Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

Chemical Synthesis of the Tumor-Associated Globo H Antigen

Satadru S. Mandal,™ Guochao Liao,™ and Zhongwu Guo*™
4 Department of Chemistry, Wayne State University, 5101 Cass Avenue, Detroit, MI 48202, United States

*Corresponding author: Tel. +1-313-577-2557; E-mail: zwguo@chem.wayne.edu

Table of Contents

Supplementary Experimental SeCtion-----=-=-====mmmomm oo Page S1
Supplementary ReferenCes —---=-=-=s=mmmmmmmmm s e oo e e e e ee Page S6
NMR and MS Spectra of COMPOUNAS =-=-=-=====mmm e oo Page S7

Supplementary Experimental Section

General Methods. Chemicals and materials were obtained from commercial sources and were
used as received without further purification unless otherwise noted. 4A molecular sieves (MS)
were flame-dried under high vacuum and used immediately after cooling under a N, atmosphere.
Analytical TLC was carried out on silica gel 60A F,s4 plates with detection by a UV detector
and/or by charring with 15% (v/v) H,SO,4 in EtOH. NMR spectra were recorded on a 400, 500,
or 600 MHz machine with chemical shifts reported in ppm (6) downfield from tetramethylsilane
(TMS) that was used as an internal reference.
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Ethyl 2,3,4,6-tetra-O-Acetyl-1-thio-p-D-galactopyranoside S2.) After a mixture of D-galactose
S1 (10.0 g, 55.5 mmol), anhydrous NaOAc (5.9 g, 72.2 mmol) and Ac,O (50 ml) was stirred at
80 °C for 4 h, with the reaction progress monitored by TLC, it was cooled to rt and then poured
into cold saturated ag. NaHCOj solution. The mixture was stirred at 0 °C for 1.5 h and extracted
with CH,Cl,. The organic layer was separated and dried over Na,SO,. The solvent was removed
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in vacuum and the residue was purified by silica gel column chromatography (AcOEt/petroleum
ether. 1:4, v/v) to give the peracetylated galactose (19.8 g, 92%) as a white solid. *"H NMR (400
MHz, CDCls): 6:5.69 (d, J = 8.1 Hz, 1 H, H-1), 5.42 (d, J =3.2 Hz, 1 H, H-4),5.33 (t, J = 8.1
Hz, 1 H, H-2), 5.07 (dd, J = 10.5, 4.0 Hz, 1 H, H-3), 4.19-4.08 (m, 2 H, H-6, H-6"), 4.07-4.02 (m,
1 H, H-5), 2.10 (s, 3 H, OAc), 2.06 (s, 6 H, OAc), 2.01 (s, 3 H, OAc), 1.97 (s, 3 H, OACc). The
product (19.0 g, 48.7 mmol) and ethanethiol (5.41 mL, 73.0 mmol) were dissolved in anhydrous
CH,Cl;, (120 mL) at 0 °C, and then BF3-Et,O (12.0 mL, 97.4 mmol) was added dropwise. The
solution was stitted at 0 °C until when TLC showed the completion of the reaction. The reaction
mixture was washed with saturated ag. NaHCOj3 solution and brine and dried over Na,SO4, and
the organic phase was concentrated under reduced pressure. The residue was purified by flash
silica gel column chromatography (AcOEt/petroleum ether. 1:4, v/v) to give S2 (16.4 g, 86%) as
a white solid. *H NMR (400 MHz, CDCls): § 5.39 (d, J = 3.2 Hz, 1 H, H-4), 5.19 (, J = 9.7 Hz, 1
H, H-2), 5.01 (dd, J =9.7, 3.2 Hz, 1 H, H-3), 4.46 (d, J = 11.3 Hz, 1 H, H-1), 4.16-4.03 (m, 2 H,
H-6, H-6°), 3.90 (t, ] = 6.5 Hz, 1 H, H-5), 2.77-2.60 (m, 2 H, SCH,CHj3), 2.11 (s, 3 H, OAc),
2.03 (s, 3 H, OAC), 2.03 (s, 3 H, OAC), 1.94 (s, 3 H, OAC), 1.25 (t, J = 6.5 Hz, 3 H, SCH,CH5);
3C NMR (100 MHz, CDCl3): & 170.4, 170.2, 170.0, 169.5, 84.0, 74.3, 71.6, 67.2, 67.1, 61.4,
24.3, 20.8, 20.6, 20.5, 20.4, 14.8.

