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1. General:

All the reactions were carried out under nitrogen or argon atmosphere and monitored by
thin layer chromatography (TLC) using silica gel GFys4 plates with detection by charring with
5% (v/v) H,SO4 in methanol or by phosphomolybdic acid (PMA) stain or by ultra violet (UV)
detection. All the chemicals were purchased from local suppliers and Sigma-Aldrich Chemicals
Company. Solvents used in the reactions were distilled over dehydrated agents. Silica-gel (100-
200 mesh) was used for column chromatography. *H, *C, DEPT, COSY, NOESY spectra were
recorded on Bruker 400 MHz and 500 MHz spectrometer in CDCls. 'H NMR chemical shifts
were reported in ppm (8) with TMS as internal standard (8 0.00) and **C NMR were reported in
chemical shifts with solvent reference (CDCls, 6 77.00). High resolution mass spectra (HRMS)

were obtained in the ESI mode.
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2. Experimental procedures and spectral data:

2.1.  4,6-di-O-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-allo-pyranose 3:

OBn CH2|2, Etzzn OBn
o}
BnO O _EO0C go 0
5h, 90%
HO HO
2 3

To a solution of 2 (1.5 g, 4.6 mmol) in ether (15 mL) at 0 °C was added 1 M Et,Zn in
hexane (13.7 mL, 13.7 mmol) and CH-l, (1.2 mL, 13.7 mmol). The mixture was stirred for 5 h at
same temperature, then quenched with saturated NH4Cl solution (75 mL) and extracted with
ether (75 mL x 2). The combined organic layers were washed with water (50 mL), brine (50 mL)
and dried over anhydrous Na,SO,. Purification of the crude residue by silica-gel column
chromatography with ethyl acetate/hexane (3:7) provided 3 (1.4 g, 90%) as a colorless solid. R¢ =
0.32 (2:3 ethyl acetate/hexane). *H NMR (400 MHz, CDCls): & 7.22 - 7.32 (m, 10H), 4.69 (d,
1H, J = 12.0 Hz), 4.60 (d, 1H, J = 12.0 Hz), 4.58 (d, 1H, J = 12.0 Hz), 4.53 (d, 1H, J = 12.0
Hz), 4.26 (t, 1H, J = 7.2 Hz), 3.74 — 3.78 (m, 1H), 3.68 (dd, 1H, J = 2.0 Hz, J = 10.8 Hz), 3.56
(dd, 1H, J = 4.8 Hz, J = 10.4 Hz), 3.41 - 3.45 (m, 1H), 3.23 (dd, 1H, J = 7.6 Hz, J = 9.2 Hz),
1.34 — 1.42 (m, 1H), 0.66 — 0.76 (m, 2H). *C NMR (100 MHz, CDCls): 5 138.2, 137.9, 128.4,
128.2, 127.8, 127.7, 127.5, 79.7, 77.5, 74.0, 73.5, 71.3, 69.1, 53.9, 18.3, 11.4. HRMS (ESI)
calcd for C»1H2404+Na 363.1573, found 363.1573.

2.2. Compound 4:

OBn (COCI),, DMSO OBn
Et,N, CH,CI
BnO © S . BnO 0
o -78°C, 1 h, 99% g
3 4

To a solution of (COCI); (380 pL, 4.4 mmol) in CHyCl, (12 mL) at -78 °C was added
DMSO (520 pL, 7.3 mmol) dropwise. After 10 min of stirring at the same temperature, 3 (1 g,
2.9 mmol) in CH,CI, (12 mL) was added dropwise for a period of 15 min. After stirring for 30
min at -78 °C, Et3N (1.47 mL, 14.5 mmol) was added and allowed to warm to room temperature.
The reaction mixture was diluted with CH,Cl, (75 mL), washed with water (50 mL x 2), brine

(50 mL) and dried over anhydrous Na,SO4. Removal of solvent gave the crude residue which
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upon purification by silica-gel column chromatography with ethyl acetate/hexane (3:7) provided
D-glucose-derived 1,2-cyclopropa-3-pyranone 4 (980 mg, 99%) as a colorless solid. R = 0.58
(2:3 ethyl acetate/hexane). "H NMR (400 MHz, CDCls): § 7.26 - 7.35 (m, 10H), 4.97 (d, 1H, J
=11.2 Hz), 4.59 (d, 1H, J = 12.0 Hz), 4.53 (d, 1H, J = 12.0 Hz), 4.50 (d, 1H, J = 11.2 Hz), 4.17
—4.20 (m, 1H), 4.00 (ddd, 1H, J = 2.0 Hz, J = 4.4 Hz, J = 10.0 Hz), 3.91 (d, 1H, J = 10.0 Hz),
3.72 (dd, 1H, J = 2.0 Hz, J = 10.8 Hz), 3.62 (dd, 1H, J = 4.4 Hz, J = 10.8 Hz), 1.92 (dt, 1H, J =
6.0 Hz, J = 10.8 Hz), 1.27 — 1.37 (m, 2H). **C NMR (100 MHz, CDCls): & 205.0, 137.8, 137.4,
128.3, 128.3, 128.1, 127.8, 127.7, 127.6, 81.5, 77.6, 74.1, 73.6, 68.8, 57.8, 25.7, 19.8. HRMS
(ESI) calcd for C1H2,04+Na 361.1416, found 361.1416.

2.3.  General procedure for ring expansion-glycosylation reaction:

A suspension of 1,2-cyclopropanated sugar ketone (0.3 mmol), glycosyl acceptor (0.33
mmol) and 4 A MS powder in dry CH,Cl, (5 mL) was stirred at room temperature for 30 min
under argon. After cooling the reaction mixture to -78 °C, TMSOTf (0.06 mmol) was added
dropwise and the solution was warmed slowly to 25 °C for a period of 1 h and stirred for 3 h at
the same temperature. After completion of reaction (by TLC), the reaction mixture was quenched
with saturated NaHCO3 solution (5 mL), filtered through celite and the filter cake was washed
with CH,Cl, (20 mL x 2). The organic phase was separated and washed with aq. NaHCO; (10
mL x 2), water (10 mL) and brine (5 mL). Removal of CH,Cl, under reduced pressure provided
the crude disaccharide which upon purification by silica-gel column chromatography (ethyl

acetate/hexane) afforded pure septanosyl disaccharide.

2.4. Compound 6:

OB o-_H
TMSOTf, CHoCl,  BNO OX
BnO - 4 o 0
0
/% 4 PO MS, 89% \jﬁ/@

4 6 o

Compound 6 was synthesized using D-glucose-derived 1,2-cyclopropa-3-pyranone 4 (100
mg, 0.29 mmol), glycosyl acceptor 5 (84 mg, 0.32 mmol), TMSOTf (10 pL, 0.05 mmol) and 4 A

MS power in CH,CI, (5 mL) according to the general procedure for ring expansion-glycosylation
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reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and at 25 °C for 3 h. The crude
product was purified by silica-gel column chromatography (ethyl acetate/hexane 3:7) to afford
septanosyl disaccharide 6 (156 mg, 89%) as a colorless oil. Ry = 0.53 (2:3 ethyl acetate/hexane).
'H NMR (400 MHz, CDCl3): 6 7.26 - 7.31 (m, 10H), 4.96 (dd, 1H, J = 4.4 Hz, J = 8.0 Hz),
4.58-4.64 (m, 3H), 4.49 (d, 1H, J = 12.0 Hz), 4.41 (d, 1H, J = 12.0 Hz), 4.34 (d, 1H, J = 2.8
Hz), 4.22 - 4.27 (m, 2H), 4.01 (d, 1H, J = 7.2 Hz), 3.96 (d, 1H, J = 10.4 Hz), 3.90 (d, 1H, J =
12.8 Hz), 3.73 (d, 1H, J = 12.8 Hz), 3.67 (dd, 1H, J = 4.0 Hz, J = 10.0 Hz), 3.57 (dd, 1H, J =
4.0 Hz, J = 10.0 Hz), 3.52 (d, 1H, J = 10.4 Hz), 2.58 (ddd, 1H, J = 2.8 Hz, J = 6.4 Hz, J = 14.4
Hz), 2.44 (td, 1H, J = 2.8 Hz, J = 14.4 Hz), 2.25 — 2.32 (m, 1H), 2.05 — 2.10 (m, 1H), 1.52 (s,
3H), 1.46 (s, 3H), 1.38 (s, 3H), 1.34 (s, 3H). *C NMR (100 MHz, CDCls): & 208.4, 137.9,
137.3,128.3,128.1, 127.9, 127.8, 127.7, 127.6, 108.9, 108.5, 102.2, 100.5, 84.1, 73.4, 73.0, 70.9,
70.4, 70.1, 70.0, 69.1, 68.5, 61.0, 35.6, 28.0, 26.5, 25.9, 25.3, 24.0. HRMS (ESI) calcd for
C33H42010+Na 621.2676, found 621.2686.

