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Abstract:

Glycans control various biological processes depending on their structures. Particularly, core fucose, formed by a1,6-
fucosyltransferase (FUT8), has a substantial influence on multiple biological processes. In this study, we investigated the
development of FUT8 inhibitors with structural elements encompassing both the glycosyl donor (GDP-fucose) and acceptor
(<i>N</i>-glycan) of FUTS. To efficiently optimize the structure of FUT8 inhibitors, we employed a strategy involving fragmen-
tation of the target structure, followed by the structure optimization using diversity-oriented synthesis approaches. This study
proposes an efficient strategy to accelerate the structural optimization of middle molecules.
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Abstract Glycans control various biological processes depending on their
structures. Particularly, core fucose, formed by al,6-fucosyltransferase
(FUT8), has a substantial influence on multiple biological processes. In this
study, we investigated the development of FUT8 inhibitors with structural
elements encompassing both the glycosyl donor (GDP-fucose) and acceptor
(N-glycan) of FUT8. To efficiently optimize the structure of FUT8 inhibitors, we
employed a strategy involving fragmentation of the target structure, followed
by the structure optimization using diversity-oriented synthesis approaches.
This study proposes an efficient strategy to accelerate the structural
optimization of middle molecules.

Key words compound library,  diversity-oriented  synthesis,
glycosyltransferase, inhibitor, middle molecule

Glycosylation represents the most prevalent post-translational
modification of proteins, and the attached glycans control various
biological phenomena depending on their structure.l
Nevertheless, their complex, non-templated biosynthesis poses a
formidable challenge to their structural control, thereby
impeding the understanding and modulation of glycan functions.

Core fucose, located at the 6-position of the innermost N-
acetylglucosamine of asparagine-linked oligosaccharides (N-
glycans), is enzymatically synthesized by a1,6-fucosyltransferase
(FUT8) (Figure 1a)? and leverages a multitude of biological
phenomena.3 The mortality rate among FUT8 knockout mice
within the first three days of their lives is approximately 70%.*
Removal of core fucose from the N-glycans on IgG antibodies
enhances the antibody-dependent cellular cytotoxicity.> Core
fucosylation regulates signaling mediated by several growth
factors, including transforming growth factor,* epidermal growth
factor, and vascular endothelial growth factor.” Furthermore
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Bi-substrate mimic-based fucosyltransferese inhibitor

core fucose is closely related to various diseases, especially in
cancer.8 Core fucosylated a-fetoprotein serves as a biomarker for
hepatocellular carcinoma and FUT8 is associated with the
synthesis of core fucosylated a-fetoprotein.® Core fucosylation
also involved in the carcinogenesis from various perspectives.1?
Suppression of core fucosylation activates T cells through
reduced PD-1 expression on the cell surface, resulting in efficient
tumor eradication.!? Inhibition of core fucosylation also
attenuates fibrosis!? and chronic obstructive pulmonary
disease.13 Therefore, there is a high demand for FUT8 inhibitors,
not only as tools for investigating core fucose biological functions
but also as potential lead compounds for treating several
diseases.

Various glycosyltransferase inhibitors have been developed,!*
categorized roughly as glycosyl donor (sugar nucleotide) mimics,
glycosyl acceptor mimics, or bi-substrate mimics that
incorporate the structural features of both glycosyl donors and
acceptors. Among these, glycosyl donor mimics have been
extensively studied, and various GDP-fucose (1) analogs have
been reported as the inhibitors of FUTs by several groups
including ours.!> Notably, Fokin, Sharpless, Wong and colleagues
have synthesized diverse GDP-fucose analogs through diversity-
oriented synthesis (DOS) employing click chemistry. One of these
analogs inhibited FUT6 at the nano-M level.l5k Additionally, 2-
fluorinated peracetyl fucose and 6-alkynyl peracetyl fucose,
which can be converted into GDP-fucose derivatives through
metabolic pathways, have recently been reported to inhibit FUTs
in cell-based and in vivo assays.1¢ Recently, the FUT8 inhibitor,
FDW028, was developed and demonstrated potent efficacy
against metastatic colorectal cancer in vivo assays.1”
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a) Fucosylation reaction by FUT8
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b) Development of FUT8 inhibitor through the diversity-oriented synthesis
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Figure 1 (a) FUT8 enzymatic reaction and (b) development of FUT8 inhibitors through DOS.

In this study, we investigated the development of FUT8 inhibitors
possessing the structural characteristics of both a glycosyl donor
(GDP-fucose, 1) and acceptor (N-glycan) through DOS (Figure
1b). We previously reported the synthesis of GDP-fucose mimics
as FUT8 inhibitors.!5! In this report, we explored structures
mimicking the diphosphate of 1 through DOS based on reaction
conditions. Specifically, we synthesized a series of sulfonamide
derivatives by coupling between an alkyne and a sulfonyl azide
under various conditions to efficiently explore suitable
diphosphate mimic structures for creating FUT8 inhibitors. The
inherent challenge of mimicking the diphosphate with an
uncharged structure, sulfonamide, was successfully overcome
probably due to the FUT8’s independence from metal-chelation.?
We herein aimed to develop more potent inhibitors from these
GDP-fucose mimics. Our initial research efforts focused on the
structural refinement of the 6-position of guanine. We employed
DOS strategy based on late-stage functionalization; a highly
reactive 6-chloro guanine derivative served as an intermediate in
the late synthesis stage, enabling the installation of diverse
nucleophiles at the 6-position. Furthermore, the resulting GDP-
fucose mimic was combined with an acceptor structure, N-glycan,
to create bi-substrate mimics. To efficiently investigate the linker
lengths and connection positions between these two moieties, we
prepared two libraries: one containing N-glycans library with
various lengths of alkyne-functionalized linkers and the other
containing GDP-fucose mimics with azide at varying positions.
Subsequent reactions between these libraries generated a series
of bi-substrate mimics (DOS based on fragment libraries).
Consequently, we successfully developed a FUT8 inhibitor that
functions at approximately 10 pM. Notably, the obtained FUT8
inhibitor possesses a molecular weight exceeding 2000. To
optimize the structure of such large molecule, we subjected the
target structure to fragmentation and explored each fragment

using diverse DOS strategies. Therefore, this study presents an
efficacious approach to expedite the process of optimizing the
structure of middle molecules.

We previously reported GDP-fucose mimic 3 as a FUT8 inhibitor,
which exhibited a %inhibition (%inh) of 31% at 100 pM. In this
study, we investigated structural modifications of 3 to develop
more potent FUT8 inhibitors.

Our initial investigation involved modifying the 6-position of the
guanine moiety (Table 1). To facilitate efficient derivatization, we
synthesized highly reactive 6-chloro guanine derivative 4 in
which the chloride moiety can be readily substituted with diverse
nucleophiles. Compound 4 was synthesized according to the
method described in our previous report (Scheme S1).
Deprotection of 4 afforded GDP-fucose mimic 5, which retains
chlorine at the 6-position of guanine (Entry 1). The nucleophilic
substitution of chlorine in 4 with ethylamine proceeded
smoothly, and subsequent deprotection afforded 6 (Entry 2).
Additionally, we explored the use of thiol and various alcohols as
nucleophiles. In these cases, nucleophilic substitution
necessitated strong basic conditions: n-propylthiol and alcohols
were installed in the presence of alkoxide bases (NaOMe, NaOEt,
or ‘BuOK), and subsequent deprotection afforded 7—10 (Entries
3—6).18 While HPLC purification resulted in reduced isolated
yields, it is noteworthy that all the reactions listed in Table 1
proceeded smoothly. Of particular note is the achievement of a
library of guanine derivatives through a one-pot process
involving substitution  and
demonstrating the effectiveness of the present DOS based on late-
stage functionalization.

nucleophilic deprotection,

Thereafter, the obtained guanine derivatives 5-10 were
subjected to the FUT8 inhibition assay. The majority of these
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compounds, with exception of 9, exhibited inhibitory activity at
100 puM, demonstrating comparable or higher activity than the
natural-type analog 3. In particular, 8 and 10 exhibited
remarkably elevated inhibitory activities. Thus, we further
assessed the inhibitory potential of these compounds at 10 pM,
revealing that 8 exhibited 46% inhibition activity even at this
lower concentration. Therefore, the structural expansion at the
6-position of the guanine unit yielded an approximately 10-fold
enhancement in FUT8 inhibitory activity. It is worth noting that
the recognition of the base site by FUT8 has been found to display
a significant degree of redundancy, which is unexpected based on
the binding model of GDP-fucose to FUT8.1° Compound 8

approximately 5 puM (Figure S1), representing a significantly
potent inhibitory effect among the reported FUT8 inhibitors.