Ethyl 1-Thio-p-D-galactopyranoside S3.”! After S2 (16.0 g, 40.8 mmol) was dissolved in MeOH
(70 mL), a CH30Na/CH3OH solution (0.4 M) was added until pH reached 9. The reaction was
stirred at rt for 3 h. When TLC showed the completion of reaction, the solution was neutralized
with Amberlyst (H") resin to pH 6-7, and then concentrated in vacuum. The residue was purified
by flash column chromatography (MeOH/CH,Cl,, 1:5, v/v) to afford S3 (8.2 g, 90%) as a white
solid. '"H NMR (400 MHz, CDs0D): & 4.32 (d, J = 9.7 Hz, 1 H, H-1), 3.88 (d, J = 3.2 Hz, 1 H,
H-4), 3.77-3.64 (m, 2 H, H-6, H-6"), 3.52 (t, J = 8.1 Hz, 1 H, H-2), 3.46 (dd, J = 9.7, 3.2 Hz, 1 H,
H-3), 3.33-3.29 (m, 1 H, H-5), 2.83-2.65 (m, 2 H, SCH,CH3), 1.28 (t, J = 6.5 Hz, 3 H SCH,CHj3);
3C NMR (100 MHz, CD;0D): & 86.0, 79.2, 74.8, 69.9, 69.1, 61.2, 23.5, 14.1.

Ethyl 4:6-O-Phenylmethylene-1-thio-p-D-galactopyranoside 111 To the solution of S3 (8.0 g,
35.7 mmol) in anhydrous CH3CN (30 mL) were added benzaldehyde dimethyl acetal (6.45 mL,
42.8 mmol) and CSA (2.0 g, 8.9 mmol) at rt, and the reaction was stirred at rt with occasional
vacuum application until TLC showed that the reaction was completed. Then the reaction was
quenched with Et;N (2.47 mL, 17.8 mmol) and diluted with CH,Cl, (60 mL). The solution was
washed with brine, dried over anhydrous Na,SO,4 and concentrated in vacuum. The residue was
purified by flash column chromatography (MeOH/CH,CI, 1:10, v/v) to give 11 (8.02 g, 72%) as
a white solid. *"H NMR (400 MHz, CDCls): 8 7.56-7.49 (m, 2 H, ArH), 7.42-7.38 (m, 3 H, ArH),
5.53 (s, 1 H, CHPh), 4.34 (d, J =8.8 Hz, 1 H, H-1), 4.33 (d, J = 12.8 Hz, 1 H, H-6), 4.25 (d, J =
3.2 Hz, 1 H, H-4),4.03 (d, J = 12.8 Hz, 1 H, H-6"), 3.81 (t, J = 8.8 Hz, 1 H, H-2), 3.68 (dd, J =
10.0, 4.4 Hz, 1 H, H-3), 3.53-3.50 (m, 1 H, H-5), 2.88-2.69 (m, 2 H, SCH,CH3), 2.51 (bs, 2 -OH),
1.34 (t, J = 6.5 Hz, 3 H, SCH,CHs); **C NMR (100 MHz, CDCls): § 137.5, 129.3, 128.3, 126 .4,
101.5, 85.3, 75.6, 73.9, 70.1, 69.7, 69.3, 23.5, 14.1.
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2-Deoxy-2-phthalimido-B-D-galactopyranose tetraacetate S5.1! After the suspension of D-
galactosamine hydrochloride S4 (5.0 g, 23.3 mmol), Na,CO3H,0 (2.5 g 23.3 mmol) and phthalic
anhydride (3.5 g, 23.3 mmol) in H,O (50 ml) was stirred at rt for 3 h, the resultant clear solution
(pH 3.0; initial pH 8.5) was cooled to -78 °C and lyophilized to offer a pale yellow solid residue
(9.16 g). This residue was suspended in a mixture of pyridine (200 ml) and acetic anhydride (100
ml) at 0 °C and was stirred for 20 h. Acetic anhydride and pyridine were evaporated in vacuum,
and the residue was co-evaporated with toluene (10 ml) twice, and finally subjected to silica gel
chromatography (EtOAc/toluene 1:9, v/v) to obtain S5 (8.18 g, 74%) as a white solid along. *H
NMR (400 MHz, CDCls): 6 7.90-7.80 (m, 2 H, ArH), 7.78-7.71 (m, 2 H, ArH), 6.52 (dd, J =
11.3,3.2 Hz, 1 H, H-3), 6.34 (d, J = 6.8 Hz, 1 H, H-1), 5.66 (d, J = 3.2 Hz, 1 H, H-4), 4.90 (dd, J
=11.3, 3.2 Hz, H-2), 4.49 (t, J = 8.1 Hz, 1 H, H-5), 4.17-4.11 (m, 2 H, H-6, H-6"), 2.18 (s, 3 H,
OAC), 2.05 (s, 6 H, 2x0Ac), 1.88 (s, 3 H, OAc); *C NMR (100 MHz, CDCls): § 169.9, 169.83,
169.81, 169.29, 167.5, 166.8, 134.0, 133.9, 129.2, 123.3, 123.2, 83.9, 74.1, 68.4, 66.5, 61.2, 49.7,
20.7, 20.3, 20.2, 20.1.

