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1. Generals

General; In general, reactions were carried out under an argon atmosphere, unless noted
otherwise. Reagent grade solvents (1,2-dichloethane, pyridine, triethylamine) were distilled prior
to use. Reactions were monitored by thin layer chromatography using Merck Silica Gel 60 F254
plates. Flash chromatography was performed using flash silica gel 60N (spherical neutral, particle
size 40—50 pm) purchased from Kanto Chemical Co. Inc. Flash gel permeation chromatography
was performed using Sephadex LH-20 purchased from Global Sciences Technologies Japan Co.
Ltd.

Instrumentation; NMR spectra were recorded 500 MHz Bruker Avance IlII, operating at 500
MHz for 'H NMR, and 125 MHz for '*C NMR. Chemical shifts were reported in the scale relative
to CHCl; (8 7.26 ppm for '"H NMR, & 77.16 ppm for *C NMR), CH;0H (8 3.31 ppm for 'H NMR,
8 49.00 ppm for *C NMR), acetone (8 2.05 ppm for '"H NMR, & 29.84 ppm for *C NMR) as an
internal reference. Splitting patterns are designated as s: singlet, d: doublet, t: triplet, q: quartet,
br: broadening, m: multiplet. High-resolution mass spectrometry (HRMS) was obtained with
Bruker MicroTOF II. Middle pressure liquid chromatography (MPLC) was performed on
Yamazen, EPCLC-W-Prep 2XY A-Type equipped with RI and UV detectors. Recycling
preparative gel permeation chromatography (GPC) was performed using LaboACE LC-5060
(Japan Analytical Industry Co. Inc.) with JAIGEL-2HR column.



2. Synthesis of Donor 11

Scheme S1. Summary of synthetic route of donor 11
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Xanthate S1 was prepared using reported procedure.'? Donors 11a, 11b, and 11d were synthesized

using a protocol developed in our group.? Synthetic procedure of donor 11¢ is reported below;
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OH (C7H15),C(OMe), (5 eq) "Citis
7'115)2 2
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HO 7// ( 78%) HO 7]/
S S
s1 s2

To a solution of S1 (212 mg, 0.746 mmol, 1.0 equiv) in DMF (1.5 mL, 0.5 M) was
subsequently added 8,8-dimethoxypentadecane (1.02 g, 3.73 mmol, 5.0 equiv) and (£)-10-
camphorsulfonic acid (34.6 mg, 0.149 mmol, 0.2 equiv) at 0 °C. After stirring for 2 h at room
temperature, the solution was cooled to 0 °C and diluted with hexane/EtOAc (4/1, 20 mL) and
quenched with saturated aqueous NaHCO; (20 mL). After separating layers, the aqueous layer
was extracted with hexane/EtOAc (4/1, 2 x 20 mL). The combined organic extracts were washed
with water (50 mL), dried over Na,SOs, concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: hexane/EtOAc = 10/1 to 3/1) to give 4,6-
protected xanthate S2 as a white amorphous solid (124 mg, 41%). [a]p?® -36.11 (¢ 1.65, CHCI5);
"H NMR (500 MHz, CDCl5): 8 5.39 (d, J=10.2 Hz, 1H, H1), 4.67 (m, 2H, SCSOCH,CH3), 3.93
(dd, J=10.7, 5.3 Hz, 1H, H6eq), 3.74 (dd, J= 8.7, 8.6 Hz, 1H, H3), 3.72 (dd, /= 10.7, 10.4 Hz,
1H, H6ax), 3.64 (dd, J=10.2, 8.6 Hz, 1H, H2),3.53 (dd, J=9.4, 8.7 Hz, 1H, H4), 3.40 (ddd, J =
10.4,9.4,5.3 Hz, 1H, HS5), 2.88 (brs, 1H, -OH), 2.80 (br s, 1H, -OH), 1.89 (m, 1H, HAlkyl), 1.73