We further investigated the development of bi-substrate mimic
inhibitors, building on the foundation provided by the obtained
GDP-fucose mimic 8. We anticipated that incorporation of the
acceptor structure (N-glycan) can enhance FUTS8 inhibition.
Furthermore, the bi-substrate mimic is expected to be beneficial
in terms of selectivity. Given that all FUTs universally utilize GDP-
fucose as a donor substrate, the prospects of selectivity within
GDP-fucose mimics appear to be limited. Integration of the
acceptor structure within the inhibitor was poised to endow
comprehensive selectivity against FUT8.

exhibited an ICso of approximately 10 uM and a Kp of

Table 1 Modification of the 6-position of the guanine moiety using a DOS approach.

cl R o}
N SN N SN N\\A)LNH
¢l s 4 4
1 L <N NANHB“ - 2 o0 <N | N/)\NHz 0 g o<N ‘ N/)\NHZ
G T T~
AcOOAC HoOH OH Pr )
4 5-10 Lo 3 (%inh at 100 uM: 31%)
Compound o . %inh. at  %inh. at
Entry number R Conditions Yield 100 uM 10 uM
1 5 cl 1) TFA/CHzClz, 2) K2C03, MeOH 45% 35% nd
2 6 NHEt 1) EtNH2, DIPEA, DMSO, 2) TFA/CH2Clz 26% 31% nd
3 7 SnPr 1) "PrSH, DIPEA, ‘BuOK, DMSO, 2) TFA/CH2Cl2 9% 29% nd
4 8 OEt 1) NaOEt, EtOH, 2) TFA/CHCl; 21% 100% 46%
5 9 OMe 1) NaOMe, MeOH, 2) TFA/CH:Cl, 75% ~0% nd
6 10 OPh 1) Phenol, ‘BuOK, THF, 2) HCOOH, 3) tBuOK, MeOH = 45% 78% 30%
nd; not determined
Table 2 Synthesis of the bi-substrate mimic using a DOS approach.
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To craft the optimal structure of the bi-substrate mimic, we
tethered N-glycan to the 2/6-position of the fucose moiety of
GDP-fucose mimic 8 with employing linkers of varying lengths
(Table 2). Thus, azide groups were installed at the 2- and 6-
position of the fucose of GDP-fucose mimic 8, yielding 11 and 12
(Schemes S2 and S3, respectively). Additionally, we introduced
alkynes into the Asn linked to N-glycan via three distinct linkers,
resulting in the formation of 13—15 (Scheme S4). Subsequently,
azide 11/12 and alkyne 13/14/15 were coupled through Cu-
catalyzed azide-alkyne cycloaddition (CuAAC).20 These reactions,
conducted in the presence of CuSOs4, sodium ascorbate, and
tris(3-hydroxypropyltriazolylmethyl)amine ligand in DMSO,
smoothly proceeded, affording the desired products 16-21,
following HPLC purification.2! The efficacy of the present DOS
strategy was demonstrated, as it enabled the successful
construction of a series of highly functionalized bi-substrate
mimics 16—21, each with a molecular weight exceeding 2000.
The FUT8 inhibition activity of bi-substrate mimics 16—21 was
assessed at a concentration of 10 pM. While the majority of the
compounds exhibited negligible inhibitory activity, 21
demonstrated a notable 23% inhibition, and 17 also exhibited
weak yet discernible inhibition. Despite the diminished
inhibitory activity observed in bi-substrate mimics 16-21
compared to 8, these results underscore the critical role of the
positioning of each substrate and length of the linker in creating
an effective bi-substrate mimic. The pursuit of more potent
inhibitors constitutes a crucial aspect of our future endeavors.

In conclusion, we created FUT8 inhibitors using diverse DOS
strategies. Modification at the 6-position of the guanine unit
resulted in a significant enhancement in FUT8 inhibition activity.
Moreover, we successfully crafted a bi-substrate mimic,
preserving FUT8 inhibition activity by integrating the acceptor
structure. Notably, owing to the incorporation of both the donor
(GDP-fucose) and acceptor (N-glycan) in the structures of FUTS,
the obtained bi-substrate mimic 21 is expected to exhibit
exceptional selectivity among the FUTs. Additionally, bi-
substrate mimic 21 holds promise for elucidating the stringent
substrate recognition mechanisms of FUT8 through X-ray
crystallography or cryo-electron microscopy. In this study, we
adopted a strategic approach involving the fragmentation of the
target structure coupled with the exploration of each fragment
through various DOS techniques, presenting an efficient
methodology to expedite the optimization of the structure of
middle molecules.
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L.-X. ACS Chem. Biol. 2020, 15, 2662.

(a) Okeley, N. M,; Alley, S. C; Anderson, M. E,; Boursalian, T. E,;
Burke, P. ].; Emmerton, K. M,; Jeffrey, S. C.; Klussman, K.; Law, C.-L.;
Sussman, D.; Toki, B. E; Westendorf, L.; Zeng, W, Zhang, X;
Benjamin, D. R; Senter, P. D. Proc. Natl. Acad. Sci. U.S.A. 2013, 110,
5404. (b) Rillahan, C. D.; Antonopoulos, A.; Lefort, C. T.; Sonon, R;
Azadi, P,; Ley, K; Dell, A;; Haslam, S. M.; Paulson, ]. C. Nat. Chem. Biol.
2012, 8,661. (c) Kizuka, Y.; Nakano, M.; Yamaguchi, Y.; Nakajima, K.;
Oka, R;; Sato, K;; Ren, C.-T.; Hsu, T.-L.; Wong, C.-H.; Taniguchi, N. Cell
Chem. Biol. 2017, 24, 1467.

Wang, M; Zhang, Z; Chen, M,; Lv, Y,; Tian, S.; Meng, F.; Zhang, Y.; Guo,
X, Chen, Y,; Yang, M,; Li, J; Qiu, T; Xu, F,; Li, Z; Zhang, Q,; Yang, J.;
Sun, J.; Zhang, H.; Zhang, H.; Li, H.; Wang, W. Cell Death Dis. 2023, 14,
495.

Synthesis of 8

To a solution of 4 (2.52 mg, 3.30 pmol) in dry EtOH (150 pL) was
added EtONa (1.80 mg, 26.4 pmol) at room temperature. After
stirring for 1 d at 60 °C, to the reaction mixture were added dry THF
(200 pL) and EtONa (1.90 mg, 27.9 umol) at room temperature.
After stirring for 1 d at 60 °C, to the reaction mixture were added
dry THF (150 pL) and EtONa (1.50 mg, 22.0 pumol) at room
temperature. After being stirred for 1 d at 60 °C, the reaction
mixture was neutralized with DOWEX (50Wx8 50-100) at room
temperature. After filtration, the filtrate was concentrated in vacuo.

(19)

(20)

(21

The residue was dissolved in 50% TFA/CHzClz (400 pL). After being
stirred for 30 min at room temperature, the reaction mixture was
diluted with toluene and azeotroped twice. The residue was purified
with reverse-phase HPLC (Cosmosil 5C18-AR-300 4.6x250 mm
column, linear gradient: 2% to 24% MeCN in H20 in 33 min with
0.1% HCOOH, flow rate 1.0 mL min!) to give 8 (0.38 mg, 21%) as a
colorless oil. 'H NMR (500 MHz, CD30D) & 8.70 (s, 1H), 4.60 (q,] =
7.1 Hz, 2H), 4.26-4.21 (m, 3H), 4.08 (dt,/ = 10.6, 6.0 Hz, 1H), 3.85 (dt,
J=10.6, 5.9 Hz, 1H), 3.65-3.59 (m, 2H), 3.48-3.39 (m, 4H), 2.61 (t,J
= 6.0 Hz, 2H), 1.98-1.92 (m, 2H), 1.91-1.84 (m, 2H), 1.53-1.48 (m,
2H), 1.46 (t, /] = 7.2 Hz, 3H), 1.25 (d, / = 6.5 Hz, 3H). HRMS (ESI-
Orbitrap) m/z for C21H33NeNa209S [M-H+2Na]* calc 591.1820, found
591.1819.

(a) Kotzler, M. P.; Blank, S.; Bantleon, F. L; Spillner, E.; Meyer, B.
Biochim. Biophys. Acta. Gen. Subj. 2012, 1820, 1915. (b) Kétzler, M.
P.; Blank, S.; Bantleon, F. I; Wienke, M.; Spillner, E.; Meyer, B. ACS
Chem. Biol. 2013, 8, 1830. (c) Garcia-Garcia, A.; Ceballos-Laita, L.;
Serna, S.; Artschwager, R,; Reichardt, N. C.; Corzana, F.; Hurtado-
Guerrero, R. Nat. Commun. 2020, 11,973.

(a) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V,; Sharpless, K. B. Angew.
Chem. Int. Ed. 2002, 41, 2596. (b) Tornge, C. W.; Christensen, C.;
Meldal, M. J. Org. Chem. 2002, 67, 3057.

Synthesis of 21

To a solution of 12 (29.4 pg, 0.05 umol) in DMSO (5 pL), H20 (8 pL),
and 10xPBS (5 pL), were added 15 (0.05 pmol: 17.0 pL 15 solution
(0.17 pmol in 56.0 pL H20)), THPTA (0.05 umol: 5 pL. THPTA
solution (4.60 umol in 460 pL H20)), sodium ascorbate (0.05 pmol:
5 pL sodium ascorbate solution (10.1 pmol in 1 mL H20)), and CuSO4
(0.05 pmol: 5 pL CuSO4 solution (12.5 pmol in 1.25 mL H20)) at
room temperature. After being stirred for 3 h at 37 °C, the reaction
mixture was purified with reverse-phase HPLC (Cosmosil 5C1s-AR-
300 2.0x150 mm column, linear gradient: 5% to 30% MeCN in H20
in 50 min with 0.1% HCOOH, flow rate 0.2 mL min-1) to give 21 (31.7
ug, 28%, estimated by UV (280 nm) absorption under HPLC
analysis) as a white solid. HRMS (ESI-Orbitrap) m/z for
Cs7H139N15052S [M-2H]% calc 1128.9213, found 1128.9220.

Template for SYNLETT
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1. General

"H NMR spectra were measured at 25 °C in an indicated solvent with a JEOL ECA 500 NMR
spectrometer or Bruker AVANCE 700 spectrometer, and analyzed using Alice. The chemical shifts in
CDCls are given 0 values from tetramethylsilane (TMS) as an internal standard. HDO (6 = 4.65 ppm),
CHD,OD (6 = 3.30 ppm), and (CHD,)(CD3)SO (6 = 2.54 ppm) is used as a reference for the
measurements in D>O, CD;0D, and (CD3)SO, respectively. ESI-TOF-MS spectra were obtained on
LTQ-Orbitrap XL (Thermo Scientific), Q Exactive Orbitrap (Thermo Scientific). HPLC analysis was
carried out with an LC solution system by SHIMADZU CORPORATION. Silica-gel column
chromatography was carried out using silica gel 60 N (Kanto Chemical Co., spherical, neutral, 0.040-
0.050 mm) at medium pressure. Silica gel 60 Fas4 (Merck Co.) was used for TLC analysis, and
compounds were visualized by UV (254 nm), p-methoxybenzaldehyde (p-anisaldehyde, 0.03% in
EtOH-H,SOs-acetic acid buffer). All commercially available reagents were used without further

purification.