para-Tolyl 3,4,6-tri-O-Acetyl-2-deoxy-2-phthalimido-1-thio-B-D-galactopyranoside $6.5 To
the stirred solution of S5 (5.0 g, 10.4 mmol) and p-toluenethiol (1.95 g, 15.7 mmol) in anhydrous
CH,Cl, (30 mL) at 0 °C was added BF3-Et,0 (1.6 mL, 12.6 mmol) dropwise. When TLC showed
the completion of reaction, the reaction mixture was washed with saturated ag. NaHCO3 solution
and brine, dried over anhydrous Na,SO,, and concentrated in vacuum. The residue was purified
by flash column chromatography (EtOAc/hexane 1:4, v/v) to give S6 (4.96 g, 88%) as a white
solid. *H NMR (400 MHz, CDCls): & 7.89-7.80 (m, 2 H, ArH), 7.79-7.70 (m, 2 H, ArH), 7.33-
7.26 (m, 2 H, ArH), 7.09-7.01 (m, 2 H, ArH), 5.79 (dd, J = 11.3, 3.2 Hz, 1 H, H-3), 5.63 (d, J =
9.7 Hz, 1 H, H-1),5.47 (d, J = 3.2 Hz, 1 H, H-4), 4.49 (t, J = 11.3 Hz, 1 H, H-2), 4.25-4.18 (m, 1
H, H-6), 4.17-4.1 (m, 1 H, H-6"), 4.10-4.05 (m, 1 H, H-5), 2.29 (s, 3 H, SPhCHS3), 2.16 (s, 3 H,
OAc), 2.03 (s, 6 H, 2x0Ac), 1.81 (s, 3 H, OAc); *C NMR (100 MHz, CDCls): & 170.3, 170.2,
169.7, 167.9, 167.2, 138.4, 134.4, 134.3, 133.4, 133.2, 131.5, 131.2, 129.7, 129.6, 128.0, 123.7,
123.6, 84.3, 74.5, 68.8, 66.9, 61.5, 50.1, 20.1, 20.7, 20.6, 20.5.