(m, 1H, HAlkyl), 1.59 (m, 2H, HAlkyl), 1.43 (t, J= 7.1 Hz, 3H, SCSOCH>CH3), 1.38 (m, 2H,
HAIlkyl), 1.22-1.33 (m, 18H, HAlkyl), 0.88 (dd, J = 6.8, 6.3 Hz, 6H, HAlkyl); 3*C NMR (125
MHz, CDCls3): 6 210.1 (SCSOCH2CH3), 102.9 (acetal(4®)), 88.3 (C1), 75.9 (C3), 72.4 (C4), 72.2
(C2), 71.9 (C5), 70.8 (SCSOCH->CH3), 61.5 (C6), 38.5 (CAlkyl), 32.0 (CAlkyl), 31.9 (CAlkyl),
30.0 (2C, CAlkyl), 29.49 (CAlkyl), 29.46 (CAlkyl), 29.3 (CAlkyl), 23.9 (CAlkyl), 22.81 (CAlkyl),
22.78 (2C, CAlkyl), 14.2 (2C, CAlkyl), 13.9 (SCSOCH,CH3); HRMS-ESI (m/z): [M+Na]" caled
for C4H44NaOgS,, 515.2472; found, 515.2472.
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To a solution of S2 (288 mg, 0.584 mmol, 1.0 equiv) in CH,Cl, (5.6 mL) was sequentially
added pyridine (280 pL, 3.5 mmol, 6.0 equiv), 4-dimethylaminopyridine (DMAP, 143 mg, 1.17
mmol, 2.0 equiv) and triphosgene (0.06 M in CH»Cl,, 5.9 mL, 350 pmol, 0.6 equiv) at 0 °C. After
stirring for 2 h at 0 °C, the solution was quenched with 10% aqueous H>SO4 (20 mL) at 0 °C.
After separating layers, the aqueous layer was extracted with CH2Cl, (2 x 20 mL). The combined
organic extracts were washed with saturated aqueous NaHCO3 (50 mL), dried over Na>SOs,
concentrated under reduced pressure. The residue was purified by MPLC (column: Yamazen,
ULTRA PACK Silica-40B, eluent: hexane/EtOAc = 1/0 to 9/1) to give 9c as a colorless oil (124
mg, 41%). [a]p* —17.05 (¢ 0.63, CHCI3); 'H NMR (500 MHz, CDCls): & 5.84 (d, J = 10.3 Hz,
1H, H1), 4.68 (q, J= 7.1 Hz, 2H, SCSOCH,CH3), 4.44 (dd, J = 10.6, 9.9 Hz, 1H, H3), 4.20 (dd,
J=10.6, 10.3 Hz, 1H, H2), 4.09 (dd, J = 9.9, 9.0 Hz, 1H, H4), 3.95 (dd, J=10.8, 5.2 Hz, 1H,
Hé6eq), 3.85 (dd, J=10.8, 10.0 Hz, 1H, H6ax), 3.51 (ddd, J=10.0, 9.0, 5.2 Hz, 1H, H5), 1.87 (m,
1H, HAlkyl), 1.76 (m, 1H, HAlkyl), 1.59 (m, 2H, HAlkyl), 1.43 (t,J="7.1 Hz, 3H, SCSOCH:CH3),
1.37 (m, 2H, HAlkyl), 1.22-1.32 (m, 18H, HAlkyl), 0.88 (m, 6H, HAlkyl); *C NMR (125 MHz,
CDCls): & 207.9 (SCSOCH:CH3), 152.5 (-C=0), 103.3 (acetal(4°)), 84.5 (C1), 82.0 (C3), 76.8
(€2),74.5(C5),71.3 (SCSOCH:CH3), 71.0 (C4), 61.3 (C6), 38.1 (CAlkyl), 31.92 (CAlkyl), 31.88
(CAlkyl), 29.9 (CAlkyl), 29.8 (CAlkyl), 29.6 (CAlkyl), 29.4 (CAlkyl), 29.3 (CAlkyl), 23.7
(CAlkyl), 22.76 (CAlkyl), 22.73 (CAlkyl), 22.66 (CAlkyl), 14.2 (2C, CAlkyl), 13.8
(SCSOCH:CH3); HRMS-ESI (m/z): [M+Na]" caled for C,sHsxNaO;S,, 541.2264; found,
515.2248.