S3
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2. Synthesis
2-1. Synthesis of 4

Cl
cl </N ‘ N
N N )\
N - P
4 -
o 0/\ ¢ A Cul, 2,6-lutidine, H,0 9 g0 NN’ NHBoc
OAc + 0.0 NTN"NHBoc /\)]\ .S
OAc N THF, 88% 7 R N Y
AcO N’SMJ » 0070 oo “OAc H
S1 3 ‘g2 acoCAC )
Scheme S1 Synthesis of 4
cl
N SN
4
/\)?\Q\/ijj‘ N/)\NHBoc
-8
ACOOAc
Compound 4

To a solution of S1' (21.6 mg, 65.8 umol), S2' (26.6 mg, 59.8 pmol), and H>O (2.16 pL, 120 pmol) in
dry THF (600 pL) were added Cul (12.5 mg, 59.8 umol) and 2,6-Iutidine (7.62 pL, 65.8 pmol) at room
temperature. After being stirred for 1 d at room temperature, the reaction mixture was diluted with
EtOAc and quenched with sat. NH4Cl aq. at 0 °C. The aqueous layer was extracted with EtOAc. The
organic layer was dried over Na,SOg, filtered, and concentrated in vacuo. The residue was purified
with silica-gel column chromatography (CHCls:acetone = 4:1 to 5:1) to give 4 (40.1 mg, 88%) as a
white solid.

"H NMR (500 MHz, CDCl3) 8 8.01 (s, 1H), 7.61 (s, 1H), 5.24 (d, J= 3.5 Hz, 1H), 5.13 (dd, /= 10.4,
7.9 Hz, 1H), 5.01 (dd, J = 10.4, 3.4 Hz, 1H), 4.53 (d, /= 7.9 Hz, 1H), 4.24 (t, J = 7.2 Hz, 2H), 4.07-
4.03 (m, 1H), 3.97-3.93 (m, 1H), 3.86-3.85 (m, 1H), 3.50-3.44 (m, 1H), 3.40-3.34 (m, 1H), 2.77-2.71
(m, 1H), 2.61-2.56 (m, 1H), 2.17 (s, 3H), 2.06 (s, 3H), 1.99 (s, 3H), 2.01-1.93 (m, 4H), 1.54 (s, 9H),
1.55-1.50 (m, 2H), 1.25-1.24 (m, 3H).

13C NMR (126 MHz, CDCls) § 170.5, 170.1, 170.0, 169.9, 152.9, 152.3, 151.2, 150.3, 144.2, 127.7,
101.3, 81.8, 70.9, 69.9, 69.7, 68.7, 64.9, 52.3, 43.4,37.7, 29.2, 28.8, 28.2, 24.6, 22.3, 20.8, 20.6, 20.6.
HRMS (ESI-Orbitrap) m/z for C30Ha3CINsNaO13S [M+Na]* calc 785.2195, found 785.2194.

2-2. Synthesis of 5-10

Cl

B3P
¢ /k
0 0.0 N NH,
N
o o/\)J\N’S*Mf
Tton H
HO
Compound 5

To a solution of 4 (26.6 mg, 3.49 umol) in CH>Cl, (0.75 mL) was added TFA (0.25 mL) at room

temperature. After being stirred for 25 min at room temperature, the reaction mixture was diluted with

S4
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toluene (2 mL) and azeotroped. The residue was roughly purified with preparative TLC
(CHCls:acetone = 1:1) to give Boc-deprotected intermediate (17.8 mg, 77%) as a crude mixture. This
crude product was directly used for further reaction. To a solution of the resultant crude product in
MeOH was added K>COs (1.07 mg, 10.7 umol) at room temperature. After being stirred for 1 h at
room temperature, the reaction mixture was quenched with AcOH at 0 °C and azeotropoed with
toluene. The residue was purified with reverse-phase HPLC (Cosmosil 5Ci3-AR-300 4.6x250 mm
column, linear gradient: 2% to 50% MeCN in H>O for 30 min with 0.1% HCOOH, flow rate 1.0 mL
min) to give 51 (0.86 mg, 45%) as a colorless oil.

"H NMR (500 MHz, D,0) § 8.02 (s, 1H), 4.21 (d, J= 8.0 Hz, 1H), 4.03 (t, /= 7.0 Hz, 2H), 3.94 (dt,
J=10.5,6.0, 1H), 3.74 (dt, J=10.5, 6.6, 1H), 3.62-3.58 (m, 2H), 3.47 (dd, /= 10.0, 3.4 Hz, 1H), 3.32
(dd, J=10.0, 8.0 Hz, 1H), 3.15-3.12 (m, 2H), 2.41 (brt, J=7.0 Hz, 2H), 1.78-1.71 (m, 2H), 1.65-1.59
(m, 2H), 1.31-1.25 (m, 2H), 1.09 (d, J= 6.3 Hz, 3H).

HRMS (ESI-Orbitrap) m/z for C19H29CINgNaOgS [M+Na]" calc 559.1348, found 559.1348.

Fes
Compound 6

To a solution of 4 (3.35 mg, 4,39 pmol) in dry DMSO (220 pL) were added DIPEA (4.58 pL, 26.3
pmol) and EtNH> (4.10 puL, 43.9 umol) at room temperature. After stirring for 1 d at 60 °C, to the
reaction mixture was added 1 M NaOH aq. (25 pL) at room temperature. After being stirred for 3 h at
room temperature, the reaction mixture was neutralized with DOWEX (50Wx8 50-100). After
filtration, the filtrate was concentrated in vacuo. The residue was dissolved in 50% TFA/CH,Cl, (400
pL). After being stirred for 4.5 h at room temperature, the reaction mixture was diluted with toluene
and azeotroped. The residue was purified with reverse-phase HPLC (Cosmosil 5Ci3-AR-300 4.6x250
mm column, linear gradient: 2% to 50% MeCN in HO in 48 min with 0.1% HCOOH, flow rate 1.0
mL min') to give 6 (0.62 mg, 26%) as a colorless oil.

"H NMR (500 MHz, D>0) & 7.67 (s, 1H), 4.17 (d, J = 8.0 Hz, 1H), 4.01-3.89 (m, 3H), 3.70 (dt, J =
10.3, 6.6, 1H), 3.61-3.60 (m, 1H), 3.58-3.49 (m, 2H), 3.46-3.40 (m, 2H), 3.31 (dd, J = 10.0, 8.0 Hz,
1H), 3.07-3.04 (m, 2H), 2.32 (td, J = 6.4, 2.7 Hz, 2H), 1.74-1.68 (m, 2H), 1.61-1.55 (m, 2H), 1.28-
1.22 (m, 2H), 1.12 (t, J= 7.3 Hz, 3H), 1.08 (d, /= 6.6 Hz, 3H).

HRMS (ESI-Orbitrap) m/z for C21H3sN70sS [M+H]" calc 546.2341, found 546.2339.
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Compound 7

To a solution of 4 (3.20 mg, 4.19 pumol) in dry DMSO (330 pL) were added DIPEA (4.11 pL, 23.6
umol) and "PrSH (0.90 pL, 11.79 pmol) at room temperature. After stirring for 3.5 h at room
temperature and for 2 h at 60 °C, to the reaction mixture was added ‘BuOK (1.30 mg, 3.0 eq) at room
temperature. After stirring for 1 d at room temperature, to the reaction mixture were added ‘BuOK
(2.60 mg, 6.0 eq) and "PrSH (3.00 pL, 39.4 umol) at room temperature. After stirring for 1d at 60 °C,
to the reaction mixture was added 1 M NaOH aq. (25 pL) at room temperature. After being stirred for
6 h at room temperature, the reaction mixture was neutralized with DOWEX (50Wx8 50-100) at room
temperature. After filtration, the filtrate was concentrated in vacuo. The residue was dissolved in 50%
TFA/CHCl, (400 pL). After being stirred for 1 h at room temperature, the reaction mixture was diluted
with toluene and azeotroped. The residue was purified with reverse-phase HPLC (Cosmosil 5C;3-AR-
300 4.6x250 mm column, linear gradient: 2% to 52% MeCN in H>O in 25 min with 0.1% HCOOH,
flow rate 1.0 mL min™") to give 7 (0.25 mg, 9%) as a colorless oil.

"H NMR (500 MHz, DMSO-D6) § 7.92 (s, 1H), 6.45 (s, 1H), 4.58 (d, /= 5.5, 1H), 4.30 (d, J = 4.9,
1H), 4.03 (d, /= 6.9 Hz, 1H), 3.96 (t, J = 7.2 Hz, 2H), 3.86-3.81 (m, 1H), 3.57-3.43 (m, 2H), 3.24-
3.13 (m, 3H), 2.91-2.87 (m, 2H), 2.18 (t, J=7.4 Hz, 2H), 1.73-1.62 (m, 4H), 1.55-1.52 (m, 2H), 1.33-
1.26 (m, 2H), 1.10 (d, J= 6.5 Hz, 3H), 0.99 (t, J = 7.3 Hz, 3H).

HRMS (ESI-Orbitrap) m/z for C22H3sNsNa,OsSs [M-H+2Na]* calc 621.1748 found 621.1747.