para-Tolyl 2-Deoxy-4:6-O-phenylmethylene-2-phthalimido-1-thio-g-D-galactopyranoside 8.
To a solution of S6 (4.9 g, 9.1 mmol) in MeOH (25 mL) was added a CH3;ONa/CH3OH solution
(0.4 M) until pH reached 9.5. The reaction mixture was stirred at rt 4 h. When TLC showed the
completion of reaction, it was neutralized to pH 6-7 with Amberlyst (H") resin and concentrated
in vacuum. The residue was purified by flash column chromatography (MeOH/CH,Cl,, 1:8, v/v)
to give a solid compound (3.43 g, 91%), which is directly used in next reaction. After the product
was dissolved in anhydrous CH3CN (40 mL), benzaldehyde dimethyl acetal (1.5 mL, 9.8 mmol)
and CSA (0.48 g, 2.05 mmol) were added. The reaction was stirred at rt with occasional vacuum
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application until TLC showed the completion reaction. It was quenched with EtsN (0.57 mL, 4.1
mmol) and diluted with CH,Cl, (30 mL). The solution was then washed with brine, dried over
Na,SO,4 and concentrated in vacuum. The residue was purified by flash column chromatography
(MeOH/CH,Cl,, 1:13, v/v) to give 8 (3.4 g, 83%) as a light yellow solid. [a]p? = -28.72° (c 3.33,
CHCIs). 'H NMR (400 MHz, CDCl,): 6 7.87-7.81 (m, 2 H, ArH), 7.75-7.71 (m, 2 H, ArH), 7.50-
7.46 (m, 2 H, ArH), 7.45-7.38 (m, 5 H, ArH), 7.08 (d, J = 8.1 Hz, 1 H, ArH), 5.62 (d, J = 9.7 Hz,
1 H, H-1), 5.56 (s, 1 H, CHPh), 4.49 (dd, J = 9.7, 3.2 Hz, 1 H, H-3), 4.43 (t, J = 9.7 Hz, 1 H, H-
2),4.41 (d, J =129 Hz, 1 H, H-6), 4.28 (d, J = 3.2 Hz, 1 H, H-4), 4.06 (d, J = 12.9 Hz, 1 H, H-
6%), 3.68 (s, 1 H, H-5), 2.41 (bs, 1 H, -OH), 2.35 (s, 3 H, SPhCH3); **C NMR (100 MHz, CDCls):
6 168.6, 167.8, 138.3, 137.4, 134.1, 131.9, 131.7, 129.5, 129.4, 128.3, 127.3, 126.7, 123.6, 123.2,
101.6, 82.7, 75.0, 70.1, 69.4, 68.7, 53.2, 21.3; HRMS (ESI TOF): calcd. for CysH2sNNaOg
[M+Na]* m/z, 526.1300; found, 526.1302.
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Phenyl 2,3,6-tri-O-Acetyl-B-L-fucopyranoside 8. A mixture of L-fucose (4.0 g, 24.36 mmol)
anhydrous NaOAc (2.6 g, 31.37 mmol) and Ac,0O (30 ml) was stirred at 70 °C for 8 h with the
reaction progress monitored by TLC. After the reaction was completed, it was cooled to rt and
them was poured into cold saturated aq. NaHCOj3 solution. After the mixture was stirred for 1.5 h,
it was extracted with CH,Cl,, and the organic phase was dried over Na,SO,4. After the solvent
was removed in vacuum, the residue was purified by flash silica gel column chromatography
(AcOEt/toluene. 1:4, v/v) to give the peracetylated fucose (6.63 g, 81.9%) as sticky syrup. This
product (1.3 g, 3.9 mmol) and benzentethiol (1.6 mL, 15.6 mmol) were dissolved in anhydrous
CH,CI; (15 mL), and to this solution was then added BF;-Et,0O (0.73 mL, 5.87 mmol) at 0 °C.
When TLC showed the completion of reaction, it was quenched and washed with saturated aq.
NaHCOg solution and brine, dried over Na,SOy4, and then concentrated. The residue was purified
by flash column chromatography (EtOAc/Hexane 1:5, v/v) to afford S8 (1.38 g, 88%) as a white
solid. *"H NMR (500 MHz, CDCls): & 7.53-7.48 (m, 2 H, ArH), 7.34-7.26 (m, 3 H, ArH), 5.26 (d,
J=3.0Hz,1H, H-4),5.22 (t, J = 9.8 Hz, 1 H, H-2), 5.05 (dd, J = 9.8, 3.0 Hz, 1 H, H-3), 4.70 (d,
J=10.4 Hz, 1 H, H-1), 3.83 (q, J = 6.7 Hz, 1 H, H-5), 2.13 (s, 3 H, OAc), 2.07 (s, 3 H, OAc),
1.96 (s, 3 H, OAc), 1.23 (d, J = 6.7 Hz, 3 H, H-6); *C NMR (125 MHz, CDCls): § 170.8, 170.1,
169.5, 132.9, 132.3, 128.9, 127.9, 86.4, 73.1, 72.4, 70.3, 67.3, 20.9, 20.7, 20.6, 16.5.

