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Materials and methods

All solvents were dried and distilled by standard techniques. N,N-Dimethylformamide (DMF) was
vacuum-distilled over sodium hydride. Pyridine was distilled over sodium hydride. Tetrahydrofuran (THF)
was distilled from sodium under nitrogen (Nz). Dichloromethane (DCM), toluene, and acetonitrile (ACN)
were distilled from calcium hydride under N2. The chemicals for the synthesis were all obtained from
Acros, Merck, Fluka, or Sigma-Aldrich and used without further purification unless otherwise noted.

All reactions were carried out in oven-dried glassware (104 °C) and performed under anhydrous
conditions with N> unless indicated otherwise. The reactions were monitored by analytical thin-layer
chromatography (TLC) on Merck silica gel 60 Fas4 plates (0.25 mm). Detection was accomplished by
examination under UV light (254 nm) and by staining with p-anisaldehyde, ninhydrin, cerium molybdate,
or potassium permanganate staining solution. Silica gel column chromatography was performed using a
forced flow of the indicated solvent on silica gel 60 (Merck). Size exclusion column chromatography was
performed by gravity on polymethacrylic polymer beads (Toyopearl HW-40F) with MeOH and
polyacrylamide gel (Bio-Gel P-2) with deionized H>O. C18 reverse-phase silica column (Sep-Pak Vac
tC18 cartridge 20 cc/5 g 37-55 um, Waters) and C18 reverse-phase silica gel (LiChroprep® RP-18 (40-
63 um), Merck) were used to perform reverse-phase column chromatography with methanol, acetonitrile,
and deionized H,O. DEAE Sepharose® Fast Flow (GE Healthcare Life Sciences) was used for anion
exchange chromatography. 'H and *C NMR spectra were recorded by Bruker AV-400, AV-600, Varian
MRA400, Varian-Unity INOVA-500, or VNMRS-700. Chemical shifts are expressed in ppm using residual
CDCls (7.24 ppm), CD30D (3.31 or 4.87 ppm), or D20 (4.79 ppm at 298 K) as internal standard in 'H-
NMR spectra. 13C-NMR spectra were recorded in either CDCl3;, CD30D or D>O at 100, 125, 150, or 175
MHz, using the central resonances of CDCl3 (77.0 ppm) and CD3OD (49.0 ppm) as the internal references.
2D NMR (COSY, HSQC, HMBC, or HSQC-TOCSY) experiments were used to assist assignment of the
products. Multiplicities are reported by using the following abbreviations: s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, br = broad; J = coupling constant values are expressed in Hertz. Mass
spectra were obtained in ESI mode.

Alkaline phosphatase from calf intestinal was purchased from Sigma-Aldrich. Chemical competent
E. coli BL21(DE3) were purchased from Yeastern Biotechnology (Taipei, Taiwan). Vector plasmid pET-
22b(+) was purchased from Merck (Darmstadt, Germany). Ndel restriction enzyme and X#kol restriction
enzyme were purchased from New England Biolabs (Ipswich, MA, USA). QIAprep spin miniprep kit and
QIAEX II gel extraction kit were purchased from Qiagen (Valencia, CA, USA). T4 DNA ligase and 1 kb
DNA ladder were obtained from Thermo (Waltham, MA, USA). DNA primers for the polymerase chain
reaction (PCR) were purchased from Mission Biotech (Taipei, Taiwan). Matrixes of bacterial cultural
media were purchased from BD Bioscience (San Jose, CA, USA). IMPACT™ gystem (Intein Mediated
Purification with Affinity Chitin binding Tag) was purchased from New England Biolabs. His-tag
purification resin was purchased from Roche (Basel, Switzerland). Amylose resin was purchased from
Cyrusbioscience (New Taipei City, Taiwan). Protein molecular weight standards and the Pfu DNA
polymeras were purchased from Thermo Fisher Scientific (Waltham, MA, USA). The protein
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concentrations were determined with the Bradford Protein Assay (Bio-Rad) and Pierce™ BCA protein
assay kit (Thermo Fisher Scientific) using bovine serum albumin as the standard. Protein purification

devices were using centrifugal filter devices (Vivaspin® Turbo 15 10 kDa MWCO, Satorius).

Cloning and Overexpression of Enzymes

Enzyme Resources. BINahK (N-acetylhexosamine 1-kinase from Bifidobacterium longum subsp.
longum),! EcGImU (N-acetylglucosamine 1-phosphate uridyltransferase from Escherichia coli),> AGX1
(recombinant human UDP-GalNAc pyrophosphorylase),” NmLgtA (N-acetylglucosaminyltransferase
from Neisseria meningitidis),* NmCSS (CMP-sialic acid synthetase from Neisseria meningitidis),’
PmSTI1 (a(2,3)-sialyltransferase 1 from Pasteurella multocida),® CjCstl (a(2,3)-sialyltransferase from
Campylobacter jejuni),” Pd2,6ST (a(2,6)-sialyltransferase from Photobacterium damsela),' and Psp2,6ST

(0(2,6)-sialyltransferase from Photobacterium sp. JH-ISH-224)% were cloned and overexpressed as
previously reported procedures. The plasmid pMal-c2X containing the /gz4 gene and pET-15b containing
the agx/ gene were generously provided by Professor Ching-Ching Yu.

Gene cloning. The genes for the PmST3A35 was optimized as previous described’ and synthesized by
Genomics (New Taipei City, Taiwan), then isolated by PCR amplification using the following primers:
PmST3A35-F: 5°- GAG ACAT ATG GAT AAA TTT GCC GAA CAT G-3’ (Ndel restriction site is
underlined) and PmST3A35-R: 5°- ATA TCT CGA GGC CCA GTT TTT CAT ACA CAA A-3’ (Xhol
restriction site is underlined). Briefly, PCR amplification of target gene was performed in a solution (50
uL) that contained 50 ng of template DNA, 0.4 uM of each primer, 0.2 mM dNTP, 1.5 mM MgCl, and
2.5 U Pfu DNA polymerase. PCR was performed with denaturation at 95 °C for 30 sec, annealing at 61.5
°C for 30 sec and extension at 72 °C for 30 sec. The target gene was digested from the amplified fragment
with Ndel and Xhol and then was inserted into the Ndel/Xhol-treated vector pET-22b(+). The ligation
mixture was then transformed into the E. coli DH5a and BL21 (DE3) strains of E. coli DNA sequencing
was used to confirm the in-frame cloning of the truncation of 105 base pair residues from the 3’ end of

the target gene.

Protein Overexpression and purification for PmST3. The protein overexpression procedure is similarly
as previous report.! Positive plasmid was selected and subsequently transformed into E. coli BL21(DE3)
chemical competent cells. The E. coli BL21 (DE3) harboring the recombinant plasmid was grown in LB
rich medium containing ampicillin (100 pg/mL) at 37 °C until the ODgoo reached 0.5-0.8. Protein
expression was then induced by adding 0.5 mM of IPTG (isopropyl-1-thio-f-D-galactopyranoside)
followed by incubation at 16 °C for 16-20 h with vigorous shaking at 200 rpm in a shaking incubator
(Firstek S300R). The bacterial cells were harvested by centrifugation at 4 “C and 5000 x g for 15 min.
The cell pellet was resuspended at 25 mL per liter of cell culture in column buffer (pH 8.0, 20 mM Tris-
HCI containing 0.1% Triton X-100, 250 mM NaCl, and 0.1 mM EDTA). The cells were disrupted by

sonication on ice for 30 min in 3-s intervals, and then the debris was removed by centrifugation for 60
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min at 20000 x g and 4 °C. The supernatant was applied to 10 mL cOmplete™ HisTag Purification Resin
bead column and then incubated for 30 mins. The resin was quickly washed with 20 column volumes of
the same column buffer containing 10 mM imidazole. The bound protein was eluted out by 250 mM
imidazole in column buffer. The fractions were analyzed by SDS-PAGE. Fractions with significant
amounts of protein were pooled and concentrated using a centrifugal filter device, divided into aliquots,
and stored at -20 °C.

AR

15

Fig. S1 SDS-PAGE analysis of PmST3A35. The gel of the purified protein shows an apparent band that
is close to the calculated molecular weight (33 kDa) of the desired protein. Lanes: IPTG (-/+), whole cell
extract before and after induction; Lysate, supernatant of the inducted cell extract after centrifugation;
pellet, cell debris after centrifugation; F.T., flow through of the cell lysate after His-tag purification by
resin bead column chromatography; Wash, His-tag purification resin bead column washed with column
buffer containing 10 mM imidazole after flow through of the cell lysate; and PmST3, column-purified

protein PmST3A35.
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Fig. S2 '"H-*C HMBC analysis of compound 4. Glycans A, B, C, and D represent Glc, Gal, GaINAc, and
Neu5Ac, respectively. The number indicates the position of the carbon or proton atom. GalNAc-p(1,3)-
Gal linkage. A cross signal for the anomeric proton of GalNAc (C1) and the 3-position carbon atom of
Gal (B3) was observed (B3/C1). Moreover, a cross signal for the 3-position proton of Gal (B3) and the
anomeric carbon atom of GalNAc (C1) was observed (C1/B3). The cross signal correlations reveal that
the glycosidic linkage is a 1—3 linkage. NeuSAc-a(2,3)-GalNAc linkage. A cross signal for the anomeric
carbon of sialic acid (D2) and the 3-position proton atoms of GalNAc (C3) was observed (D2/C3). The
cross signal correlation suggests that the glycosidic linkage is a 2—3 linkage.
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Fig. S3 'H NMR comparison of monosialylated compounds 4, 5, and 6. Glycans A, B, C, and D represent
Glc, Gal, GalNAc, and NeuSAc, respectively. The number indicates the position of the proton atom. The
H-1 signal of GalNAc (C1) was shifted downfield from 4.63 to 4.71 ppm after a(2,3) sialylation (4), while
no significant signal shift was observed for the a(2,6) sialylated glycans 5 and 6. Moreover, the H-3 signal
of GalNAc (C3) was shifted downfield to 4.17 ppm in compound 4. For a(2,6) sialylation on Gal (6), the
H-1 signal of Gal (B1) was shifted upfield but no shift was observed for the a(2,6) sialylation on GalNAc
(5).
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Fig. S4 13C NMR comparison of monosialylated compounds 4, 5, and 6. Glycans A, B, and C represent
Glc, Gal, and GalNAc, respectively. The number indicates the position of the carbon atom. Sia2 and Sia9
represent the anomeric and 9-position carbon atoms of sialic acid, respectively. The C-3 signal of GalNAc
(C3) shifted downfield from 71.73 to 73.78 ppm after a(2,3) sialylation (4), but no shift for the a(2,6)-
sialylated glycans 5 and 6 was observed. In contrast, in the primary alcohol region, there is no significant
signal shift in 4 compared with 3 but there was an obvious chemical shift of the C-6 signal of GaINAc or
Gal (C6 or B6) after a(2,6) sialylation.
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Fig. S5 Study of a(2,6) sialylation of compound 3. HPLC-evaporative light scattering detector (ELSD)
analysis of the sialylation of compound 3 by two kinds of a(2,6) STs with 1.2 equivalents of sialic acid.
A. Schematic of the enzymatic sialylation of compound 3 by Psp2,6ST and Pd2,6ST. B. HPLC-ELSD
analysis of the crude sialylated products and their corresponding yields.
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Fig. S6 Analysis of the sialylation of compound 3 by two kinds of a(2,6) STs with various equivalents of
sialic acid (0.5, 0.75, 1.0, 3.0, and 5.0). The synthetic procedure was similar to the sialylation of compound
3 with 1.2 equivalents of sialic acid. The reaction was monitored by TLC (n-PrOH/H>O/AcOH = 6/2/1
(v/v/v)). After all of the CMP-sialic acid was consumed, the reaction was quenched by the addition of the
same reaction volume of acetonitrile. The reaction solution was centrifuged (10,000 x g, 5 min) to remove
enzymes and insoluble precipitates. The supernatant was filtered through a 0.45-um PVDF filter
(Millipore) followed by injection of the residues into the HPLC-ELSD instrument. The glycan peaks were
integrated, and the content of each glycan was calculated as shown in the tables. *Only compound 5 was

observed. "Compounds 5 and 6 were observed (identified by HPLC-ELSD).

When using fewer equivalents of sialic acid, the a(2,6) sialylation of compound 3 by Pd2,6ST
preferred the nonreducing sugar (GalNAc). However, Psp2,6ST did not show regioselectivity between

GalNAc and Gal. When 5 equivalents of sialic acid were used, the reactions catalyzed by both Pd2,6ST

and Psp2,6ST generated a small amount of monosialylated product.
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Fig. S7 'H-*C HMBC spectrum of 5. Glycans A, B, C, and D represent Glc, Gal, GaINAc, and Neu5Ac,
respectively. The number indicates the position of the carbon or proton atom. NeuSAc-a(2,6)-GalNAc
linkage. Cross signals for the anomeric carbon of sialic acid (D2) and both 6-position proton atoms of
GalNAc (C6 and C6’) were observed (D2/C6 and D2/C6’). Moreover, there were also cross signals for
the C5 carbon and one of C6 protons of GalNAc (C5/C6) and the C5 carbon and the anomeric proton of
GalNAc (C5/C1), supporting the assignment of the D2-C6-Hs cross signals. These signals reveal that the
glycosidic linkage is a 2—6 linkage between NeuSAc and GalNAc.
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Fig. S8 'H-'3C HMBC and 'H-'*C HSQC-TOCSY analysis of compound 6. Glycans A, B, C, and D
represent Glc, Gal, GalNAc, and NeuSAc, respectively. The number indicates the position of the carbon

or proton atom. NeuS5Ac-a(2,6)-Gal linkage. A cross signal for the anomeric carbon of sialic acid (D2)
and one of the B6 protons of Gal (B6) was observed (D2/B6). This suggests that the glycosidic linkage is
a 2—6 (Gal) linkage. There are also cross signals for the B5 carbon and one of the B6 protons of Gal
(B5/B6) and the B5 carbon and the anomeric proton atom of Gal (B5/B1). These signals reveal that
glycosidic linkage is a 2—6 linkage between Neu5SAc and Gal.
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Fig. S9 Full carbon atom assignment of inner Gal from the 'H-!3C HSQC-TOCSY spectrum of 6. The
spectrum shows that the downfield shift signal of the 6-position carbon is on the Gal carbon rather than
GalNAc carbon.
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Fig. S10 Study of a(2,6) sialylation of compound 4. HPLC-ELSD analysis of the sialylation of compound
4 by two different a(2,6) STs with 1.5 equivalents of sialic acid. A. Schematic of the enzymatic sialylation
of compound 4 by Psp2,6ST and Pd2,6ST. B. HPLC-ELSD analysis of the crude sialylated products and
corresponding yields.
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Fig. S11 Analysis of the sialylation of compound 4 by Pd2,6ST with reduced equivalents of sialic acid
(0.5, 0.8, 1.0). The reaction was monitored by TLC (n-PrOH/H>O/AcOH = 6/2/1 (v/v/v)). After the CMP-
sialic acid was consumed, the reaction was quenched by the addition of the same reaction volume of
acetonitrile. The reaction solution was centrifuged (10,000 x g, 5 min) to remove enzymes and insoluble
precipitates. The supernatant was filtered through a 0.45-um PVDF filter (Millipore) followed by
injection the residues into an HPLC-ELSD instrument. The glycan peaks were integrated, and the content
of each glycan was calculated as shown in the table.

When using less than one equivalent of sialic acid, the a(2,6) sialylation of compound 4 by Pd2,6ST
produced regioisomers 8 and 9 (identified by HPLC-ELSD). This result suggests that Pd2,6ST does not
have selectivity between GalNAc and Gal when compound 4 was used as the acceptor for sialylation.
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Fig. S12 'H-'*C HMBC analysis of compound 8. Glycans A, B, C, D, and E represent Glc, Gal, GalNAc,
a3NeuSAc, and a6NeuSAc, respectively. The number indicates the position of the carbon or proton atom.
Neu5Ac-a(2,6)-GalNAc linkage. A cross signal for the anomeric carbon of a6Neu5SAc (D2) and the one
of the C6 protons of GalNAc (C6) was observed (D2/C6). This suggests that the glycosidic linkage is a 2
—6 (GalNAc) linkage.
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Fig. S13 Crucial carbon atom assignments of Gal and GalNAc on 8 by 'H-*C HSQC-TOCSY. The results
reveal that the downfield shifted signal of the 6-position carbon is on GalNAc rather than on Gal.
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Fig. S14 «(2,3) sialylation on GalNH> as evidenced by 'H NMR spectroscopy. Glycans A, B, and C
represent Glc, Gal, and GalNAc, respectively. The number indicates the position of the carbon or proton
atom. The C3-H on Neu5Ac is represented as Sia3eq (equatorial) and Sia3.x (axial). After deprotection of
NHTFA, the C2-H signal of GalNH; (C2) shifted upfield to 2.89 ppm (12). In the green color spectrum
(13), the C2 and Sia3q signals confirmed that the sialylation of GalNH» was successful. In addition, the
C3-H signal of GalNH; (C3) was shifted downfield, as shown by the red circle. After N-acetylation of 13,
the '"H NMR spectrum of the purified product was identical to that of 4.
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Fig. S15 'H-'*C HMBC analysis of compound 1. Glycans A, B, C, D, and E represent Glc, Gal, GalNAc,
a3Neu5Gce8Me, and a6NeuSGe8Me, respectively. The number indicates the position of the carbon or
proton atom. NeuS5Gc8Me-a(2,6)-GalNAc linkage. A cross signal for the anomeric carbon of
a6Neu5Gce8Me (E2) and one of the C6 protons of GalNAc (C6) was observed (E2/C6). This suggests that
the glycosidic linkage is a 2—6 (GalNAc) linkage.
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Fig. S16 Crucial carbon atom assignments of Gal and GalNAc¢ in 1 by 'H-13C HSQC-TOCSY. The results

reveal that the downfield shifted signal of the 6-position carbon is on GalNAc rather than on Gal.
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Fig. S17 'H-*C HSQC and 'H-'*C HMBC analysis of compound 1a. The red and black contours represent
the cross signals on the HSQC and HMBC spectra, respectively. Glycans A, B, C, D, and E represent Glc,
Gal, GalNAc, a3Neu5Gc8Me, and a6’ Neu5SGe8Me, respectively. The number indicates the position of
the carbon or proton atom. NeuSGe8Me-a(2,6)-Gal linkage. Cross signals for the anomeric carbon of
a6’ Neu5Gc8Me (E2) and both of the 6-position proton atoms of Gal (B6 and B6”) were observed (E2/B6
and E2/B6’). This result suggests that the glycosidic linkage is a 2—6 linkage between Neu5Gc8Me and

Gal.
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General Procedure

General Enzymatic Synthetic Procedure 1: Sequential One Pot Enzymatic a(2,3)- or a(2,6)-
Sialylation

The pH of a buffer solution (100 mM Tris-HCIL, pH 8.5) containing 15 mM of Neu5SAc or Neu5Gc8Me
30 mM of CTP, and 20 mM of MgCl, was adjusted to 8.5 by adding 2N NaOHag,). Then, 0.2-0.8 mg/mL
of CSS and 0.1-0.3 mg/mL of IP were added to the above solution. The resulting mixture was incubated
at 37 °C with agitation at 600 rpm for 0.5-2 h and the formation of CMP-Sia was monitored by TLC
analysis (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v), Ry=0.06). After the completion of the reaction as indicated
by the disappearance of all of NeuSAc or a half of NeuSGc8Me on TLC, 5-10 mM of acceptor was added
and the pH of the reaction solution was adjusted (pH 8.0 for Psp2,6ST and pH 8.5 for PmST1, PmST3,
Cst-1, or Pd2,6ST). Finally, 0.4-0.9 mg/mL of Psp2,6ST, 2.2 mg/ml of PmST1, 1.1 mg/ml of PmST3, 0.9-
1.1 mg/ml of Cst-I, or 0.2-0.6 mg/ml of Pd2,6ST was added and the solution was incubated at 25 °C for
Psp2,6ST or 37°C for other four sialyltransferases. Furthermore, 1.9 U/mL of alkaline phosphatase was
added for Cst-I or PmST3 to decompose potentially inhibitory CMP. More enzymes were added if
necessary. The reaction was monitored by TLC analysis (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)) and stained
with p-anisaldehyde stain.