2.5. Compounds 9o and 9B:

0 OBn
OBn (0]
Q¢o o ol o
o HO TMSOTf, CH,Cl, BnO o ﬁ/
BnO + -
(e} (e}
§ ﬁ -\ ° O)K'O
8

O 85%
4
aB=73
Compound 6 was synthesized using D-glucose-derived 1,2-cyclopropa-3-pyranone 4 (120
mg, 0.35 mmol), sugar acceptor 8 (100 mg, 0.38 mmol), TMSOTf (12 uL, 0.07 mmol) and 4 A
MS power in CH,Cl, (6 mL) according to the general procedure for ring expansion-glycosylation
reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and room temperature for 2 h.
The crude product was purified by silica-gel column chromatography (ethyl acetate/hexane 3:7)

to afford septanosyl disaccharides 9o and 9B (180 mg, 85%) as an inseparable mixture.

2.6. 4,6-di-O-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-galacto-pyranose:

Bno O8N CHzzEtZn o~ OBn (COCl),, DMSO  Bno OB"
o  EtO0°C o EtN, CHCl, %O‘J
2 e . -

HO —

H
5h, 89% -78°C, 1 h, 99% (@]
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To a solution of 4,6-di-O-benzyl-D-galactal (1 g, 3.06 mmol) in ether (10 mL) at 0 °C
was added 1 M EtaZn in hexane (9.2 mL, 9.2 mmol) and CHyl; (0.74 mL, 9.19 mmol). The
mixture was stirred for 5 h at same temperature, then quenched with saturated NH,CI solution
(75 mL) and extracted with ether (50 mL x 2). The combined organic layers were washed with
water (30 mL), brine (30 mL) and dried over anhydrous Na,SO,. Purification of the crude
residue by silica-gel column chromatography with ethyl acetate/hexane (2:3) provided 4,6-di-O-
benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-galacto-pyranose (0.92 g, 89%) as a colorless
oil. Rt = 0.32 (2:3 ethyl acetate/hexane). Rs = 0.32 (2:3 ethyl acetate/hexane). ‘H NMR (400
MHz, CDCls): § 7.23 — 7.31 (m, 10H), 4.61 (d, 1H, J = 11.6 Hz), 4.53 (d, 1H, J = 11.6 Hz),
451 (d, 1H, J = 11.6 Hz), 4.40 (d, 1H, J = 11.6 Hz), 4.16 (t, 1H, J = 6.0 Hz), 3.73 — 3.79 (m,
2H), 3.50 — 3.56 (m, 2H), 3.38 — 3.41 (m, 1H), 1.19 -1.25 (m, 1H), 1.09 -1.10 (m, 1H), 0.58 —
0.61 (m, 1H). ¥C NMR (100 MHz, CDCl3): 6 138.0, 137.6, 128.3, 127.8, 127.6, 127.5, 76.4,
75.6, 75.5, 73.3, 68.8, 65.3, 54.0, 16.9, 11.1. HRMS (ESI) calcd for C,;H404+Na 363.1573,
found 363.1573.

2.7. Compound 10:

To a solution of oxaloyl chloride (342 pL, 3.96 mmol) in CH,Cl, (10 mL) at -78 °C was
added DMSO (468 pL, 6.6 mmol) dropwise. After 10 min of stirring at the same temperature,
4,6-di-O-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-galacto-pyranose (0.9 g, 2.64
mmol) in CH,Cl, (10 mL) was added dropwise for a period of 15 min. After stirring for 30 min
at -78 °C, EtzN (1.8 mL, 13.0 mmol) was added and allowed to warm to room temperature. The
reaction mixture was diluted with CH,Cl, (75 mL), washed with water (50 mL x 2), brine (50
mL) and dried over anhydrous Na,SO,4. Removal of solvent gave the crude residue which upon
purification by silica-gel column chromatography with ethyl acetate/hexane (3:7) provided D-
galactose-derived 1,2-cyclopropa-3-pyranone 10 (885 mg, 99%) as a colorless liquid. R = 0.64
(2:3 ethyl acetate/hexane). *H NMR (400 MHz, CDCls): § 7.23 — 7.32 (m, 10H), 4.61 (d, 1H, J
= 11.6 Hz), 4.52 (d, 1H, J = 11.6 Hz), 4.40 (d, 1H, J = 12.0 Hz), 4.38 (d, 1H, J = 12.0 Hz), 4.16
—4.19 (m, 1H), 4.03 (t, 1H, J = 6.0 Hz), 3.62 — 3.66 (m, 2H), 3.48 (dd, 1H, J = 6.0 Hz, J = 9.6
Hz), 1.83 — 1.87 (m, 1H), 1.72 — 1.78 (m, 1H), 1.23 — 1.28 (m, 1H). *C NMR (100 MHz,
CDCls): 6 201.9, 137.6, 136.8, 128.2, 128.0, 127.8, 127.6, 80.0, 79.5, 73.4, 71.5, 68.3, 58.0,
23.8, 19.0. HRMS (ESI) calcd for C1H2204+Na 361.1416, found 361.1416.
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2.8. Compounds 11la and 118:

OBnN
o) BnO
gno BN oto 0 oL
é 0 . HO TMSOTH, CH20|2‘ o ﬁ/
¢} o o
S )YO o)
10 8

4 A MS, 85% O)T

ap=73

Compound 11 was synthesized using D-galactose-derived 1,2-cyclopropa-3-pyranone 10
(150 mg, 0.44 mmol), sugar acceptor 8 (126 mg, 0.48 mmol), TMSOTTf (15 pL, 0.08 mmol) and
4 A MS powder in CH,Cl, (8 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and then at room
temperature for 5 h. The obtained crude product was purified and separated by silica-gel column
chromatography (ethyl acetate/hexane 3:7 to 2:3) to give septanosyl disaccharides 11a (156 mg)
and 11p (66 mg) (85% combined yield). 11f: colorless oil. Rs = 0.66 (2:3 ethyl acetate/hexane).
'H NMR (400 MHz, CDCls): § 7.22 - 7.32 (m, 10H), 5.47 (d, 1H, J = 5.2 Hz), 5.02 (dd, 1H, J
=4.4Hz,J=6.4Hz),4.67 (d, 1H, J =11.6 Hz), 4.59 (dd, 1H, J = 2.4 Hz, J = 8.0 Hz), 4.45 (d,
1H, J =12.0 Hz), 4.40 (d, 1H, J = 12.0 Hz), 4.37 (d, 1H, J = 12.0 Hz), 4.29 (dd, 1H, J = 2.4 Hz,
J=5.2 Hz), 4.19 — 4.23 (m, 1H), 4.18 (dd, 1H, J = 1.6 Hz, J = 8.0 Hz), 3.95 (d, 1H, J = 1.2 Hz),
3.92 (dd, 1H, J = 1.6 Hz, J = 6.4 Hz), 3.86 (dd, 1H, J = 6.4 Hz, J = 10.0 Hz), 3.69 (dd, 1H, J =
6.4 Hz, J = 10.0 Hz), 3.58-3.64 (m, 2H), 2.66 (ddd, 1H, J = 3.2 Hz, J = 9.6 Hz, J = 13.6 Hz),
2.46 (ddd, 1H, J = 2.4 Hz, J = 5.6 Hz, J = 13.6 Hz), 2.19 — 2.27 (m, 1H), 1.73 - 1.81 (m, 1H),
1.51 (s, 3H), 1.41 (s, 3H), 1.32 (bs, 6H). **C NMR (100 MHz, CDCls): § 209.3, 137.9, 137.1,
128.4, 128.3, 128.3, 127.9, 127.6, 127.5, 109.2, 108.5, 99.3, 96.2, 82.8, 73.1, 73.0, 70.9, 70.6,
70.5, 68.7, 66.2, 66.0, 65.9, 34.9, 28.6, 26.0, 25.9, 24.8, 24.5. HRMS (ESI) calcd for
Ca3Ha2010+tNa 621.2676, found 621.2693. 1lla: colorless oil. Ry = 0.33 (2:3 ethyl
acetate/hexane). *H NMR (400 MHz, CDCls): § 7.25 - 7.34 (m, 10H), 5.51 (d, 1H, J = 5.2 Hz),
4.74 (d, 1H, J = 11.6 Hz), 4.53 — 4.57 (m, 2H), 4.48 (d, 1H, J = 11.6 Hz), 4.45 (d, 1H, J = 11.6
Hz), 4.43 (d, 1H, J = 11.6 Hz), 4.27 (dd, 1H, J = 2.4 Hz, J = 4.8 Hz), 4.10 (dd, 1H, J = 1.2 Hz, J
= 8.0 Hz), 4.03 (d, 1H, J = 2.4 Hz), 3.92 - 3.98 (m, 3H), 3.70 (dd, 1H, J = 6.4 Hz, J = 8.8 Hz),
3.62 (dd, 1H, J = 8.8 Hz, J = 12.4 Hz), 2.70 (dt, 1H, J = 6.0 Hz, J = 13.2 Hz), 2.39 (dt, 1H, J =
7.2 Hz, J = 13.2 Hz), 2.01 - 2.06 (m, 2H), 1.51 (s, 3H), 1.40 (s, 3H), 1.31 (s, 3H), 1.28 (s, 3H).
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3C NMR (100 MHz, CDCl3): 6 210.6, 137.9, 137.2, 128.3, 128.3, 128.1, 127.8, 127.6, 127.6,
109.2, 108.6, 106.2, 96.2, 85.3, 76.0, 73.4, 73.3, 71.4, 70.6, 70.4, 69.1, 67.8, 67.7, 34.8, 30.6,
26.0, 25.9, 24.9, 24.4. HRMS (ESI) calcd for C33H4,010+Na 621.2676, found 621.2686.