Phenyl p-L-Fucopyranoside 59.1 To the solution of S8 (1.35 g, 3.37 mmol) dissolved in MeOH
(10 mL) was added a CH30ONa/CH3;OH solution (0.4 M) until pH reached 9.5. The solution was
stirred at rt for 2 h. When TLC showed the completion reaction, it was neutralized to pH 6-7 with
Amberlyst (H") resin and then concentrated in vacuum. The residue was finally purified by flash
column chromatography (MeOH/CHCl,, 1:9, v/v) to give S9 (0.73 g, 86%) as a yellowish solid.
'H NMR (500 MHz, CDCls): § 7.54-7.48 (m, 2 H, ArH), 7.34-7.26 (m, 3 H, ArH), 4.56 (d, J =
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9.8 Hz, 1 H, H-1), 4.04 (bs, 3 -OH), 3.82 (d, J = 2.9 Hz, 1 H, H-3), 3.77 (t, J = 9.8 Hz, 1 H, H-2),
3.66 (dd, J = 9.8, 2.9 Hz, 1 H, H-4), 3.59 (q, J = 6.8 Hz, 1 H, H-5), 1.30 (d, J = 6.8 Hz, 3 H, H-6);
13C NMR (125 MHz, CDCly): 6 133.4, 131.84, 131.8, 128.9, 127.5, 88.6, 75.2, 74.7, 71.7, 70.0,
16.7.

Phenyl 2,3,6-tri-O-Phenylmethyl-g-L-fucopyranoside 4.1 After a mixture of S9 (0.70 g, 2.73
mmol) and NaH (230 mg, 9.6 mmol) in DMF (10 mL) was stirred at 0 °C for 45 min, BnBr (1.62
mL, 13.67 mmol) was added at 0 °C. Thereafter, the mixture was stirred for another 6 h. When
TLC showed the completion of reaction, it was quenched with H,O at 0 °C, and the mixture was
diluted with EtOAc. The aq. layer was washed with EtOAc (5 x 5 mL) followed by drying over
Na,SO,. The solvent was evaporated under reduced pressure, and the crude product was purified
by flash column chromatography (acetone/hexane 1:10, v/v) to give 4 (1.28 g, 89%) as colorless
syrup. *H NMR (500 MHz, CDCls): § 7.66-7.62 (m, 2 H, ArH), 7.46-7.31 (m, 15 H, ArH), 7.28-
7.23 (m, 3 H, ArH), 5.06 (d, J = 11.6 Hz, 1 H, CH,Ph), 4.85 (d, J = 10.4 Hz, 1 H, CH,Ph), 4.79
(s, 2 H, CH,Ph), 4.78 (d, J = 10.4 Hz, 1 H, CH,Ph), 4.73 (d, J = 11.6 Hz, 1 H, CH,Ph), 4.66 (d, J
= 9.8 Hz, 1 H, H-1), 3.99 (t, J = 9.8 Hz, 1 H, H-2), 3.69 (d, J = 3.1 Hz, 1 H, H-3), 3.65 (dd, J =
9.2, 3.1 Hz, 1 H, H-4), 3.60-3.56 (m, 1 H, H-5), 1.32 (d, J = 6.1 Hz, 3 H, H-6); *C NMR (125
MHz, CDCl3): 6 138.8, 138.5, 138.4, 134.4, 131.6, 128.8, 128.5, 128.4, 128.3, 128.0, 127.8,
127.7,127.6, 127.0, 87.6, 84.6, 77.4, 77.2, 76.7, 75.6, 74.7, 72.9, 17.4; HRMS (ESI TOF): calcd.
for Cs3sH34NaO,4S [M+Na]* m/z, 549.2076; found, 549.2063.

1) Ac,0, NaOAc, refl.
HO OH 2) 2-bromo-ethanol, AcO OAc HO OH

OH BF3-Et,0, CH,Cl,, 0 °C-rt OAC N NaOMe, MeOH N
HO O Omo 3) NaN3, DMF, 70 °C O _oCat 3
HO 82% T e0% o
OH OH >

2-Azidoethyl 2,3,4,6-tetra-O-Acetyl-p-D-galactopyranosyl-(1—4)-2,3,6-tri-p-D-glucopyrano-
side S11.° Lactose S10 was converted into S11 according to a literature procedure in three steps
in an 82% (8.01 g) overall yield.

