99.869
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Total 100.000

HRMS (ESI) caled for C290H2sF3N2O6S [M + H]" 587.1458, found 587.1449.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
587.1449
1004
953
90
853
80
753

Relative Abundance
144
o
1

588.1486

2 577.5182 579.5334

5—2 578.5209 Ral e 589.1509 592 2460
E ' l 581.5405 586.4188 | 590.1418 i | 593.5110 596.1709 597.2027
Laaas hanes otas Maned hanes iaces anad Mand nanes hases nanad taans Maan Maed henas lonad haned hascd noned naned Maans aaac Lonas Menad Maans hades \adas aces hses nans Aecad aacs nesos nases Menas Maces bannt Maaod henas Maned tanas
578 580 582 584 586 588 590 592 594 596
mz

HPLC chromatogram of 29b. Reverse Phase (Method 90:10 CH3OH: H20, Flow rate
0.7 mL/min).

mV

1500

=
s

1000+

S0

2504

251 T T T T
0.0 2.5 5.0 7.5 10,0 12

15.0

min

=
o

NO. Retention Time Area Percent

1 4.233 15455 0.056
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2 4.856 27366362 99.944

Total 100.000

HRMS (ESI) caled for C30H27F3N206S [M + Na]* 623.1431, found 623.1434.

T: FTMS + p ESI Full ms [300.0000-1000.0000]
00 6231434
953
903
853
803
751
703
65

Relative Abundance
g

624 1467

E 620.1349 625.1502 639.1174

5 618.1887 i |5206371 l 6 634.3864 637.1586 6394073 6429656

| 626 1446 6293136

JE SOV IASY N O O L1 A PV N 1 T 1Y

618 620 622 624 626 628 630 632 634 636 638 640 642 644 646
mz

6456255
i

HPLC chromatogram of 29¢. Reverse Phase (Method 90:10 CH30OH: H>O, Flow rate
0.7 mL/min).

mY
B0
HO °
] : /4/4 o Z % N//CF3
S o L
4000H N b \©\
_ O .
29c
30004
2000
1000
o 4 T
d I 1 1 I 1
0.0 2.5 5.0 7.5 L. 0 12,5 15.0
nin
NO. Retention Time Area Percent
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1

2

Total

2.955 97216 0.085
4.664 114591504 99.915
100.000

HRMS (ESI) caled for C31H29F3N206S [M + Na]™ 637.1590, found 637.1592.

T: FTMS + p ESI Full ms [300.0000-1000.0000]
1004
953
o]
853
80
753
703
659
60
553
503
457
403
353
303
254
203

Relative Abundance

153
10 634.3866

5’5A634 5381 6353912 636.3416
FOE | R Y S—

637.1592

638.1624

639.1650 9666
o 6434672

637 4222 638 4967 15394997 Lk 6415063 0424479 J [ |
Lot it e oo s Addrd

635 636

L
637

T T T T
639 642 643
mz

T
638 640 641

HPLC chromatogram of 29¢'. Reverse Phase (Method 90:10 CH;OH: H20O, Flow rate

0.7 mL/min).
mY
2500
HO o o o //CFs
| $-N
- P AT
2000 M O on
1 o, N
& H 29¢’
1500+
1000+
500+
\‘ '
( T
I‘_ _I T L I _ _
0.0 2.5 5.0 7.5 10.0 12.5 15.0

min
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NO. Retention Time Area Percent

1 4.593 37073514 100.000

Total 100.000

HRMS (ESI) caled for C31H29F3N206S [M + H]" 615.1771, found 615.1765.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
100 615.1765

95%
903
857
80
753
703
653
60
553
50%
45

Relative Abundance

404

| 6161762
357
30

253

E 632.2023
103 617.1799
E 631.1696
53 6332054 637.1575
608.3864 610.3876 6141676 Is“]”m 621.6266 6266643 629.1912 | 634.2071 |, 6391616 6432070
IR e e e e e e e e M e e L anane e b e s
605 610 615 620 625 630 635 840
miz

HPLC chromatogram of 29d. Reverse Phase (Method 90:10 CH3;OH: H20, Flow rate
0.7 mL/min).
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mY

2000
& ] HO.
7 oo
] o) 5
1500 _ Mﬁ O ° O\
5 29d
1250 '
1000
7504
;r;.r;.—:
250 )
l_J T T"IL f. l-
250) : - i 1 T
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
NO. Retention Time Area Percent
1 2.856 31066 0.112
2 5.281 27693128 99.888
Total 100.000

HRMS (ESI) caled for C31H29F3N206S [M + H]" 613.1978, found 613.1970.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
130+
120

1104

100_: 613.1970

Relative Abundance
.