General Enzymatic Synthetic Procedure 2: for Sequential One Pot Enzymatic Assembly of p(1,3)-
GalNAc or GaINTFA

The pH of a buffer solution (100 mM HEPES, pH 8.5) containing 20 mM of GalNAc or GaINTFA, 30
mM of ATP, 30 mM of UTP, and 20 mM of MgCl, was adjusted to 7.5 by adding 2N NaOHaq). Then,
0.1-0.2 mg/mL of NahK, 1.4 mg/mL of GImU (only for GalNAc) or 0.03-0.1 mg/mL of AGX1, and 0.1-
0.3 mg/mL of IP were added to the above solution. The resulting mixture was incubated at 37 °C with
agitation at 600 rpm for 7 h and the formation of UDP-GaINAc or UDP-GalNTFA was monitored by TLC
analysis (n-PrOH/ H>O/ AcOH = 6/2/1 (v/v/v), Ry=0.15 or 0.43). After the completion of the reaction as
indicated by the disappearance of GalNAc-1-P on TLC, 10 mM of acceptor was added and the pH of the
reaction solution was adjusted to pH 7.8 by addition of 2N NaOHg,). Then, 15 mM of MnCl; and 0.6-1.4
mg/mL of LgtA were added and the solution was incubated at 37 °C. More enzymes were added if
necessary. The reaction was monitored by TLC analysis (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)) and stained
with p-anisaldehyde stain.

General Procedure for Deprotection of NHTFA (/V-trifluoroacetyl) Group

The pH of a H>O solution containing NHTFA protected compound was adjusted to 12.0 by adding 2N
NaOHgaq,). The resulting mixture was incubated at 37 °C with agitation at 600 rpm for 1 h and the reaction
was monitored by TLC analysis (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)). After the completion of the
reaction as indicated by the disappearance of starting material on TLC. The reaction was then neutralized
with 4 N HCI, concentrated and purified by a C18 reverse-phase silica column (Sep-Pak Vac C18 cartridge
5 g, 55-105 um, Waters) using a solution followed by a gradient of 0-80% MeOH in H>O as eluent.
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General Procedure for N-Acetylation

Thirty mM of amine (1.0 equiv.) containing compound was dissolved in H>O followed by adding solid
NaHCOs (10.0 equiv.) and Ac2O (10.0 equiv.). After being sonicated for 2 min, the reaction mixture was
incubated at 37 °C for 1 h. After the completion of the reaction as indicated by the disappearance of
starting material on TLC. The resulting solution was purified by size-exclusion column using H>O as

eluent (BioGel P2 gel packed in a column 1.6 cm x 50 cm, Biorad).

General Purification Procedure 1

If there is no regioisomer after enzymatic sialylation, the reaction mixtures are suitable for this purification
procedure. The enzymatic reaction was quenched by addition of the same reaction volume of EtOH. The
reaction solution was centrifuged (10,000 x g, 10 min) to remove enzymes and insoluble precipitates. The
supernatant was collected, filtered (0.45-pm PVDF filter; Millipore), and then concentrated. The resulting
residue was purified by a C18 reverse-phase silica column (Sep-Pak Vac C18 cartridge 5 g, 55-105 pum,
Waters) using a solution followed by a gradient of 0-100% MeOH in H>O as eluent. The fractions
containing products were collected and directly loaded on to anion exchange chromatography (DEAE
Sepharose Fast Flow resin, GE Healthcare). The column was washed with water (10 mL) followed by the
elution with a gradient of aqueous sodium chloride (10-100 mM, increase 10 mM for each gradient and
10 mL for each gradient). The fractions containing products were further purified by size-exclusion

column using H>O as eluent (BioGel P2 gel packed in a column 1.6 cm x 50 cm, Biorad).

General Purification Procedure 2

If there are regioisomers after enzymatic sialylation, the reaction mixtures are suitable for this purification
procedure. Follow the same procedure as described in general purification procedure 1, but the residues
after C-18 reverse-phase silica column were pooled and purified by Xbridge® BEH Amide OBD™ Prep
Column (10 x 250 mm, 130A, 5um) with a flow rate of 2 mL/min. HPLC purification was monitored by
ELSD (evaporative light scattering detector), and glycans-containing fractions were analyzed by TLC.
After pooled and concentrated, further purification by size-exclusion column using H>O as eluent (BioGel

P2 gel packed in a column 1.6 cm x 50 cm, Biorad).

HPLC mobile phase condition for compounds 1 and 1a:

Using an elution of 65.5% acetonitrile in water containing 100 mM ammonium formate (pH = 3.45) for
30 mins.

HPLC mobile phase condition for compounds 5 and 6:

Using an elution of 74% acetonitrile in water containing 10 mM ammonium formate (pH = 3.45) for 30
mins, 74%-66% for 8 mins, and 66% for 12 mins.

HPLC mobile phase condition for compounds 8 and 9:

Using an elution of 66% acetonitrile in water containing 10 mM ammonium formate (pH = 3.45) for 30
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mins.

HPLC mobile phase condition for further purification of compound 11:
Using an elution of 86.5-82% acetonitrile in water containing 10 mM ammonium formate (pH = 3.45) for

25 mins.

HPLC mobile phase condition for purification of compound 13a and its a(2,6)-sialylated regioisomer:
Using an elution of 74% acetonitrile in water containing 10 mM ammonium formate (pH = 3.45) for 30

mins.

HPLC mobile phase condition for purification of compounds 15a and its a(2,6)-sialylated regioisomers:
Using an elution of 76%-70% acetonitrile in water containing 100 mM ammonium formate (pH = 3.45)

for 30 mins.

General Purification Procedure 3
Follow the same procedure as described in general purification procedure 1, but the residues after C-18
reverse-phase silica column were directly purified by size-exclusion column using H>O as eluent

(BioGel P2 gel packed in a column 1.6 cm x 50 cm, Biorad).
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Synthetic procedures and characterization of new compounds

Compound 2,'% and 2a,'! and Neu5Gc8Me!? were reported previously.

OMe
H
HO H
OHO
HO
HO,C HO HO —OH OH
H
\ o) o) o)
Ho—— N 20 ogS/og&/O,ﬁg&oceHmNs
oHO Ho NHAc OH OH
1

GAA7-CsH12N3 (Neu5Gce8Mea2,3(NeuSGe8Mea2,6-)-GalNAcp1,3-Galp1,4-GleBCsH12N5 (1).
Sialylation catalyzed by Psp2,6ST. Compound 4a (8.4 mg, 8.5 umol) and Neu5Gc8Me (8.6 mg, 25.3
umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 13 h, the reaction was quenched and purified by following general
purification procedure 1. After purification, the product was lyophilized to give compound 1 in 77.3%
yield (8.6 mg).

Sialylation catalyzed by Pd2,6ST. Compound 4a (8.6 mg, 8.7 pmol) and Neu5Gc8Me (8.8 mg, 25.9
umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 2 h, the reaction was quenched and purified by following general
purification procedure 2. After purification, the product was lyophilized to give compound 1 in 29.8%
yield (3.4 mg). Ry=0.21 (n-PrOH/ H,0/ AcOH = 6/2/1 (v/v/v)); 'H NMR (600 MHz, D>0) 6 4.68 (d, J =
8.5 Hz, 1H), 4.48 (d, /= 8.0 Hz, 1H), 4.43 (d, /= 7.9 Hz, 1H), 4.24 (dd, J=2.9, 11.0 Hz, 1H), 4.18 (d, J
=3.2 Hz, 1H), 4.14-4.09 (m, 5H), 4.02-3.58 (m, 28H), 3.54-3.51 (m, 2H), 3.49 (s, 3H), 3.47 (s, 3H), 3.34-
3.30 (m, 3H), 2.66-2.56 (m, 2H), 2.07 (s, 3H), 1.70 (t, /= 12.2 Hz, 1H), 1.67-1.59 (m, 5H), 1.43-1.36 (m,
4H); BCNMR (150 MHz, D,0) 6 176.77, 176.63, 175.92, 174.82, 174.62, 104.18, 104.13, 102.85, 101.54,
101.00, 82.91, 81.35, 81.09, 80.75, 75.72, 75.66, 75.58, 74.35, 73.70, 73.38, 73.24, 73.17, 71.45, 70.71,
69.30, 68.97, 68.70, 68.39, 68.24, 67.98, 64.48, 61.96(x3), 61.25, 60.66, 60.08, 58.65, 58.27, 52.87, 52.77,
52.10(x2), 41.22, 40.48, 29.54, 28.83, 26.62, 25.56, 23.30; HRMS (ESI) m/z calcd for CsoHg3sNsO34 [M-
H]J 1311.4956, found 1311.4930.

Neu5Gc8Mea2,3-GalNAcp1,3(NeuSGe8Mea2,6-)-Galf1,4-GlefCsH12N3 (1a). The compound 1a was
synthesized from 4a by following the same procedure as mentioned in the synthesis of compound 1. After

purification, the product was lyophilized to give compound 1a in 20.2% yield (2.3 mg). Ry= 0.21 (n-
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PrOH/ H,0/ AcOH = 6/2/1 (v/v/v)); "H NMR (600 MHz, D>0) 6 4.70 (d, J = 8.6 Hz, 1H), 4.49 (d, J=8.1
Hz, 1H), 4.46 (d, J= 7.9 Hz, 1H), 4.26 (dd, J= 3.0, 11.0 Hz, 1H), 4.19 (d, J = 3.2 Hz, 1H), 4.13 (s, 4H),
4.05-3.83 (m, 12H), 3.82-3.73 (m, 8H), 3.73-3.58 (m, 9H), 3.58-3.47 (m, 9H), 3.35-3.30 (m, 3H), 2.65
(dd, J=4.5, 12.3 Hz, 1H), 2.59 (dd, J= 4.2, 12.1 Hz, 1H), 2.08 (s, 3H), 1.71-1.59 (m, 6H), 1.45-1.37 (m,
4H); 3C NMR (150 MHz, D;0) d 176.74, 176.68, 175.90, 174.69, 174.53, 103.88, 103.84, 102.96, 101.54,
101.19, 82.94, 81.36, 81.07, 79.49, 75.94, 75.72, 75.44, 74.09, 73.76, 73.26, 73.21, 73.17, 71.47, 70.98,
69.35, 69.05, 68.72, 68.39, 68.20, 67.97, 64.35, 62.17, 61.96(x2), 61.08, 60.58, 60.09, 58.59, 58.27,
52.85(x2), 52.00(x2), 41.20, 40.28, 29.53, 28.82, 26.61, 25.55, 23.29; HRMS (ESI) m/z calcd for
CsoHssNeO3s [M-H]" 1311.4956, found 1311.4912.

HO OH HO OH OH
(@) o (0]
HO ¢ %o OCgH12N3
NHAc OH OH
3

GalNAcp1,3-Galp1,4-GlcpCecH12N3 (3). Compound 2 (70.0 mg, 149.7 umol) and GalNAc (50.0 mg,
226.0 umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 2. After being shaken for 30 h, the reaction was quenched and purified by following general
purification procedure 3. After purification, the product was lyophilized to give compound 3 in 97.6%
yield (98.0 mg). Ry= 0.63 (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)); 'H NMR (600 MHz, D;0) 6 4.63 (d, J
= 8.5 Hz, 1H), 4.48 (d, /= 8.0 Hz, 1H), 4.44 (d, /J=7.9 Hz, 1H), 4.16 (d, J = 3.0 Hz, 1H), 4.01-3.90 (m,
4H), 3.82-3.58 (m, 14H), 3.36-3.27 (m, 3H), 2.05 (s, 3H), 1.68-1.60 (m, 4H), 1.44-1.38 (m, 4H); 3*C NMR
(150 MHz, D20) 6 176.06, 104.26, 103.93, 103.01, 82.73, 79.39, 75.95, 75.85, 75.73, 75.43, 73.81, 71.73,
71.47, 71.05, 69.45, 68.75, 61.96, 61.92, 61.09, 53.56, 52.10, 29.56, 28.85, 26.63, 25.57, 23.19; HRMS
(ESI) m/z calcd for CogHasN4O16Na [M+Na]* 693.2801, found 693.2818.

HOZC HO
gg/ &/ /§$/006H12N3

NHAc

Neu5Aca2,3-GalNAcp1,3-Galp1,4-GlepCsH12N3 (4).

The sialylation catalyzed by Cst-I. Compound 3 (70.0 mg, 104.4 pmol) and Neu5Ac (161.4 mg, 521.9
umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 38 h, the reaction was quenched and purified by following general
purification procedure 1. After purification, the product was lyophilized to give compound 4 in 70.2%
yield (70.5 mg).

The sialylation catalyzed by PmST3. Compound 3 (7.2 mg, 10.7 pumol) was used as acceptor for
sialylation by following the procedure described in the sialylation catalyzed by Cst-1, but the Cst-I enzyme
was replaced with PmST3 in 1.1 mg/mL. After purification, the product was lyophilized to give compound
4 in 76.4% yield (7.9 mg).

The chemical V-acetylation of compound 13. Compound 13 (11.8 mg, 12.8 pmol), NaHCOs (6.7 mg,
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80.0 umol), and Ac,O (7.6 puL, 80.0 umol) were used by following the general N-acetylation procedure.
Fractions containing the desired product were pooled and lyophilized to give compound 4 in 92.5% (11.4
mg). Rr=0.52 (n-PrOH/ HO/ AcOH = 6/2/1 (v/v/v)); '"H NMR (600 MHz, D-0) 6 4.71 (d, J = 8.5 Hz,
1H), 4.45 (d, J= 8.0 Hz, 1H), 4.42 (d, J= 7.9 Hz, 1H), 4.17 (dd, J= 2.9, 10.9 Hz, 1H), 4.13 (d, J=3.2
Hz, 1H), 3.99-3.83 (m, 6H), 3.79-3.56 (m, 17H), 3.45 (dd, /= 1.7, 10.4 Hz, 1H), 3.34-3.25 (m, 3H), 2.67
(dd, J = 4.6, 12.5 Hz, 1H), 2.06 (s, 3H), 2.01 (s, 3H), 1.66-1.56 (m, 5H), 1.42-1.32 (m, 4H); *C NMR
(150 MHz, D;0) 0 176.16, 175.86, 175.08, 103.88, 103.79, 103.01, 100.44, 82.75, 79.40, 75.86, 75.72(x2),
75.43, 73.78(x3), 72.64, 71.46, 70.98, 69.39, 69.25, 69.04, 67.94, 63.58, 61.98, 61.94, 61.06, 52.88,
52.09(x2),49.43,49.29, 49.14, 49.00, 48.85, 48.71, 48.56, 40.69, 29.57, 28.86, 26.64, 25.58, 23.37,22.93;
HRMS (ESI) m/z calcd for C37H6Ns5024 [M-H] 960.3790, found 960.3767.

NHAc

HO OMe
HO,Cc HO _OH HO _OH OH
H
\ 0 o} o)
HO N L o&/o&/o&ocwmm
JHO HO OH OH

4a

Neu5Gc8Mea2,3-GalNAcp1,3-Galp1,4-GlcpCeH12N3 (4a). Compound 13a (10.0 mg, 10.5 pmol),
NaHCOs (8.8 mg, 105 pmol), and AcoO (9.9 uL, 105 pmol) were used by following the general N-
acetylation procedure. Fractions containing the desired product were pooled and lyophilized to give
compound 4a in 91.0% (9.5mg). Ry= 0.36 (n-PrOH/ H>O/ AcOH = 6/2/1 (v/v/v)); '"H NMR (600 MHz,
D»0) 0 4.69 (d, J=8.5 Hz, 1H), 4.46 (d, /= 8.1 Hz, 1H), 4.43 (d,J=7.9 Hz, 1H), 4.24 (d,J=2.9, 11.0
Hz, 1H), 4.14 (d, J=3.2 Hz, 1H), 4.11 (s, 2H), 4.01-3.85 (m, 7H), 3.80-3.56 (m, 16H), 3.53-3.50 (m, 1H),
3.46 (s, 3H), 3.33-3.27 (m, 3H), 2.59 (dd, J = 4.0, 12.2 Hz, 1H), 2.07 (s, 3H), 1.66-1.60 (m, SH), 1.41-
1.38 (m, 4H); *C NMR (150 MHz, D,0) § 176.71, 175.84, 174.52,104.01, 103.91, 103.01, 100.78, 82.66,
81.30, 79.56, 75.85, 75.71, 75.68, 75.45, 73.80, 73.32(x2), 71.42, 71.02, 69.42, 68.84, 68.19, 68.09,
61.98(x2), 61.90, 61.14, 60.30, 58.33, 52.91, 52.13, 52.10, 40.57, 29.54, 28.81, 26.60, 25.55, 23.29;
HRMS (ESI) m/z calcd for C3sHesNsO2sNa [M+Na]™ 1014.3866, found 1014.3860.

HO

OH
HO,C
H
T R
HO 0
o HO HO HO —OH OH
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HO o] %ho OCgH1oN3
OH OH
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NHAc

Neu5Aca2,6-GalNAcp1,3-Galp1,4-GlepCsH12N3 (5).

The sialylation catalyzed by PmST1. Compound 3 (11.0 mg, 16.4 pmol) and Neu5Ac (25.4 mg, 82.0
umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 20 h, the reaction was quenched and purified by following general
purification procedure 1. After purification, the product was lyophilized to give compound 5 in 82.2%

yield (13.0 mg).
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The sialylation catalyzed by Pd2,6ST or Psp2,6ST using 1.2 equiv. of sialic acid. Compound 3 (5.0
mg, 7.5 pmol) and NeuS5Ac (2.8 mg, 8.9 umol) were used as acceptor and donor, respectively, by
following the general enzymatic synthetic procedure 1. After being shaken for 8 h, the reaction was
quenched and purified by following general purification procedure 2. After purification, the product was
lyophilized to give compound 5 in 66.9% yield (4.8 mg) by Pd2,6ST or 57.2% yield (4.1 mg) by Psp2,6ST.
Ry = 0.43 (n-PrOH/ H2O/ AcOH = 6/2/1 (v/v/v)); 'H NMR (600 MHz, D,0) J 4.60 (d, J = 8.4 Hz, 1H),
4.48 (d, J= 8.0 Hz, 1H), 4.44 (d, /= 7.9 Hz, 1H), 4.18 (d, /= 3.3 Hz, 1H), 3.98 (dd, /= 1.9, 12.2 Hz,
1H), 3.96-3.86 (m, 6H), 3.83-3.77 (m, 4H), 3.75-3.61 (m, 11H), 3.60-3.57 (m, 3H), 3.35-3.28 (m, 3H),
2.73 (dd, J = 4.7, 12.4 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.68-1.59 (m, 5H), 1.44-1.36 (m, 4H); 13C
NMR (150 MHz, D-O) ¢ 176.04, 175.99, 174.37, 104.13, 103.88, 102.97, 101.34, 83.02, 79.40, 75.93,
75.72,75.42,74.17,73.76, 73.56, 72.69, 71.61, 71.47, 70.96, 69.35, 69.17(x2), 68.64, 64.38, 63.58, 62.12,
61.07, 53.44, 52.83, 52.08, 41.15, 29.54, 28.83, 26.61, 25.55, 23.18, 22.97; HRMS (ESI) m/z calcd for
C37H62N5024 [M-H] 960.3790, found 960.3756.

HO OMe
HO,C
N
HO o = ™
0HO g HO —OH OH
o) o) o)
HO o] %o OCgH1N3
NHAc OH OH

5a

Neu5Gc8Mea2,6-GalNAcp1,3-Galp1,4-GlcpCsH12N3 (5a). Compound 3 (3.0 mg, 4.5 pumol) and
Neu5Gc8Me (4.6 mg, 13.4 pumol) were used as acceptor and donor, respectively, by following the similar
procedure as described in the synthesis of compound 5 by PmST1. After purification, the product was
lyophilized to give compound 5a in 69.9% yield (3.1 mg). Ry=0.33 (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/Vv));
'"H NMR (500 MHz, D-0) § 4.58 (d, J = 8.4 Hz, 1H), 4.45 (d, /= 8.0 Hz, 1H), 4.41 (d, J=7.9 Hz, 1H),
4.15 (d, J= 2.8 Hz, 1H), 4.09 (s, 2H), 4.03 (d, /= 10.5 Hz, 1H), 4.00-3.87 (m, 7H), 3.80-3.50(m, 17H),
3.46 (s, 3H), 3.32-3.23 (m, 3H), 2.61 (dd, J = 4.3, 12.2 Hz, 1H), 2.01 (s, 3H), 1.67-1.53 (m, 5H), 1.43-
1.30 (m, 4H); *C NMR (125 MHz, D:0) § 176.74, 176.08, 174.62, 104.13, 103.90, 102.97, 101.63, 82.91,
81.43, 79.38, 75.93, 75.74, 75.43, 74.27, 73.77, 73.28, 71.59, 71.50, 71.04, 69.39, 68.65, 68.61, 68.11,
64.21, 62.14, 61.95, 61.07, 60.60, 58.59, 53.47, 52.86, 52.09, 41.15, 29.55, 28.85, 26.63, 25.57, 23.18;
HRMS (ESI) m/z calcd for C3sHesNsO25 [M-H] 990.3896, found 990.3884.
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GaINAcp1,3(NeuSAca2,6-)-Galpl,4-GleBCeH12N5 (6).