2.9. Compound 13:

Ph
OBn /\W
0 Ph" G0 TMSOTY, GH,CI SR
BnO + BnO ez Bno%
0 HOOMe 4AMS, 93% 4 5o
4 MeO

Compound 13 was synthesized using D-glucose-derived 1,2-cyclopropa-3-pyranone 4
(100 mg, 0.29 mmol), sugar acceptor 12 (118 mg, 0.32 mmol), TMSOTT (10 pL, 0.05 mmol) and
4 A MS power in CH,Cl, (5 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3), The reaction mixture was stirred at -78 °C for 5 h. The crude
product was purified by silica-gel column chromatography (ethyl acetate/hexane 1:4) to afford
septanosyl disaccharide 13 (195 mg, 93%) as a thick gum. R; = 0.7 (3:7 ethyl acetate/hexane). *H
NMR (400 MHz, CDClj3): 6 7.46 — 7.48 (m, 2H), 7.24 - 7.38 (m, 18H), 5.47 (s, 1H), 4.97 (dd,
1H,J=2.8Hz, J=9.2 Hz), 4.87 (d, 1H, J = 11.6 Hz), 4.84 (d, 1H, J = 3.6 Hz), 4.67 (d, 1H, J =
11.6 Hz), 4.51 — 4.54 (m, 3H), 4.34 (d, 1H, J = 11.6 Hz), 4.24 (dd, 1H, J = 4.8 Hz, J = 10.4 Hz),
3.97 (t, 1H, J = 9.2 Hz), 3.75 - 3.87 (m, 3H), 3.61 — 3.65 (m, 2H), 3.52 — 3.59 (m, 2H), 3.43 (t,
1H, J = 9.2 Hz), 3.38 (s, 3H), 2.80 (td, 1H, J = 4.4 Hz, J = 12.4 Hz), 2.26 (dt, 1H, J = 4.8 Hz, J
=12. 0 Hz), 2.02 - 2.07 (m, 1H), 1.85 — 1.95 (m, 1H). **C NMR (100 MHz, CDCls): & 208.7,
138.6, 137.8, 137.3, 136.7, 128.8, 128.4, 128.3, 128.2, 128.1, 128.1, 127.6, 127.5, 125.9, 108.2,
101.0, 100.1, 84.6, 82.2, 78.3, 77.9, 77.8, 75.1, 73.2, 72.3, 70.8, 68.9, 62.0, 55.1, 33.7, 33.0.
HRMS (ESI) calcd for C42Hg6010+Na 733.2989, found 733.2989.

2.10. Compound 140 and 148:

Ph

OBn OBn O
P (@]

Bn® P 050 TMSOT,CH,Cl, Bno BnO
0] BnO > o]
5 + HO OMe 4 AMS, 89% o) o
o MeO
10 12 14
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Compound 14 was synthesized using D-galactose-derived 1,2-cyclopropa-3-pyranone 10
(135 mg, 0.39 mmol), sugar acceptor 12 (163 mg, 0.43 mmol), TMSOTf (14 pL, 0.07 mmol) and
4 A MS powder in CH,Cl, (7 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and at room
temperature for 3 h. The obtained crude product was purified and separated by silica-gel column
chromatography (ethyl acetate/hexane 3:7 to 2:3) as clean septanosyl disaccharides 14a. (176 mg)
and 14p (75 mg) (89% combined vyield). 14p: colorless solid. Ry = 0.45 (3:7 ethyl
acetate/hexane). '"H NMR (400 MHz, CDCls): & 7.45 — 7.48 (m, 2H), 7.24 — 7.37 (m, 18H), 5.44
(s, 1H), 4.77 — 4.88 (m, 4H), 4.65 (d, 1H, J = 11.6 Hz), 4.52 (d, 1H, J = 11.6 Hz), 4.44 (d, 1H, J
= 11.6 Hz), 4.42 (d, 1H, J = 11.6 Hz), 4.22 (dd, 1H, J = 4.8 Hz, J = 10.0 Hz), 4.01 — 4.05 (m,
2H), 3.96 (t, 1H, J = 9.2 Hz), 3.82 (dd, 1H, J = 3.6 Hz, J = 9.6 Hz), 3.71 — 3.79 (m, 2H), 3.56 —
3.61 (m, 2H), 3.39 — 3.41 (m, 4H), 2.55 — 2.60 (m, 1H), 2.33 — 2.40 (m, 1H), 1.98 — 2.03 (m,
2H). °C NMR (100 MHz, CDCls): 5 209.5, 138.7, 138.0, 137.3, 137.0, 128.8, 128.3, 128.2,
128.1, 128.0, 127.6, 127.6, 127.9, 108.4, 101.0, 100.2, 85.3, 82.3, 78.4, 77.6, 75.1, 73.5, 73.3,
70.0, 68.9, 62.0, 55.1, 34.8, 31.6. HRMS (ESI) calcd for C4Hss010+Na 733.2989, found
733.2989. 14a.: colorless oil. R = 0.3 (3:7 ethyl acetate/hexane). *H NMR (400 MHz, CDCl3): &
7.17 - 7.46 (m, 20H), 5.49 (s, 1H), 5.11 — 5.12 (m, 1H), 4.89 (d, 1H, J = 3.6 Hz), 4.79 (d, 1H, J
=11.6 Hz), 4.72 (d, 1H, J = 11.6 Hz), 4.65 (1H, J = 12.0 Hz), 4.34 — 4.41 (m, 2H), 4.21 — 4.29
(m, 3H), 4.02 (dd, 1H, J = 3.6 Hz, J = 9.6 Hz), 3.87 — 3.92 (m, 2H), 3.73 — 3.78 (m, 1H), 3.61 —
3.69 (m, 2H), 3.52 (t, 1H, J = 8.4 Hz), 3.42 — 3.47 (m, 1H), 3.39 (s, 3H), 2.62 — 2.66 (m, 1H),
2.52 — 2.56 (m, 1H), 2.27 — 2.34 (m, 1H), 1.80 — 1.83 (m, 1H)."*C NMR (100 MHz, CDCl3): &
208.9, 138.7, 138.2, 137.3, 137.0, 128.8, 128.4, 128.3, 128.1, 128.0, 127.5, 127.3, 125.9, 123.9,
101.1, 97.1, 95.6, 82.7, 81.8, 75.2, 73.6, 73.1, 72.8, 68.8, 68.7, 66.1, 62.2, 55.1, 34.7, 31.4.
HRMS (ESI) calcd for C4H46010+Na 733.2989, found 733.2989.

2.11. Compound 15:

NaBH, o Chi o
O CeCly.7H,0 Et,Zn COClI),, DMSO o
Bnop A Bnop _ =20 Bno _(COChz DMSO_ 4 5
-78 °C, Et,0, 0 °C, Et3sN, CH,Cl, o
O 1 h, 90% OH 5 h, 90% OH 78°C, 1 h, 99%

15

4-0-benzyl-D-arabinal: To a solution of sugar enone (2 g, 9.8 mmol) and CeCl;.7H,0
(5.47 g, 14.7 mmol) in MeOH (30 mL) at -78 °C was added cooled (-10 °C) solution of NaBH,
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(556 mg, 14.7 mmol) in MeOH (12 mL) dropwise for a period of 10 min. The solution was
stirred for 1 h at -78 °C, then quenched with saturated NH4Cl and extracted twice with ethyl
acetate (100 mL x 2). The combined organic layers were washed with water (75 mL), brine (75
mL) and dried (Na;SO,4). Removal of solvent and purification of the crude residue by silica-gel
cloumn chromatography with ethyl acetate/hexane (1:4) gave 4-O-benzyl-D-arabinal (1.8 g,
90%) as a colorless oil. R = 0.6 (3:7 ethyl acetate/hexane). *H NMR (400 MHz, CDCls): § 7.29
- 7.35 (m, 5H), 6.38 (d, 1H, J = 6.0 Hz), 4.86 (dd, 1H, J = 5.2 Hz, J = 6.0 Hz), 4.65 (s, 1H),
4.64 (s, 1H), 4.21 (t, 1H, J = 4.4 Hz), 3.92 (s, 1H), 3.90 (s, 1H), 3.70 (dd, 1H, J =4.0 Hz, J = 6.0
Hz), 3.68 (dd, 1H, J = 4.0 Hz, J = 6.0 Hz), 2.59 (bs, 1H). *C NMR (100 MHz, CDCls): §
146.2, 137.4, 128.4, 128.0, 127.7, 100.9, 73.1, 71.3, 62.3, 60.6. HRMS (ESI) calcd for
C21H2404+Na 229.0841, found 229.0841.