3. Synthesis of Acceptor 12

Scheme S2. Summary of synthetic routes to ceramide acceptor 12
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Compounds 12a and S4 were synthesized using reported procedure.* Synthetic procedures of

acceptors 12b-k are shown below;

Compound S3
B°°‘r;1H CisHar 4y TFATH,0 = 10/3 (0.1 M) PhthN  OH
x r 1. < :
N 0 > \/Y\/C13H27
0O 2) Phthalic anhydride (1 eq) OH
Et3N (1 eq)
10a toluene (0.1 M), reflux, 5 h sS3

Compound 12a (541 mg, 1.19 mmol, 1.0 equiv) was dissolved in trifluoroacetic acid and water
(TFA/H>O = 10:3, 11.9 mL, 0.1 M). After stirring for 1.5 h at room temperature, the resulting
solution was concentrated under reduced pressure and co-evaporated with toluene three times to
remove residual water to give primary amine.

The crude mixture was dissolved in toluene (11.7 mL, 0.1 M) under Ar atmosphere. To the
solution was added phthalic anhydride (176 mg, 1.19 mmol, 1.0 equiv) and triethylamine (165
pL, 1.19 mmol, 1.0 equiv) at 0 °C. After stirring for 5 h under reflux condition with Dean-Stark
trap, the solution was cooled to 0 °C and quenched with saturated aqueous NH4Cl (20 mL). After
separating layers, the aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic
extracts were dried over Na,SO4 and concentrated under reduced pressure. The residue was
purified by MPLC (column: Yamazen, ULTRAPACK Silica-40B, eluent: hexane/acetone = 7/1 to
2/1) to give compound S3 as a white amorphous solid (379 mg, 72%). [a]p*' —50.06 (¢ 0.91,
CHCl3); 'TH NMR (500 MHz, CDCl5): 6 7.86 (dd, J = 5.4, 3.0 Hz, 2H, HPhth), 7.74 (dd, J = 5.4,
3.0 Hz, 2H, HPhth), 6.26 (ddd, J=17.1, 10.4, 7.3 Hz, 1H, sphH1), 5.29 (ddd, /=104, 1.3, 1.1
Hz, 1H, H.C=C-), 5.24 (ddd, J=17.1, 1.3, 1.1 Hz, 1H, H.C=C-), 5.22 (ddd, /= 7.3, 2.6, 1.3 Hz,
1H, sphH2), 4.14 (d, J = 2.0 Hz, 1H, 3-OH), 3.89 (ddd, J = 6.5, 2.6, 2.0 Hz, 1H, sphH3), 3.64
(dddd, /=8.8.6.5, 6.1, 3.2 Hz, 1H, sphH4), 1.88 (brd, /= 3.2 Hz, 1H, 4-OH), 1.80-1.71 (m, 1H,
sphH5), 1.55-1.44 (m, 2H, sphH5 and sphHAlkyl), 1.33-1.22 (m, 23H, sphHAlkyl), 0.88 (t, J =
6.9 Hz, 3H, sphH18); *C NMR (125 MHz, CDCl5): 4 169.0 (2C, -NC(O)Phth), 134.5 (2C, CPhth),
131.8 (2C, CPhth), 131.4 (sphC2), 123.8 (2C, CPhth), 119.4 (H.C=C-), 76.9 (sphC3), 72.5
(sphC4), 55.8 (sphC1), 33.0 (sphC5), 32.1 (sphCAlkyl), 29.83 (3C, sphCAlkyl), 29.80
(sphCAlkyl), 29.79 (sphCAlkyl), 29.76 (sphCAlkyl), 29.74 (sphCAlkyl), 29.72 (sphCAlkyl),
29.5 (sphCAlkyl), 25.6 (sphCAlkyl), 22.8 (sphCAlkyl), 14.3 (sphC18); HRMS-ESI (m/z2):
[M-+Na]" calcd for C27H41NaNOs, 466.2928; found, 466.2926.