OEt

ST
0 00 N N//kNHz
S
?QZ‘O N
OH H
HoOH
Compound 8

Synthetic procedure and characterization data were written in manuscript.

OMe
N SN

C
0 OMO<N N//kN
pefo“*ws%
OH H
OH

HO

Hy

Compound 9
To a solution of 4 (1.86 mg, 2.44 umol) in dry MeOH (1 mL) was added MeONa (1.32 mg, 24.4 umol)
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at room temperature. After being stirred for 5.5 h at 60 °C, the reaction mixture was neutralized with
DOWEX (50Wx8 50-100) at room temperature. After filtration, the filtrate was concentrated in vacuo.
The residue was dissolved in 50% TFA/CH>Cl, (400 pL). After being stirred for 30 min at room
temperature, the reaction mixture was diluted with toluene and azeotroped twice. The residue was
purified with reverse-phase HPLC (Cosmosil 5Ci3-AR-300 4.6x250 mm column, linear gradient: 2%
to 24% MeCN in H>0 in 33 min with 0.1% HCOOH, flow rate 1.0 mL min™") to give 9 (0.98 mg, 75%)
as a colorless oil.

"H NMR (500 MHz, D,0) & 7.80 (s, 1H), 4.20 (d, J = 8.0 Hz, 1H), 4.01-3.90 (m, 6H), 3.71 (dt, J =
10.4, 6.6 Hz, 1H), 3.62-3.57 (m, 2H), 3.47 (dd, J = 9.8, 3.6 Hz, 1H), 3.46 (dd, J = 9.8, 8.0 Hz, 1H),
3.07-3.05 (m, 2H), 2.36-2.33 (m, 2H), 1.77-1.70 (m, 2H), 1.62-1.56 (m, 2H), 1.29-1.23 (m, 2H), 1.09
(d, J=6.3 Hz, 3H).

HRMS (ESI-Orbitrap) m/z for C20H31NsNa,OoS [M-H+2Na]" calc 577.1663, found 577.1662.

OPh

X

I
9 .0 NN
p&fodwsﬁf
OH H
OH

HO

Hy

Compound 10

To a mixture of 4 (2.07 mg, 2.71 umol) and ‘BuOK (3.04 mg, 27.1 umol) was added 50% Phenol in
dry THF (200 pL) at room temperature. After being stirred for 1 d at 60 °C, the reaction mixture was
neutralized with DOWEX (50Wx8 50-100) at room temperature. After filtration, the filtrate was
concentrated in vacuo. The residue was dissolved in 50% TFA/CH>Cl, (400 uL). After being stirred
for 30 min at room temperature, the reaction mixture was diluted with toluene and azeotroped twice.
To the residue was added 70% HCOOH agq. (1 mL) at room temperature. After being stirred for 1 d at
75 °C, the reaction mixture was lyophilized. To the residue in MeOH was added ‘BuOK (2.80 mg,
25.0 pmol) at room temperature. After being stirred for 1 d at room temperature, the reaction mixture
was neutralized with DOWEX (50Wx8 50-100) at room temperature. After filtration, the filtrate was
concentrated in vacuo. The residue was purified with reverse-phase HPLC (Cosmosil 5C5-AR-300
4.6x250 mm column, linear gradient: 15% to 32% MeCN in H>O in 30 min with 0.1% HCOOH, flow
rate 1.0 mL min™') to give 10 (0.73 mg, 45%) as a colorless oil.

"H NMR (500 MHz, D,0) 6 7.89 (s, 1H), 7.41 (t,J= 7.4 Hz, 2H), 7.27 (t, J= 7.4 Hz, 1H), 7.17 (d, J
=7.4Hz, 2H), 4.21 (d, J= 8.0 Hz, 1H), 4.05 (t, /= 7.0 Hz, 2H), 3.96-3.91 (m, 1H), 3.73 (dt, J=10.3,
6.6 Hz, 1H), 3.63-3.51 (m, 2H), 3.47 (dd, /= 10.0, 3.4 Hz, 1H), 3.32 (dd, /= 10.0, 8.0 Hz, 1H), 3.10-
3.07 (m, 2H), 2.38-2.34 (m, 2H), 1.80-1.74 (m, 2H), 1.64-1.58 (m, 2H), 1.32-1.26 (m, 2H), 1.09 (d, J
=6.3 Hz, 3H)

HRMS (ESI-Orbitrap) m/z for C2sH33NsNaxOeS [M-H+2Na]" calc 639.1820, found 639.1819
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2-3. Synthesis of 11
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Scheme S2 Synthesis of 11

@O\QTOE/\\\

Compound S4

To a solution of S3! (77.4 mg, 0.38 mmol) in 2,2-dimethoxypropane (2.40 mL, 19.2 mmol) was added
CSA at room temperature. After being stirred for 7 d at room temperature, the reaction mixture was
quenched with EtsN at 0 °C. After concentration in vacuo, the residue was purified with silica gel
column chromatography (toluene:AcOEt = 5:1 to 3:1 to 1:1) to give S4 (79.0 mg , 85%) as a white
solid.

"H NMR (500 MHz, CDCl3)  4.45-4.36 (m, 3H), 4.07 (dd, J= 7.0 Hz, 5.5 Hz, 1H), 4.02 (dd, J=5.5,
2.2 Hz, 1H), 3.89 (dq, J = 6.5, 2.2 Hz, 1H), 3.59-3.55 (m, 1H), 2.45 (t, J= 2.5 Hz, 1H), 2.37 (d, J =
2.2 Hz, 1H), 1.53 (s, 3H), 1.42 (d, J = 6.5 Hz, 3H), 1.36 (s, 3H).

13C NMR (126 MHz, CDCls) 6 109.9, 99.7, 78.8, 78.7, 76.2, 75.2, 73.3, 69.3, 55.5, 28.2, 26.3, 16.5.
HRMS (ESI-Orbitrap) m/z for C12HisNaOs [M+Na]* calc 265.1046, found 265.1046.

O)’O\ OTBS

Compound S5

To a solution of S4 (20.2 mg, 82.6 pmol) and tert-butyl(2-iodoethoxy)dimethylsilane (70.6 mg, 247
pmol) in DMF (826 pL) was added NaH (60% in oil, ca. 11.0 mg, 275 pumol) at room temperature.

After being stirred for 3 h at room temperature, the reaction mixture was diluted with hexane/AcOEt
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= 1/1 and quenched with sat. NH4Cl aq. at 0 °C. The aqueous layer was extracted with hexane/AcOEt
= 1/1. The organic layer was dried over Na,SOy, filtered, and concentrated in vacuo. The residue was
purified with silica-gel column chromatography (hexane:AcOEt = 9:1 to 8:1 to 4:1 to 3:7) to give S5
(20.9 mg, 63%) as a colorless oil.

"H NMR (500 MHz, CDCI3) 6 4.40 (d, J= 8.3 Hz, 1H), 4.32 (d, J= 2.4 Hz, 2H), 4.02 (t, /= 5.9 Hz,
1H), 3.92 (dd, /= 5.9, 2.2 Hz, 1H), 3.79-3.65 (m, 5H), 3.22 (dd, /= 8.3, 5.9 Hz, 1H), 2.34 (t, /=24
Hz, 1H), 1.45(s, 3H), 1.32 (d, J = 6.6 Hz, 3H), 1.28 (s, 3H), 0.83 (s, 9H), 0.00 (s, 6H).

13C NMR (126 MHz, CDCls) § 109.6, 100.0, 80.9, 79.0, 76.3, 74.7, 73.2, 68.9, 62.6, 55.2, 28.0, 26.2,
26.0, 18.4, 16.5, -5.2.

HRMS (ESI-Orbitrap) m/z for C20H3sNaOsSi [M+Na]* calc 423.2173, found 423.2173.

Cl
N SN
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O 0 0 N7 >N” “NHBoc
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Compound S6

To a solution of S5 (40.2 mg, 100 pmol) and S2! (40.0 mg, 89.9 umol) in THF (1 mL) were added Cul
(17.1 mg, 90.0 umol), H>O (3.24 pL), and 2,6-lutidine (11.4 pL, 99.0 pmol) at room temperature. After
being stirred for 9 h at room temperature, the reaction mixture was diluted with AcOEt and quenched
with sat. NH4Cl aq. at 0 °C. The aqueous layer was extracted with AcOEt. The organic layer was dried
over NaxSOqs, filtered, and concentrated in vacuo. The residue was purified with silica-gel column
chromatography (CHCls:acetone = 10:1 to 4:1 to 3:1 to 1:1) to give S6 (65.1 mg, 87%) as a yellow
oil.

"H NMR (500 MHz, CDCls) & 7.89 (s, 1H), 7.57 (s, 1H), 4.19 (d, J= 8.0 Hz, 1H), 4.15 (t, J=7.2 Hz,
2H), 4.05-4.00 (m, 2H), 3.91 (dd, /= 5.4, 2.0 Hz, 1H), 3.86-3.81 (m, 1H), 3.76 (dd, /= 6.9, 2.0 Hz,
1H), 3.75-3.70 (m, 4H), 3.38-3.32 (m, 2H), 3.19 (dd, J = 8.0, 6.9 Hz, 1H), 2.61-2.51 (m, 2H), 1.92-
1.82 (m, 4H), 1.48 (s, 9H), 1.45-1.40 (m, SH), 1.31 (d, /= 6.6 Hz, 3H), 1.26 (s, 3H), 0.83 (s, 9H), 0.00
(s, 6H).

13C NMR (126 MHz, CDCl3) § 170.7, 153.0, 152.4, 151.2, 150.2, 144.0, 127.7, 109.7, 102.4, 81.6,
80.4,79.0, 76.1, 72.6, 69.3, 65.0, 62.7, 52.7, 43.5, 37.9, 29.0, 28.2, 28.0, 26.1, 26.0, 24.8, 22.2, 18.5,
16.4,-5.2.