4-0-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-arabino-pyranose: To a solution of
4-0O-benzyl-D-arabinal (700 mg, 3.39 mmol) in ether (10 mL) at 0 °C was added 1 M Et,Zn in
hexane (10.2 mL, 10.2 mmol) and CH-l, (0.81 mL, 10.18 mmol). The mixture was stirred for 5 h
at same temperature, then quenched with saturated NH4CI solution (75 mL) and extracted with
ether (50 mL x 2). The combined organic layers were washed with water (50 mL), brine (50 mL)
and dried over anhydrous Na,SO,. Removal of solvent followed by purification of the crude
residue by silica-gel column chromatography with ethyl acetate/hexane (3:7 to 2:3) provided 4-
O-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-arabino-pyranose (672 mg, 90%) as a
colorless liquid. Rt = 0.27 (3:7 ethyl acetate/hexane). *"H NMR (400 MHz, CDCls): § 7.26 —
7.33 (m, 5H), 4.64 (d, 1H, J = 11.6 Hz), 4.37 (d, 1H, J = 11.6 Hz), 4.17 (bs, 1H), 3.83 (dd, 1H, J
=3.2 Hz, J = 12.4 Hz), 3.70 - 3.74 (m, 1H), 3.57 - 3.59 (m, 1H), 3.25 (d, 1H, J = 12.4 Hz), 2.79
(d, 1H, J= 9.6 Hz), 1.14 — 1.25 (m, 2H), 0.57 — 0.62 (m, 1H). *C NMR (100 MHz, CDCls): &
137.6, 128.2, 127.6, 127.5, 74.9, 71.1, 64.1, 63.9, 53.9, 16.4, 10.8. HRMS (ESI) calcd for
Ci3H1603+Na 243.0997, found 243.0997.

Compound 15: To a solution of (COCI), (293 pL, 3.40 mmol) in CH,Cl, (8 mL) at -78 °C was
added DMSO (403 pL, 5.67 mmol) dropwise. After 10 min of stirring at the same temperature,
the above 4-O-benzyl-1,5-anhydro-2-deoxy-a-1,2-C-methylene-D-arabino-pyranose (500 mg,
2.27 mmol) in CH,CI; (8 mL) was added dropwise for a period of 15 min. After stirring for 30
min at -78 °C, EtzN (1.5 mL, 11.2 mmol) was added and allowed to warm to room temperature.

The reaction mixture was diluted with CH,Cl, (50 mL), washed with water (25 mL x 2), brine
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(25 mL) and dried over anhydrous Na,SO,4. Removal of solvent gave the crude residue which
upon purification by silica-gel column chromatography with ethyl acetate/hexane (1:4) provided
compound 15 (490 mg, 99%) as a colorless oil. Rs = 0.48 (3:7 ethyl acetate/hexane). ‘H NMR
(400 MHz, CDCls):  7.26 — 7.34 (m, 5H), 4.90 (d, 1H, J = 12.0 Hz), 4.59 (d, 1H, J = 12.0 Hz),
4.13 (dd, 1H, J = 4.0 Hz, J = 9.6 Hz), 3.94 (dd, 1H, J = 5.2 Hz, J = 10.0 Hz), 3.85 (dd, 1H, J =
5.6 Hz, J= 10.4 Hz), 3.74 (t, 1H, J = 10.4 Hz), 1.85 — 1.91 (m, 1H), 1.25 — 1.29 (m, 2H). *C
NMR (100 MHz, CDCls3): 6 204.0, 137.3, 128.3, 127.8, 127.7, 76.3, 73.0, 71.0, 59.1, 25.7, 19.5.
HRMS (ESI) calcd for C13H;403+Na 241.0841,found 241.0841.

2.12. Compound 16:
Ph

o
Bno” = 2 Ph 20 BnO?\Q
BnO TMSOTf, CH,Cl, (@]
le} + > BnO
HO OMe
4 AMS, 80% 3 oo
MeO
15 12

16

Compound 16 was synthesized using D-arabinose-derived 1,2-cyclopropa-3-pyranone 15
(100 mg, 0.45 mmol), sugar acceptor 12 (187 mg, 0.5 mmol), TMSOTTf (16 pL, 0.09 mmol) and
4 A MS powder in CH,Cl, (5 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 5 h. The obtained
crude product was purified by silica-gel column chromatography (ethyl acetate/hexane 1:4) to
give septanosyl disaccharide 16 (216 mg, 80%) as a semi solid. Ry = 0.46 (3:7 ethyl
acetate/hexane). "H NMR (400 MHz, CDCls): § 7.47 — 7.49 (m, 2H), 7.25 - 7.39 (m, 13H), 5.57
(s, 1H), 5.00 (dd, 1H, J = 4 Hz, 8.8 Hz), 4.88 (d, 1H, J = 11.6 Hz), 4.79 (d, 1H, J = 3.6 Hz), 4.72
(d, 1H, 3 =12.0 Hz), 4.68 (d, 1H, J = 12.0 Hz), 4.37 (d, 1H, J = 12.0 Hz), 4.27 — 4.33 (m, 2H),
4.18 (dd, 1H, J = 4.8 Hz, J = 6.0 Hz), 3.95 (t, 1H, J = 9.6 Hz), 3.82 (td, 1H, J = 4.4 Hz, J = 9.6
Hz), 3.75 (dd, 1H, J = 9.6 Hz, J = 10.4 Hz), 3.69 (dd, 1H, J = 3.6 Hz, J = 9.6 Hz), 3.62 (dd, 1H,
J=9.2Hz,J =8.4 Hz), 3.58 (dd, 1H, J = 4.4 Hz, J = 13.2 Hz), 3.41 (s, 3H), 2.49 (dtd, 1H, J =
3.2Hz,J =124 Hz, J =16.0 Hz), 2.34 (ddd, 1H, J = 3.6 Hz, J = 5.2 Hz, J = 16.0 Hz), 1.92 -
2.09 (m, 2H). *C NMR (100 MHz, CDCls): & 207.6, 138.6, 137.6, 137.2, 128.9, 128.5, 128.3,
128.2, 128.1, 127.7, 126.0, 103.7, 101.2, 99.9, 82.2, 82.2, 79.0, 78.1, 75.2, 72.2, 69.0, 62.1, 61.5,
55.3, 35.5, 28.3. HRMS (ESI) calcd for C34H3s09+Na 613.2414, found 613.2414.
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2.13. Compound 18:

Ph
OBn o
o Ph Q0  TMSOTf,CH,Cl, BnO 970 o
BnO N HO >
BnO 0,
o OMe 4AMS,95% e b B
4 17 18

Compound 18 was synthesized using D-glucose-derived 1,2-cyclopropa-3-pyranone 4
(250 mg, 0.73 mmol), glycosyl acceptor 17 (302 mg, 0.81 mmol), TMSOTT (26 pL, 0.14 mmol)
and 4 A MS powder in CH,Cl; (13 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and at 25 °C for 3
h. The obtained crude product was purified by silica-gel column chromatography (ethyl
acetate/hexane 3:7) to afford septanosyl disaccharide 18 (498 mg, 95%) as a thick gum. Rf = 0.6
(2:3 ethyl acetate/hexane). *H NMR (400 MHz, CDCls): & 7.46 — 7.48 (m, 2H), 7.20 - 7.36 (m,
18H), 5.48 (s, 1H), 5.09 (dd, 1H, J = 2.0Hz, 8.8 Hz), 4.72 (d, 1H, J = 12.0 Hz), 4.62 (d, 1H, J =
12.0 Hz), 4.55 (d, 1H, J = 3.6 Hz), 4.46 (d, 1H, J = 12.0 Hz), 4.33 (bs, 2H), 4.29 (d, 1H, J =
12.0 Hz), 4.20 (dd, 1H, J = 4.4 Hz, J = 6.0 Hz), 4.11 (t, 1H, J = 9.6 Hz), 3.78 — 3.84 (m, 2H),
3.73 (td, 1H, J = 4.4 Hz, J = 10.0 Hz), 3.65 (t, 1H, J = 10.4 Hz), 3.49 — 3.54 (m, 2H), 3.37 -
3.41 (m, 2H), 3.34 (s, 3H), 2.80 (td, 1H, J = 4.8 Hz, J = 12.0 Hz), 2.26 (dt, 1H, J =5.2 Hz, J =
12.0 Hz), 2.02 - 2.06 (m, 1H), 1.83 — 1.92 (m, 1H). *C NMR (100 MHz, CDCls): & 209.5,
138.2, 137.8, 137.4, 137.0, 128.8, 128.5, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6, 127.3, 126.3,
106.1, 101.3, 98.7, 85.4, 79.8, 79.6, 78.1, 76.7, 73.4, 73.2, 72.2, 70.3, 68.8, 62.5, 55.2, 33.9, 32.1.
HRMS (ESI) calcd for C4,H46010+Na 733.2989, found 733.3007.