614.2002

104 5795340 615.1752 6302233 ga5 4787

1 607.5646 6312272
K | 5805374  567.1453 595.1868 604.1721 T |6,15”GB 6215065 6202549 | ‘61361824 6412261
S WIS Ut e et BRIt » FRVRPS RS 8 0 R WA ..o~ TN WU N SN .
575 580 585 590 595 600 605 610 615 620 625 630 635 640
miz

HPLC chromatogram of 29e. Reverse Phase (Method 90:10 CH30H: H>O, Flow rate
0.7 mL/min).
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mY

1000
HO.
Q CF3
— M o - C\;’\’NCO
0] AT 0
. 29e
A0 s
2604
I o L L
T T
- }['n_ 0 25 5.0 75 100 12, 5 15.0
NO. Retention Time Area Percent
1 2.803 150928 1.365
2 5.033 10904719 98.635
Total 100.000

HRMS (ESI) caled for C31H29F3N20sS [M + H]" 599.1822, found 599.1818.

FTMS + p ESI Full ms [100.0000-1000.0000]
599.1818

Relative Abundance

BRB8BSELHESFTSFTIFBREE K 8

sl s u o bo Do oo u o a b boad s oo o oo d o)

600.1844

o o

601.1855 616.2076

o

617.2106
5935167 595.1558 598.7747 607.5623 610.6667 6131954 615.1747 i 6186571
b o Y it i it e T T T T Lo Dol e ™7 T T T T T T T T ™
594 596 598 600 602 604 606 608 610 612 614 616 618 620

mz

6021830 go3 5321
—

=]

HPLC chromatogram of 29f. Reverse Phase (Method 90:10 CH30H: H>O, Flow rate
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0.7 mL/min).

mY
4000
3500 " O Qo s
o] 7 §-N
] MN O b \©\O/
3000+ _ . 20f
2500 N
2000
1500
1000+
500
D: . 4 3
! ' * 1 ] I 1 1
0.0 2.5 5.0 7.5 1. 0 12,5
NO. Retention Time Area Percent
1 2.836 48419 0.093
2 4,102 93117 0.179
3 5.031 51943923 99.728
Total 100.000

HRMS (ESI) caled for C3:Hz31F3N2O6S [M + Na]* 651.1747, found 651.1750.

T FTMS + p ESI Full ms [300.0000-1000.0000]

6511750

1004
953
o]
857
803
753
703
654
603

Relative Abundance

646.2196
649.4504

l 6504536
L

4 645.4931 | 64 4951 ?47fsas eia 167‘1
0 rbforerrepretberer i et

652.1782

653.1792

6516768 657.3661

655.1781 656.0576 I}

6526775 Sl

T T Tt T T
646 647 648 649 650 651

™T T T T T T
652 653 654 655 656 657

mz

64

T
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HPLC chromatogram of 29g. Reverse Phase (Method 90:10 CH3OH: H>O, Flow rate

0.7 mL/min).
mV
2000
1?.?-,.:-—3 /k/[;OS /N//CFs
] \ 3
1500 o 299 ’ QF
1 250
100¢H -
750]
;,uré
L 1 S ,
}[-D_ 0 E.I 5 S.I[! i'_l T l-!]l. 0 lZI. 5 ]:-?._[ZI
NO. Retention Time Area Percent
1 2.887 294732 1.688
2 4.367 39266 0.225
3 5.129 17124094 98.087
Total 100.000

HRMS (ESI) calcd for C31HasF4N205sS [M + H]* 617.1727, found 617.1719.
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T: FTMS + p ESI Full ms [100.0000-1000.0000]
100 617.1719
953
03
853
80
753
70
65
60
55—5
503
453
403
353

Relative Abundance

618.1750

30
257

619.1763

616.1644 6167466 617.6097 Crhes 621.1765 6220686

_— - —_

6160 6165 6170 6175 6180 6185 6190 6195 6200 6205 6210 6215 6220 6225 6230
miz

HPLC chromatogram of 29h. Reverse Phase (Method 90:10 CH3;OH: H20, Flow rate

0.7 mL/min).
Y
4500
35007 E Mﬁ O ; ©
] o HO
2000+
2.-';[;!':'—:
zutm—f
IEDL'.I-E
|[J[J[]'E
.'u'm-f -
f‘ 1_:‘* T 4
0.0 f.l 5 ﬁ.l 0 T_I 5 l-!'ll. 0 lzl. 5 ]i}l.i:;l
NO. Retention Time Area Percent
1 3.025 93384 0.125
2 4.642 74556580 99.875
Total 100.000

HRMS (ESI) calcd for C31H20F3N206S [M + Na]* 637.1590, found 637.1594.
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T. FTMS + p ES! Full ms [300.0000-1000.0000]
100 637.1504
953
]
853
80
754
703
657
60
553
50
453
40
359
30

Relative Abundance

638.1626

253
204

103 630,1633

5: 636.5777 638 4975 ﬂ 6436113 644.4949
[

6405159 641591 o) c01n [ 6454946 64755908

L T e e TP s

636 637 638 639 640 641 642 643 644 645 646 647 648 649
mz

04,

6376614 648 5623
1L A

HPLC chromatogram of 29i. Reverse Phase (Method 90:10 CH3;OH: H2O, Flow rate

0.7 mL/min).
my
2500
] HO.
y Q T
2000 Y
] A N O ° OH
1 I‘éf 29i
|5nn-— N
muu__
500+
b_ . 1 . I
0.0 25 5.0 7.5 10,0 12.5 15.0
NO. Retention Time Area Percent
1 3.427 132319 0.441
2 4,706 29880432 99.559
Total 100.000
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HRMS (ESI) caled for C31H32N206S [M + Na]™ 583.1873, found 583.1876.