HRMS (ESI-Orbitrap) m/z for C3sHsoCINgNaO1;SSi [M+Na]" calc 857.3313, found 857.3323.

S9

Downloaded by: Osaka University Library. Copyrighted material.



¢ AL
0 0,0 N7 N" " NHBoc
/geroo’\*u's A
O)lo\ M Notss
Compound S7

To a solution of S6 (62.2 mg, 74.4 umol) in THF:EtOH = 1:1 (4 mL) were added 15-crown-5 (15.3
uL, 74.4umol) and NaOEt (140 mg, 2.06 mmol) at room temperature. After being stirred for 6 d at
80 °C, the reaction mixture was diluted with AcOEt and quenched with sat. NH4Cl aq. at 0 °C. The
aqueous layer was extracted with AcOEt. The organic layer was dried over Na>SQs, filtered, and
concentrated in vacuo. The residue was purified with silica-gel column chromatography
(CHCls:acetone = 1:0 to 3:1 to 2:1 to 1:1) to give S7 (27.2 mg, 43%) as a colorless oil.

"H NMR (500 MHz, CDCl3) 8 7.68 (s, 1H), 7.30 (s, 1H), 4.54 (q,J= 7.2 Hz, 2H), 4.19 (d, J= 7.9 Hz,
1H), 4.10 (t, J = 7.2 Hz, 2H), 4.05-4.00 (m, 2H), 3.91 (dd, J = 5.8, 2.2 Hz, 1H), 3.86-3.82 (m, 1H),
3.76 (dd, J = 6.6, 2.2 Hz, 1H), 3.74-3.68 (m, 4H), 3.36-3.32 (m, 2H), 3.20 (dd, /="7.9, 6.6 Hz, 1H),
2.61-2.51 (m, 2H), 1.89-1.81 (m, 4H), 1.48 (s, 9H), 1.43-1.39 (m, SH), 1.31 (d, /= 6.6 Hz, 3H), 1.26
(s, 3H), 1.20 (d, J= 7.2 Hz, 3H), 0.82 (s, 9H), 0.00 (s, 6H).

13C NMR (126 MHz, CDCl3) 4 170.8, 161.1, 153.2, 152.4, 150.7, 140.8, 117.8, 109.7, 102.4, 81.1,
80.5,79.0, 76.2, 72.7, 69.3, 65.0, 63.3, 62.8, 52.7, 43.1, 38.0, 29.2, 28.2, 28.0, 26.1, 26.0, 24.8, 22.2,
18.5,16.4, 14.5, 0.0, -5.2.

HRMS (ESI-Orbitrap) m/z for C37HssNeNaO12SSi [M+Na]* calc 867.3964, found 867.39609.

OEt

STy

0 00 N N/)\NHBoc
0 Oo/\)LH’S*Mf

(o

Compound S8

To a solution of S7 (2.90 mg, 3.43 umol) in THF (343 pL) was added TBAF (1 M in THF, 4.12 uL,
4.12 umol) at 0 °C. After being stirred for 28 h at room temperature, the reaction mixture was added
TBAF (1 M in THF, 3.40 uL, 3.40 pmol) at room temperature. After being stirred for 19 h at room
temperature, the reaction mixture was diluted with AcOEt and H>O. The aqueous layer was extracted
with AcOEt. The organic layer was dried over Na;SOs, filtered, and concentrated in vacuo. The residue
was roughly purified with silica-gel column chromatography (CHCls:acetone = 2:1 to 1:1 to 1:2) to
give crude product (2.10 mg) as a colorless oil. The crude product was used for the next reaction
without further purification.

To a solution of the obtained crude product (2.10 mg, 2.87 pmol) in CH>Cl, (287 pL) were added
collidine (1.52 pL, 11.5 pmol) and MsCl1 (0.67 pL, 8.61 pmol) at room temperature. After being stirred
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for 20 h at room temperature, the reaction mixture was diluted with AcOEt and quenched with sat.
NaHCO:s aq. at 0 °C. The aqueous layer was extracted with AcOEt. The organic layer was dried over
NaySOy, filtered, and concentrated in vacuo. The crude product was used for the next reaction without
purification.

To a solution of the obtained crude product in DMF (287 pL) were added 15-crown-5 (0.57 pL, 2.87
umol) and NaNj3 (1.86 mg, 28.7 umol) at room temperature. After being stirred for 3 h at 60 °C, the
reaction mixture was diluted with AcOEt and H>O. The aqueous layer was extracted with AcOEt. The
organic layer was dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified
with silica-gel column chromatography (CHCls:Acetone = 1:0 to 2:1 to 1:1) to give S8 (0.90 mg,
~34% in 3 steps, obtained as a mixture with 15-crown-5) as a colorless oil.

"HNMR (500 MHz, CDCl3) & 7.76 (s, 1H), 7.37 (s, 1H), 4.61 (q, J = 6.5 Hz, 2H), 4.28 (d, J = 8.0Hz,
1H), 4.17 (t, J= 7.0 Hz, 2H), 4.13-4.10 (m, 2H), 4.00 (dd, /= 5.3, 1.9 Hz, 1H), 3.95-3.83 (m, 4H),
3.43-3.37 (m, 4H), 3.28 (t, J= 8.0 Hz, 1H), 2.75-2.63 (m, 2H), 1.97-1.88 (m, 4H), 1.55 (s, 9H), 1.52
(s, 3H), 1.50-1.47 (m, 5H), 1.39 (d, J= 6.5 Hz, 3H), 1.35 (s, 3H).

BCNMR (126 MHz, CDCl3) $ 170.4, 161.0, 152.4, 150.7, 145.7, 140.8, 109.8, 101.9, 81.1, 80.9, 79.0,
76.2,69.3, 64.5, 63.3, 52.6, 50.8, 43.0, 37.5, 29.0, 28.3, 28.1, 26.2, 24.7, 22.2, 16.4, 14.4.

HRMS (ESI-Orbitrap) m/z for C31H49NoNaO ;S [M+Na]* calc 778.3164, found 778.3166.

G N
NN\

HO OH N3

Compound 11

To a solution of S8 (0.80 mg, 1.06 pmol) in CH>Cl, (500 pL) were added H,O (50 pL) and TFA (450
pL) at room temperature. After being stirred for 1 h at room temperature, the reaction mixture was
diluted with toluene and concentrated in vacuo. The residue was purified with reverse-phase HPLC
(Cosmosil 5C3-AR-300 4.6x250 mm column, linear gradient: 10% to 30% MeCN in H>O in 40 min
with 0.1% TFA, flow rate 1.0 mL min™") to give 11 (0.38 mg, 58%) as a white solid.

"H NMR (700 MHz, CDsOD) & 7.86 (s, 1H), 4.55 (q, J = 7.0 Hz, 2H), 4.31 (d, J = 7.8Hz, 1H), 4.14
(td,J=17.2,1.7 Hz, 2H), 4.11-4.08 (m, 1H), 4.01-3.98 (m, 1H), 3.90-3.87 (m, 1H), 3.78-3.76 (m, 1H),
3.63-3.60 (m, 2H), 3.51 (dd, /= 9.6, 3.4 Hz, 1H), 3.43-3.37 (m, 4H), 3.25 (dd, /= 9.6, 7.8 Hz, 1H),
2.68-2.58 (m, 2H), 1.93-1.85 (m, 4H), 1.50-1.44 (m, 5H), 1.27 (d, J = 6.4Hz, 3H).

3CNMR (176 MHz, CDsOD) § 174.1, 162.4, 161.8, 155.0, 141.1, 115.2, 104.8, 81.2, 74.5, 73.0, 72.6,
71.8,66.1, 63.5,53.4,52.2,44.1, 38.5, 30.4, 26.1,23.9, 16.7, 14.8.

HRMS (ESI-Orbitrap) m/z for C23H3sN9OoS [M+H]" calc 616.2508, found 616.2510.
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2-4. Synthesis of 12
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Scheme S3 Synthesis of 12

DMTrO

SELRN

AcO OAc

Compound S10

To a solution of §9% (393 mg, 1.80 mmol) in pyridine (9 mL) was added DMTrCI (2.10 g, 6.20 mmol)
at room temperature. After being stirred for 4 h at 100 °C, the reaction mixture was diluted with toluene
and concentrated in vacuo. The residue was roughly purified with silica-gel column chromatography
(CHCI3:MeOH = 30:1 to 20:1 to 3:1 to 3:2) to give crude product (525 mg). The crude product was
used for the next reaction without further purification.

To a solution of the obtained crude product (525 mg, 1.01 mmol) in pyridine (5 mL) were added Ac,O
(473 pL, 5.05 mmol) and DMAP (12.2 mg, 0.10 mmol) at room temperature. After being stirred for 4
h at room temperature, the reaction mixture was diluted with toluene and concentrated in vacuo. The
residue was diluted with AcOEt and quenched with sat. NaHCOj3 aq. The aqueous layer was extracted
with AcOEt. The organic layer was dried over Na;SOs, filtered, and concentrated in vacuo to give S10
(594 mg 52% in 2 steps) as a yellow solid.

"HNMR (500 MHz, CDCl3) 8 7.37-7.35 (m, 2H), 7.30-7.27 (m, 4H), 7.25-7.20 (m, 3H), 6.84-6.80 (m,
4H), 5.56 (dd, J=3.3 Hz, 1.0 Hz, 1H), 5.15 (dd, J=10.5, 7.7 Hz, 1H), 5.08 (dd, /= 10.5, 3.3 Hz, 1H),
4.70 (s, J="1.7 Hz, 1H), 4.38-4.30 (m, 2H), 3.83-3.80 (m, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 3.36 (dd, J
=9.1 Hz, 5.6 Hz, 1H), 3.09 (t, J= 9.1 Hz, 1H), 2.45 (t, J = 2.5 Hz, 1H), 2.06 (s, 3H), 1.99 (s, 3H),
1.90 (s, 3H).