2.14. Compound 19:

Ph'\\o
-0 e
0 Ph™ o 0 0
Bnox / ) C o& : TMSOTS, CH,Cl, _ oL 4
© B'OOMe  4AMS,91% BnO
BnO O Me
15 17 19

Compound 19 was synthesized using D-arabinose-derived 1,2-cyclopropa-3-pyranone 15
(80 mg, 0.36 mmol), glycosyl acceptor 17 (150 mg, 0.4 mmol), TMSOTf (13 pL, 0.07 mmol)
and 4 A MS powder in CH,CI, (5 mL) according to the general procedure for ring expansion-

glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 1 h and at 25 °C for 3
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h. The obtained crude product was purified by silica-gel column chromatography (ethyl
acetate/hexane 3:7) to afford septanosyl disaccharide 19 (197 mg, 91%) as white solid. R¢ = 0.37
(3:7 ethyl acetate/hexane). *H NMR (400 MHz, CDCls): 6 7.17 — 7.45 (m, 15H), 5.49 (s, 1H),
5.20 (dd, 1H, J = 4.0 Hz, J = 8.0 Hz), 4.67 (d, 1H, J = 12.4 Hz), 4.59 -4.63 (m, 2H), 4.55 (d, 1H,
J=12.4Hz), 4.32 (d, 1H, J = 12.4 Hz),4.27 (dd, 1H, J = 5.6 Hz, J = 14.4 Hz), 4.24 (dd, 1H, J =
4.8 Hz, J = 10.0 Hz), 4.21 (dd, 1H, J =9.6 Hz, J = 18.8 Hz), 3.94 (dd, 1H, J=4.4 Hz, J = 5.6
Hz), 3.81 (td, 1H, J = 4.4 Hz, J = 9.6 Hz), 3.68 (t, 1H, J = 10.0 Hz), 3.50 (dd, 1H, J = 3.6 Hz, J
= 9.6 Hz), 3.45 (t, 1H, J = 9.6 Hz), 3.32 — 3.38 (m, 4H), 2.43 (dtd, 1H, J = 3.6 Hz, J = 11.6 Hz,
J =16.4 Hz), 2.33 (ddd, 1H, J = 3.6 Hz, J = 6.8 Hz, J = 16.4 Hz), 2.00 — 2.08 (m, 1H), 1.76 -
1.85 (m, 1H). **C NMR (100 MHz, CDCls): § 208.2, 137.7, 137.4, 137.2, 129.1, 128.5, 128.3,
128.2, 127.9, 127.6, 126.2, 101.7, 100.7, 98.5, 82.5, 80.3, 80.0, 74.1, 73.1, 71.4, 69.0, 62.5, 60.5,
55.3, 35.5, 28.2. HRMS (ESI) calcd for C34H3509+Na 613.2414, found 613.2414.

2.15. Compounds 20:

HaC, NaBH,, HaC CHaly, HC o HaG
Bno/ﬁ CeCly 7H,0 Bnow Et,Zn Bno/?ﬁ (COCh, DMSO o A0
= MeOH, -78 °C, Et,O 0°C Et;N, CH,Cl,,
O 2\ ’ O
1h, 90% OH o1 80% OH -78°C, 1h, 99%
20

6-deoxy-4-O-benzyl-D-allal: To a solution of D-rhamnose derived enone (1 g, 4.58 mmol) and
CeCl3.7H,0 (2.56 g, 6.87 mmol) in MeOH (20 mL) at -78 °C was added cooled (-10 °C) solution
of NaBH, (260 mg, 6.87 mmol) in MeOH (7 mL) dropwise for a period of 10 min. The solution
was stirred for 1 h at -78 °C, then quenched with saturated NH4ClI solution (30 mL) and extracted
twice with ethyl acetate (50 mL x 2). The combined organic layers were washed with water (25
mL), brine (25 mL) and dried (Na,SO,4). Removal of solvent and purification of the crude residue
by silica-gel cloumn chromatography with ethyl acetate/hexane (3:7 to 2:3) provided 6-deoxy-4-
O-benzyl-D-allal (0.9 g, 90%) as crystalline needles. R; = 0.61 (3:7 ethyl acetate/hexane). *H
NMR (400 MHz, CDCls3): 6 7.24 — 7.35 (m, 5H), 6.30 (dd, 1H, J= 1.2 Hz, J = 6.0 Hz), 4.83 (d,
1H,J = 11.6 Hz), 4.77 (d, 1H, J = 11.6 Hz), 4.68 (dd, 1H, J = 2.4 Hz, J= 6.0 Hz), 4.33 (bs, 1H,
3.86 - 3.93 (m, 1H), 3.26 (dd, 1H, J = 6.8 Hz, J = 9.6 Hz), 1.86 (d, 1H, J = 5.2 Hz), 1.39 (d, 3H,
J =6.4 Hz). ®*C NMR (100 MHz, CDCls): § 144.6, 138.2, 128.5, 127.9, 103.2, 82.4, 74.2, 74.1,
69.9, 17.6. HRMS (ESI) calcd for C13H1603+Na 243.0997, found 243.0997.
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4-0-benzyl-1,5-anhydro-2,6-dideoxy-a-1,2-C-methylene-D-allo-pyranose: To a solution of 6-
deoxy-4-O-benzyl-D-allal (800 mg, 3.63 mmol) in ether (15 mL) at 0 °C was added 1 M Et,Zn in
hexane (10.8 mL, 10.8 mmol) and CH,l, (0.87 mL, 10.8 mmol). The mixture was stirred for 5 h
at same temperature, then quenched with saturated NH4CI solution (75 mL) and extracted with
ether (50 mL x 2). The combined organic layers were washed with water (50 mL), brine (50 mL)
and dried over anhydrous Na,SO,. Removal of solvent followed by purification of the crude
residue by silica-gel column chromatography with ethyl acetate/hexane (3:7 to 2:3) provided 4-
O-benzyl-1,5-anhydro-2,6-dideoxy-a-1,2-C-methylene-D-allo-pyranose (680 mg, 80%) as a
white solid. Rt = 0.38 (3:7 ethyl acetate/hexane). *H NMR (400 MHz, CDCl3): & 7.26 — 7.34 (m,
5H), 4.75 (d, 1H, J = 12.0 Hz), 4.67 (d, 1H, J = 12.0 Hz), 4.21 (t, 1H, J = 7.6 Hz), 3.69 — 3.72
(m, 1H), 3.35 (dd, 1H, J = 6.4 Hz, J = 9.6 Hz), 2.84 (dd, 1H, J = 7.6 Hz, J = 9.2 Hz), 1.34 -
1.38 (m, 1H), 1.22 (d, 3H, J= 6.4 Hz), 0.64 — 0.69 (m, 2H). *C NMR (100 MHz, CDCls): §
138.2, 128.6, 127.7, 84.7, 74.4, 74.2, 71,5, 54.0, 18.7, 17.5, 11.6. HRMS (ESI) calcd for
C14H1503+Na 257.1154, found 257.1154.

Compound 20: To a solution of (COCI), (331 pL, 3.84 mmol) in CH,Cl, (8 mL) at -78 °C was
added DMSO (454 pL, 6.4 mmol) dropwise. After 10 min of stirring at the same temperature,
the above 4-O-benzyl-1,5-anhydro-2,6-dideoxy-a-1,2-C-methylene-D-allo-pyranose (600 mg,
2.56 mmol) in CH,Cl, (8 mL) was added dropwise for a period of 15 min. After stirring for 30
min at -78 °C, Et3N (1.76 mL, 12.6 mmol) was added and allowed to warm to room temperature.
The reaction mixture was diluted with CH,Cl, (50 mL), washed with water (25 mL x 2), brine
(25 mL) and dried over anhydrous Na,SO4. Removal of solvent gave the crude residue which
upon purification by silica-gel column chromatography with ethyl acetate/hexane (1:4) provided
D-rhamnose-derived 1,2-cyclopropa-3-pyranone 20 (588 mg, 99%) as a colorless solid. Rs = 0.62
(3:7 ethyl acetate/hexane). "H NMR (400 MHz, CDCl3): & 7.26 — 7.33 (m, 5H), 4.99 (d, 1H, J =
11.6 Hz), 4.53 (d, 1H, J = 11.6 Hz), 4.10 (dd, 1H, J = 4.4 Hz, J = 9.2 Hz), 3.89 — 3.96 (m, 1H),
3.45 (d, 1H, J = 9.6 Hz), 1.86 — 1.91 (m, 1H), 1.26 (d, 3H, J = 6.0 Hz), 1.25 — 1.28 (m, 2H). *C
NMR (100 MHz, CDCl3): 6 204.8, 137.4, 128.2, 128.1, 127.8, 82.0, 78.7, 73.8, 57.6, 25.8, 19.8,
18.1. HRMS (ESI) calcd for C14H1603+Na 255.0997, found 255.0997.