The sialylation catalyzed by Pd2,6ST or Psp2,6ST. The compound 6 was synthesized from 3 by
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following the procedure as described in the synthesis of compound 5. After purification, the product was
lyophilized to give compound 6 in 7.3% yield (0.5 mg) by Pd2,6ST or 5.4% yield (0.4 mg) by Psp2,6ST.
Ry = 0.42 (n-PrOH/ H,O/ AcOH) = 6/2/1 (v/v/v)); 'H NMR (600 MHz, D>0) 6§ 4.57 (d, J = 8.5 Hz, 1H),
4.46 (d, J=8.1 Hz, 1H), 4.39 (d, /= 8.0 Hz, 1H), 4.16 (d, J = 3.2 Hz, 1H), 3.96-3.89 (m, 5H), 3.88-3.80
(m, 3H), 3.80-3.74 (m, 3H), 3.74-3.58 (m, 10H), 3.58-3.52 (m, 5SH), 3.32-3.27 (m, 3H), 2.67 (dd, J=4.7,
12.3 Hz, 1H), 2.01 (s, 3H), 2.00 (s, 3H), 1.70 (t, J= 12.3 Hz, 1H), 1.65-1.56 (m, 4H), 1.41-1.35 (m, 4H);
BCNMR (150 MHz, D,0) 6 176.08, 175.87, 174.43, 104.36, 104.21, 102.86, 101.25, 82.99, 80.62, 75.95,
75.67,75.60, 74.20, 73.70, 73.49, 72.71, 71.78, 71.46, 70.72, 69.32(x2), 69.26, 68.75, 64.38, 63.59, 61.94,
61.25, 53.52, 52.76, 52.10, 49.44, 49.29, 49.14, 49.00, 48.85, 48.71, 48.57, 41.11, 29.55, 28.84, 26.63,
25.58,23.19, 23.00; HRMS (ESI) m/z calcd for C37Hs2Ns5O24 [M-H] 960.3790, found 960.3782.

NeuSAca2,6-GalNAcpB1,3(NeuSAca2,6-)-Galp1,4-GlepCesH12N3 (7).

The sialylation catalyzed by Pd2,6ST or Psp2,6ST using 1.2 equiv. of sialic acid. The compound 7
was synthesized from 3 by following the same procedure as described in the synthesis compound 5. After
purification, the product was lyophilized to give compound 7 in 1.6% yield (0.2 mg) by Pd2,6ST or 4.5%
yield (0.4 mg) by Psp2,6ST.

The sialylation of compound 5 by Pd2,6ST. Compound 5 (2.3 mg, 2.4 umol) and Neu5Ac (3.7 mg, 12.0
umol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 8 h, the reaction was quenched and purified by following general
purification procedure 1. After purification, the product was lyophilized to give compound 7 in 96.8%
yield (2.9 mg).

The sialylation of compound 3 by Pd2,6ST. Compound 3 (13.0 mg, 19.4 pmol) and Neu5Ac (29.9 mg,
96.9 nmol) were used as acceptor and donor, respectively, by following the general enzymatic synthetic
procedure 1. After being shaken for 8 h, the reaction was quenched and purified by following general
purification procedure 1. After purification, the product was lyophilized to give compound 7 in 86.0%
yield (20.9 mg). Ry=0.14 (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)); 'H NMR (500 MHz, D;0) ¢ 4.58 (d, J
= 8.4 Hz, 1H), 4.46 (d, J= 8.1 Hz, 1H), 4.39 (d, /= 7.9 Hz, 1H), 4.12 (d, J = 2.6 Hz, 1H), 3.98-3.83 (m,
10H), 3.82-3.73 (m, 4H), 3.71-3.51 (m, 18H), 3.32-3.27 (m, 3H), 2.70 (dd, J = 4.5, 12.3 Hz, 1H), 2.68
(dd, J=4.5, 12.3 Hz, 1H), 2.01 (s, 3H), 2.00 (s, 3H), 2.00 (s, 3H), 1.72 (t, J = 12.3 Hz, 1H), 1.65 (t, J =
12.3 Hz, 1H), 1.64-1.55 (m, 4H), 1.43-1.32 (m, 4H); *C NMR (125 MHz, D,0) § 176.03, 176.01, 175.79,
174.42(x2), 104.17,104.00, 102.82, 101.47, 101.23, 82.52, 80.84, 75.72, 75.56, 74.45, 74.10, 73.66, 73.62,

73.44, 72.68, 72.59, 71.65, 71.44, 70.91, 69.41, 69.37, 69.33, 69.16, 69.08, 68.56, 64.86, 64.16, 63.63,
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63.59, 61.29, 53.44, 52.95, 52.73, 52.09, 49.51, 49.34, 49.17, 49.00, 48.82, 48.65, 48.48, 41.23, 41.03,
29.54, 28.84, 26.62, 25.57, 23.19, 23.02, 22.99; HRMS (ESI) m/z calcd for CssH79NsO32 [M-H]
1251.4744, found 1251.4728.
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Neu5Aca2,3(NeuSAca2,6-)-GalNAcP1,3-Galp1,4-GlepCsH12N3 (8).

The sialylation catalyzed by Pd2,6ST or Psp2,6ST using 1.5 equiv. sialic acid. Compound 4 (4.2 mg,
4.4 pmol) and NeuSAc (2.0 mg, 6.5 umol) were used as acceptor and donor, respectively, by following
the general enzymatic synthetic procedure 1. After being shaken for 10 h, the reaction was quenched and
purified by following general purification procedure 2. The fractions with product were lyophilized to
give compound 8 in 58.5% yield (3.2 mg) by Pd2,6ST or 95.0% yield (5.2 mg) by Psp2,6ST. Rr= 0.25
(n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)); 'TH NMR (700 MHz, D20) 6 4.72 (d, J = 8.5 Hz, 1H), 4.48 (d,J =
8.0 Hz, 1H), 4.43 (d, J=7.9 Hz, 1H), 4.22-4.15 (m, 2H), 4.00-3.86 (m, 9H), 3.85-3.56 (m, 21H), 3.48 (d,
J=10.4 Hz, 1H), 3.37-3.29 (m, 3H), 2.75-2.67 (m, 2H), 2.08 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 1.73 (t, J
= 12.2 Hz, 1H), 1.68-1.59 (m, 5H), 1.45-1.37 (m, 4H); '3C NMR (175 MHz, D>0) J 176.14, 175.86,
175.84, 175.06, 174.40, 104.14, 103.84, 102.85, 101.23, 100.51, 82.94, 80.68, 75.70, 75.66, 75.58, 74.21,
73.82, 73.73, 73.68, 73.47, 72.68, 72.61, 71.44, 70.68, 69.33, 69.30, 69.29, 69.21, 69.00, 67.97, 64.40,
63.58,63.54,61.94, 61.24,52.82, 52.74, 52.08(x2), 41.08, 40.60, 29.53, 28.82, 26.61, 25.56, 23.36, 23.00,
22.94; HRMS (ESI) m/z calcd for C4gH79N6O32 [M-H]™ 1251.4744, found 1251.4745.

“Tho HO NHAC OH OH

NeuSAco2,3-GalNAcp1,3(NeuSAca2,6-)-Galp1,4-GleBCsH12N3 (9). Compound 4 (29.5 mg, 30.7 umol)
and NeuSAc (12.3 mg, 39.9 umol) were used as acceptor and donor, respectively. The experimental
procedure is similar as described in the synthesis of compound 8 by Pd2,6ST. After purification, the
product was lyophilized to give compound 9 in 16.1% yield (6.2 mg). Rr= 0.25 (n-PrOH/ H,O/ AcOH =
6/2/1 (v/v/v)); 'TH NMR (600 MHz, D,0) 6 4.71 (d, J= 8.6 Hz, 1H), 4.48 (d, J= 8.0 Hz, 1H), 4.46 (d, J=
8.0 Hz, 1H), 4.22-4.16 (m, 2H), 3.99-3.87 (m, 9H), 3.82-3.73 (m, 8H), 3.72-3.56 (m, 13H), 3.49 (dd, J =

1.7, 10.4 ,1H), 3.35-3.28 (m, 3H), 2.72 (dd, /= 4.7, 12.4 ,1H), 2.68 (dd, J = 4.6, 12.4 ,1H), 2.08 (s, 3H),
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2.034 (s, 3H), 2.032 (s, 3H), 1.68-1.60 (m, 6H), 1.43-1.38 (m, 4H); 13C NMR (150 MHz, D,0) 6 176.11,
175.95, 175.88, 174.75, 174.20, 103.86, 103.65, 102.98, 101.18, 100.59, 83.11, 79.45, 75.96, 75.74, 75.44,
73.97, 73.77(x2), 73.73, 73.56, 72.54(x2), 71.50, 70.90, 69.32(x2), 69.23, 69.22, 69.00, 68.07, 64.38,
63.62, 63.60, 62.18, 61.07, 52.80, 52.78, 52.10, 52.04, 41.01, 40.37, 29.55, 28.85, 26.63, 25.57, 23.35,
22.99, 22.96; HRMS (ESI) m/z caled for CasH7sNgO32 [M-2H]> 625.2330, found 625.2277.
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NeuSAca2,3(NeuSAca2,6-)-GalNAcP1,3(NeuSAca2,6-)-Galp1,4-GlefCsH12N3 (10).
The sialylation of compound 8 was catalyzed by Pd2,6ST. Compound 8 (8.2 mg, 6.5 pmol) and
NeuSAc (6.1 mg, 19.6 umol) were used as acceptor and donor, respectively. The experimental procedure
is similar as described in the synthesis of compound 8 by Pd2,6ST. After purification, the product was
lyophilized to give compound 10 in 89.1% yield (9.0 mg).
The sialylation of compound 4 by Pd2,6ST with 1.5 equiv. sialic acid. The compound 10 was
synthesized from 4 by following the procedure as described in the synthesis of compound 8. After
purification, the product was lyophilized to give compound 10 in 5.9% yield (0.4 mg). Ry=0.12 (n-PrOH/
H>0/ AcOH = 6/2/1 (v/v/v)); 'H NMR (500 MHz, D;0) 6 4.71 (d, J = 8.5 Hz, 1H), 4.47 (d, /= 8.1 Hz,
1H), 4.41 (d, J= 7.9 Hz, 1H), 4.16 (dd, J = 1.3, 11.0 Hz ,1H), 4.13 (d, J = 1.3 Hz ,1H), 4.00-3.85 (m,
12H), 3.83-3.52 (m, 25H), 3.46 (d, /= 10.3 ,1H), 3.35-3.27 (m, 3H), 2.73-2.62 (m, 3H), 2.05 (s, 3H), 2.01
(s, 9H), 1.74 (t, J = 12.2 Hz, 1H), 1.69-1.55 (m, 6H), 1.44-1.32 (m, 4H); '3C NMR (125 MHz, D>0)
176.09, 175.94, 175.84, 175.79, 174.97, 174.45, 174.40, 104.15, 103.49, 102.84, 101.44, 101.24, 100.73,
82.50, 80.95, 75.76, 75.58, 74.48, 73.94, 73.75(x2), 73.67, 73.61, 73.44, 72.63(x2), 72.58, 71.45, 70.91,
69.45, 69.41(x2), 69.30, 69.26, 69.15, 69.04, 68.03, 64.91, 64.20, 63.64(x2), 63.57, 61.31, 52.97, 52.79,
52.74, 52.10, 52.07, 49.52, 49.35, 49.17, 49.00, 48.83, 48.65, 48.48, 41.24, 41.04, 40.44, 29.56, 28.86,
26.64, 25.59, 23.38, 23.03, 23.01, 22.96; HRMS (ESI) m/z calcd for CsoHo4N7Na2Os0 [M-3H+2Na]
1586.5337, found 1586.5340.

HO _OH HO —OH

OH
0 0 o
HO O %o OCgH12N3

NHTFA OH OH
11

GaINTFAB1,3-Galp1,4-GlcpCsH12N3s  (11). Compound 2 (10.0 mg, 21.4 pmol) and N-
trifluoroacetylgalactosamine (GalINTFA)'® (11.8 mg, 42.8 umol) were used as acceptor and donor,
respectively, by following the general enzymatic synthetic procedure 2. After being shaken for 30 h, the

reaction was quenched and purified by following general purification procedure 2. The fractions with
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product were lyophilized to give compound 11 in 92.2% yield (14.3 mg). Ry= 0.72 (n-PrOH/ H,O/ AcOH
= 6/2/1 (v/v/v)); 'TH NMR (500 MHz, D,0) 6 4.72 (d, J = 8.4 Hz, 1H), 4.46 (d, J= 8.0 Hz, 1H), 4.41 (d,
J="7.8 Hz, 1H), 4.16 (d, J= 2.9 Hz, 1H), 4.00 (dd, /= 8.4, 10.9 Hz, 1H), 3.95-3.89 (m, 3H), 3.86 (dd, J
= 3.2, 11.0 Hz, 1H), 3.81-3.66 (m, 9H), 3.65-3.60 (m, 2H), 3.60-3.54 (m, 2H), 3.34-3.25 (m, 3H), 1.66-
1.57 (m, 4H), 1.42-1.34 (m, 4H); 3C NMR (125 MHz, D;0) ¢ 160.67 (q, 2Jcr = 37 Hz, NHCOCF3),
116.88 (q, 'Jer = 286 Hz, NHCOCF3), 103.99, 103.54, 103.11, 83.14, 79.35, 76.12, 75.89, 75.76, 75.49,
73.88, 71.47, 71.05, 70.98, 69.40, 68.76, 61.96, 61.94, 61.11, 54.46, 52.12, 29.65, 28.94, 26.72, 25.66;
HRMS (ESI) m/z calcd for C26Ha3F3N4O16Na [M+Na]* 747.2524, found 747.2500.
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GalNHp1,3-Galp1,4-GlcpCsH12N3 (12). Compound 11 (14.3 mg, 19.7 umol) was deprotected by
following the general procedure for deprotection of NHTFA group. The fractions with product were
lyophilized to give compound 12 in quantitative yield (12.2 mg). R= 0.64 (n-PrOH/ H2O/ AcOH = 6/2/1
(v/v/v)); 'TH NMR (500 MHz, D,0) 6 4.50 (d, J= 8.2 Hz, 1H), 4.48 (d, /= 7.8 Hz, 1H), 4.47 (d,J=7.9
Hz, 1H), 4.17 (d, J=2.7 Hz, 1H), 3.97 (d, /= 11.8 Hz, 1H), 3.94-3.88 (m, 1H), 3.84 (d, /= 2.6 Hz, 1H),
3.81-3.72 (m, 7H), 3.71-3.60 (m, 6H), 3.60-3.56 (m, 1H), 3.53 (dd, J = 2.9, 10.4 Hz, 1H), 3.34-3.26 (m,
3H), 2.89 (t, J=9.2 Hz, 1H), 1.65-1.58 (m, 4H), 1.41-1.36 (m, 4H); 3C NMR (125 MHz, D20) ¢ 106.26,
103.66, 103.00, 83.07, 79.37, 76.15, 75.96, 75.70, 75.43, 73.87, 73.79, 71.50, 71.13, 69.34, 68.81, 62.08,
61.93, 61.07, 54.16, 52.09, 29.54, 28.84, 26.62, 25.56; HRMS (ESI) m/z calcd for C24HasN4O1s [M+H]"

629.2876, found 629.2875.
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Neu5Aca2,3-GalNH:p1,3-Galp1,4-GlcpCsH12N3 (13). Compound 12 (10.0 mg, 15.9 pmol) and
NeuSAc (14.8 mg, 47.7 umol) were used as acceptor and donor, respectively. The experimental procedure
is similar as described in the synthesis of compound 5 by PmST1. After purification, the product was
lyophilized to give compound 13 in 86.1% (12.6 mg). Ry= 0.43 (n-PrOH/ H2O/ AcOH = 6/2/1 (v/v/v));
'"H NMR (500 MHz, D,0) 6 4.67 (d, J = 8.1 Hz, 1H), 4.50 (d, J= 7.9 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H),
4.17 (d, J=2.8 Hz, 1H), 4.08 (dd, J= 2.8, 10.4 Hz, 1H), 3.96 (dd, /= 11.4 Hz, 1H), 3.93-3.56 (m, 22H),
3.33-3.26 (m, 3H), 3.03 (t,/=9.3 Hz, 1H), 2.77 (dd, J=4.4, 12.1 Hz, 1H), 2.02 (s, 3H), 1.77 (t, J=12.1
Hz, 1H), 1.67-1.55 (m, 4H), 1.45-1.34 (m, 4H); 3C NMR (125 MHz, D>0) ¢ 175.97, 174.59, 105.10,
103.53, 103.00, 100.52, 83.07, 79.27, 76.00, 75.94, 75.70, 75.42, 73.81(x2), 73.79, 72.66, 71.50, 71.11,
69.37, 69.30, 68.97, 67.15, 63.51, 61.96, 61.94, 61.06, 52.74, 52.68, 52.09, 40.95, 29.55, 28.84, 26.62,
25.57,22.99; HRMS (ESI) m/z calcd for C3sHs1N5O23Na [M+Na]™ 942.3650, found 942.3677.
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Neu5Gc8Mea2,3-GalNH:p1,3-GalB1,4-GleBCsH12N3 (13a). Compound 12 (60.0 mg, 95.4 umol) and
Neu5Gc8Me (81.0 mg, 238.6 umol) were used as acceptor and donor, respectively. The experimental
procedure is similar as described in the synthesis of compound 5 by PmST1, and the product was purified
by following the general purification procedure 2. The fractions with product were lyophilized to give
compound 13a in 11.0% yield (10.0 mg). Ry= 0.44 (n-PrOH/ H,O/ AcOH = 6/2/1 (v/v/v)); '"H NMR (500
MHz, D;0) 6 4.52 (d, /= 8.2 Hz, 1H), 4.48 (d, /= 7.9 Hz, 1H), 4.46 (d, /= 8.0 Hz, 1H), 4.16 (d, /=2.9
Hz, 1H), 4.09 (s, 2H), 4.01 (dd, J = 2.8, 10.6 Hz , 1H), 3.98-3.94 (m, 2H), 3.93-3.86 (m, 4H), 3.80-3.59
(m, 14H), 3.58-3.51 (m, 3H), 3.46 (s, 3H), 3.32-3.25 (m, 3H), 2.95 (dd, /= 8.4, 10.2 Hz, 1H), 2.69 (dd,
J=43,12.0 Hz, 1H), 1.72 (t, J= 12.0 Hz, 1H), 1.65-1.55 (m, 4H), 1.42-1.32 (m, 4H); *C NMR (125
MHz, D>0O) 6 176.73, 174.55, 106.33, 103.58, 103.00, 100.94, 83.20, 80.92, 79.36, 76.17, 75.96, 75.92,
75.70, 75.43, 73.80, 73.26, 71.50, 71.14, 69.36, 68.81, 68.07, 67.43, 62.07, 61.96(x2), 61.06, 60.15, 58.42,
52.75, 52.64, 52.09, 41.08, 29.54, 28.84, 26.62, 25.56; HRMS (ESI) m/z calcd for C3sHgs3NsO24Na
[M+Na]* 972.3755, found 972.3723.
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GalAzp1,3-Galp1,4-GlcpCsHi2NHBoc (14). Compound 2a (121.0 mg, 223.4 pmol) and GalNTFA
(123.0 mg, 446.8 umol) were used as acceptor and donor, respectively, by following the general enzymatic
synthetic procedure 2. After being shaken for 36 h, the reaction was quenched and purified by following
general purification procedure 3. The fractions with crude product were lyophilized by following the
general procedure for deprotection of NHTFA group. The resulting residue was performed by diazo
transfer reaction. 1H-Imidazole-1-sulfonyl azide hydrochloride!'* (274.9 mg, 1.1 mmol) was added to a
solution containing the crude product (223.4 pumol, 10 mM), NaHCOs3 (112.6 mg, 1.3 mmol), and
CuS04:5H,0 (5.6 mg, 22.3 umol) in H>O and MeOH (1/1, v/v, 22.3 mL). The mixture was stirred at rt
for 5 h and the progress of the reaction was monitored by TLC analysis (n-PrOH/ H2O/ AcOH = 6/2/1
(v/v/v)). The mixtures were concentrated and purified by a C18 reverse-phase silica column (Sep-Pak Vac
C18 cartridge 10 g, 55-105 pm, Waters) using a gradient solution of 0-100% MeOH in H2O as eluent.
After concentration of the fractions containing product, the resulting residue was further purified by size-
exclusion column using H>O as eluent (BioGel P2 gel packed in a column 1.6 cm x 50 cm, Biorad). The
fractions with product were lyophilized to give compound 14 in 90.3% yield (147.0 mg). Rr= 0.74 (n-
PrOH/ H>O/ AcOH = 6/2/1 (v/v/v)); 'TH NMR (500 MHz, D>0) 6 4.69 (d, J=7.8 Hz, 1H), 4.47 (d, J= 8.0
Hz, 1H), 4.45 (d, /= 7.8 Hz, 1H), 4.16 (d, /= 2.8 Hz, 1H), 3.97 (d, J= 11.5 Hz, 1H), 3.93-3.87 (m, 2H),
3.85(dd, J=3.0, 10.0 Hz, 1H), 3.81-3.69 (m, 7H), 3.68-3.51 (m, 7H), 3.28 (t, /= 8.4 Hz, 1H), 3.04 (t, J