13C NMR (126 MHz, CDCls) 8 170.1, 169.9, 169.6, 158.57, 158.56, 144.2, 135.6, 135.4, 130.03,
129.97, 128.2, 127.9, 126.9, 113.18, 113.16, 98.6, 86.3, 78.3, 75.2, 72.4, 71.1, 68.8, 67.3, 60.5, 55.8,
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55.2,20.8, 20.6, 20.5.
HRMS (ESI-Orbitrap) m/z for C3sH3sNaO11 [M+Na]" calc 669.2306, found 669.2310.

TBSO
O O
OAc

AcO
S1

Compound S11

To a solution of S10 (160 mg, 248 pumol) in CH>Cl, (1.24 mL) and MeOH (124 pL) was added
CHCIL,COOH (49.6 pL, 605 umol) at room temperature. After being stirred for 1 h at room temperature,
the reaction mixture was diluted with AcOEt and quenched with sat. NaHCOj3 aq. at 0 °C. The aqueous
layer was extracted with AcOEt. The organic layer was dried over Na,SQyg, filtered, and concentrated
in vacuo. The residue was roughly purified with silica-gel column chromatography (CHCI3:MeOH =
30:1 to 20:1 to 10:1) to give crude product (82.0 mg) as a colorless oil. The crude product was used
for the next reaction without further purification.

To a solution of the obtained crude product (39.0 mg, 113 pmol) in CH>Cl (3 mL) were added lutidine
(53.0 uL, 452 pmol) and TBS-OTT (72.0 puL, 339 pumol) at 0 °C. After being stirred for 30 min at room
temperature, the reaction mixture was diluted with CHCl3 and quenched with sat. NaHCO3 aq. at 0 °C.
The aqueous layer was extracted with CHCls. The organic layer was dried over Na,SOs, filtered, and
concentrated in vacuo. The residue was purified with silica-gel column chromatography
(toluene:AcOEt = 1:0 to 10:1 to 5:1) to give S11 (24.4 mg, 45% in 2 steps) as a colorless oil.

"H NMR (500 MHz, CDCl3) § 5.46 (d, J = 3.3 Hz, 1H), 5.19 (dd, /= 10.5 Hz, 8.0 Hz, 1H), 5.06 (dd,
J=10.5,3.3 Hz, 1H), 4.71 (d, J = 8.0 Hz, 1H), 4.39-4.32 (m, 2H), 3.76-3.70 (m, 2H), 3.64-3.60 (m,
1H), 2.44 (t, J= 2.5 Hz, 1H), 2.11 (s, 3H), 2.05 (s, 3H), 1.97 (s, 3H), 0.84 (s, 9H), 0.02 (s, 3H), 0.00
(s, 3H).

BC NMR (126 MHz, CDCl3) 6 170.1, 170.0, 169.6, 98.6, 78.3, 75.2, 73.6, 71.1, 68.8, 67.0, 60.5, 55.7,
25.7,20.8,20.7, 20.6, 18.1, -5.6, -5.7.

HRMS (ESI-Orbitrap) m/z for C21H3sNaOoSi [M+Na]* calc 481.1864, found 481.1866.

¢ |
O o0 N N/)\NHBOC
TBSO\?QZ\O/\)LN,S A
OAc H
ACOOAC
Compound S12

To a solution of S11 (15.1 mg, 32.9 umol) and S2' (11.1 mg, 25.0 umol) in THF (329 pL) were added
Cul (4.75 mg, 25.0 pmol), HO (1.00 pL, 55.6 pmol), and lutidine (3.17 pL, 27.5 umol) at room
temperature. After being stirred for 3 h at room temperature, the reaction mixture was diluted with

AcOEt and quenched with sat. NH4Cl aq. at 0 °C. The aqueous layer was extracted with AcOEt. The
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organic layer was dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified
with silica-gel column chromatography (CHCls:acetone = 1:0 to 3:1 ) to give S12 (23.3 mg, quant) as
a white solid.

"H NMR (500 MHz, CDCl3) 8 7.99 (s, 1H), 7.58 (s, 1H), 5.40 (d, J= 3.3 Hz, 1H), 5.10 (dd, /= 10.5,
7.9 Hz, 1H), 4.99 (dd, J = 10.5, 3.3 Hz, 1H), 4.50 (d, /= 7.9 Hz, 1H), 4.20 (t, J = 7.2 Hz, 2H), 4.04-
3.99 (m, 1H), 3.98-3.93 (m, 1H), 3.74-3.68 (m, 2H), 3.63-3.58 (m, 1H), 3.51-3.45 (m, 1H), 3.32-3.26
(m, 1H), 2.75-2.69 (m, 1H), 2.51-2.46 (m, 1H), 2.07 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H), 1.99-1.87 (m,
4H), 1.51 (s, 9H), 1.48-1.37 (m, 2H), 0.83-0.82 (m, 9H), 0.02 (s, 3H), 0.00 (s, 3H).

BC NMR (126 MHz, CDCls) $ 170.0, 169.9, 169.8, 153.0, 152.3, 151.2, 150.3, 144.2, 127.7, 101.9,
81.7,74.2,70.8, 68.9, 66.9, 66.1, 60.8, 52.2, 43.4, 37.9, 28.8, 28.2, 25.7, 24.7, 22.3, 20.8, 20.6, 20.5,
18.1,-5.5,-5.7.

HRMS (ESI-Orbitrap) m/z for C3sHs7NsNaO41SSi [M+Na]* calc 915.3003, found 915.2999.
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Compound S13

To a solution of S12 (10.8 mg, 12.1 pmol) in THF (403 pL) and EtOH (403 pL) were added 15-crown-
5(2.49 puL, 12.1 umol) and NaOEFEt (27.4 mg, 402 umol) at room temperature. After being stirred for
6 d at 80 °C, the reaction mixture was diluted with AcOEt and quenched with sat. NH4Cl aq. at 0 °C.
The aqueous layer was extracted with AcOEt. The organic layer was dried over Na>SOys, filtered, and
concentrated in vacuo. The residue was roughly purified with silica-gel column chromatography
(CHCI3:MeOH = 1:0 to 9:1 to 5:1 ) to give crude product (6.60 mg) as a colorless oil. The crude
product was used for the next reaction without further purification.

To a solution of the obtained crude product (6.60 mg, 8.49 umol) in pyridine (850 puL) were added
AcyO (170 pL, 1.78 mmol) and DMAP (0.11 mg, 0.92 pmol) at room temperature. After being stirred
for 1 h at room temperature, the reaction mixture was diluted with toluene and concentrated in vacuo.
The residue was roughly purified with silica-gel column chromatography (CHCls:acetone = 1:0 to 5:1
to 4:1 to 3:1 to 2:1) to give crude product (1.92 mg) as a colorless oil. The crude product was used for
the next reaction without further purification.

To a solution of the obtained crude product (1.92 mg, 2.12 pmol) in THF (212 pL) were added
CH3COOH (0.24 pL, 4.24 umol) and TBAF (1 M in THF, 4.24 puL, 4.24 pmol) at 0 °C. After being
stirred for 6 h at room temperature, the reaction mixture were added CH;COOH (0.24 uL, 4.24 umol)
and TBAF (1 M in THF, 4.24 pL, 4.24 pmol) at room temperature. After being stirred for 18 h at room

temperature, the reaction mixture was diluted with AcOEt and H>O. The aqueous layer was extracted
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with AcOEt. The organic layer was dried over Na>SOyg, filtered, and concentrated in vacuo. The residue
was roughly purified with silica-gel column chromatography (CHCls:acetone = 1:0 to 1:1 to 1:2) to
give crude product (1.13 mg) as a colorless oil. The crude product was used for the next reaction
without further purification.

To a solution of the obtained crude product (1.13 mg, 1.43 umol) in CH>Cl, (140 pL) were added
collidine (0.74 pL, 5.61 pmol) and MsCl1 (0.33 pL, 4.29 umol) at room temperature. After being stirred
for 1 h at room temperature, the reaction mixture was diluted with AcOEt and quenched with sat.
NaHCO:s aq. at 0 °C. The aqueous layer was extracted with AcOEt. The organic layer was dried over
NaxSOys, filtered, and concentrated in vacuo. The crude product was used for the next reaction without
purification.

To a solution of the obtained crude product in DMF (140 pL) were added 15-crown-5 (0.28 uL, 1.40
pmol) and NaN3 (0.91 mg, 14.0 umol) at room temperature. After being stirred for 1.5 h at 60 °C, the
reaction mixture was warmed to 80 °C. After being stirred for 20 h at 80 °C, the reaction mixture was
warmed to 90 °C. After being stirred for 2 d at 90 °C, the reaction mixture was diluted with AcOEt
and H>O. The aqueous layer was extracted with AcOEt. The organic layer was dried over Na;SOs,
filtered, and concentrated in vacuo. The residue was purified with silica-gel column chromatography
(CHCl3:Acetone = 1:0 to 2:1 to 1:1 to 1:2) to give S13 (~0.57 mg, 6% in 5 steps, obtained as a mixture
with 15-crown-5) as a colorless oil.

"H NMR (700 MHz, CDCl3) 8 7.78 (s, 1H), 7.34 (s, 1H), 5.34 (d, J= 3.4 Hz, 1H), 5.17 (dd, J = 10.6,
8.1 Hz, 1H), 5.01 (dd, J=10.6, 3.4 Hz, 1H), 4.62-4.57 (m, 3H), 4.18 (t, /= 7.1 Hz, 2H), 4.12-4.09 (m,
1H), 3.97-3.93 (m, 1H), 3.59-3.55 (m, 2H), 3.43-3.34 (m, 2H), 3.18 (dd, J = 13.0, 4.0 Hz, 1H), 2.75-
2.72 (m, 1H), 2.67-2.63 (m, 1H), 2.16 (s, 3H), 2.07 (s, 3H), 1.98 (s, 3H), 1.96-1.891 (m, 4H), 1.55 (s,
9H), 1.50-1.44 (m, 5H).