2-Azidoethyl B-D-Galactopyranosyl-(1—4)-p-D-glucopyranoside 15.°! To the solution of S11
(8.0 g, 11.33 mmol) dissolved in MeOH (60 mL) was added a CH3ONa/CH3OH solution (0.4 M)
until pH reached 10. The solution was stirred at rt for 12 h. When TLC showed the completion
reaction, it was neutralized to pH 6-7 with Amberlyst (H") resin and concentrated in vacuum.
The residue was finally purified by flash column chromatography (MeOH/CH,Cl,, 1:4, v/v) to
give 15 (4.18 g, 90%) as a white solid. *H NMR (400 MHz, CD3;0D): § 4.37 (d, J = 8.1 Hz, 1 H,
H-1°), 4.35 (d, J = 7.8 Hz, 1 H, H-1), 4.05-3.98 (m, 1 H, OCH,CH,Ns3), 3.95-3.66 (m, 6 H,
OCH,CH;N3, H-6a’, H-6b’, H-4, H-4’, H-6b), 3.62-3.39 (m, 8 H, H-5, H-2, H-3, H-6a, H-3’, H-
5°, OCH,CH;N3), 3.32-3.24 (m, 1 H, H-2"); *C NMR (100 MHz, CD;0D): & 103.7, 102.9, 79.2,
75.7,75.1,75.0, 73.4,73.3, 71.1, 68.9, 68.0, 61.1, 60.5, 50.6.
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13C NMR Spectrum of compound 7 (CDCls, 400 MHz)
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3C NMR Spectrum of compound 14 (CDCls, 400 MHz)
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'H-C HMQC NMR Spectrum of compound 8 (CDCls, 400/100 MHz)



S BNEZ

€10 €N 6ZH 910 1°2 0°€€ > ZOE= L5te 6TET 925
§ B0 €N ¥ZH 620 L1 9°2¢ §°ST b€ 81 ¥821°9ZS
s
¥ ®NEZ 90 N SZH 82D 770 £°1¢€ 691 A A 00€T*92S  ZOET"92S
BTOWIO] (WION) LId-T I1d-T ct: Kdd equ SSBW "OTED ssep
0°00T 0°§ 0°08 UMWTXER
G~ SWNWTUTA
095 0ss ovs 0€s 028 016 00$ 06¥ o8y oLy 09y oSy vy
Z/w - . i _.T:i:.._:. Tﬂ_.._..:__:._. e NS e N NS S W S P R e T e V|
N . /s . L
LraV85S oc0zevs  ocoLzvs s1el ez i
vLL [
oeer 226 | ¥4 S
~%
2061°925 Ea
¥00+2b9'} ———
+S3 SW 401 '} (000'2x8:1-62:02) WO (S0¥°0) 0Z 90€T0ELO™ELOZ
Jelwald 10TIdS #9-010Z 04d'QL0-800Z11
10}da00y-aUIWY-ED-NSS IYANYW NYAYLYS

¢L'S L-0®BNEC GL-0:0O €0'N 000L-0'‘H 00L0:D

‘pasn sjuawsa|3

(ssew yoea 10j (00O O} dn) SYNSaI ||B) SHWI| UIYHM SHNS3I 2 YIM pajen|eaa (a)e|nuwioy /21
SUO| U0J}O8|3 UaAT] 'ssel oidojosiouoyy

STol

9 = | |41 J0j pasn syead adojos! Jo JaquinN

HO uonoipasd Juswa|g

0'00L =Xew 'g'L-=ulw 390 / Wdd 0'G = 3duess|o|
. o] sisfjeuy ssey ajbuig

NPhTh

| abedq Hoday uonisodwo |ejuawialy

HRMS (ESI MS) spectrum of compound 8

S-45



udd

00

S0

0e 6¢T'8C
" b A

0T ST 0z ST
o b e b e

0€

07T 0T 0T 10T
E A
St oy kg 0s SS
| | | 7 | | 7 1 L1 7 | 7 | |

09

59

¢e 0¢
i
0L SL
L1 L1 7 I | 7 |

08

e .

rn

T938wox30ads YWNN ()G UBTIBA

VO

oY
VO

uds o
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'H NMR Spectrum of compound S9 (CDCls, 400 MHz)
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'H NMR Spectrum of compound 4 (CDCls, 500 MHz)
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'H NMR Spectrum of compound 16 (CDs0D, 400 MHz)
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Varian MR-400 NNMR spectrometer