= 6.6 Hz, 2H), 1.66-1.58 (m, 2H), 1.49-1.43 (m, 2H), 1.43-1.29 (m, 13H); '3C NMR (125 MHz, D,0) ¢
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159.36,104.49, 103.99, 103.07, 82.63, 81.63, 79.38, 76.10, 75.95, 75.79, 75.48, 73.84, 72.18,71.55, 71.19,
69.40, 68.84, 64.44, 61.96, 61.90, 61.05, 40.88, 29.79, 29.65, 28.68, 26.61, 25.69; HRMS (ESI) m/z calcd
for C2oHs2N4O17Na [M+Na]* 751.3220, found 751.3234.
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NeuSAco2,3-GalAzp1,3-Galp1,4-GlefCsH12NHBoc (15). Compound 14 (7.4 mg, 10.2 umol) and
NeuSAc (9.4 mg, 30.5 umol) were used as acceptor and donor, respectively. The experimental procedure
is similar as described in the synthesis of compound 5 by PmST1. After purification, the product was
lyophilized to give compound 15 in 98.5% yield (10.2 mg). Ry = 0.54 (n-PrOH/ H2O/ AcOH = 6/2/1
(v/v/v)); 'TH NMR (500 MHz, D-0) 6 4.65 (d, J = 8.2 Hz, 1H), 4.46 (d, J = 7.9 Hz, 2H), 4.19-4.11 (m,
2H), 4.00-3.76 (m, 9H), 3.75-3.55 (m, 14H), 3.52 (dd, /= 1.6, 10.5 Hz, 1H), 3.28 (t, /= 8.4 Hz, 1H), 3.05
(t,J=6.6 Hz, 2H), 2.77 (dd, J=4.5, 12.1 Hz, 1H), 2.02 (s, 3H), 1.80 (t, /= 12.1 Hz, 1H), 1.66-1.58 (m,
2H), 1.50-1.28 (m, 6H), 1.41 (s, 9H); 3C NMR (125 MHz, D>0) 6 176.08, 174.70, 159.26, 103.81, 103.68,
102.97, 100.63, 82.59, 81.69, 79.49, 75.87, 75.75, 75.69, 75.41, 74.88, 73.78, 73.74, 72.75, 71.48, 71.07,
69.28(x2), 69.15, 67.66, 63.52, 62.67, 61.87(x2), 61.07, 52.61, 40.89, 40.36, 29.69, 29.55, 28.64, 26.49,
25.58, 22.94; HRMS (ESI) m/z caled for C40HesNsO2s5 [M-H] 1018.4203, found 1018.4229.
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NeuS5Gce8Mea2,3-GalAzp1,3-Galp1,4-GleBCsHi2NHBoc (15a). Compound 14 (47.5 mg, 65.2 pmol)
and Neu5Gc8Me (66.37 mg, 196 umol) were used as acceptor and donor, respectively. The experimental
procedure is similar as described in the synthesis of compound 15. The fractions with product were
lyophilized to give compound 15a in 35.5% yield (24.3 mg). Ry = 0.49 (n-PrOH/ H,O/ AcOH = 6/2/1
(v/v/v)); 'TH NMR (500 MHz, D>0) 6 4.70 (d, J = 8.2 Hz, 1H), 4.50 (d, J = 7.9 Hz, 2H), 4.19-4.16 (m,
2H), 4.15 (s, 2H), 4.06 (dd, J = 2.4, 12.5 Hz, 1H), 4.03-3.98 (m, 2H), 3.98-3.81 (m, 7H), 3.81-3.71 (m,
7H), 3.70-3.65 (m, 4H), 3.65-3.60 (m, 2H), 3.59-3.54 (m, 1H), 3.49 (s, 3H), 3.32 (t, /= 7.7 Hz, 1H), 3.08
(t, J=6.7 Hz, 2H), 2.73 (dd, J = 4.2, 12.2 Hz, 1H), 1.84 (t, /= 12.2 Hz, 1H), 1.70-1.61 (m, 2H), 1.54-
1.31 (m, 6H), 1.45 (s, 9H); 3C NMR (125 MHz, D;0) J 176.82, 174.63, 159.37, 104.14, 103.89, 103.00,
101.30, 82.53, 81.72, 81.52, 79.40, 75.93, 75.75(x2), 75.44, 74.50, 73.80, 73.39, 71.56, 71.16, 69.36,
68.85, 68.26, 68.006, 62.84, 61.94, 61.89, 61.04, 60.38, 58.29, 52.73, 40.88, 40.19, 29.72, 29.59, 28.65,
26.54, 25.63; HRMS (ESI) m/z calcd for C41H70NsO26 [M-H] 1048.4309, found 1048.4278.
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HOzC HO _OH
gg/ gg/ /gg/oceHmNHBoc

Neu5Aca2,3-GalNAcP1,3-Galp1,4-GleBCsHi2NHBoc (16). To a solution of compound 15 (10.2 mg,
10.0 umol) in THF (0.8 mL) was added 2 N NaOHgq) (50.0 ul, 100.0 umol) and 1.0 M PMes in THF
(80.0 pl, 80.0 umol). The reaction mixture was stirred at rt until TLC analysis (n-PrOH/ H2O/ AcOH = 6:
2: 1 (v/ v/ v)) indicated the completion of the reaction after 4 h, the resultant was neutralized with AcOH.
After removal of solvent under vacuum, the crude product was purified by size-exclusion column using
H>O as eluent (BioGel P2 gel packed in a column 1.6 cm x 50 cm, Biorad). The glycan fractions were
acetylated by following the general N-acetylation procedure. Fractions containing the desired product
were pooled and lyophilized to give compound 16 in 98.5% (10.2 mg). Ry= 0.50 (n-PrOH/ H>O/ AcOH
= 6/2/1 (v/v/v)); 'TH NMR (500 MHz, D,0) 6 4.71 (d, J= 8.5 Hz, 1H), 4.45 (d, J= 8.1 Hz, 1H), 4.43 (d,
J=28.0 Hz, 1H), 4.17 (dd, J = 2.1, 11.0 Hz, 1H), 4.13 (d, J = 2.5 Hz, 1H), 3.98-3.83 (m, 6H), 3.80-3.68
(m, 9H), 3.67-3.55 (m, 8H), 3.45 (d, /= 10.3 Hz, 1H), 3.27 (t, J = 8.0 Hz, 1H), 3.04 (t, /= 6.6 Hz, 2H),
2.67 (dd, J=4.5, 12.4 Hz, 1H), 2.06 (s, 3H), 2.01 (s, 3H), 1.66-1.56 (m, 3H), 1.50-1.27 (m, 6H), 1.40 (s,
9H); 13C NMR (125 MHz, D20) 6 176.17, 175.93, 175.11, 159.37, 103.87, 103.78, 102.99, 100.48, 82.76,
81.73, 79.37, 75.86, 75.72(x2), 75.42, 73.78(x2), 73.76, 72.65, 71.56, 70.96, 69.38, 69.30, 69.00, 67.94,
63.55, 61.97, 61.94, 61.04, 52.83, 52.11, 40.88, 40.64, 29.73, 29.60, 28.66, 26.55, 25.64, 23.37, 22.95;
HRMS (ESI) m/z calcd for C420H72N3026 [M-H]" 1034.4410, found 1034.4382.

HOZC HO
g&/ /ég/oceHmNHBoc

0 HO NHAc

Neu5Gce8Meo2,3-GalNAcP1,3-Galp1,4-GlepCsH12NHBoc (16a). Compound 15a (13.5 mg, 12.9 umol)
was used by following the procedures as described in the synthesis of compound 16. After purification,
the product was lyophilized to give compound 16a in 94.8% (13.0 mg). Ry= 0.39 (n-PrOH/ H.O/ AcOH
= 6/2/1 (v/v/v)); '"H NMR (500 MHz, D;0) ¢ 4.68 (d, J= 8.5 Hz, 1H), 4.46 (d, J= 8.0 Hz, 1H), 4.43 (d,
J=7.9 Hz, 1H), 4.23 (dd, J=2.5, 11.0 Hz, 1H), 4.14 (d, J=2.7 Hz, 1H), 4.11 (s, 2H), 4.02-3.83 (m, 7H),
3.82-3.65 (m, 11H), 3.64-3.55 (m, 5H), 3.53-3.49 (m, 1H), 3.45 (s, 3H), 3.28 (t, J = 8.4 Hz, 1H), 3.04 (t,
J=6.7 Hz, 2H), 2.58 (dd, J = 4.4, 12.0 Hz, 1H), 2.06 (s, 3H), 1.67-1.57 (m, 3H), 1.50-1.28 (m, 6H), 1.41
(s, 9H); 3C NMR (125 MHz, D:0) 6 176.81, 175.97, 174.84, 159.38, 104.07, 103.91, 102.99, 101.00,
82.69, 81.71, 81.13, 79.38, 75.86, 75.72, 75.67, 75.43, 73.78, 73.33, 73.18, 71.56, 71.01, 69.44, 68.96,
68.22,67.96, 61.98, 61.95(x2), 61.05, 60.08, 58.28, 52.88, 52.14, 40.87, 40.48, 29.73, 29.60, 28.66, 26.55,
25.64, 23.30; HRMS (ESI) m/z calcd for C43H74N3027 [M-H] 1064.4515, found 1064.4482.
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H
HOw]/NC.

OHO 0
HO
HO,c HO HO _OH OH
H
\ 0 0 0
HO N /L2070 O&/O&OCGHQNHBOC
oHo Ho OH OH
17

NHAc

NeuS5Gc8Mea2,3(NeuSGe8Mea2,6-)-GalNAcpB1,3-Galp1,4-GlepCsHi2NHBoc a7, GAAT7-
CsH12NHBoc). Compound 16a (3.6 mg, 3.4 umol) and Neu5Gc8Me (3.4 mg, 10.1 umol) were used as
acceptor and donor, respectively. The experimental procedure is similar as described in the synthesis of
compound 1 by Psp2,6ST. After purification, the product was lyophilized to give compound 17 in 74.7%
yield (3.5 mg). Ry=0.22 (n-PrOH/ H.O/ AcOH = 6/2/1 (v/v/v)); 'H NMR (500 MHz, D;0) § 4.67 (d, J =
8.5 Hz, 1H), 4.47 (d, J=8.0 Hz, 1H), 4.42 (d, /= 7.9 Hz, 1H), 4.23 (dd, J=2.3, 10.8 Hz, 1H), 4.17 (d, J
= 2.7 Hz, 1H), 4.113 (s, 2H), 4.108 (s, 2H), 4.11-4.09 (m, 1H), 4.03-3.56 (m, 27H), 3.56-3.51 (m, 3H),
3.49 (s, 3H), 3.46 (s, 3H), 3.31 (t, J = 8.4 Hz, 1H), 3.05 (t, J = 6.7 Hz, 2H), 2.63-2.56 (m, 2H), 2.06 (s,
3H), 1.69 (t, J=12.3 Hz, 1H), 1.67-1.61 (m, 3H), 1.50-1.32 (m, 6H), 1.42 (s, 9H); 3C NMR (125 MHz,
D10) 6 176.79, 176.64, 175.94, 174.84, 174.65, 159.41, 104.21, 104.15, 102.86, 101.54, 101.01, 82.93,
81.75, 81.34, 81.07, 80.75, 75.74, 75.67, 75.59, 74.36, 73.70, 73.39, 73.24, 73.16, 71.52, 70.71, 69.31,
68.98, 68.71, 68.38, 68.23, 67.97, 64.50, 61.96(x2), 61.24, 60.65, 60.04, 58.66, 58.27, 52.87, 52.76, 52.13,
41.23, 40.87, 40.47, 29.71, 29.59, 28.65, 26.55, 25.64, 23.30; HRMS (ESI) m/z calcd for CssHo3N4Os3e
[M-H] 1385.5575, found 1385.558]1.

-536-



Reference

1. W.-T. Chien, C.-F. Liang, C.-C. Yu, C.-H. Lin, S.-P. Li, I. Primadona, Y.-J. Chen, K.-K. Mong and
C.-C. Lin, Chem. Commun., 2014, 50, 5786-5789.

2. W. Guan, L. Cai, J. Fang, B. Wu and P. G. Wang, Chem. Commun., 2009, 45, 6976-6978.

3. W. Guan, L. Cai and P. G. Wang, Chem. Eur. J., 2010, 16, 13343-13345.

4. O. Blixt, I. van Die, T. Norberg and D. H. van den Eijnden, Glycobiology, 1999, 9, 1061-1071.

5. C.-C. Yu, P.-C. Lin and C.-C. Lin, Chem. Commun., 2008, 11, 1308-1310.

6. C.-C. Yu, Y.-Y. Kuo, C.-F. Liang, W.-T. Chien, H.-T. Wu, T.-C. Chang, F.-D. Jan and C.-C. Lin,
Bioconjugate Chem., 2012, 23, 714-724.

7. C. P. Chiu, L. L. Lairson, M. Gilbert, W. W. Wakarchuk, S. G. Withers and N. C. J. Strynadka,
Biochemistry, 2007, 46, 7196-7204.

8. P.-J.Li, S.-Y.Huang, P.-Y. Chiang, C.-Y. Fan, L.-J. Guo, D.-Y. Wu, T. Angata and C.-C. Lin, Angew.
Chem., Int. Ed., 2019, 58, 11273-11278.

9. V. Thon, Y. Li, H. Yu, K. Lau and X. Chen, Appl. Microbiol. Biotechnol., 2012, 94, 977-985.

10. S.-P. Li, W.-C. Hsiao, C.-C. Yu, W.-T. Chien, H.-J. Lin, L.-D. Huang, C.-H. Lin, W.-L. Wu, S.-H. Wu
and C.-C. Lin, Adv. Synth. Catal., 2014, 356, 3199-3213.

11. K. Suzuki, S. Daikoku, T. Ako, Y. Shioiri, A. Kurimoto, A. Ohtake, S. K. Sarkar and O. Kanie, Anal.
Chem., 2007, 79, 9022-9029.

12. H. Yu, H. Z. Cao, V. K. Tiwari, Y. H. Li and X. Chen, Bioorg. Med. Chem. Lett., 2011, 21, 5037-
5040.

13. L. Wen, M. R. Gadi, Y. Zheng, C. Gibbons, S. M. Kondengaden, J. Zhang and P. G. Wang, ACS
Catal., 2018, 8, 7659-7666.

14. E. D. Goddard-Borger and R. V. Stick, Org. Lett., 2007, 9, 3797-3800.

-$37-



NMR Spectra

€Lee”
ze6e”
z66€"
8F0F "
(AN
€r09°
809"
0919 "
0029 "
vL2Z9"
82€9"
PSFo "
2969"
0999°
99L9"
6969 "
TLTL"
S890°
618G
GG6G "
9€09"
TLTO"
SFZo”
800¢€"
zeTe”
Spze”
T62¢"
6GEL”
L99F"
T8LF"
906% "
z86% "
PLOG"
0z1g"
€028"
6G2G"
9TEG"
£€9€G°
6ChS"
0L88"
ThLG”
886"
806G"
T66G"
Pr09 "
TLTO"
60£9 "
S0%9 "
T9%9°
6G99°
08LS"
€689 °
£F69°
T669°
9G60L”
6TTL"
09TL"
ovZTL"
ozeL:
FBEL”
LEEL"
oLsL”
Go9L"
8ELL"
698L"
6Z6L"
ogzs”
80€8 "
6LE8"
A4
T268°
€€98"
voLs”
€LLs”
Zres”
606"
0TT6"
¥oT6 "
8LT6"
Gzee”
§8e6 "
€FF6 "
966"
8966 "
G996 "
TTL6"
zL8e”
8F66 "
G666 "
PE00"
GGTO"
vozo*
6L60°
690T"
LETT®
88TT"
89LT"
zez8tT”
09ze*
60€C"
434
€6FC"
[doxa
234
09Ly”
P68k "
60L9"
1689 "
968L"

ppm

1.0

|

1

F

5

3

(=3
:ﬂ
L]

|

"H NMR spectrum of Compound 1 (600 MHz D-0)

-
o
<

0CgHIiN;

JMMWUWM ,
s .