13C NMR (176 MHz, CDCl3) & 170.2, 170.0, 169.8, 161.1, 153.2, 152.3, 150.8, 140.9, 117.8, 101.3,
81.3,73.1,70.3, 68.6, 67.8, 65.0, 63.3, 61.8, 52.2, 50.5, 42.7, 37.4, 29.7, 28.8, 28.4, 24.3, 22.1, 20.8,
20.6,20.5, 14.5.

HRMS (ESI-Orbitrap) m/z for C3;Hs47NoNaO14S [M+Na]* calc 836.2855, found 836.2858.

OEt
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Compound 12
To a solution of S13 (0.51 mg, 0.63 pumol) in CH>Cl» (375 pL) was added TFA (125 pL) at room
temperature. After being stirred for 25 min at room temperature, the reaction mixture was diluted with

toluene and concentrated in vacuo. To a solution of the residue in MeOH (400 pL) was added K,CO;
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(5.50 mg, 39.8 umol) at room temperature. After being stirred for 1 h at room temperature, the residue
was purified with reverse-phase HPLC (Cosmosil 5Ci3-AR-300 4.6x250 mm column, linear gradient:
10% to 40% MeCN in H,O in 60 min with 0.1% TFA, flow rate 1.0 mL min™) to give 12 (0.15 mg,
41%) as a white solid.

"H NMR (700 MHz, CD;0D) & 7.91 (s, 1H), 4.60 (q, J = 7.0 Hz, 2H), 4.35 (d, J = 7.2Hz, 1H), 4.20-
4.17 (m, 3H), 3.96-3.93 (m, 1H), 3.81-3.74 (m, 2H), 3.69 (dd, /= 12.7, 8.5 Hz, 1H), 3.57 (dd, J = 9.6,
7.2 Hz, 1H), 3.54 (dd, J = 9.6, 3.2 Hz, 1H), 3.47-3.45 (m, 2H), 3.31 (dd, J = 12.7, 4.0 Hz, 1H), 2.69
(t,J=6.0 Hz, 2H), 1.98-1.90 (m, 4H), 1.56-1.53 (m, 2H), 1.50 (t, /= 7.2Hz, 3H).

BCNMR (151 MHz, CD;0D $ 173.0, 162.4, 161.8, 155.0, 141.1, 115.2, 104.9, 75.7,74.7, 72.3, 70.7,
66.0, 63.5, 53.4,52.4,44.1, 38.1, 30.3, 26.0, 23.8, 14.8.

HRMS (ESI-Orbitrap) m/z for C21H34N9O9S [M+H]" calc 588.2195, found 588.2199.

2-5. Synthesis of 13-15
OH
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o
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Scheme S4 Synthesis of 13-15

Compound 13

To a solution of S14° (0.25 mg, 0.18 pmol) in DMF (12 pL) and H,0 (2 pL) were added TEA (0.87
pmol: 1.21 pL TEA solution (10 pL, 71.7 umol in 90 pL. DMF)) and propargyl-C1-NHS ester (0.52
umol: 5.24 uL propargyl-C1-NHS ester solution (12.8 umol in 128 uL. DMF)) at room temperature.
After being shaken for 7 h at 1500 rpm at room temperature, isopropyl alcohol (20 pL) and cold diethyl
ether (400 puL) were added. The reaction mixture was vortexed and centrifuged. This glycan precipitate
was washed with diethyl ether additional two times. Precipitated glycan 13 was used for further
reaction without purification.

HRMS (ESI-Orbitrap) m/z for CsoHosNesO3z9 [M-H] calc 1509.5484, found 1509.5491.
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Compound 14

To a solution of S14% (0.24 mg, 0.17 pmol) in DMF (14 pL) and H>O (2 pL) were added TEA (0.79
umol: 1.10 uL TEA solution (10 pL, 71.7 umol in 90 uL. DMF)) and propargyl-PEG1-NHS ester (0.62
umol: 3.00 pL propargyl-PEG1-NHS ester solution (6.22 pmol in 30 uL. DMF)) at room temperature.
After being shaken for 20 h at 1000 rpm at room temperature, isopropyl alcohol (20 pL) and cold
diethyl ether (400 puL) were added. The reaction mixture was vortexed and centrifuged. This glycan
precipitate was washed with diethyl ether additional two times. Precipitated glycan 14 was used for
further reaction without purification.

HRMS (ESI-Orbitrap) m/z for CeoHosNsO4o [M-H]" calc 1539.5590, found 1539.5588.

Compound 15

To a solution of S14% (0.21 mg, 0.15 pmol) in DMF (13 pL) and H,O (2 uL) were added TEA (0.73
pmol: 1.02 uL TEA solution (10 pL, 71.7 pmol in 90 uL DMF)) and propargyl-PEG4-NHS ester (0.44
umol: 4.40 puL propargyl-PEG4-NHS ester solution (12.3 pmol in 123 pL DMF)) at room temperature.
After being shaken for 7 h at 1500 rpm at room temperature, isopropyl alcohol (20 pL) and cold diethyl
ether (400 puL) were added. The reaction mixture was vortexed and centrifuged. This glycan precipitate
was washed with diethyl ether additional two times. Precipitated glycan 15 was used for further
reaction without purification.

HRMS (ESI-Orbitrap) m/z for CesH107N6Oa3 [M-H] calc 1671.6376, found 1671.6370.

2-6. Synthesis of 16-21

Compound 16

To a solution of 11 (30.8 pg, 0.05 pmol) in DMSO (5 puL), HO (8 pL), and 10xPBS (5 pL), were
added 13 (0.05 pmol: 17 pL 13 solution (0.11 pmol in 38.2 uL. H,O)), THPTA (0.05 umol: 5 pL
THPTA solution (4.60 pmol in 460 pL H»>0)), sodium ascorbate (0.05 pmol: 5 pL sodium ascorbate
solution (10.1 pumol in 1 mL H»0)), and CuSO4 (0.05 pmol: 5 pL CuSOj4 solution (12.5 pmol in 1.25
mL H>0)) at room temperature. After being stirred for 27 h at 37 °C, the reaction mixture was added
sodium ascorbate (0.05 umol: 5 pL sodium ascorbate solution (10.1 umol in 1 mL H>0)) and CuSO4
(0.05 pmol: 5 pL. CuSOy4 solution (12.5 pmol in 1.25 mL H»0)) at room temperature. After being
stirred for 3 h at 37 °C, the reaction mixture was purified with reverse-phase HPLC (Cosmosil 5C;s-
AR-300 2.0x150 mm column, linear gradient: 5% to 30% MeCN in H>O in 50 min with 0.1% HCOOH,
flow rate 0.2 mL min™') to give 16 (37.2 pg, 35%, estimated by UV (280 nm) absorption under HPLC
analysis) as a white solid.

HRMS (ESI-Orbitrap) m/z for Cs:H129N1504sS [M-2H]* calc 1061.8923, found 1061.8936.
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<LC-MS analysis>
Cosmosil 5Cig-AR-300 2.0x150 mm column, linear gradient: 2% to 62% MeCN in H>O in 30 min
with 0.1% HCOOH, flow rate 0.2 mL min™', detection: 280 nm UV absorbance
G * m/==1063.89: [M+2H]*

UV Cheomatogram, 280 nm

0 [] 0 15 ED E] ED Time [mir]

Compound 17

To a solution of 11 (30.8 pg, 0.05 umol) in DMSO (5 puL), H>O (8 pL), and 10xPBS (5 pL), were
added 14 (0.05 pmol: 17.0 pL 14 solution (0.17 pmol in 56.0 uL H>O)), THPTA (0.05 pmol: 5 pL.
THPTA solution (4.60 pmol in 460 pL H>0)), sodium ascorbate (0.05 pmol: 5 pL sodium ascorbate
solution (10.1 umol in 1 mL H»0)), and CuSO4 (0.05 pmol: 5 pL CuSO4 solution (12.5 pmol in 1.25
mL H,0)) at room temperature. After being stirred for 3 h at 37 °C, the reaction mixture was purified
with reverse-phase HPLC (Cosmosil 5Ci3g-AR-300 2.0x150 mm column, linear gradient: 5% to 30%
MeCN in H,0O in 50 min with 0.1% HCOOH, flow rate 0.2 mL min') to give 17 (48.5 ug, 45%,
estimated by UV (280 nm) absorption under HPLC analysis) as a white solid.

HRMS (ESI-Orbitrap) m/z for Cs3Hi31N15049S [M-2H]* calc 1076.8976, found 1076.8984.

<LC-MS analysis>

Cosmosil 5C13-AR-300 2.0x150 mm column, linear gradient: 2% to 98% MeCN in H>O in 48 min
with 0.1% HCOOH, flow rate 0.2 mL min™', detection: 280 nm UV absorbance

Intens. UV Crecenstogeam, 280 ren

e ¥ m/==1078.90: [M+2H]?*
0 5 10 15 ) F3 Y Tene (in]
Compound 18

To a solution of 11 (30.8 pg, 0.05 pmol) in DMSO (5 puL), HO (8 nL), and 10xPBS (5 pL), were
added 15 (0.05 pmol: 17.0 uL 15 solution (0.15 pmol in 48.9 uL H>O)), THPTA (0.05 pumol: 5 pL
THPTA solution (4.60 pmol in 460 pL H»0)), sodium ascorbate (0.05 pmol: 5 pL sodium ascorbate
solution (10.1 pmol in 1 mL H»0)), and CuSO4 (0.05 pumol: 5 pL CuSOj4 solution (12.5 pmol in 1.25
mL H,0)) at room temperature. After being stirred for 3 h at 37 °C, the reaction mixture was purified
with reverse-phase HPLC (Cosmosil 5C;3-AR-300 2.0x150 mm column, linear gradient: 5% to 30%
MeCN in H,0 in 50 min with 0.1% HCOOH, flow rate 0.2 mL min') to give 18 (45.8 ug, 40%,
estimated by UV (280 nm) absorption under HPLC analysis) as a white solid.