T: FTMS + p ESI Full ms [300.0000-1000.0000]

100
95
90
857

Relative Abundance

577.3079
"

5782322

580.1796 585 1921
‘ 5792356
\

583.1876

588 4095

584 1909

582 7900 5894126

590 4147 599.1613

591 4
% Jgf?gz 4988 600.1649
A

5953818
J 5935075 |  596.3853 Tiy
T T T T W ey pa \

1581 1801 [ 587 5491
L4 S P L
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582 ‘ 584 586 588 590 592 594 596 598 600
mwz

HPLC chromatogram of 29j. Reverse Phase (Method 90:10 CH3OH: H>O, Flow rate

0.7 mL/min).
mY
2500
HO.
o]
FAbIL 1 N H O o} o/
_i 29j
|5nn-_
HJUU—_
i-ﬁUU—_
0 T L
0.0 jlﬁ =|_I|J ?|1 lﬂl.ﬂ 12.5 ].-';._[Tl
NO. Retention Time Area Percent
1 5.217 33141916 100.000
Total 100.000

HRMS (ESI) calcd for C32H34N206S [M + H]" 575.2210, found 575.2205.
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 FTMS + p ESI Full ms [100.0000-1000.0000]
. 575.2205

Relative Abundance
123
=}
I

404 576.2234

5742122

E 5772260

7 1
5782211 579 5349

5922465

593 2496
5972017

5912144 504.1932
5956038

5862050 5877079 5902034 'l
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HPLC chromatogram of 29k. Reverse Phase (Method 90:10 CH30H: H2O, Flow rate

0.7 mL/min).
¥
2000
lTu— OHO O 1 %/Nrca
Lo,
1250 )
1000
750]
500]
zau—f .
o F - A
y 2.5 5.0 7.5 10. 0 12,5 15.0
NO. Retention Time Area Percent
1 2.903 35249 0.129
2 4,726 27201662 99.871
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Total

100.000

HRMS (ESI) caled for C31H31F3N206S [M + H]" 617.1927, found 617.1924.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
617.1924

100

95

90

857

80

Relative Abundance
o
3

618.1953

619.1971
616.1815

615.1768
'l /)

6201942 575 1970

6342184

6352219

613.0410
T T T T T
614 616 618 620 622

636.1652
6281732 631.2073 633 1884 i 6376668
T LM e ittt s et M Ml o et e i et o e o T
626 628 630 632 634 636 638
miz

HPLC chromatogram of 291. Reverse Phase (Method 90:10 CH30H: H20O, Flow rate

0.7 mL/min).
mV
600
T HO
Q CF
// 3
5001 ‘il“ - (%/N\[::J\
i HyN O 201 ° OH
4001
300 N
200
100-
0__ T T T T T T T T T T T T T T T T T T
5 10 15 20 ‘
min
NO. Retention Time Area Percent
1 3.847 70290 1.036
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2 4.586 6713454 98.964

Total 100.000

HRMS (ESI) caled for C26H23F3N20sS [M + Na]" 533.1352, found 533.1350.

T: FTMS + p ESI Full ms [100.0000-1000.0000]
533.1350
100
95
90
857

80

Relative Abundance
o
i

5351359

105 550.1604

531.1201 ‘537‘354 547.1494 | | 5551155 565.1228 STA1604 705336

} 589.1959  596.1429  603.1773
LI L e T T T T
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T T T T 11
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miz

HPLC chromatogram of 29m. Reverse Phase (Method 90:10 CH30H: H>O, Flow rate
0.7 mL/min).

mY
2000
17501 o oF,
: SN S ¥e
p S o
1 - ° O\ M
500 o &
1500 HO O 20m
-
12501 <
1000+
7504
,r)r';—:
250 -
] - - = =
[ = = e
ol - B —
=3 —_ =1 —
) = ) ! ' i
¢ T A——4 T T
'T"[ 1 T I I 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
NO. Retention Time Area Percent
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1 2.856 80189 0.328

2 4.170 85196 0.327

3 4.987 25605793 98.417

4 6.339 246285 0.927
Total 100.000

HRMS (ESI) caled for C31H2sF3NO7S [M + Na]* 638.1430, found 638.1436.

T: FTMS + p ESI Full ms [300.0000-1000.0000]
100 638.1436

Relative Abundance
14,
(=]

639.1468

20 639.4099
15 649.4500

10 640.1500

53 637.5809 641.5964 650.4523
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