0

5

HO _-OH
0
6.0

NHAc
5

0

7

N

HO
OHO
OMe
H
N:
o
5

TIITMOMNOMNNMNMNNMNNNNNMNNMNNMNMNNMIMNMNMNMNMNMNMNNMNMNMNMNNMNMNMNMNMNMMMNMNMNNMNMNMNNMNMNMNNMNMMNMAMMMONNNNNNA A A A A A A A A A A A A A A

HO

HO

<
L
0 sec

<
L
0.01500000 sec

1
1

e

o
[N
[=)
T
o
o
m

@
~
—

128
52.400 usec

.0
0

El
L
6.50 usec

297.1 K
2.00000000 sec

o
N0
@
W g,
@

32768
598.1999454 MHz
2
By
8

—
~
o
—

<
L

1H
10.20 usec

-1.00 dB

e
L
190524
598.2028175 MHz

9541.984 Hz

20190525
0.291198 Hz
1.7170432 sec

-
[

5 mm QNP
A
5

CHANNEL f1

8

<
L
— Acquisition Parameters

- Processing parameters

Bl
L

THK-GAAT-N3

Current Data Parameters

INSTRUM
PROBHD
PULPROG

TD
SOLVENT

<
L

NAME

EXPNO

PROCNO

F2

Date

Time

NS

DS

SWH

FIDRES

D1

MCREST

MCWRK

F2

ST

SF

WDW

SSB

LB

GB

PC

-538-



176.774
176.627

———175.921
174.625

(>0

THK-GAA-T7-N3

Current Data Parameters

NAME 190524
EXPNO 2
PROCNO 1 H
F2 - Acquisition Paramer_fcf N‘
Date_ 20150525 /ﬁ‘]/ S
Time 15.20 HO
INSTRUM spect O
PROBHD 5 mm QNP 1H/1
PULPROG zapg
™ 32768
SOLVENT H20+D20
NS 17801
DS 0
SWH 45045.047 Hz
FIDRES 1.374666 Hz
a0 0.3637248 sec
RG 4096
DwW 11.100 usec
DE 6.50 usec
TE 297.9 K
D1 3.50000000 sec
a1l 0.03000000 sec
DELTA 3.40000010 sec
MCREST 0 sec
MCWRK 0.01500000 sec
HANNEL £1
NuUC1 13¢
P1 6.20 usec
PL1 0 daB
sFO1 150.4340559 MHz
HANNEL £2
CPDPRG (2 waltzls
NUC2 1H
PCPD2 92.00 usec
PL2 120.00 dB
PL12 12.00 dB
PL13 15.00 dB
5F02 598.2029910 MHz
F2 - Processing parameters
ST 65536
SF 150.4173639 MHz
WDW EM
58B 0
LB 3.00 Hz
cB 0
pC 1.00
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102,850
100.999
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Current Data Parameters
NAME 190524
EXPNO 11
PROCNOC 1
F2 - Acquisition Parameters
Date_ 20190524
Time 13.03
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG cosyqgf
TD 2048
SOLVENT MeOD
NS 8
DS

-

P
3
=

—1.5

—2.0

—4.5

0
SWH 6009.615 Hz
FIDRES 2.934382 Hz
AQ 0.1703936 sec
RG 128 ~
oW 83.200 usec
DE 6.50 usec &
TE 297.6 K
do 0.00000300 sec A I 2-5
Dl 1.50000000 sec @\ @?@
INO 0.00016640 sec N
MCREST 0 sec @
MCWRK 1.50000000 sec

CHANNEL f1
NUCL1 18
PO 14.00 usec
Pl 10.30 usec 3.0
PL1 -1.00 dB
SFOl 598.2028080 MHz
Fl - Acquisition parameters
TD 360
sFo1 598.2028 MHz O
FIDRES 33.386753 Hz
SW 10.046 ppm
FnMODE QF - 3 5
.
F2 - Processing parameters
ST 2048
SF 598.1999440 MHz 0
WDW QSINE < 0
SSB 0
LB 0 Hz
GB 0 O
PC 1.00
—4.0

Fl - Processing parameters
ST
MC2 QF
SF 598.1999520 MHz
WDW QSINE
SSB 0
LB 0 Hz
GB 0

—T - T~ T - T T - 1T 150
5.0 4.0 35 3.0 25 2.0 15 ppm

'H-'"H COSY NMR spectrum of Compound 1 (600 MHz D,0)
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Current Data Parameters
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DS 8
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d13 0.00000400 see
D16 0.00050000 see
D24 0.00089000 zee
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DELTAL 0.00150800 sec
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MCREST 0 see

MCWRK 0.20000041 sec
STLONT 0
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P28 1000.00 usee
PL1 -1.00 dB
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== CHRMNEL £2 ==
CPDPRG([2 garp
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PCPD2 70.00 usec %F
PL2 L) 3
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SFO2 150.4287913 MH=z =
GRRDIENT CHRNNEL -
GENAM[1] SINE.100 _
cPNRM[2] SINE.100 =
GPX1 0%
GPX2 0%
GPY1 0%
GPY2 0%
GP2Zl 80.00 %
GPZ2 20.10 %
Plé 1000.00 usec
Fl - Reguisition parameters
TD 400
SFOl 150.4288 MH=z
FIDRES 195.503418 Hz
s 259.928 ppn
FnMODE Echo-Bntieche

F2 - Processing parameters

SF 598.1999600 MHz
WD QsINE

SSB 4

1B 0 Hz

GB o

PC 1.00

Fl - Processing parameters
ST

Me2 echo-antiecho
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'H-13C HSQC NMR spectrum of Compound 1 (600 MHz/150 MHz D»0)
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NAME THE-144-HPLC-top

EXPNO 1

PROCNO 1 OH

F2 - Acquisition Parameters O

Date 20190531

Time 12.27 HO OHO OCGH 2N3

INSTRUM spect OH

PROBHD 5 mm QNP 1H/1

PULPROG zg

TD 32768

SOLVENT H20+D20 1a

NS 128

DS 0

SWH 9541.984 Hz

FIDRES 0.291198 Hz

AQ 1.7170432 sec
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DW 52.400 usec

DE 6.50 usec
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D1 2.00000000 sec

MCREST 0 sec

MCWRK 0.01500000 sec

SFOL1 598.2028120 MHz

F2 - Processing parameters
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WDW no

SSB 0

LB 0 Hz
GB 0

PC 2.00
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Current Data Parameters NHAC OH
NAME THK-144-HPLC-top 0]
EXPNO 2
PROCNO 1
F2 - Rcquisition Parameters 1a
Date_ 20190531
Time 12.41
INSTRUM spect
PROBHD 5 mm QNP 1H/L
PULPROG z9pg

32768
SOLVENT H20+D20
ns 24909
DS o
swE 45045.047 Hz
FIDRES 1.374666 Hz
RQ 0.2637248 sec
RG 4096
Dw 11.100 usec
DE 6.50 usec
TE 298.4 K
b1 3.00000000 sec
ai1 0.03000000 sec
DELTA 2.90000010 sec
MCREST 0 sec
MCWRK 0.01500000 sec

CHANNEL fl1 ==
13¢

6.20 usec
0 dB
150.4340559 MHz

CHANNEL f£2 ==
waltzlé
NUC2 1H
PCPD2 92,00 usec
PL2 120.00 dB
PL12 12.00 dB
PL13 15.00 dB
S$F02 598.2029910 MHz

F2 - Processing parameters
ST 65536

SF 150.4173652 MHz
wDW

SSB 0

LB 3.00 Hz
GB 0

PC 1.00

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

BBC NMR spectrum of Compound 1a (150 MHz D,0)
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Current Data Parameters
NAME THK-144-HPLC-top
EXPNO 11
PROCNO 1 =)
F2 — Bcquisition Parameters @@ \‘@
Date_ 20190601 =7
Time 12.40
INSTRUM spect 0
PROBHD 5 mm QNP 1H/1
PULPROG cosyqgf _ O
TD 2048
SOLVENT Acetone 4 4 —2.0
ns 16 g
DS 0
SWH 6009.615 Hz
FIDRES 2.934382 Hz 0
AQ 0.1703936 sec
RG 128
oW 83.200 usec
DE 6.50 usec
TE 298.2 K —
do 0.00000300 sec ﬁ 2'5
Dl 1.50000000 sec A @‘ @
INO 0.00016640 sec é @(./ @
MCREST 0 sec =
MCWRK 1.50000000 sec
======== CHANNEL fl ======== a
NUCl 1H
PO 13.00 usec
31 10.50 usec 0 —3.0
PL1 -1.00 dB
SFOl 598.,2028140 MHz
Fl - Acquisition parameters
TD
SFOl 598.2028 MHz
FIDRES 46.950119 Hz
SW 10.046 ppm 0
FnMODE QF - 3 5
F2 - Processing parameters
SI
SF 598.1999486 MHz 0 @
WDW QSINE
58B 0 O
LB 0 Hz 0
GB 0 @ @
PC 1.00
—4.0
Fl - Processing parameters
ST 512 0
MC2 QF
SF 598.1999486 MHz
WDW QSINE
SSB 0
LB 0 Hz
GB 0 4 5
.
: — — — —— - 5.0
5

.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

'H-'"H COSY NMR spectrum of Compound 1a (600 MHz D-0)
-S46-



8-OMe

a6

<)
BRUKER
(<O

al
8-OMe 1a
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Current Data Parameters
N;

[AME THK-144-HPLC-top
EXPNO 12
PROCNO 1
F2 - Requisition Paramsters
Date_ 20190601
Time 14.37
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG hsgeetgpsi

2048
SOLVENT cpe13

64

D3 8
SWH 6009.615 Hz
FIDRES 2.934382 Hz
aQ 0.1703936 sec
RG 32768
bW 83,200 used
DE 6.50 usec
TE 297.8 K
cNSTZ 145.0000000
do 0.00000300 sec
Dl 1.20000005 sec
En 0.00172d414 sec
dil 0.03000000 sec
dis 0.00000400 sec
D16 0.00050000 sec
D24 0.00089000 sec
DELTA 0.00157700 sec
DELTAL 0.00150800 sec
No 0.00001511 sec
MCREST 0 sec
MCWRE 0.20000041 sec
STICNT 0

= CHANNEL f1

10.50 usec

21.00 usec
1000.00 usec

-1.00 dB

SFOL 598.2028140 MHz

CHANNEL £2

CPDPRG[2 garp

nucz 13¢

P2 10.00 usec

pd 20,00 usec

PCPD2 70.00 usec

PL2 0 dB

PL1Z 20.00 dB

sFO2 150.4287913 MHz

GRADIENT CHANNEL

GPNAM[1] SINE.100
GPNAM[2] SINE.100
GPX1 0%

GPX2 08

GPY1 08

GPY2 08

GPZ1 80.00 %
GPZ2 20.10 §
P16 1000.00 usec

10

20

30

40

50

60

70

©,

80

90

Fl - Requisition parameters
TD 256

sFol 150.4288 MHz
FIDRES 258.478088 Hz
sw 219.939 ppm
FnMODE Echo-Antiecho

F2 - Processing parameters
ST

SF 598.1999730 MHz
WDW QSINE

$$B 4

1B 0 Hz

GB 0

BC 1.00

Fl - Processing parameters
ST 512

Mc2 echo-antischo

SP 150.4173652 MHz
WDW QSINE

$$B 4

LB 0 Hz

GB 0

100

T B I e e I AR L AR LR e

T T | T T |
5.0 4.5 4.0 3.5 3.0 2.5 2.0

'H-13C HSQC NMR spectrum of Compound 1a (600 MHz/150 MHz D,0)
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THK-1soGAA-T7-N3

Current Data Parameters
NAME THK-144-HPLC-top
EXPNO 13
PROCNO 1
F2 - Bcquisition Parameters
Date_ 20190601
Time 20.59
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG hmbegplpndgf
™ 2048
SOLVENT cDC13
NS 128
D& 0
swH 6009.615 Hz
FIDRES 2.934382 Hz
nQ 0.1703936 sec
RG 32768
Dw 83.200 usec
DE 6.00 usec
IE 298.3 K
cusT2 145.0000000
CNSTL3 12.0000000 EE
do 0.00000300 sec
b1 1.00000000 sec 3
dz2 0.00344828 sec 3
46 0.04166667 sec =
D16 0.00050000 sec
o 0.00001661 sec
MCREST 0 sec
MCWRK 1.00000000 sec
CHANNEL £1
NUCl 1H
Pl 10.50 usec
p2 21.00 usec
PLL -1.00 dB
sFOl 598.2028140 MHz

P3 12.00 usec

PL2 0 dB

sFo2 150.4310476 MHz
GRARDIENT CHRNNEL

GPNAM[1] SINE.100

GPNAM[2] SINE.100

GPNAM[3] SINE.100

GPX1 [

GPX2 0%

GPX3 0%

GPY1 0%

GPY2 [

GPY3 0%

GPZl 50.00 §

GPz2 30.00 %

GPZ3 40.10 %

P16 1000.00 usec

T

Fl - Rcquisition parameters
D 256

N e o @
= =SR] S0
(=23 -
- a® - ° D
o o Py °
- [
oa = o- =
o Q @
0D @GP
s D =)
o - -

L]

—100

—120

—140

—160

—180

sFol 150.431 MHz
FIDRES 235.139206 Hz
sw 200.077 ppm
FnMODE QF

F2 - Processing parameters
ST 4096

SF 598.1999550 MHz
WDW QSINE

SSB 4

1B 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
ST 512

M2 oF

SF 150.4173652 MHz
WDW

$SB 0

LB 0 Hz

GB 0

5.0

T T T T T T T T T T T T T T T

4.5 4.0 3.5

-548-
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13C HMBC NMR spectrum of Compound 1a (600 MHz/150 MHz D-O)
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B T T e T e e T Dt A DS AP P A
THK-GAA7-0
Current Data Parameters
NAME THK-015-170817 HO _OH HO —~OH OH
EXPNO 1 (o) O 0
PROCNO 1 HO 0 o OCgH1,N;
F2 - Acquisition Parameters NHAc OH H
Date_ 20170820
Time 22.53 3
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg
TD 32768
SOLVENT H20+D20
NS 32
DS 0
SWH 9541.984 Hz
FIDRES 0.291198 Hz
A0 1.7170432 sec
RG 512
DW 52.400 usec
DE 6.50 usec
TE 300.3 K
D1 2.00000000 sec
MCREST 0 sec
MCWRK 0.01500000 sec
=== CHANNEL f1l ========
NUC1 1H
Pl 20.00 usec
PL1 0 dB
SFO1 598.4028152 MHz
F2 - Processing parameters
SI 32768
SE 598.3999460 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T L e e e e e e D T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
92| EYEREEER 3 Bl
e e A A et b B R SR SRR «Q < S
| miitiNI~=IN|IN|NID N = <

"H NMR spectrum of Compound 3 (600 MHz D-0)
-S49-
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THK-0-GAA-7

Current Data Parameters

WAME THK-015-170817
EXPNO 2
PROCNO 1
F2 - Rcquisition Parameters
Date_ 20170820
Time 23.01
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zgpg
TD 32763
SOLVENT D13
NS 5028
DS 0
SWH 45045.047 Hz
FIDRES 1.374666 Hz
RO 0.3637248 sec
RG
DW 11.100 usec
DE 6.50 usec
TE 300.4 K
D1 3.50000000 sec
ari 0.03000000 sec
DELTA 3.40000010 sec
MCREST 0 sec
MCWRE 0.01500000 sec
CHANNEL £1 =
13¢

4.80 usec
0 dB
150.4835%%91 MHz

CHANNEL £2
CPDPRG[2 waltzl6
NUCZ 1H
PCPD2 92.00 usec
PL2 120.00 dB|
PL12 6.00 dR
PL13 9.00 af
SF02 598.4029520 MHz
F2 - Processing parameter
ST 65536

SF 150.4676524 MHz
WDW EM

S55B 0

LB 3.00 Hz
GB 0

pC 1.00

ANt AN AT AR oo Wy W it

104,258
< 103,592
™N103.009
82.725
79.390
75.948
75.849
75.728
75.434
J/r73.806
J/r7l.730
L-71.471
:::71.050
\\¥6s.748
61998
\\\ 9
61.092
__~53.555

HO _OH HO —~OH OH
(0] (0] (0]
HO %o OCgH12N3
NHAc OH OH
3

49,432
49,287
49,144
48.999
48.855
48,711
48.568
29.562
28.847

—52.097

E

§

A [N—

—26.631

T~25.574

™~23.189

| T
190 180

|
170

T
160

|
150

T | T T T T | T |
140 130 120 110 100 90 80 70 60

3C NMR spectrum of Compound 3 (150 MHz D-0)
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THK-0-GAA-7

Current Data Parameters
NAME THE-015-170817

EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170821

Time 6.28
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG cosyprgf

TD 2048
SOLVENT CDC13

ns 16

DS 0

SWH 6009.615 Hz
FIDRES 2.934382 Hz
AQ 0.1703936 sec
RG 128

DW 83.200 usec
DE 6.50 usec
TE 300.3 K
do 0.00000300 sec
D1 1.50000000 sec
dll 0.03000000 sec
diz 0.00002000 sec
dl3 0.00000400 sec
INO 0.00016640 sec
MCREST 0 sec

MCWRE 0.03000000 sec
======== CHANNEL fl ========
NUC1 1H

PO 10.00 usec
Pl 11.70 usec
PL1 -2.00 dB
PLS 55.00 dB
SFO1 598.4028150 MHz
Fl - Acquisition parameters
TD 256
SFO1 598.4028 MHz
FIDRES 46.950119 Hz
sW 10.043 ppm
FnMODE QF

F2 - Processing parameters
SI 4096

SE 598.3999460 MHz
WDW QSINE

SSB 0

LB 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
SI 512

MC2 QF

SF 598.3999460 MHz
WDW QSINE

SSB 0

5.0

ppm

=D

—1.5

—2.0

- 2.5

3.0

—3.5

—4.0

—4.5

! T Tt
45 4.0 3.5 3.0 25

'H-'"H COSY NMR spectrum of Compound 3 (600 MHz D,0)
-S51-

2.0

1.5

5.0
ppm



THK-0-GAA-7

Current Data Parameters

NAME THK-015-170817

EXENO

PROCNO 1

F2 - Requisition Parameters

Date_ 20170821

Time 2.26

INSTRUM spect

PROBHD 5 mm QNP 1H/1

PULPROG hsqeetgpsi
2048

SOLVENT cpe1z

NS 2z

D§ 8

SWH 6009.615 Hz

FIDRES 2.934382 Hz

RQ 0.1703936 sec

RG 16384

oW 83,200 usec

DE 6.50 usec

TE 300.7 K

CNSTZ 145.0000000

a0 0.00000300 sec

D1 1.20000005 sec

a4 0.00172414 sec

d11 0.03000000 sec

a1z 0.00000400 sec

D16 0.00050000 sec

D24 0.00089000 sec

DELTA 0.00157940 sec

DELTAL 0.00150800 sec

N0 0.00001583 sec

MCREST 0 sec

MCWRK 0.20000041 sec

ST1CNT o

= CHRNNEL £1

NucL 1H

Pl 11.70 usec

p2 22.40 usec

P28 1000.00 usec

PL1 -2.00 dB

SFO1 598.4028153 MHz

CHANNEL £2

CEDPRG [2 garp

Nucz 13¢

P3 10.00 usec

pa 20,00 usec

PCPDZ 70,00 usec

PL2 0 dB

PL12 20.00 4B

SFOZ 150.4798374 MHz

= GRADIENT CHANNEL
GPNAM[1] SINE.100

GPNRM[2] SINE.100
GPK1 0%

GPRZ 0 %

GPY1 0%

GPY2 0%

GPZL 80,00 %
GPZZ 20.10 %
P16 1000.00 usec

F1 - Requisition parameters
™D 256

01 150.4798 MHz
FIDRES 246.840439 Hz
W 209.966 ppm
FnMODE Echo-Antiecho

F2 - Processing parameters

SF 598.3999540 MHz
wou QSINE

SSB a

LB 0 Hz

GB o

BC 1.00

F1 - Processing parameters
SI 512

Mz echo-antiecho

SF 150.4676524 MHz
wou QSINE

$SB a

LB 0 Hz

GB o

3
| ppm

100

110

5.0 45 4.0 3.5 3.0 25 2.0 15 ppm
13C HSQC NMR spectrum of Compound 3 (600 MHz/150 MHz D»0)
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sy WJMM

Ppm

THK-0-GAA-T7

Current Data Parameters

THK-015-170817

EXPNO 13
PROCNO 1 © °
B — = - o Qo D
F2 - Rcquisition Parameters [ 's)
Date_ 20170821
Time 11.37
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG hmbegplpndgf —
™ 2048 40
SOLVENT CDC13
NS 32
D& ] d
SWH 6009.615 Hz
FIDRES 2.934382 Hz —— o o o © @
AQ 0.1703936 sec
RG 32768
bW 83.200 usec - 60
DE 6.00 usec I o =D 205>
TE 301.4 K
CHST2 145.0000000
CHST13 12.0000000 P ® @&
do 0.00000300 sec > P @ @ o000 o o=
D1 1.20000005 sec
dz 0.00344828 sec —
46 0.04166667 sec 3 > ° < @
D16 0.00050000 sec Q - o @ o [ 80
o 0.00001661 sec & - &
MCREST 0 sec
MCWRK 1.20000005 sec
CHANNEL f1 =
1H
11.70 usec
23.40 usec
-2.00 dB -
598.4028150 MHz - 1 00
e @ @ (=]
CHANNEL f2 =
13c
12.00 usec

GPNAM[1] SINE.100
GPNAM[2] SINE.100
GPNAM([3] SINE.100
GPX1 0 8

GPX2 0 %

GPX3 [ 3

GPY1 0%

cpy2 0%

GPY3 0%

cpzl 50.00 %
GPZ2 30.00 %
cpz3 40.10 &
Plé 1000.00 usec
Fl - Requisition parameters
TD

sFOL 150.4813 MHz
FIDRES 235.139206 Hz
sw 200.010 ppm
FnMODE QF

F2 - Processing parameters
ST 4096

sF 598.3999410 MHz
WDW QSINE

$3B 2 : @
1B 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
ST 5

Mc2 QF

SF 150.4676524 MHz
WDW SINE

SSB ]

b o e T [ ——— — [
GB 0

GRADIENT CHANNEL

0 dB
150.4813421 MHz

—120

—140

—160

—180

5.0

| |
45 4.0 3.5 3.0 25 2.0 1.5 ppm

13C HMBC NMR spectrum of Compound 3 (600 MHz/150 MHz D»0)
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THK-3A-GAA7