HRMS (ESI-Orbitrap) m/z for CsoH 43N 150528 [M-2H]* calc 1142.9369, found 1142.9376.

S18

Downloaded by: Osaka University Library. Copyrighted material.



<LC-MS analysis>
Cosmosil 5C3-AR-300 2.0x150 mm column, linear gradient: 2% to 62% MeCN in H>O in 30 min
with 0.1% HCOOH, flow rate 0.2 mL min’!, detection: 280 nm UV absorbance

Intens.
[méL)

o ¥ m/==1144.92: [M+2H]**

UV Cheomatogram, 280 nim|

o 5 n 15 E E3 E Tines el

Compound 19

To a solution of 12 (29.4 pg, 0.05 pmol) in DMSO (5 pL), H2O (8 puL), and 10xPBS (5 pL), were
added 13 (0.05 pmol: 17.0 pL 13 solution (0.064 pumol in 21.2 pL. H>0O)), THPTA (0.05 pmol: 5 pL.
THPTA solution (4.60 pmol in 460 pL H>0)), sodium ascorbate (0.05 pmol: 5 pL sodium ascorbate
solution (10.1 pmol in 1 mL H>0)), and CuSO4 (0.05 pmol : 5 pL CuSO4 solution (12.5 pmol in 1.25
mL H,0)) at room temperature. After being stirred for 3 h at 37 °C, the reaction mixture was purified
with reverse-phase HPLC (Cosmosil 5Ci3g-AR-300 2.0x150 mm column, linear gradient: 5% to 30%
MeCN in H>0O in 50 min with 0.1% HCOOH, flow rate 0.2 mL min') to give 19 (52.5 ug, 50%,
estimated by UV (280 nm) absorption under HPLC analysis) as a white solid.

HRMS (ESI-Orbitrap) m/z for CsoH125N1504sS [M-2H]* calc 1047.8766, found 1047.8779.

<LC-MS analysis>

Cosmosil 5C13-AR-300 2.0x150 mm column, linear gradient: 2% to 50% MeCN in H>O in 24 min
with 0.1% HCOOH, flow rate 0.2 mL min™', detection: 280 nm UV absorbance

Intens. UV Crvomatogram, 280 nn

-  m/==1049.88: [M+2H]**

40

20

0 5 10 15 2 -3 0 Tine [ein]

Compound 20

To a solution of 12 (29.4 pg, 0.05 pmol) in DMSO (5 pL), H,O (8 puL), and 10xPBS (5 pL), were
added 14 (0.05 pmol: 17.0 uL 14 solution (0.17 pmol in 56.0 uL. H>O)), THPTA (0.05 pumol: 5 pL
THPTA solution (4.60 pmol in 460 pL H»0)), sodium ascorbate (0.05 pmol: 5 pL sodium ascorbate
solution (10.1 pmol in 1 mL H»0)), and CuSO4 (0.05 pumol: 5 pL CuSOj4 solution (12.5 pmol in 1.25
mL H,0)) at room temperature. After being stirred for 3 h at 37 °C, the reaction mixture was purified
with reverse-phase HPLC (Cosmosil 5Ci3-AR-300 2.0x150 mm column, linear gradient: 5% to 30%
MeCN in H,0 in 50 min with 0.1% HCOOH, flow rate 0.2 mL min') to give 20 (43.6 ug, 41%,
estimated by UV (280 nm) absorption under HPLC analysis) as a white solid.
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HRMS (ESI-Orbitrap) m/z for CsiH127N15049S [M-2H]* calc 1062.8817, found 1062.8832.

<LC-MS analysis>

Cosmosil 5C3-AR-300 2.0x150 mm column, linear gradient: 2% to 50% MeCN in H>O in 24 min
with 0.1% HCOOH, flow rate 0.2 mL min™', detection: 280 nm UV absorbance

& * /= = 1064.88: [M+2H]?* i
20
A — N~
0 5 10 15 2 ] 20 » Time fmn]
Compound 21

Synthetic procedure and characterization data were written in manuscript.

<LC-MS analysis>

Cosmosil 5C13-AR-300 2.0x150 mm column, linear gradient: 2% to 50% MeCN in H>O in 24 min
with 0.1% HCOOH, flow rate 0.2 mL min™', detection: 280 nm UV absorbance

Intens.
[mAUY

UV Chomatogram. 280 rm

T m/z=1130.91: [M+2H]
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3. FUTS8 enzymatic assay

OH OH
HEOX 0 FUT8 MR o
AcHN GDP-fucose (1) AcHN HO Gy
HOHO o 0.1% Triton X HOHO (¢} O\ OH| Core fucose
HO oH MES (pH 6.5) HO -
Hoog A OH OH > Hooi\ & OH 5
7 PR é@\/H 7 Por Oﬁ/H coo
Yo N COOH " %o N H
HO% AcHN v g Ho O AN rn . XX
do O NHFmoc HO O NHFmoc
HO S15 HO
u 0 o 0 s16
o o o o

AcHN AcHN

FUTS enzymatic assay was performed according to our previous report.! The standard FUTS8 assay
mixture contained the following components in a final volume of 20 pL: 20 mM MES-NaOH buffer
(pH 6.5), 0.1% Triton X, 20 uM GDP-fucose (1), 20 uM S15,3 FUTS8 over expressing Hep5+ cell
lysate (for 5-10) or FUT8* (for 16-21), 1% DMSO (for 5-10). After adding the 10 or 100 uM of
synthesized inhibitors 5-10, 1621 to the standard FUTS assay mixture, the mixture was incubated at
37 °C for 24 h (FUTS over expressing Hep5+ cell lysate) or 3 h (FUTS), the reaction was stopped by
heating at 100 °C for 5 min. The sample was then centrifuged at 10,000 rpm at 4 °C for 5 min, and 10
pL of the supernatant were used for analysis. The products were analyzed by HPLC, and the
conversion was calculated by the ratio of integration of UV absorption at 280 nm.

HPLC conditions (for 5-10): Cosmosil ODS column (5C18-AR-300, 4.6 mmx250 mm), 20% CH3CN
ag. isocratic containing 50 mM NH4OAc, 1 mL/min. The retention time of S16: 10.3 min, The
retention time of S15: 11.8 min.

HPLC conditions (for 16-21): Cosmosil ODS column (5C18-AR-300, 2.0 mmx 150 mm), 20% CH3CN
ag. isocratic containing 50 mM NH4OAc, 0.2 mL/min. The retention time of S16: 4.8 min, The

retention time of S15: 5.4 min.
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4. Measurement of Kp between FUT8 and 8 by isothermal titration calorimetry
dTo).

The interaction between human FUT8 and compound 8 was characterized using isothermal titration
calorimetry (ITC). The experiment was conducted at 25 °C in an Auto-iTC200 instrument (Microcal,
GE Healthcare). The titration of FUT8 with compound 8 was carried out at 50 uM of the enzyme with
500 pM compound 8, in 25 mM Tris at pH 7.5 and 150 mM NaCl. Data integration, correction and

analysis were carried out in Origin 7 (Microcal). The data was fitted to a one-site equilibrium-binding

model.
Time (min)
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2'5 T T T T T T
= 5,0 ‘ ' ‘ .
-742 | T T T T ]
g -50 | .
2 o
:.E_ 55 | o 4 -
o |
o ra
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O:O I 015 1:0 ' 1?5 20
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Compound Ko AG AH -TAS n
(Kcal/mol) (Kcal/mol) (Kcal/mol)
8 45+£07uM | -7.26 £1.13 | -17.2+0.75 | 9.94+£1.55 1

Figure S1. ITC data for the binding of compound 8 to FUTS. Top: raw thermogram (thermal power
versus time). Bottom: binding isotherm (normalized heats versus molar ratio). Kp of compound 8 was

45+0.7uM
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6. NMR spectra
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Compound 4, *C NMR (126 MHz, CDCls)
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Compound 10, 'H NMR (500 MHz, D,0)
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Compound S4, 'H NMR (500 MHz, CDCls)
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Compound S4, 3C NMR (126 MHz, CDCl3)
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Compound S5, '"H NMR (500 MHz, CDCls)
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Compound S5, 3C NMR (126 MHz, CDCl3)
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Compound S6, 'H NMR (500 MHz, CDCls)
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Compound S6, 3C NMR (126 MHz, CDCl3)
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Compound S7, 3C NMR (126 MHz, CDC13)
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Compound S8, 3C NMR (126 MHz, CDCl3)
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Compound 11, 3C NMR (176 MHz, CD0OD)
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Compound S10, '"H NMR (500 MHz, CDCls)
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Compound S10, 3C NMR (126 MHz, CDCl;3)
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Compound S11, *C NMR (126 MHz, CDCl)
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Compound S12, 'H NMR (500 MHz, CDCls)
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Compound S12, 3C NMR (126 MHz, CDCl3)
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Compound S13, '"H NMR (700 MHz,
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Compound S13, 3C NMR (176 MHz, CDCl;3)
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Compound 12, 'H NMR (700 MHz, CDs0OD)
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Compound 12, *C NMR (500 MHz, CD;0D)
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