Accepor 12d
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To a solution of S3 (70 mg, 0.158 mmol, 1.0 equiv) in CH,Cl, (1.48 mL, 0.1 M) was
subsequently added 2,2-dimethoxypropane (96.6 uL, 0.79 mmol, 5.0 equiv) and (£)-10-
camphorsulfonic acid (7.34 mg, 0.032 mmol, 0.2 equiv) at 0 °C. After stirring for 2 h at room
temperature, the solution was cooled to 0 °C and quenched with saturated aqueous NaHCOs3 (5
mL). After separating layers, the aqueous layer was extracted with CH»Cl, (2 x 5 mL). The
combined organic extracts were dried over Na,SO4and concentrated under reduced pressure. The
residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-40A, eluent:
hexane/EtOAc = 49/1 to 3/1) to give compound 12d as a colorless oil (75.3 mg, quant). [a]p?® —
45.29 (¢ 0.74, CHCl3); '"H NMR (500 MHz, CDCl5): 6 7.84 (dd, J = 5.5, 3.1 Hz, 2H, HPhth), 7.73
(dd, J=5.5, 3.1 Hz, 2H, HPhth), 6.26 (ddd, J=17.2, 10.3, 7.1 Hz, 1H, sphH1), 5.22 (d,J=10.3
Hz, 1H, H.C=C-), 5.19 (d, J = 17.2 Hz, 1H, H.C=C-), 5.04 (dd, J = 10.2, 5.2 Hz, 1H, sphH3),
4.83 (dd, J=10.2, 7.1 Hz, 1H sphH2), 4.06 (ddd, J = 10.1, 5.2, 4.0 Hz, 1H, sphH4), 1.62-1.53
(m, 1H, sphHS5), 1.48 (s, 3H, acetonide(-CH3)), 1.46-1.39 (m, 1H, sphH5), 1.37 (s, 3H,
acetonide(-CH3)), 1.32-0.98 (m, 24H, sphHAlkyl), 0.87 (t, J = 6.8 Hz, 3H, sphH18); *C NMR
(125 MHz, CDCl3): 6 167.9 (2C, -NHC(O)Phth), 134.3 (2C, CPhth), 133.9 (sphC1), 131.8 (2C,
CPhth), 123.6 (2C, CPhth), 118.3 (H.C=C-), 108.4 (acetonide(4°)), 78.0 (sphC4), 75.0 (sphC3),
53.1 (sphC2), 32.1 (sphCAlkyl), 29.81 (sphCAlkyl), 29.79 (2C, sphCAlkyl), 29.74 (sphCAlkyl),
29.72 (sphCAlkyl), 29.58 (sphCAlkyl), 29.56 (sphCAlkyl), 29.49 (2C, sphCAlkyl), 28.8 (sphC5),
28.5 (acetonide(-CH3)), 26.4 (sphC6), 26.1 (acetonide(-CHs)), 22.8 (sphCAlkyl), 14.2 (sphC18);
HRMS-ESI (m/z): [M+Na]" calcd for C30HasNaNOs, 506.3241; found, 506.3249.