S14



2.16. Compound 21:

Ph 1o
HaC ph S0 o 0
BnO 0 S0 TMSOTF, CH,Cl . 7 N0
+ > 3
o} BrOOMe  4AMs, 93% BnO
BnO (o) OMe
20 17 21

Compound 21 was synthesized using D-rhamnose-derived 1,2-cyclopropa-3-pyranone 20 (85
mg, 0.36 mmol), glycosyl acceptor 17 (150 mg, 0.4 mmol), TMSOTT (13 pL, 0.07 mmol) and 4
A MS powder in CH,Cl, (5 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 3 h. The crude
product was purified by silica-gel column chromatography (ethyl acetate/hexane 1:4) to give
septanosyl disaccharide 21 (205 mg, 93%) as a colorless solid. R = 0.7 (3:7 ethyl
acetate/hexane). *H NMR (400 MHz, CDCly): & 7.25 — 7.41 (m, 15H), 5.47 (s, 1H), 5.29 (dd,
1H,J=4.8 Hz,J =8.4 Hz), 4.77 (d, 1H, J = 12.0 Hz), 4.65 (d, 1H, J = 11.6 Hz), 4.59 (d, 1H, J
=12.0 Hz), 4.55 (d, 1H, J = 3.6 Hz), 4.39 (d, 1H, J = 11.6 Hz), 4.33 (t, 1H, J = 9.6 Hz), 4.26 (t,
1H, J = 6.8 Hz), 4.22 (dd, 1H, J = 4.8 Hz, J = 10.4 Hz), 3.78 (td, 1H, J = 4.8 Hz, J = 10.4 Hz),
3.66 (t, 1H, J = 10.0 Hz), 3.58 (d, 1H, J = 10.8 Hz), 3.52 (t, 1H, J = 9.6 Hz), 3.43 (dd, 1H, J =
3.6 Hz, J = 9.6 Hz), 3.36 (s, 3H), 2.49 (ddd, 1H, J =3.2 Hz, J = 6.4 Hz, J = 15.2 Hz), 2.32 -
2.40 (m, 1H),2.17 - 2.27 (m, 1H), 1.96 — 2.04 (m, 1H), 1.23 (d, 3H, J = 6.4 Hz). *C NMR (100
MHz, CDCl3): 4 209.0, 138.0, 137.5, 137.3, 129.0, 128.4, 128.4, 128.3, 128.0, 127.9, 125.9,
101.4, 100.1, 99.0, 89.1, 83.0, 77.8, 73.7, 72.9, 72.9, 69.1, 66.1, 61.8, 55.3, 35.9, 28.1, 20.6.
HRMS (ESI) calcd for CgsH4009+Na 627.2570, found 627.2570.

2.17. Compound 23:
TBSO H3C
HC o TMSOT!, CHCl, 0-, 1BS0
B0 ;/@ N - o&g
o S 4AMS, 96% 0 g
20 22 23

Compound 23 was synthesized using D-rhamnose-derived 1,2-cyclopropa-3-pyranone 20
(70 mg, 0.3 mmol), glycosyl acceptor 22 (85 mg, 0.33 mmol), TMSOTT (10 pL, 0.06 mmol) and
4 A MS powder in CH,Cl, (5 mL) according to the general procedure for ring expansion-

glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 3 h. The crude
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product was purified by silica-gel column chromatography (ethyl acetate/hexane 1:4) to give
septanosyl disaccharide 23 (141 mg, 96%) as a colorless solid. R = 0.67 (3:7 ethyl
acetate/hexane). *"H NMR (400 MHz, CDCls): § 7.31 — 7.37 (m, 6H), 5.41 (dd, 1H, J = 4.4 Hz,
J=8.4Hz),5.35(d, 1H, J = 6.0 Hz), 4.69 (d, 1H, J = 11.2 Hz), 4.44 (d, 1H, J = 11.2 Hz), 4.42
(d, 1H, J =116 Hz), 4.31 (ddd, 1H,J =3.2 Hz, J =44 Hz, J = 11.2 Hz),4.12 (t, 1H,J =6.4
Hz), 3.00 (dd, 1H, J = 3.2 Hz, J = 11.6 Hz), 3.92 (dd, 1H, J = 4.4 Hz, J = 11.6 Hz), 3.65 (d, 1H,
J=6.4 Hz), 2.41 - 2.49 (m, 2H), 2.30 - 2.38 (m, 1H), 2.19 - 2.29 (m, 1H), 1.31 (d, 3H, J = 6.4
Hz), 0.97 (s, 9H), 0.10 (s, 6H). **C NMR (100 MHz, CDCls): 5 208.4, 192.6, 162.3, 137.2,
128.4, 128.0, 128.0, 104.7, 100.6, 89.1, 82.0, 73.0, 70.2, 67.0, 61.6, 35.9, 27.1, 25.8, 20.8, 18.4, -
5.2,-5.2. HRMS (ESI) calcd for C,sH330;Si+Na 513.2285, found 513.2285.

2.18. Compound 24:

OBn OBn

o-_Ph o-_Ph
BnO &R ol LiAOBu)H B”O/ﬁoﬂ
0 0\ — > OH on\Q
EtOH, -78 °C,
1h, 98%
BnO—1.0 Bno-1.0
MeO MeO

18 24

A solution of ketone 18 (350 mg, 0.49 mmol) in EtOH (10 mL) was added dropwise to a
solution of LiAIH(OC(CHs)s)s (250 mg, 0.98 mmol) in EtOH (10 mL) at -78 °C. The mixture
was stirred for 1 h at same temperature, then slowly quenched with saturated NH,Cl solution (20
mL) and allowed to warm to room temperature. Ethanol was evaporated under reduced pressure
and the obtained thick syrup was extracted twice with ethyl acetate (20 mL x 2). The combined
organic layers were washed with water (10 mL), brine (10 mL) and dried (MgSO,). Purification
of crude residue by silica-gel column chromatography with ethyl acetate/hexane (3:7 to 2:3)
provided septano-hexose disaccharide 24 (343 mg, 98%) as a colorless oil. Rs = 0.38 (3:7 ethyl
acetate/hexane). *H NMR (500 MHz, CDCls): 8 7.47 — 7.49 (m, 2H), 7.18 — 7.36 (m, 18H), 5.47
(s, 1H), 5.03 (dd, 1H, J = 2.8 Hz, J = 8.0 Hz), 4.75 (d, 1H, J = 12.0 Hz), 4.61 (d, 1H, J = 12.0
Hz), 4. 55 (d, 1H, J = 3.2 Hz), 4.32 — 4.45 (m, 6H), 4.19 (dd, 1H, J = 4.4 Hz, J = 10.0 Hz), 4.08
(d, 1H, J = 9.2 Hz), 3.99 — 4.01 (m, 1H), 3.73 — 3.80 (m, 2H), 3.61 — 3.67 (m, 2H), 3.51 (dtd,
1H,J = 2.8 Hz, J = 6.8 Hz, J =9.2 Hz), 3.38 — 3.45 (m, 2H), 3.34 (s, 3H), 1.92 — 2.07 (m, 3H),
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1.73 - 1.79 (m, 1H), 1.60 — 1.66 (m, 1H). *C NMR (125 MHz, CDCls): & 138.4, 138.2, 138.0,
137.5, 128.8, 128.4, 128.3, 128.1, 128.0, 127.9, 127.7, 127.3, 126.4, 105.4, 101.5, 98.9, 82.6,
80.3, 79.4, 77.0, 76.4, 73.6, 73.3, 72.0, 71.2, 69.7, 68.9, 62.4, 55.2, 30.9, 25.4. HRMS (ESI)
calcd for C42H45015+Na 735.3145, found 735.3145.

2.19. p-Nitrobenzoate of diaccharide 24:

OBn OBn
o-Ph PNB-OH BnO o-Ph
BnO ) DIAD, PhsP  PNBO

OH o\Q - o)
THF, 99%
BnO"] O BnO~1 O
MeO MeO

24

A solution of alcohol 24 (300 mg, 0.42 mmol), triphenylphosphine (441 mg, 1.68 mmol)
and p-nitrobenzoic acid (281 mg, 1.68 mmol) in THF (10 mL) at 0 °C was added DIAD (330 pL,
1.68 mmol) dropwise. Upon completion of the addition, the solution was allowed to stir at room
temperature for over night. Removal the solvent under reduced pressure followed by purification
of crude mixture by silica-gel column chromatography with ethyl acetate/hexane (1:4) gave p-
nitrobenzoate of diaccharide 24 (358 mg, 99% vyield) as light yellow oil. Rf = 0.61 (3:7 ethyl
acetate/hexane). *"H NMR (400 MHz, CDCls): & 8.10 (d, 2H, J = 9.2 Hz), 8.01 (d, 2H, J = 9.2
Hz), 7.16 — 7.35 (m, 20H), 5.53 (s, 1H), 5.35 (dd, 1H, J = 4.4 Hz, J = 7.2 Hz), 4.74 (d, 1H, J =
12.0 Hz), 4.65 (d, 1H, J = 12.0 Hz), 5.59 (d, 1H, J = 12.0 Hz), 4.58 (d, 1H, J = 4.0 Hz), 4.47 (d,
1H, J = 12.0 Hz), 4.36 (s, 2H), 4.21 — 4.27 (m, 2H), 3.74 — 3.79 (m, 2H), 3.65 — 3.72 (m, 2H),
3.54 - 3.59 (m, 2H), 3.43 - 3.50 (m, 2H), 3.36 (s, 3H), 2.03 - 2.09 (m, 1H), 1.89 — 1.99 (m, 3H).
3C NMR (100 MHz, CDCls): & 163.8, 150.3, 138.3, 137.9, 137.7, 137.5, 135.6, 130.7, 128.8,
128.5, 128.3, 128.1, 128.0, 127.7, 127.7, 127.3, 126.3, 123.4, 106.2, 101.4, 98.8, 79.9, 79.8, 79.7,
78.0, 75.4, 74.8, 73.5, 73.3, 72.7, 71.1, 69.0, 62.6, 55.3, 30.3, 22.7. HRMS (ESI) calcd for
Ca9Hs51NO13+Na 884.3258, found 884.3258.