’ ppm

0 10

2

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

3C NMR Spectrum of compound 16 (CD;0D, 400 MHz)

S-64



'H-'H COSY Spectrum of compound 16 (CDs0D, 500 MHz)
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'H-3C HMQC NMR Spectrum of compound 16 (CDsOD, 400/100 MHz)
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'H NMR Spectrum of compound 5 (CDCls, 600 MHz)
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Agilent 600 NNMR spectrometer
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3¢ NMR Spectrum of compound 5 (CDCls, 600 MHz)
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'H-C HMQC NMR Spectrum of compound 5 (CDCls, 400/100 MHz)
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'H NMR Spectrum of compound 6 (CDCls, 400 MHz)
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3¢ NMR Spectrum of compound 6 (CDCls, 400 MHz)
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Mercury 400 spectrometer

STANDARD 1H OBSERVE

File: xp

Pulse Sequence: gCOSY

i

W

A

|
|
{
‘ |
[
|
[
|
L AT T ‘|lvr“:Hl]|"1]1vrvrr'H[nv'?ﬂvrr"wHn'nu]vnr:||v!"'rrpr“m1r‘r[rr*rrrrr"v-vrrr'jvmr7*<-wm'
£ N < © © o o~ < © © £} N < © ©
[=% . . . . . . . . . . . . .
NG ™ ™ ] ) < < < < E n n n m n
W

| l ’

‘

'H-'H COSY Spectrum of compound 6 (CDCls, 400 MHz)

S-85

4.2 4.0

.4
F1 (ppm)

4



- N
wn
<
wn

(=] o
o -
- —

TTTT T TT

o
(-]

0e
- XD DO ©

TTTTTTTTTTY

'Y'I|IV7'IIY|'IV'V'
o (=] o =]
o~ (] < w

E o
o -
o
-

TTARTT Y TT T TITTTT

T4

2751~ 286705 479218 A Pas |
v 9T ZEZ'S5  E°9555 91 |

v°sT 526729  2°SE€9 ; 51 | !
0 L1~ 580789 E°6V89 vl

£°21- IPE'TL  679LTL £1

v ET- SEE'TL  97982L 2t _
g 81~ L01°EL  S°BSEL 14

z Ex bR €L b E2ZWL o1

0 pI- €68°EL  9TESWL 6

0°-92- ¢50°S2  270SSL :

s 21 vsT 5. broaslOMH® .umcc:wum 2L

vost Z9E'SL  ETTBSL ii ] dx :aLid

6°ET 692752  vTE29L | s

L-BT sez'18 .z elie w>xumnm H1 Q¥VANYLS

ST ET 999°18  5°5128 | 3

¢ 9t 8527001 T-9ETOT z

1es Z55°ETT  Z°EZpIT | 1

LHOI 34 Wdd  AONINOINA X3IONI

'H-C HMQC NMR Spectrum of compound 6 (CDCls, 400/100 MHz)
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'H NMR Spectrum of compound 20 (CDCls, 500 MHz)
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Varian 500 NNMR spectrometer
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'H-3C HMQC NMR Spectrum of compound 20 (CDCls, 500/125 MHz)
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'H-'H COSY Spectrum of compound 3 (CDCls, 400 MHz)
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'H-C HMQC NMR Spectrum of compound 3 (CDCls, 400/100 MHz)
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Exact Mass: 2114.82
Molecular Weight: 2116.31
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HRMS (ESI MS) spectrum of compound 3.
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'H NMR Spectrum of compound 21 (CDCls, 600 MHz)
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3C NMR Spectrum of compound 21 (CDCls, 600 MHz)
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'H-3C HMQC NMR Spectrum of compound 21 (CDCls, 400/100 MHz)
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MALTI-TOF MS spectrum of compound 21
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Exact Mass: 1922.80
Molecular Weight: 1924.14
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HRMS (ESI MS) spectrum of compound 21.
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Varian 500 NNMR spectrometer
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'H-'H COSY Spectrum of compound 22 (CDCls, 500 MHz)
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'H-13C HMQC NMR Spectrum of compound 22 (CDCls, 500/125 MHz)
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Exact Mass: 2339.00
Molecular Weight: 2340.64
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HRMS (ESI MS) spectrum of compound 22.
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