Current Data Parameters

NAME THK-041l-tetra-180116
EXPNO 1
PROCNO 1 HO
F2 - Acquisition Parameters
Date_ 20180119

Time 0.37
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zqg

TD 32768
SOLVENT D20

NS 1

DS 0

SWH 8389.262 Hz
FIDRES 0.256020 Hz
AQ 1.9529728 sec
RG 512

DW 59.600 usec
DE 6.50 usec
TE 296.8 K

D1 2.00000000 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 10.00 usec
PL1 -1.00 dB
SFO1 598.3028139 MHz
F2 - Processing parameters
SI 32768

SF 598.2999482 MHz
WDW no

SSB 0

LB 0 Hz
GB 0

PC 2.00

H
N -
ngd HO

OH

@
=y
@
~
£y

4.1721
4.1588

3.8%04

3.6991

1.3679

HO,c HO _OH

HO

OH
(0]

OH

OH

%o OCgH12N3

OH

T

N,

o Q=
2| |=2|&
- Ol

-S54-

el
[}

o

—
4.0

=)
<
-

<
@

0

™~
e
N

<
N

©

-

»

N
o

-

3.18

N~
=]

(=3

"H NMR spectrum of Compound 4 (600 MHz D-0)



176.156
175.857
175.080
103.882
103.791

~103.010

S100.443
82.745
79.404
75.860
75.725
75.432
73.776
72.639
71.457
70.978
69.390
69.251
69.038
67.936

—63.581

\§:61.978

\\L61.939
61.056

_—52.882

T~—52.087
49.430
49.285
49.143
48.998
48.854
48.710
48.565
40.691

AN

N

x§t22.932

HO _-OH
0}

OH

% OCgH12N3

OH

HO
OH

<)
BRUKER
(>

THK-3A-GAA-7 4

Current Data Parameters
N;

RME THK-041-tetra-180116
EXPNO 2
PROCNO 1

F2 - Requisition Paramsters
Date_ 20180119
Time 0.42
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg9pg

™D 32768
SOLVENT D20

g 565

Ds 0

SWH 45045.047 Hz
FIDRES 1.274666 Hz
AQ 0.3637248 sec
RG 4096

DW 11.100 usec
DE 6.50 usec
TE 296.9 K

Dl 3.50000000 sec
dil 0.03000000 sec
DELTA 3.40000010 sec

ec
0.01500000 sec

HANNEL £1

Nucl 13c
Pl 4.80 usec
PLL 0 dB
&FOLl 150.4592037 MHz
HANNEL £2
CPDPRG([2 waltzlé
Nucz 1H
PCPD2 92.00 usec
PL2 120.00 dB
PL12 5.50 dB
PL13 9.00 dB
SFO2 598.3029915 MHz

F2 - Processing parameters
65536

SF 150.4425029 MHz

3.00 Hz

i

Wi

T
190

180

T
170

|
160

T
150

|
140

130

120

110

T
100

90

80

70

60

13C NMR spectrum of Compound 4 (150 MHz D-0)
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THK-3A-GAA-7

Current Data Parameters

NAME THK-041-tetra-180116
EXPNO 11
PROCNO 1

F2 - Bcquisition Parameters
201

Date_

0119

Time 3.13

INSTRUM spect

PROBHD 5 mm QNP 1H/1

PULPROG cosyprgf

TD 2048

SOLVENT CDC13

E 8

DS 0

SWH 6009.615 Hz

FIDRES 2.934382 Hz

aQ 0.1703936 sec

RG 64

DW 83.200 usec

DE 6.50 usec

TE 296.9 K

do 0.00000300 sec

D1 1.50000000 sec

dil 0.03000000 sec

diz 0.00002000 sec

dls 0.00000400 sec

INO 0.00016640 sec

MCREST 0 sec

MCWRK 0.03000000 sec
CHANNEL f1

NUCL 1H

PO 10.00 usec

Pl 11.70 usec

PL1 -2.00 dB

PLY 55.00 dB

SFol 598.3028142 MHz

Fl - Acquisition parameters

D

SFOl 598.3028 MHz
FIDRES 46.950119 Hz
SW 10.044 ppm
FnMODE QF

F2 - Processing parameters
ST

SF 598.2999450 MHz
WDW QSINE

SSB 0

LB 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
SI 512

MC2 QF

SF 598.2999482 MHz
WDW QSINE

SSB 0

LB 0 Hz

GB 0

-

E

ppm

7

if
I

ol

a

~1.5

- 2.0

—2.5

~3.0

~3.5

—4.0

~4.5

5.0
'H-'"H COSY NMR spectrum of Compound 4 (600 MHz D,0)
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THK-3A-GAA-7

Current Data Parameters

NRME THK-041-tetra-180116
EXENO 12
PROCNO 1

F2 - Requisition Parameters
Date_ 20180119
Tine

INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG hegeetgpei

™ 2048
SOLVENT cpel13

ns 8

ps 8

SWH §009.615 Hz
FIDRES 2.934382 Hz
20 0.1703936 sec
Re 16384

Dw 83.200 veee
DE 6.50 usec
E 297.4 K
cNsT2 145.0000000

40 0.00000300 see
Dl 1.20000005 see
a4 0.00172414 sec
d11 0.03000000 sec
d13 0.00000400 see
D16 o.

p24 o.

DELTA o.

DELTAL 0.00150800 sec
N0 0.00001583 see

MCREST 0 sec

e 0.20000041 see
ST1eNT o
CHENNEL £1 =
10
14.00 usee
28.00 usee

1000.00 usec
B

-2.00
598.3028142 MHz

CHENNEL £2

10.00 usee
20.00 usee
70.00 usee

20.00 dB
150.4546904 MHz

GREDIENT CHANNEL

GPNRM[1] SINE.100
cPNRM[2] SINE.100

GPKL 0%

cpR2 0%

GPY1 0%

cpY2 0%

cpzl 80.00 %
oPz2 20.10 %
P16 1000.00 ueee

Fl - Requisition parameters
256

™

sFO1 150.4547 MHz

FIDRES 246.840439 Hz
210.001 ppm

FAMODE  Echo-Batieche

F2 - Processing parameters

ST 48

sE 598.2999550 MHz

oW QSINE

$3B a

1B 0 Hz

B o

pe 1.00

Fl - Processing parameters

ST

Hez echo-antieche

SF 150.4425029 MHz

wDW INE

558 a

1B 0 Hz

B o

=
3
—
00050000 see
00083000 see
00158400 see ]
p—

] =100

—110

7T 77Ty T

5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

H-*C HSQC NMR spectrum of Compound 4 (600 MHz/150 MHz D,0)
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BRUKER p4
Rl waw
4 M ppm

THK-3A-GAA-7 - 20

— o o °
— = © o8 O
Current Data Paramsters 8
NEME THK-041-tetra-18011— ————————A* (@]
EXENO 13
PROCNO 1
F2 - Requisition Parameters
Date_ 20180119 4 — 40
Time 6.55
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG  hmbcgplpndgf _-<t
™D 2048
SOLVENT cpe1a —— 2@ @ D@ =) Kol @ @ ©
] )
DS o
SWH 6009.615 Hz -
FIDRES 2.934382 Hz — 60
s
AQ 0.1703936 sec B — (=] @
RG 22768
Dw 23.200 usec —
DE 6.00 usec — @ @ =
TE 298.0 K —— (@] oo
CNSTZ 145.0000000 —_— =l (=]
CNST13 12.0000000 e — @
do 0.00000300 sec
D1 1.20000005 sec N @ — 80
az 0.00344828 sec R @
as 0.04166667 sec
D16 0.00050000 sec
INO 0.00001661 sec
MCREST 0 sec 000
MCWRK 1.20000005 sec
CHANNEL £1 -
1H
— —100
14.00 usec < a =
28.00 usec — oS D fad
-2.00 4B
598.3028142 MHz
CHANNEL £2
13¢
12.00 usec E.

o

“Ts0.4561048 Wiz —120

GRADIENT CHANNEL

GENAM[1] SINE.100
GPNAM[2] SINE.100

GPNAM[2] SINE.100

GPR1 0%

GPR2 0%

GPX3 0%

GPY1 0% —

GPY2Z 0% 1 40
GPY3 0%

GPZ1 50.00 %

GPZ2 30.00 %

GPZ3 40.10 %

P16 1000.00 usec

F1 - Acquisition parameters

D 256

SFO1 150.4562 MHz — 1 60

FIDRES 235.139206 Hz

200.044 ppm
QF

sW
FnMODE
F2 - Processing parameters

SF 598.2999400 MHz
wow QSINE
2

i om —180

PC 1.00

o8B ° T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

o 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

'H-3C HMBC NMR spectrum of Compound 4 (600 MHz/150 MHz D20)
-S58-
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oHO Ho

HO

zg

32768
0 sec
0.01500000 sec

H20+D20
0

THK-136-GcMetetra
20190430
7.49
spect
1H/1
128
9541.984 Hz
0.291198 Hz
1.7170432 sec
52.400 usec
6.50 usec
2.00000000 sec

5 mm QNP

THK-GAAT7-3GM

F2 - Acquisition Parameters

Current Data Parameters
Date

NAME
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

EXPNO
PROCNO
Time
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1
MCREST
MCWRK

CHANNEL f£1

ppm

0.5

1.0

5

1

0

2
o

MMWL

-S59-

0

5

6.0

"H NMR spectrum of Compound 4a (600 MHz D>0)

6.5

7.0

7.5

8.0

10.00 usec
-4.00 dB

598.2028119 MHz
598.1999477 MHz

F2 - Processing parameters
8.5

SE
WDW
SSB
LB
GB
PC




—175.845

__~176.713
TS~ 174.518

BRUKER
(>

THK-3G-GAA-7

Current Data Parameters

WAME THK-136-GcMetetra
EXPNO 2
PROCNO 1

F2 - Rcquisition Parameters
Date_ 20190428
Time 7.53
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG z2gpg

TD 32768
SOLVENT D20

LE] 2048

DS 0

SWH 45045.047 Hz
FIDRES 1.374666 Hz
20 0.3637248 sec
RG 4096

DW 11.100 usec
DE 6.50 usec
TE 0K

D1 3.50000000 sec
di1 0.03000000 sec
DELTA 3.40000010 sec

MCREST 0 s

= CHANNEL f1 ==

0 d

ec
0.01500000

13¢
4.80

B
150.4340559

sec

usec

MHz

usec
dB
dB
dB
MHz

MHz

Hz

= CHANNEL f2 ==
CPDPRG (2 waltzls
NUC2 1H
PCPD2 92,00
PL2 120.00
PL12 3.00
PL13 5.00
5FO2 598.2029910
F2 - Processing parameters
5T 65536
SF 150.4173817
WDW EM
5SB 0

LB 2.00
GB 0

pC 1.00

HO OMe

HO S
oHO Ho

O M0 o

O HO WOV AANAAOOHWOWAIATOEMONFTME-NOWD AN OO0 N OWn
OO IFOTNONTNANMDATEOMONONNMPDIT AL WO OOTN
e s s NN OO FOFOAONANAM N A AOHTNANDMENWLWEOWHN
E LI 4o T o T o S T
SO0 N A NMWMWL®M®M N0 NNNDNNNWWOWWONWWWH™M
A A OO0 0000 000N N WS S S S S S SN NN NN

NN W —

HO,c HO _OH HO -OH OH
o)
Q/ o o) %0 OCgH12N3
NHAC OH OH
4a

" M

190

180

170

160

150 140 130 120 110 100 90 80 70 60 20

BC NMR spectrum of Compound 4a (150 MHz D,0)
-560-

50 40 30

10 ppm



<) B3 p4
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4a |

ppm

THK-3GM-GAA—7
Current Data Parameters
NAME THEK-136-GcMetetra

=

7

@)
B

:— 1.5
:— 2.0
:— 25
:— 3.0
:— 3.5
:—4.0

4.5

5.0

EXPNO 11
PROCNO 1

F2 - Acguisition Parameters
Date_ 20190428

Time 13.14
INSTRUM spect %
PROBHD 5 mm QNP 1H/1 b
PULPROG cosygf

TD 2048
SOLVENT Acetone

NS 8

DS Q

SWH 6009.615 Hz
FIDRES 2.934382 Hz
20 0.1703936 sec =
RG 128

DW 83.200 usec
DE 6.50 usec
TE 0K

do 0.00000300 sec
D1 1.50000000 sec
INO 0.00016640 sec
MCREST 0 sec

MCWRK 1.50000000 sec
======== CHANNEL fl ========
NUC1l 1H

PO 13.00 usec
Pl 15.90

PL1 -5.00 dB
SFOl 598.2028100 MHz
Fl - Acquisition parameters
TD

SFO1 598.2028 MHz
FIDRES 46.950119 Hz
sSW 10.046 ppm
FnMODE oF

F2 - Processing parameters
ST

SF 598.1999350 MHz
WDW QSINE

S5B o]

1B 0 Hz

GB Q

PC 1.00

Fl - Processing parameters

ST

MC2 OF

SF 598.1999350 MHz
WDW QSINE

S5B o]

1B 0 Hz

GB Q

5.0

| T T T
4.5 4.0 3.5 3.0 2.5

'H-'"H COSY NMR spectrum of Compound 4a (600 MHz D-0)
-S61-

2.0

1.5

ppm



THK-3GM-GAA-7

3
a3 . b
8-OMe ‘

4a

sk

i 14

Current Data Parametera
NEME THK-136-GeMatatra
EXPNO 12
PROCNO 1
F2 - Requisition Parameters
Date_ 20190428
Time
INSTRUM apect
PROBHD  § mn QNP 1H/1
PULPROG hegeetgpei
2048
SOLVENT cpe13
ns s
ps s
s 6009.615 Hz
FIDRES 2.934382 Hz
50 0.1703936 sec
Re 3276
Dw 83.200 ueec
DE 6.50 ueec
E oK
cnsT2 145.0000000
40 0.00000300 sac
Dl 1.20000005 see
a4 0.00172414 sec
d11 0.03000000 =
413 0.00000400 2ae
plé 0.00050000 2ac
D24 o. e
DELTR 0.00158780 aee
DELTAL 0.00150800 2ae
N0 0.00001511 2ac
MCREST 0 sec
MCWRK 0.20000041 see
ST1oNT o

SFO1 591

CHENNEL £2

.90
.80
.00

-5.00
8.2028100

usec

mHz

80.00 %
20.10 %
1000.00 usee
Fl - Requisition parameters
™
sFOL 150.4288 MHz
FIDRES 258.478088 Hz
sw 219.939 ppm
FaMODE  Echo-Bntieche

F2 - Processing parameters
2048

sF 598.1999520 MH=
QSINE

mc2 echo:

1.00

-antiecho

Fl - Processing parameters
512

sF 150.4173600 MHz

QSINE
a

w TR Dt iy

i il

Ppm

10

20

30

40

50

60

70

80

0

100

T T T T T T

4.5 4.0 3.5 3.0 25 2.0

'H-13C HSQC NMR spectrum of Compound 4a (600 MHz/150 MHz D,0)
-S62-
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ppm



] 4a

THK—-3GM-GAA—-7

Current Data Parameters
N THK-136-GcMetet ra

EXENO 12
PROCNO 1

F2 - Rcquisition Parameters
Date_ 20190428
Time 15.01
INSTRUM spect

PROBHD 5 mm QNP 1H/1
PULPROG  hmbegplpndgf
2048

4
0

SOLVENT De1z
64

DS 0

SWH 6009.615 Hz

FIDRES 2.934382 Hz

AQ 0.1702936 sec

RG 32768

DW 82.200 usec

DE 6.00 usec

TE 0 K

CNST2 145.

CNST13 12.0000000

4o 0.,00000300 sec

D1 1.00000000 sec

az 0.00344828 sec

as 0.04166667 sec

D16 0.00050000 sec

INo 0.00001661 sec

MCREST 0 sec

MCWRK 1.00000000 sec

CHENNEL £1

1H
15,90 usec
31.80 usec

-5.00 al
598.2028100 MHz

CHANNEL £2

13¢
12.00 usec

0 4B
150.4310476 MHz

GRADIENT CHANNEL

GENAM[1] SINE.100
GENAM[2] SINE.100
GENAM[3] SINE.100
GPK1 0%

GPR2 0%

GPR3 0%

GPY1 0%

GPYZ o %

GPY3 0%

GPZ1 50.00 %
GPz2 30.00 %
GPZ3 40,10 %
P16 1000.00 usec

F1 - Acquisition parameters

SFO1 150.431 MHz
FIDRES 235.139206 Hz
sW 200,077 ppm
FnMODE oF

F2 - Processing parameters
SI

SF 598.1999270 MHz
WOW QSINE

SSB 2

LB 0 Hz

GB o

BC 1.00

F1 - Processing parameters
ST

Mcz oF

SF 150.4173500 MHz
oW

SSB o

LB 0 Hz

GB o

—100

—120

—140

—160

—180

T | | T T |
5.0 4.5 4.0 3.5 3.0 2.5 2.0

H-*C HMBC NMR spectrum of Compound 4a (600 MHz/150 MHz D-0)
-563-
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THK-6A-GAA7

Current Data Parameters

NAME THK-297
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200504
Time 13.06
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg

TD 32768
SOLVENT D20

NS 32

DS 0

SWH 8389.262 Hz
FIDRES 0.256020 Hz
AQ 1.9529728 sec
RG 1024

DW 59.600 usec
DE 6.50 usec
TE 298.9 K

D1 2.00000000 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL f]1 ========
NUC1 1H

Pl 10.00 usec
PL1 -3.00 dB
SFO1 598.1031956 MHz
F2 - Processing parameters
ST 32768

SE 598.0999528 MHz
WDW no

SSB 0

LB 0 Hz
GB 0

PC 2.00

4.7899

3.8062
3.7870
3.7613
3.7281

OH

OCgH1,N3
OH

3.3412
3.3297

1.6690

N
~
~
0
—

1.6315

8.5 8.0

7.5

7.0

T T T T T T T T

65 60 55 50 45 40 35 30
"H NMR spectrum of Compound 5 (600 MHz D-0)
-S64-

.92

25

5.39

0.5

ppm
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THK-6A-GAAT

Current Data Parameters

NAME THK-297
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20200504

Time 13.43

INSTRUM spect OH
PROBHD 5 mm QNP 1H/1

PULPROG zgpg 0 O
TD 32768

SOLVENT D20 HO OCGH12N3
NS 500

DS 0 OH
SWH 45045.047 Hz

FIDRES 1.374666 Hz 5

AQ 0.3637248 sec

RG 4096

DW 11.100 usec

DE 6.50 usec

TE 298.6 K

Dl 3.50000000 sec

d1l 0.03000000 sec

DELTA 3.40000010 sec

MCREST 0 sec
MCWRE

°

.01500000 sec

= CHANNEL f1

13c
4.80 usec

0 dB
150.4102296 MHz

=== CHANNEL f2 ==
CPDPRG[2 waltzlé
Nuc2 18
PCPD2 92.00 usec
PL2 120.00 dB
PL12 6.00 dB
PL13 15.00 dB
SF02 598.1020934 MHz
F2 - Processing parameters
ST 6553
SF 150.3922198 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.00

——— g

T | | | T | | T | | | T | | T | | | T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

3C NMR spectrum of Compound 5 (150 MHz D-0)
-565-
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Current Data Parameters

ppm

NAME THK-297
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200504

Time 13.43
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG cosyqgf

TD 2048
SOLVENT D20

N§ 16

DS 0

SWH 6009.615 Hz
FIDRES 2.934382 Hz
AQ 0.1703936 sec
RG 32

DW 83.200 usec
DE 6.50 usec
TE 298.6 K
do 0.00000300 sec
Dl 1.50000000 sec
INO 0.00016640 sec
MCREST 0 sec
MCWRK 1.50000000 sec
======== CHANNEL fl ========
NUCLl 1H