2.20. Compound 25:

25 S17



To a solution of above p-nitrobenzoate sugar derivative (250 mg, 0.29 mmol) in MeOH
(2.3 mL) at room temperature was added methonolic solution of NaOMe (330 pL) (freshely
prepared from 100 mg of Na in 20 mL of MeOH) and stirred for 1 h. The solution was
neutralised with amberlite IR120 (acedic resin) and filtered. Removal of solvent under reduced
pressure followed by purification of the crude residue by silica-gel chromatography with ethyl
acetate/hexane (2:3) gave disaccharide 25 (203 mg, 99%) as a colorless gum. Rs = 0.36 (3:7 ethyl
acetate/hexane). *H NMR (500 MHz, CDCls): 8 7.47 — 7.49 (m, 2H), 7.18 — 7.35 (m, 18H), 5.49
(s, 1H), 4.91 (dd, 1H, J = 3.0 Hz, J = 9.0 Hz), 4.74 (d, 1H, J = 12.0 Hz), 4.63 (d, 1H, J = 12.0
Hz), 4.55 (d, 1H, J = 3.5 Hz), 4.42 (d, 1H, J = 12.0 Hz), 4.39 (d, 1H, J = 12.0 Hz), 4.38 (d, 1H,
J=12.0Hz), 4.34 (d, 1H, J = 12.0 Hz), 4.20 (dd, 1H, J = 4.5Hz, J=10.0 Hz), 4.13 (t, 1H, J =
9.5 Hz), 3.88 - 3.91 (m, 1H), 3.68 — 3.76 (m, 2H), 3.66 (t, 1H, J = 10.0 Hz), 3.55 (t, 1H, J =5.5
Hz), 3.54 (dd 1H, J = 3.5 Hz, J = 9.5 Hz), 3.51 (t, 1H, J = 9.0 Hz), 3.38 — 3.44 (m, 2H), 3.34 (s,
3H), 1.93 - 2.01 (m, 1H), 1.80 — 1.91 (m, 3H). *C NMR (100 MHz, CDCl5): & 138.2, 138.0,
137.8, 137.4, 128.8, 128.4, 128.2, 128.1, 128.0, 127.9, 127.6, 127.5, 127.2, 126.2, 107.1, 101.3,
98.6, 81.6, 80.1, 79.8, 79.6, 75.9, 73.4, 73.2,72.1, 71.7, 70.7, 68.8, 62.4, 55.2, 29.7, 24.0. HRMS
(ESI) calcd for C4,H480,8+Na 735.3145, found 735.3145.

2.21. Compound 26:

OBn
OBn
B0 o_Ph BnO o OBn
n
OBn HO 2 BnO- o-Ph
o Og  TMSOTf,CHCl, O o) )
(0] O
BnO + » (@) (0]
0 4 AMS, -78 °C-RT, 4 h
BnO~1 0O
MeO BnO~1 O
MeO
4 25 26

Diseptano-hexose trisaccharide derivative 26 was synthesized using D-glucose-derived
1,2-cyclopropa-3-pyranone 4 (65 mg, 0.19 mmol), glycosyl acceptor 25 (150 mg, 0.21 mmol),
TMSOTf (5.4 pL, 0.03 mmol) and 4 A MS powder in CH,Cl, (5 mL) according to the general
procedure for ring expansion-glycosylation reaction (2.3). The reaction mixture was stirred at -78

°C for 1 h and then at 25 °C for 3 h. The crude product was purified by silica-gel column
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chromatography (ethyl acetate/hexane 3:7) to give diseptano-hexose trisaccharide derivative 23
(160 mg, 79%) as colorless oil. Rf = 0.77 (2:3 ethyl acetate/hexane). *"H NMR (500 MHz,
CDCls): 6 7.47 = 7.49 (m, 2H), 7.14 — 7.36 (m, 30H), 5.47 (s, 1H), 4.95 - 5.00 (m, 1H), 4.88 (dd,
1H,J = 3.0 Hz, J = 7.5 Hz), 4.77 (1H, J = 12.0 Hz), 4.75 (dd, 1H, J = 2.5 Hz, J = 9.0 Hz), 4.67
(d, 1H, J = 12.5 Hz), 4.52 — 4.54 (m, 3H), 4.38 — 4.40 (m, 2H), 4.35 (d, 1H, J = 3.5 Hz), 4.32 (d,
1H, J = 12.0 Hz), 4.28 (d, 1H, J = 12.5 Hz), 4.12 — 4.19 (m, 3H), 3.71 - 3.80 (m, 3H), m3.65 (d,
1H, J = 9.0 Hz), 3.61 (dd, 1H, J = 3.0 Hz, J = 13.0 Hz), 3.57 (dd, 1H, J = 4.0 Hz, J = 5.5 Hz),
3.51-3.53 (m, 2H), 3.47 — 3.50 (m, 2H), 3.43 — 3.46 (m, 1H), 3.33 — 3.36 (m, 4H), 2.84 (td, 1H,
J=5.0 Hz, J = 11.5 Hz), 2.29 — 2.35 (m, 1H), 2.03 - 2.06 (m, 1H), 1.81 — 1.91 (m, 3H), 1.67 —
1.71 (m, 2H). *C NMR (100 MHz, CDCls): § 209.3, 138.7, 138.5, 138.3, 137.9, 137.5, 136.8,
128.7, 128.4, 128.3, 128.3, 128.1, 128.1, 128.0, 128.0, 127.8, 127.8, 127.7, 127.6, 127.5, 127.3,
127.1, 126.3, 105.0, 103.0, 101.1, 99.2, 85.2, 81.1, 79.6, 78.9, 78.2, 77.3, 76.3, 76.1, 73.5, 73.2,
73.1, 724, 72.2, 71.6, 70.6, 68.9, 62.5, 55.2, 34.0, 32.9, 30.2, 21.3. HRMS (ESI) calcd for
Ce3H70014+Na 1073.4663, found 1073.4664.

2.22. Compound 27:

OBn OBn
BnO ) OBn BnO 0 OBn

- o-Ph ; t ~ o-Ph

o BnO o) a LiAI(O'Bu)sH HO Bnoo ﬂ
OOO > oOO

EtOH, -78 °C, 1 h
76% after
BnO~ | O two steps BnO~1 O
Meré) P MeO
26 27

A solution of ketone 26 (155 mg, 0.14 mmol) in EtOH (5 mL) was added dropwise to a
solution of LiAIH(OC(CHs)3)s (71 mg, 0.28 mmol) in EtOH (5 mL) at -78 °C. The mixture was
stirred for 1 h at same temperature, then slowly quenched with saturated NH,CI solution (10 mL)
and allowed to warm to room temperature. Ethanol was evaporated under reduced pressure and
the obtained thick syrup was extracted twice with ethyl acetate (20 mL x 2). The combined
organic layers were washed with water (10 mL), brine (10 mL) and dried (MgSO.). Purification
of crude residue by silica-gel column chromatography with ethyl acetate/hexane (2:3) provided
diseptano-hexose trisaccharide 27 (153 mg, over all 76% for two steps) as a colorless oil. Rs =
0.5 (2:3 ethyl acetate/hexane). *H NMR (500 MHz, CDCl3): & 7.48 — 7.50 (m, 2H), 7.18 — 7.38

S19



(m, 28H), 5.48 (s, 1H), 4.89 (dd, 1H, J = 3.0Hz, J = 8.0 Hz), 4.78 (d, 1H, J = 12.0 Hz), 4.75 (dd,
1H, J = 3.5 Hz, J = 7.0 Hz), 4.69 (d, 1H, J = 12.0Hz), 4.53 (d, 1H, J = 12.0 Hz), 4.52 (d, 1H, J
= 3.5 Hz), 4.50 (d, 1H, J = 12.0 Hz), 4.45 (d, 1H, J = 12.0 Hz), 4.41 (d, 1H, J = 12.0 Hz), 4.37
(d, 1H, J = 12.0 Hz), 4.35 (d, 1H, J = 12.0 Hz), 4.29 (d, 1H, J = 12.0 Hz), 4.17 (dtd , 1H, J = 2.0
Hz, J = 6.0 Hz, J = 10.0 Hz), 4.07 — 4.11 (m, 2H), 3.74 (dd, 1H, J = 4.5 Hz, J = 7.5 Hz), 3.68 —
3.72 (m, 1H), 3.66 (t, 1H, J = 7.5 Hz), 3.60 (dd, 1H, J= 4.5 Hz, J = 9.0 Hz), 3.57 - 3.59 (m, 1H),
3.55 — 3.56 (M, 2), 3.53 — 3.54 (m, 2H), 3.49 — 3.50 (M, 1H), 3.45- 2.46 (M, 1H), 3.36 — 3.91 (m,
1H), 3.34 (s, 3H), 1.92 — 2.06 (M, 2H), 1.82 - 1.87 (m, 1H), 1.64 — 1.75 (m, 6H). *C NMR (100
MHz, CDCly): § 138.7, 138.7, 138.4, 138.1, 137.9, 137.6, 128.7,128.5, 128.4, 128.3, 128.1,
128.0, 127.9, 127.8, 127.7, 127.6, 127.3, 127.1, 126.3, 105.3, 101.8, 101.2, 82.3, 81.5, 79.5, 78.8,
77.5, 76.8, 76.2, 75.9, 73.5, 73.2, 73.1, 72.6, 72.2, 71.7, 71.2, 69.4, 68.9, 62.6, 55.3, 30.6, 30.3,
25.3, 21.6. HRMS (ESI) calcd for CgsH7,014+Na 1075.4820, found 1075.4820.

2.23. Compound 29:

H.C HiC
< o HsC TMSOTH, O~ H.C
BnO n HO/;/g 4 AMS -~ BnO O/Sw
o: C; o CH,Cl,, -78 °C, o g =
3h,70%
20 28 29

Septano-hexose disaccharide derivative 29 was synthesized using D-rhamnose-derived
1,2-cyclopropa-3-pyranone 20 (200 mg, 0.86 mmol), glycosyl acceptor 28 (120 mg, 0.94 mmol),
TMSOTf (31 pL, 0.17 mmol) and 4 A MS powder in CH,Cl, (15 mL) according to the general
procedure for ring expansion-glycosylation reaction (2.3). The reaction mixture was stirred at -78
°C for 3 h. The crude product was purified by silica-gel column chromatography (ethyl
acetate/hexane 1:4) to give septano-hexose disaccharide derivative 29 (217 mg, 70%) as a
colorless solid. R = 0.5 (3:7 ethyl acetate/hexane). *H NMR (500 MHz, CDCls): & 7.28 — 7.38
(m, 6H), 5.35 — 5.38 (m, 2H), 4.69 (d, 1H, J = 11.5 Hz), 5.41 (4.42 (d, 1H, J = 11.5 Hz), 4.34
(dd, 1H, J = 6.0 Hz, J = 11.5 Hz), 4.12 — 4.18 (m, 2H), 3.65 (d, 1H, J = 6.5 Hz), 2.53 (ddd, 1H,
J=3.6 Hz,J=5.6 Hz, J = 15.6 Hz), 2.41 — 2.49 (m, 1H), 2.31 — 2.39 (m, 1H), 2.22 — 2.27 (m,
1H), 1.50 (d, 3H, J = 6.5 Hz), 1.30 (d, 3H, J = 6.5 Hz). **C NMR (125 MHz, CDCl): & 208.3,
193.3, 162.6, 137.1, 128.4, 128.1, 128.0, 105.1, 100.8, 89.1, 78.2, 74.8, 73.0, 66.8, 35.8, 27.0,
20.9, 17.5. HRMS (ESI) calcd for CpoH2406+Na 383.1471, found 383.1471.
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2.24. Compound 30:

1. CeCI3.7H20, NaBH4
MeOH, -78 °C, 1 h

H3C H3C o
O 2. CH,l,, EtyZn, Et,0
H3C 202, BN, EL H-C
Bnquo <o Bl B0 Bnoy\zO €,
(6] — (e}
(@) 3. (COCl),, DMSO, Et3N 0
29 CH.Cl,, -78°C, 1 h 30

75% after three steps

To a solution of septano-hexose disaccharide derivative 29 (150 mg, 0.41 mmol) and
CeCl3.7H,0 (458 mg, 1.23 mmol) in MeOH (6 mL) at -78 °C, was added cooled (-10 °C)
solution of NaBH, (46 mg, 1.23 mmol) in MeOH (2 mL) dropwise for a period of 10 min. The
solution was stirred for 1 h at same temperature and slowly quenched with saturated NH,Cl
solution (15 mL). The mixture was extracted with ethyl acetate (15 mL x 2). The combined
organic layers were washed with water (10 mL), brine (10 mL) and dried (Na,SO,4). Removal of
solvent provided the crude diol (148 mg, 0.4 mmol) as colorless gum. This crude diol mixture
was dissolved in ether (5 mL), and subsequently 1 M Et,Zn in hexane (1.2 mL, 1.21 mmol) and
CHal, (98 pL, 1.21 mmol) were added at 0 °C and stirred for 5 h at the same temperature. After
completion of reaction (TLC), saturated NH,Cl (15 mL) was added and extracted with ethyl
acetate (15 mL x 2). The combined organic layers were washed with water (10 mL), brine (10
mL) and dried (Na;SO,). Removal of solvent gave crude 1,2-cyclopropnated disaccharide diol
mixture (130 mg, 0.34 mmol) which was used for next step without purification. For oxidation of
diol, DMSO (120 pL, 1.7 mmol) was added dropwise to a solution of (COCI), (88 uL, 1.02
mmol) in CH,Cl, (3 mL) at -78 °C. After stirring for 10 min at the same temperature, the above
1,2-cyclopropnated disaccharide diol mixture (130 mg, 0.34 mmol) in CH,Cl, (3 mL) was added
dropwise for a period of 15 min. After stirring for 30 min at -78 °C, EtzN (468 uL, 3.36 mmol)
was added and allowed to warm to room temperature. The reaction mixture was diluted with
CH,CI; (20 mL), washed with water (10 mL x 2), brine (10 mL) and dried over anhydrous
Na;SOs. The crude residue was purified by silica-gel column chromatography (ethyl
acetate/hexane 3:7) provided 1,2-cyclopropanated-septanosyl disaccharide-derivative 30 (115

mg, 75% after three steps) as a mixture (o;f = 2:1).

2.25. Compound 31:

S21



CH,Cl,, -78 °C, 3
3 h, 65% o

Diseptano-hexose trisaccharide derivative 31 was synthesized using glycosyl donor 30
(100 mg, 0.26 mmol), glycosyl acceptor 28 (37 mg, 0.29 mmol), TMSOTT (9.4 pL, 0.05 mmol)
and 4 A MS powder in CH,CI, (5 mL) according to the general procedure for ring expansion-
glycosylation reaction (2.3). The reaction mixture was stirred at -78 °C for 3 h. The crude
product was purified by silica-gel column chromatography (ethyl acetate/hexane 1:4) to give
diseptano-hexose trisaccharide derivative 31 (87 mg, 65%) as a colorless oil. R = 0.32 (3:7 ethyl
acetate/hexane). *H NMR (500 MHz, CDCls): § 7.29 — 7.37 (m, 6H), 5.44 (dd, 1H, J = 5.0 Hz,
J =8.5Hz), 5.36 (d, 1H, J = 6.0 Hz), 4.86 (dd, 1H, J = 5.0 Hz, J = 8.5 Hz), 4.67 (d, 1H, J =
11.5 Hz), 4.40 (d, 1H, J = 11.5 Hz), 4.36 (dd, 1H, J = 6.5 Hz, J = 12.0 Hz), 4.18 (d, 1H, J =
12.0 Hz), 4.13 (t, 1H, J = 6.5 Hz), 4.05 (d, 1H, J = 8.5 Hz), 4.03 (dd, 1H, J = 55Hz,J =115
Hz), 3.62 (d, 1H, J = 7.0 Hz), 2.51 — 2.55 (m, 1H), 2.44 — 2.50 (m, 2H), 2.38 - 2.43 (m, 1H),
2.28 — 2.37 (m, 2H), 2.15 - 2.20 (m, 1H), 1.90 — 1.97 (m, 1H), 1.49 (d, 3H, J = 6.0 Hz), 1.33 (d,
3H,J =5.5 Hz), 1.29 (d, 3H, J = 6.5 Hz). **C NMR (100 MHz, CDCls): & 208.2, 207.6, 193.3,
162.7, 137.1, 1285, 128.1, 128.1, 105.1, 100.3, 99.8, 89.1, 83.6, 78.2, 74.7, 73.1, 66.9, 65.3,
35.8, 35.7, 27.2, 27.0, 20.9, 20.2, 17.6. HRMS (ESI) calcd for C,7H3409+Na 525.2101, found
525.2101.
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