PO 14.00 usec
Pl 40.00 usec
PL1 -3.00 dB
SFOl 598.1028177 MHz

Fl - Acquisition parameters

SFOl1 598.1028 MHz
FIDRES 46.950119 Hz

SW 10.048 ppm
FnMODE QF

F2 - Processing parameters

SI 2048

SF 598.0999500 MHz
WDW QSINE

SSB 0

LB 0 Hz

GB 0

PC 1.00

Fl - Processing parameters

ST 512

MC2 QF

SF 598.0999535 MHz
WDW QSINE

SSB 0
LB 0 Hz
GB 0

] ol J( J(
=
=

A
{i

3

=
&=

B 1.5
:— 2.0
:— 25
:— 3.0
:— 3.5
B 4.0

—4.5

5.0

5.0 4.5 4.0 35 3.0 2.5
'H-'"H COSY NMR spectrum of Compound 5 (600 MHz D,0)

-566-

ppm



<)
BRUKER
(><)

THK-6A-GAA"

Current Data Parameters

NEME THK-297
EXPNO 12
PROCNO 1

F2 - Bequisition Parameters
Date_ 20200505
Time 13.53
INSTRUM spect
PROEHD 5 mm QNP 1H/1
PULPROG hageetgpei

D 2048
SOLVENT CH3NO2

Ns 8

DS 8

SWH §009.615 Hz
FIDRES 2.934382 Hz
RQ 0.1703936 sec
RG 16384

DW 83.200 vesec
DE 6.50 useec
TE 297.9 K
CNST2 145.0000000

0 0.00000300 see
Dl 1.20000005 seec
44 0.00172414 sec
dll 0.03000000 sec
d13 0.00000400 sec
D16 0.00050000 sec
D24 0.00089000 see
DELTA 0.00162000 seec
DELTR1 0.00150800 sec
INO 0.00001511 see
MCREST see
MCWRK 0.20000041 sec
ST1CNT 0

CPDPRG[2
NUC2

GPNEM[1]

= CHENNEL £2 =

usee
usae
usee
dB
MHz

garp
13¢

10.00

20.00
70.00

0

20.00
150.4036444

GREDIENT CHENNEL

usee
usee
usee

SINE.100
GPNRM[2] SINE.100
GPK1 0%
GPX2 0 %
GPY1 0 %
CPY2 0%
GPZ1 80.00 %
GPZ2 20.10 %
Plé 1000.00 usec
Fl - Bequisition parameters
™D
SFO1 150.4036 MH=z
FIDRES 183.806641 Hz
W 219.976 ppm
FaMODE Echo-Entieche
F2 - Procsssing paramsters
sI 2048
sF 598.0999557 MHz
wDW QSINE
ssB 4
LB 0 Hz
B 0
PC 1.00
Fl - Processing parameters
sI
Mc2 echo-antieche
SF 150.3922053 MH=z
wDW QSINE
sSB 4
LB 0 Hz
B 0

A

Y W

it

AR sV I A

™

I

5.0

'H-13C HSQC NMR spectrum of Compound 5 (600 MHz/150 MHz D»0)

i
4.5

—
4.0

3.5
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BRUKER
(>

a6 B4
THK-6A-GAA7 p3
PN 5 |8 ol ppm

NAME THK-297
EXPNO 1z ¥
PROCNO 1
F2 - Acquisition Paramsters
Date_ 20200505
Time 15.00 3 )
INSTRUM spect F
PROBHD 5 mm QNP 1H/1 3 |
PULPROG  hmbcgplpndge . 20
TD 2048 ————t AP voshe
SOLVENT CH3NOZ 1 <= =] % =) =
gi 1g 4 oD [~-~] : &® ~o =P
SWH 6009.615 Hz 3
FIDRES 2.934382 Hz [
20 0.1703936 sec 3
RG 32768 1 -a a0 =00 — 40
DW 82,200 usec E
DE 6.00 usec -
TE 298.4 K
CNET2Z 145.0000000 — o
CNST13 £.0000000 Bo L= =
do 0.00000300 sec
D1 1.20000005 sec ¥
az 0.00344828 sec ; 3 — 60
de 0.06250000 sec ——— o
D16 0.00050000 sec ﬁ
INO 0.00001583 sec
MCREST 0 sec = ) €Bs o
MCWRK. 1.20000005 sec ‘ = 5P ; o L= =
=
CHANNEL £1 Fo =
NUC1 1H 5= a - 80
Pl 32.00 usec N
p2 64,00 usec @ « @ = e D
PL1 -3.00 dB
SFol 598.1028177 MHz
CHAENNEL f2 =
13¢ -
10.50 usec o
0 dB - = : Ri] —100
150.4055003 MHz & Wy w o % ) = . =
- GRADIENT CHANNEL =====
GPNAM[1] SINE.100
GENAM([2] SINE.100
GENAM[3] SINE.100
GPX1 0%
Gex2 0% — 120
GPX3 0%
GPY1 0% .
GPYZ 0%
GPY3 0%
Gez1 50,00 %
Gpz2 30,00 %
GPZ3 40.10 %
P16 1000.00 usec —
, ; 140
F1 - Acquisition parameters
TD 360
SFO1 150.4059% MHz =
FIDRES 175.520975 Hz
i 210,069 ppm
FnMODE QF
F2 - Processing parameters E 1 60
s1 4096 3
SF 598.0999360 MHz 3 .
Wow QSINE 3 o 2
SSB 2 =
LB o Hz <EReD
GB o k=l @
BC 1.00 ~180
F1 - Processing parameters
sI 512
MC2 QF 3
SF 150.3922180 MHz
WoW SINE -
SEB ] o
LB 0 Hz 2
GE o L s s Iy s I L S B S S S

5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

'H-3C HMBC NMR spectrum of Compound 5 (600 MHz/150 MHz D20)
-S68-
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BRUKER
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p4

THK-6A-GAAT

p3

Current Dsts Parameters
NAME THK-

ppm

-297
EXPNO 15
PROCNO 1 4 P
F2 - Roquisition Psremeters 1
Date_ 20200506
Time 3.44
INSTRUM spect
PROBHD 5 o QNP 1H/1
PULPROG hsgogpmlph o
2048 v
SOLVENT ¢pe1s
NS 16 r
DS 8
SWH 6009.615 Hz . -
FIDRES 2.934382 Hz
AQ 0.1703936 sec
RG
DW 83.200 usec
DE 6.50 usec
TE 569.7 K 4
CNST2Z 145.0000000
o 0. sec %4
D1 1.20000005 sec
d4q 0.00172414 sec 0 o
D% 0.07500000 sec
d11 0.03000000 sec
d13 0.00000400 sec
D16 0.00100000 sec
DELTA 0.00200000 sec
DELTAl 0.00007000 sec N
3 i

0.00001385 sec

0 sec
0.60000002 sec
6

= CHANNEL f£1

1H
32.00 usec

64.00 usec
46.69 usec

140.00 uzec
1000.00 usec
1000.00 usec

-3.00 dB
4.00 dB
598.1028172 MHz

70.00 — i
usec ’«C@

10

20

30

40

50

60

70

80

90

100

110

3 a @ , 04
: ‘
3 g ¢
150.4044237 MHz —— 7 o
GRADIENT CHANNEL = ——— i@
GENRM[1] SINE. 100 4
GENAM[2] SINE.100 3
GENAM[3] SINE.100 @
GPX1 0 4
GPx2 0= 3
GPX3 o — @ a
GPY1 0% 3
GPY2 o= 3 '
GPY3 o 3 q
GPE1 80,00 3
cpz2 30.00 & 1
GPE3 20.10 & {
P16 1000.00 usec 1
F1 - Acquisition perameters 3
D 3
sFO1 1504044 MHz
FIDRES 240673889 Hz
e 240.027 ppm
FrMODE TEPI ¥
F2 - Processing parsmeters S ——— C @ - O‘V\,\ g I
ST 2048 . @ % '” f
SF 598.0999514 MHz F 1
D QSTNE
SSB 2 3 )
LB 0 Hz b i
GB [ E
B¢ 1.00
F1 - Processing parameters E
ST 512 |
Mz TEPI -
ES 1503922204 MHz 3
S QsTNE
sse 2 I I I I | I |
LE 0 Hz
GB

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
'H-13C HSQC-TOCSY NMR spectrum of Compound 5 (600 MHz/150 MHz D,0)
-569-
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4
3
0
5
9
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9
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5
1
0
3
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3
2
9
6
4
1
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6
1
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104.133
103.902
102.974

101.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

/ \\\m\\\\\///V//////%/ I

T 176.082

_—176.738
T—174.623

e

HO  OMe
0,C

H
N 7~o
HO 3
/TJH*O HO 0

THK-6GM—GAA7 HO HO —~OH OH
0 0 o}
HO 0 %o OCgH1oN;3
: OH

Current Data Parameters
NAME THK-283-13C-20200328, £id NHAc OH
EXPNO 1

PROCNO 1 5a

F2 - Processing parameters

ST 65536

SE 125.6715636 MHz

WDW EM

SSB 0

1B 0.30 Hz

GB 0

pC 1.00

......... I e o o T I e o e R B o e o M B e B I REBAEEssas nass s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

'"H NMR spectrum of Compound 5a (125 MHz D-0)
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zg
32768

H20+D20
0

9541.984 Hz

128
6.50 usec
294.6 K

1024
52.400 usec
2.00000000 sec

20200114
11.15
spect

1H/1

0.291198 Hz

1.7170432 sec

THK-260-600

Ly8E" ¥ 4
086€ ¥ 4
SeSh v 4
0997 v 4
985S ¥
LeLs v 4
668L ¥4

5 mm QNP
CHANNEL f1

— Acqguisition Parameters

Current Data Parameters

THK-6A'-GAA7
NAME

EXPNO
PROCNO
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS
FIDRES
MCREST
MCWRK

F2
Date
Time
SWH
RG
DW
DE
TE
D1
NUC1
Pl

5.0

5.5

6.0

"H NMR spectrum of Compound 6 (600 MHz D-0)

7.0 6.5

7.5

10.15 usec
-1.00 dB

598.1028163 MHz

8.0

598.,0999505 MHz

— Processing parameters

PL1
SFO1
F2
ST
SE
WDW
SSB
LB
GB
PC
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THK-6A"'-GAAT7

Current Data Parameters

NAME THEK-260-600
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Date. 20200115

Time 10.08 OH
INSTRUM spsjt O
PROBHD 5 mm QNP 1H/1

PULPROG zgpg OHO OCgH12N3
TD 32768

SOLVENT D20 OH
NS 1177

DS 0 6

SWH 45045.047 Hz

FIDRES 1.374666 Hz

AQ 0.3637248 sec

RG 4096

Dw 11.100 usec

DE 6.50 usec

TE 294.6 K

D1 3.50000000 sec

dll 0.03000000 sec

DELTA 3.40000010 sec

MCREST 0 sec

MCWRK 0.01500000 sec

CHANNEL f1 = ==
13C
4.80 usec
0 dB
150.4080927 MHz
CHANNEL f2 =
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 92.00 usec
PL2 120.00 dB
PL12 7.00 dB
PL13 14.00 dB
SFO2 598.1030916 MHz
F2 - Processing parameters
ST 65536
SF 150.3922150 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.00

W Ll J I

| | | T T | | | | T T | | | | | T | |
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectrum of Corsn7}§ound 6 (150 MHz D»0)
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THK-6"A-GAA7
6 M ppm
Current Data Parameters |
NAME THK-260-600
EXPNO 11 r
PROCNO 1 L
F2 - Acquisition Parameters I
Date_ 20200115 —1.5
Time 12.09 @ -
INSTRUM spect [} @ i
PROBHD 5 mm QNP 1H/1 @ L
PULPROG cosygf a , |
TD 2048
SOLVENT MeOD r
NS 8 S
SWH 6009.615 Hz I
FIDRES 2.934382 Hz o L
AQ 0.1703936 sec
RG 128 I
DW 83.200 usec +
DE 6.50 usec
TE 295.0 K —2.5
do 0.00000300 sec ’ F
D1 1.50000000 sec = ‘g @ L
INO 0.00016640 sec ]?
MCREST 0 sec I
MCWRK 1.50000000 sec L
==——==—= CHANNEL fl ======== —3.0
NUC1l 1H +
PO 14.00 usec B
Pl 12.80 usec = i I
PL1 -3.00 dB {© 3
SFOl 598.1028152 MHz = |
Fl - Acquisition parameters c Y —3_5
TD 400 Yz L
SFOl 598.1028 MHz fil @ @ 0 4|
FIDRES 30.048077 Hz v A LN I
SW 10.048 ppm ; o L
FnMODE QF 0 y / |
=7
F2 - Processing parameters l — 4_0
ST 2048 |
SF 598.0999443 MHz
WDW QSINE r
39B 0 |
1B 0 Hz
GB 0 I
PC 1.00 - 4 5
Fl - Processing parameters ~ I
ST 512 } +
MC2 QF o 7 |
SF 598.0999504 MHz e
WDW QSINE ) r
SSB 0
1B 0 Hz L L 5.0
e ° 45 4.0 3.5 3.0 2.5 2.0 15 ppm

'H-'"H COSY NMR spectrum of Compound 6 (600 MHz D,0)
574



THK-6"A-GAAT

Current Data Paramsters

NAME THK-260-600
EXPNO 12z
PROCNO 1

F2 - Requisition Parameters

Date_ 20200115
Time 12.40
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG hsgeetgpsi
2048
SOLVENT Acetons
N 16
DS 8
SWH 6009615 Hz
FIDRES 2.934382 Hz
RQ 0.1703936 sec
RG 16384
DH 83,200 usec
DE 6,50 usec
TE 294.7 K
CNSTZ 145.0000000
a0 0.00000300 sec
D1 1.20000005 sec
a4 0.00172414 sec
a1l 0.02000000 sec
a1z 0.00000400 sec
D16 0.00050000 sec
D24 0.00089000 sec
DELTA 0.00158160 sec
DELTAL 0.00150800 sec
INO 0.00001511 sec
MCREST 0 sec
MCWRK 0.20000041 sec
ST1CNT 0

CHENNEL £1

NUe1 1H
P1 12.80 usec
p2 25.60 usec
P23 1000.00 usec
PL1 -3.00 dB
SFO1 598.1028152 MHz
CHRNNEL £2
CEDPRG[2
nucz
P23 10.00 usec
p4 20.00 usec
PCPDZ 70.00 usec
PLZ 0 aB
PL12 20.00 dB
SFoz 150.4042733 MHz

= GREDIENT CHENNEL =

GPNAM[1] SINE.100
GPNAM([2] SINE.100
GPX1 0%
GPX2 0%
GPY1 0%
GPYZ 0 %
GPZ1 80,00 %
GPZ2 20.10 %
P16 1000.,00 usec

F1 - Requisition parameters
D

SFO1 150.4043 MHz
FIDRES 129.239044 Hz
s 219.975 ppm
FnMODE Echo-Antiecho

F2 - Processing parameters

SI 2048

SF 598.0999701 MHz
wDW QSINE

SSB 4

LB 0 Hz
GB o

BC 1.00

F1 - Processing parameters
SI 512

MC2Z echo-antiecho

SF 150.3922119% MHz
woW QSINE

SSB a

LB 0 Hz
GB o

ppm

L

Al L4

10

20

30

40

50

60

70

80

90

100

110

5.0 45 4.0 3.5 3.0 25 2.0

'H-13C HSQC NMR spectrum of Compound 6 (600 MHz/150 MHz D»0)
-575-
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THK-

6'A-GAAT

Current Data Paramsters

NEME
EXPNO
PROCNO

THK-260-600
12
1

F2 - Requisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES

GENAM([1]
GENAM[2]
GENAM[2]
GPK1
GPRZ
GPK3
GPY1
GPYZ
GPY3
GPZ1
GPZ2Z
GPZ3

P16

D
SFO1
FIDRES
W
FnMODE

GRADIENT CHANNEL

20200115
16.51
spect

5 mm QNP 1H/1

hmbegplpndgf

2048

Bcetone

3z

o

6009.615 Hz

2.934382 Hz
0.1703936 sec

32768
83.200 usec
6,00 usec

295.8 K

145.0000000

£.0000000
0.00000300 sec
1.20000005 sec
0.00344828 sec
0.06250000 sec
0.00050000 sec¢
0.00001662 sec
0 sec
1.20000005 sec

CHENNEL £1

1H
12.80 usec
25,60 usec
-3.00 dB
598.1028152 MHz

CHANNEL £2

13¢
10.50 usec

150.4042733 MHz

SINE.100
SINE.100
SINE.100

ococooco0o0
@ @ @

50.00 %

30.00 %

40.10 %
1000.00 usec

F1 - Aequisition parameters
512

150.4043 MHz

117.481201 Hz

199.962 ppm
QF

F2 - Processing parameters

096
598.0999445 MHz
QSINE
2
0 Hz
)

1.00

F1 - Processing parameters

QF
150.3922056 MHz

SINE

o

0 Hz
o

a6

p4

ppm

o a
- a
=
ea - o
. e . 2 - = =
ooo o e
- o =
@™ R - =
- = B o
= &=
o TR - -
= < o <
= -- - - -
= - - e
= a2
= P o
= T e a < =4 = @ R
- &

ol

100

—120

140

160

—180

T | | T | |
5.0 4.5 4.0 3.5 3.0 25 2.0

13C HMBC NMR spectrum of Compound 6 (600 MHz/150 MHz D»0)
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BRUKER a6
(> 5
THK-6'A-GAA7 . B3
Current Dsts Parsmeters ppm

(=]

THK-260-500 3 T F
1a E3 E
PROCNO 1 3 a r
3 F
P2 - Requizition Parsmeters i L
Date_ 20200115 E 4 t
Tine 23.28 g r
INSTRUM spect > [ 1 o
PROBHD 5 mm QNP 1H/1 a F
PULPROG hegogpmlph - F
™D 2048 E 3 4 [
SOLVENT cpe13 E \ [
v o . & b
DS 8 ol -
6009615 Hz 3 r
FIDRES 2.934382 Hz E [ 20
BQ 0.170393% sec 3 4
RG 3276 t
D3 83,200 usec £ [
DE 6.50 usec 3 o F
TE 294.6 K i 1 @ E
CNSTZ 145.0000000 F
40 0.00000300 sec 3 [
D1 1.20000005 sec - < P @ — 30
aa ©0.00172414 sec 3 . ) t
D9 ©.07500000 sec d r
d11 0.03000000 sec E [
a13 ©£.00000400 sec 3 E
D16 ©£.00100000 sec “ F
DELTA 0.00200000 sec [
DELTAL 0.00003160 zec 3 [
FACTORL 3 E ‘ — 40
IND 0.00001511 sec ; . O {9 < © <@ C
1 [
MCREST 0 sec F
MCSHRE ©.60000002 sec F
SCALEF 6 t
da [
1 . 4§ = 50
P1 12.80 usec F
ez 25.60 usec ?_ [} & ? - @ﬂ . 3 Q [
PS5 16.67 usec 3 ' 480 bf L
P6 25.00 usec 3 1 t
o7 50,00 usec . ° r
P17 1000.00 usec . o8 [
P28 1000.00 usec R E
PL1 -3.00 dB o ~ 60
PL10 4.00 dB 4o ¢ r
SPOL 5981028152 MHz N . [
G- i F
L T b F
4 -
a 9 ¢ [
é o N ! - 70
o @ . ) @ s
20.00 4B a © @@ < : 8 F
150.4042733 MHz a B P F
v b o F
GRADIENT CHANNEL -4 F
GPNAM[1] SINE.100 t
GPNAM (2] SINE.100 - & . oYl 9 fs — 80
CPNAM[3] SINE.100 2 [
epx1 LR fioa] 8 a a. 4 t
cpxz L E3 3 t
GPK3 RS g y
GPYL RS . - [
cpYz LS q F
GPY3 L3 f [
GPE1 80.00 & %’ — 90
GPR2 30.00 % E
GP23 20,10 % ' v F
P16 1000.00 usec . F
F1 - Rcquisition paremeters . L
TD 400 g F
SPOL 150.4043 MHz i r
FIDRES 165.425964 Hz 4 . — 1 oo
s 219.975 ppm 0 F
E— Tert — 3 o s ) :
9= [ a @ r
F2 - Processing paremeters E . [
ST E
S|P 598.0999770 MHz t
S5 QSINE r
SSB 3 q - 1 1 0
LE 0 Hz E
cB o 9 F
Pe 1.00 N L
. N [
F1 - Processing parameters " t
ST 512 H r
Mez 2
pis 150.3922131 MHz T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
S5 QSINE
SSB 3
2 o e 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm
=3 o

'H-13C HSQC-TOCSY NMR spectrum of Compound 6 (600 MHz/150 MHz D,0)
577-
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F2 - Processing parameters

Current Data Parameters

NAME
PROCNO

EXPNO
ST

THK-6A6'A-GAAT

5.0

5.5

6.0

7
6.5
"H NMR spectrum of Compound 7 (500 MHz D-0)

7.0

7.5

EM

0
0.30 Hz

0
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8.0

8.5
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WDW
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Current Data Parameters
THK-261-20200201-13C.fid

NAME

EXPNO
PROCNO

65536
125.6718952 MHz

F2 - Processing parameters

ST
SE
WDW
SSB
LB
GB
PC

B IR 1

180 170 160 150 140 130 120 110

190

"H NMR spectrum of Compound 7 (500 MHz D-0)
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F2 - Processing parameters

Current Data Parameters
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PROCNO

EXPNO
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"H NMR spectrum of Compound 8 (700 MHz D-0)
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F2 - Processing parameters

Current Data Parameters

NAME
EXPNO
PROCNO
ST

SF
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SSB

1B

GB

PC
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3C NMR spectrum of Compound 8 (175 MHz D-0)
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BRUKER 3
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THK-6A3A-GAA—-T7

Current Data Parameters

NAME THK-GAAT7-AR-180604
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180604

Time 9.48
INSTRUM R e ——
PROBHD 5 mm QNP 1H/1 ‘44444444444#__i2
PULPROG cosygf

TD 2048
SOLVENT H20+D20

NS 16

DS Q

SWH 6009.615 Hz
FIDRES 2.934382 Hz
AQ 0.1703936 sec
RG 128

DW 83.200 usec
DE 6.50 usec
TE 299.8 K

do 0.00000300 sec
D1 1.50000000 sec
INO 0.00016640 sec
MCREST 0 sec

MCWRK 1.50000000 sec
======== CHANNEL fl ========
NUC1 1H

PO 14.00 usec
Pl 14.00 usec
PL1 -2.00 dB
SFOLl 598.3028186 MHz

Fl - Acquisition parameters
TD 256

SFOl 598.3028 MHz
FIDRES 46.950119 Hz
SW 10.044 ppm
FnMODE oF

F2 - Processing parameters
ST 2048

SF 598.2999500 MHz
WDW QSINE
SSB 0

1B 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
SI 512

ppm

bt

4900

00

—1.5

—2.0

—2.5

—3.0

—3.5

—4.0

—4.5

MC2 oF

SF 598.2999530 MHz

WDW QSINE

SSB 0

LB 0 Hz

GB 0 5.0

4.5
'H-'"H COSY NMR spectrum of Compound 8 (600 MHz D,0)

| | |
4.0 3.5 3.0

-582-

2.0

1.5

5.0
ppm



BROKER 3
) .

THK-6A3A-GAA-/

Current Data Parametara

ppm

NRME
EXPNO
PROCNO

£2 - Acquisition Pasametass F
Date_ 20180605 =
Time 6.42 F
INSTRUM spact
PROBHD S mm QNP 1H/1
PULPROG hageetgpai
™ 2048
SOLVENT D20
s s
ps s
s §009.615 Hz
FIDRES 2.934382 Hz
e 0.1703936 sec
RG
pw 83.200 usec
DE 6.50 usec
= .8 K
cnsT2 145.0000000
o 0.00000300 2ee
1.50000000 sec
0.00172414 see
o. oy
0.00000400 see
0.00050000 2ee
0.00089000 2ac
0.00157700 see
0.00150800 2ae 3
0.00001385 sec 3
0 see F
0.25000051 sec —E_-
o 3
s
CHANNEL £1 = =
1 E 3
10.50 wase ——————————op
3
- =

= GREDIENT CHANNEL

THK-GRA7-RR-180604
12

1

21.00 usee
1000.00 uaee

-3.00 dB
598.3028186 MH=

CHRNNEL £2

0 dB

20.01
150.4539382 MH=

W

GPNRM[1] SINE.100
GPNRM[2] SINE.100

PKL 0%

cPx2 o %

GPYl 0%

cpy2 o %

cpal 80.00 %
cpz2 20.10 %
P16 1000.00 usec
F1 - Requisition parameters
™ 300
B 150.4539 MHz
FIDRES 240.673889 Hz
sW 239.948 ppm
FnMODE  Eche-Bntiecho

F2 - ng

sT 2048

SE 598.2999530 MHz
wDw QSINE

ssB a

1B 0 Hz

o8 o

Bc 1.00

Fl - Processing parameters
sI

Mz echo-antiecho

B 150.4425046 MHz
wDw QSINE

ssB a

1B 0 Hz

=

@ b

—100

—110

5.0

45
'H-13C HSQC NMR spectrum of Compound 8 (600 MHz/150 MHz D»0)

4.0

3.5

-583-

1.5 ppm
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BRUKER 3
(> 8
ppm

THK- 6A3A—CGAA—7 o ® oo - 20

b
)
o}
00

NAME THK-GRA7-BA-180604 — ————————ux o B L
EXENO 13

PROCNO 1

F2 - Rcquisition Parameters

Date_ 20180605 2 . . I 40
Time 7.50

INSTRUM spect

PROBHD 5 mm QNP 1H/1 3

PULPROG  hmbegplpndgf
D 2048 %‘ I

SOLVENT D20 — o + .. =) o @ =) o @ °
N 16
DS o
SWH 6009.615 Hz 3 | 60
FIDRES 2.934382 Hz =3
2Q 0.1702936 sec
RG 22768 — = <
Dw 23.200 usec 1 o
DE 6.00 usec & oc) L
TE 98.9 K -
CNST2 145.0000000
CNST13 12.0000000 g a [
d0 0.00000300 sec i
D1 1.50000000 sec . P — 80
az 0.00344828 sec — ) o
a6 0.04166667 sec ]
D16 0.00050000 sec
N 0.00001661 sec
MCREST 0 sec F
MCWRK 1.50000000 sec

CHRMNEL £1 = 3

10.50 usec = QQ = sl @@ —100
21.00 usec s .
i) = &

-3.00 d
598.3028186 MHz 3

CHANNEL £2 =
1

ac
10.00 usec
0 aB

150.4561948 MHz _120

GRADIENT CHANNEL

GENRM[1] SINE.100
GENRM[2] SINE.100

GENEM[3] SINE.100 +

GPXL 0%

GPR2 0%

GPX3 0% 3

GPY1 0%

GPYZ 0% — 1 40
GPY3 0%

GPZ1 50.00 %

GPZ2 20.00 %

GPZ3 40.10 %

P16 1000.00 usec B

F1 - Acquisition parameters

TD

SFO1 150.4562 MHz

FIDRES 213.459702 Hz _ 1 60
sW 200.044 ppm

FnMODE QF

F2 - Processing parameters L

SI

SF 598.2999340 MHz —_ (e &

WOW QSINE ;7- e Do
SSB z
LB 0 Hz k3 — 1 80

GB 0
BC 1.00

Fl - Processing parameters

ST 512 r
Mez QF

SF 150.4425046 MHz

oW

SSB o

LB 0 Hz T T T T T T |

GB 0

5.0 45 4.0 3.5 3.0 2.5 2.0 15 ppm
'H-3C HMBC NMR spectrum of Compound 8 (600 MHz/150 MHz D»0)
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Current Data Parameters

NAME

THK-278-f

o

—

EXPNO

o)
NHAc

—

PROCNO

OH

F2 - Acquisition Parameters

Date

9

20200417

12.15
spect

Time

1H/1

zg
32768
H20+D20

5 mm QNP

INSTRUM
PROBHD
SOLVENT

PULPROG
NS
DS

TD

0

128
8389.262 Hz

SWH

0.256020 Hz
1.9529728 sec

FIDRES
AQ
RG

59.600 usec

DW
DE
TE
D1

6.50 usec

299.1 K
2.00000000 sec

0 sec

0.01500000 sec

MCREST
MCWRK

CHANNEL f1

10.00 usec
-3.00 dB

598.1028167 MHz

N
0 oom N
o
o = =
Po—d0ocooo
Qoo g o
M75 .
ISl ~
“ Ll
AN
2 o
o o«
= o
~ o
]
0
w
9]
o]
S
n
|

=m
NHERO®NMMAO
mnnzndln

LR

Ppm

1.0 0.5

|

2

(=3

5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

"H NMR spectrum of Compound 9 (600 MHz D-0)
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THK-6"A3A-GAAT

Current Data Parameters
NAME

THK-278-£
EXPNO 2
PROCNG 1
F2 - Acquisition Parameters
Date_ 20200413
ime
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zgpg
D 32768
SOLVENT D20
NS 9765
Ds 0
SWH 45045,047 Hz
FIDRES 1.374666 Hz
aQ 0.3637248 sec
RG 4096
D 11.100 usec
DE 6.50 use
TE 294.6 K
D1 3.50000000 sec
dil 0.03000000 sec
DELTA 3.40000010 sec
MCREST 0 sec
MCWRK 0.01500000 sec
CHANNEL fl ==
13¢
4,80 use

150.4092089 MHz

======== CHANNEL f2 ===
CPDPRG[2 waltzl6
Nuc2 1H
PCPD2 92.00 use.
PL2 120.00 dB
PL12 6.00 dB
PL13 15.00 dB
SFO2 598.1029905 MHz
F2 - Processing parameters
ST 65536

SF 150.3922109 MHz
WDW EM
ssB )

LB 3.00 Hz
GB 0

PC 1.00

175.883
174.753

OH

O
HO OCgH12N3
OH

A

22.988
22.962

4

T T

190 180

T T T T T T T T

170 160 150 140 130 120 110 100 90
3C NMR spectrum of Compound 9 (150 MHz D-0)
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THK-6"A3A-GAAT
Current Data Parameters
NAME THE-278-f
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200412
Time 12.57
INSTRUM spect
PROBHD 5 mm QNP 1H/1 3
PULPROG cosyqgf
TD 2048
SOLVENT D20
nNs 16 o
Ds 0
SWH 6009.615 Hz j
FIDRES 2.934382 Hz 4
AQ 0.1703936 sec
RG 128
DW 83.200 usec
DE 6,50 usec
TE 294.8 K
do 0.00000300 sec
Dl 1.50000000 sec
INo 0.00016640 sec
MCREST 0 sec g
MCWRE 1.50000000 sec
======== CHANNEL fl ========
NUCL 1H
PO 14.00 usec
Pl 12.80 usec
PLL -3.00 dB
SFOL 598.1028162 MHz

Fl - Acquisition parameters
TD 400

SFOL 598.1028 MHz
FIDRES 30.048077 Hz
SW 10.048 ppm
FnMODE QF

F2 - Processing parameters
ST 2048

SF 598.0999344 MHz
WDW QSINE

SSB 0

LB 0 Hz
GB 0

PC 1.00

Fl - Processing parameters
ST 512

MC2 QF

SF 598.0999348 MHz
WDW QSINE

SSB 0

LB

0 Hz
GB 0

PpPm

=

Cace=E e

i @ oo

@c:o,ma‘@ Py

(=]

=

e
@

2=

=

&

:— 1.5
:— 2.0
B 2.5
B 3.0
:— 3.5
:— 4.0
0

5.0

I I

| | | |
5.0 4.5 4.0 3.5 3.0 2.5 2.0

'H-'"H COSY NMR spectrum of Compound 9 (600 MHz D,0)
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BRUKER
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o3 9

THK-6'A3A-GAA 3 g

Current Data Parameters

THK-278-£
EXPNO 102
PROCNO 1
F2 - Bequisition Parameters
Date_ 20200415
Time
INSTRUM apect
PROBHD 5 mm QNP 1H/1
PULPROG hageetgpsi
™ 2048
SOLVENT Reatone
NS 16
DS )
SWH 6009.615 Hz
FIDRES 2.934382 Hz
50 0.1703936 see
RG 32768
DW 83.200 useec
DE 6.50 usec
TE 295.9 K
CNST2 145.0000000
0 0.00000300 see
Dl 1.20000005 sec
44 0.00172414 =zec
d1l 0.03000000 seec
d13 0.00000400 sec
Dlé 0.00050000 seec
D24 0.00089000 see
DELTE 0.00158200 see
DELTEL 0.00150800 sec
INO 0.00001511 sec
MCREST 0 sec
MCWRK 0.20000041 sec
ST1CNT 0
CHENNEL £1
Nucl 1H
Pl 13.00 usec
p2 26.00 naac
P28 1000.00 usec
PL1 -3.00
SFOl 598.1028152 MHz
CHENNEL £2

CPDPRG[2 garp
NUC2 13¢
B3 10.00 usec
pd 20.00 usee
PCPD2 70.00 uzec
PL2 0 dB
PL12 .00 dB
SFO2 150.4037948 MHz

= GRADIENT CHAENNEL
GPNRM([1] SINE.100
GPNRM([2] SINE.100
GPX1 0%
cPK2 0%
cPY1 0%
GPY2 0%
cPzl 80.00 %
cPz2 20.10 %
P16 1000.00 uzee

Fl - Bequisition paramet.
D 239

ers

SFol 150.4038 MHz
FIDRES 276.863556 Hz
219.976 ppm

sW
FnMODE Eche-Bntieche

F2 - Procesaing paramete
2048

re

SF 598.0999706 MHz
wDW QSINE
ssB 4
LB 0 Hz
GB 0
BC 1.00
Fl - Processing parameters
SI 512
me2 echo-antiecho
SF 150.3922135 MH=
WDW QSINE
ssB 4
LB 0 Hz
¢B 0

Ppm

bl L

W P e

v} O(‘

<D

10

20

30

40

50

60

70

80

90

100

110

I I I I I I
5.0 4.5 4.0 3.5 3.0 25 2.0
'H-13C HSQC NMR spectrum of Compound 9 (600 MHz/150 MHz D»0)
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THK-6"'A3A-GAAT

Current Data Parameters

NEME
EXPNO
PROCNO

THK-278-£f
13
1

F2 - Bequisition Parameters

ppm

Date_ 20200415

Time 13.03

INSTRUM spect.

PROBHD 5 mm QNP 1H/1

PULPROG  hmbegplpndgf

D 2048

SOLVENT Acetone

ng 96

D$ 0

SWH 6009.615 Hz

FIDRES 2.934382 Hz

AQ 0.1703936 sec

RG 32768

DW 83,200 usec

DE 6,00 usec

TE 295.7 K

CNSTZ 145.0000000

CNST13 £.0000000

a0 0.00000300 sec

D1 1.20000005 sec¢

az 0.00344828 sec

as 0.06250000 sec

D16 0.00050000 sec

N0 0.00001662 sec

MCREST 0 sec

MCWRK 1.20000005 sec
CHANNEL £1

NUC1 1H

P1 12.90 usec

p2 25.80 usec

PL1 -3.00 dB

SFO1 598.1028152 MHz
CHANNEL £2

ez 13¢

P3 10.50 usec

PLZ 0 4B

SFO2 150.4042732 MHz

GENAM[1]
GENAM[2]
GENAM[3]
GPK1
GPE2
GPX3
GPY1
GPYZ
GPYZ
GPZ1
GPZ2
GPZ3

P16

D
SFO1
FIDRES
W
FnMODE

GREDIENT CHANNEL =

SINE.100
SINE.100
SINE.100

cooooo

RN

50.00
30.00
40.10
1000.00 usec

F1 - Requisition parameters
267

150.4043 MHz

163.,897476 Hz

199,962 ppm
QF

F2 - Processing parameters

sI
SF
WD
SSB
LB
GB
PC

SI
MC2
SF
wou
SSB
LB
GB

598.0999308 MHz
QSINE
2
0 Hz

o
1.00

Fl - Processing parameters
512

QF
150.3%22043 MHz
SINE

o
0 Hz
o

o P °
i °
. @

N R X

< co 2;
o0 @
2 o Qp @ Py 0@ L) >
oo s .
Lew o G amye
= Ly o
o T: CEEQE:;EQO . (g . -]
(=4 “ o
AT © -]
<o @& @0 @
- =
e . . o P
of® DRy 4
o 2000

@
W
)
1}

40

- —100

—120

—140

—160

—180

5.0 4.5

4.0

T T T T T T T T T T T T T

3.5 3.0

T T T T T T T T T T

2.0 ppm

'H-3C HMBC NMR spectrum of Compound 9 (600 MHz/150 MHz D»0)
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THK-6'A3A-GAAT

Current Dsts Persmeters
NAME THK-278-£
EXPNO 14
PROCNO 1

F2 - Acquisition Parsmeters
Dste_ 20200416
12.46
spect
5 xun QNP 1H/1
hegegpmlph
2048
¢pe13
] 96
DS 8
6009615 Hz
2.934382 Hz
0.1703936 sec
32768
83.200 usec
§.50 usec
297.1 K
145.0000000
©.00000300
1.20000005
0.00172414
0.07500000
©£.03000000 sec
©£.00000400 sec
0.00100000 sec
©0.00200000 sec
0.00003160 sec

INSTRUM
PROBHD
PULPROG

sec
zec
sec
sec

8
0.00001511 zec
48
0 sec
0.60000002 sec
6
CHANNEL f1
25.00 usec
50,00 usec

1000.00 usec
1000.00 usec

150.4059003 MHz

GRADIENT CHAMNEL =

GPNAM([1] SINE.100
GPNAM([2] SINE.100
GPNAM[3] SINE.100

GPX1 LR}
GPX2 08
GPK3 LY
GPYL o8
GPY2 LY
GPY3 08
GPE1 80.00 %
GPE2 30.00 %
PE3 20.10 %
P16 1000.00 usec

F1 - Acquisition psrsmeters
D

SFOL 1504059 MHz
FIDRES 167.945145 Hz
E 219.973 ppm
FrMODE TPPI

F2 - Processing parsmeters
sI 43

sP 5980999696 MHz
SDW QSINE
SSB

LB 0 Hz
GB [

B¢ 1.00

F1 - Processing parsmeters
sI 512

Mez TPPI
SF 150.3922424 MHz
S5 QSINE

SSB 2

LE 0 Hz
GB o

ORTTY

2

-3.00 dB 3
4.00 dB —%
598.1028152 MHz
CHMNEL f£2 1
10.00 usec _—
20.00 usec
70.00 usec —_—
0 —

p4

bk

Prigt/ Sy

ol

WYY

b i

VY YWy

M )

PPmM

10

30

40

50

60

Y C
q @y 9O 9° o . F
4 g i -Qa,'@e : ' ® q: - 70
o o, o
9 N gy " i Q -0 F
@ o ,E? 5 G § o
9 . . Lol . S

80

0@

5.0
'H-13C HSQC-TOCSY NMR spectrum of Compound 9 (600 MHz/150 MHz D,0)
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F2 - Processing parameters

Current Data Parameters
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PROCNO
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PC
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"H NMR spectrum of Compound 10 (500 MHz D>0)
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Current Data Parameters
THK-263-20200202-13C.fid

NAME

EXPNO
PROCNO

O -0 OH
0 o o}
HO OCgH15N3
OH OH

H
o}
6}
NHAc

HO
O

HO,C
H
\\H/Ng‘ O
OHO HO

HO OH

65536
125.6718930 MHz

F2 - Processing parameters

ST
SE
WDW
SSB
LB
GB
PC

10

60

T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70

170

180

10 ppm
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BC NMR spectrum of Compound 10 (125 MHz D,0)
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HO _OH

(0]

1
1

EXPNO
PROCNO

OCgH12N3

(@]
NHTFA

HO

F2 - Processing parameters

"

499.7888646 MHz
EM
0
0.30 Hz
0
1.00
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LB
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PC
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3.0 2.5 2.0 1.5 1.0 0.5

3.5

4.0

~[©
e
ale

o [0
o0
(=]

5
2

4
™~
=)
-

5.0

5.5

6.0

6.5

8.0 7.5 7.0

8.5

J

L]
-
<

|

©
<
<

uﬁ
H N
3]

| N[O
A RN
lmWwlNN

(=

-
-
-

'"H NMR spectrum of Compound 11 (500 MHz D,0)
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THK-0-TFA-GAA7

Current Data Parameters
NAME

EXPNO 1
PROCNO 1
F2 - Processing parameters

SI 65536

SF 125.6718829 MHz

WDW EM
SSB 0
LB 0.30 Hz
GB o]
PC 1.00

161.113
160.811
160.516
160.225

£
N

THK-264-TFA-20200203-13C.fid

o) S0 ©wn O
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BC NMR spectrum of Compound 11 (125 MHz D,0)
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