Acceptor 12¢

BzCl (4 + 8.5 eq)
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To a solution of diol S3 (60 mg, 0.135 mmol, 1.0 equiv) in CH2Cl, (558 uL, 0.2 M) was
subsequently added 4-dimethylaminopyridine (DMAP, 1.65 mg, 0.0135 mmol, 0.1 equiv),
pyridine (54.3 uL, 0.675 mmol, 5.0 equiv) and benzoyl chloride (62.7 uL, 0.54 mmol, 4.0 equiv)
at 0 °C. After stirring for 14 h at room temperature, the reaction solution was added DMAP (24.8



mg, 0.203 mmol, 1.5 equiv) and benzoyl chloride (30 pL, 0.203 mmol, 1.5 equiv) at 0 °C every
6 h until consuming diol S3 that was monitored by TLC (Totally DMAP (4.6 equiv) and benzoyl
chloride (8.5 equiv) were added in this case). The resulting solution was diluted with Et,O (5 mL),
and quenched with saturated aqueous NaHCO; (5 mL) at 0 °C. After separating layers, the
aqueous layer was extracted with Et,O (2 x 5 mL). The combined organic extracts were dried over
Na,SO4 and concentrated under reduced pressure. The residue was purified by MPLC (column:
Yamazen, ULTRAPACK Silica-30A. eluent: hexane/EtOAc = 12/1 to 3/1) to give bis-benzoate
12e as a colorless oil (75.5 mg, 86%). [a]p** +26.39 (¢ 0.51, CHCl3); 'H NMR (500 MHz, CDCl5):
0 8.05 (dd, /= 8.4, 1.3 Hz, 2H, HBz), 7.97 (dd, J= 8.4, 1.3 Hz, 2H, HBz), 7.81 (dd, J=5.5, 3.1
Hz, 2H, HPhth), 7.69 (dd, J = 5.5, 3.1 Hz, 2H, HPhth), 7.59 (dddd, /=7.9, 7.0, 1.3, 1.3 Hz, 1H,
HBz), 7.52 (dddd, J = 7.1, 1.3 Hz, 1H, HBz), 7.47 (dd, J= 7.6, 7.4 Hz, 2H, HBz), 7.38 (dd, J =
7.6, 7.4 Hz, 2H, HBz), 6.43 (ddd, J=17.1, 10.1, 8.7 Hz, 1H, sphH1), 6.14 (dd, J = 8.2, 4.5 Hz,
1H, sphH3), 5.37 (ddd, J = 7.9, 6.0, 4.5 Hz, 1H, sphH4), 5.31 (ddd, J = 17.1, 1.0, 0.9 Hz, 1H,
H,C=C-), 5.21 (d, J=10.1 Hz, 1H, H.C=C-), 5.14 (dd, J = 8.7, 8.2 Hz, 1H, sphH2), 1.82 (dd, J
=17.9,7.5 Hz, 1H, sphHS5), 1.80 (dd, /= 8.1, 6.0 Hz, 1H, sphH5), 1.40—1.10 (m, 24H, sphHAlkyl),
0.87 (t,J = 6.9 Hz, 3H, sphH18); *C NMR (125 MHz, CDCls): § 167.6 (2C, -NC(O)Phth), 165.8
(-OC(O)Ph), 165.5 (-OC(O)Ph), 134.3 (2C, CPhth), 133.3 (CBz), 133.1 (CBz), 131.9 (2C, CPhth),
131.7 (sphC1), 130.00 (CBz), 129.96 (3C, CBz), 129.90 (2C, CBz), 128.6 (2C, CBz), 128.4 (2C,
CBz), 123.6 (2C, CPhth), 121.1 (H.C=C-), 73.4 (sphC4), 72.5 (sphC3), 54.5 (sphC2), 32.1
(sphCAlkyl), 29.81 (sphCAlkyl), 29.78 (2C, sphCAlkyl), 29.76 (sphCAlkyl), 29.68 (2C,
sphCAlkyl), 29.59 (sphCAlkyl), 29.49 (sphCAlkyl), 29.43 (2C, sphCAlkyl), 25.3 (sphCAlkyl),
22.8 (sphCAlkyl), 14.3 (sphC18); HRMS-ESI (m/z): [M+Na]" calcd for C41H4NaNOeg, 674.3452;
found, 674.3458.

Acceptor 12f

TMSOTf (3 eq)
PhthN ?H 2,6-lutidine (4 eq) PhthN oTMS

\/\‘/\/013H27 \/'\‘/'\/013H27
CH,Cl, (0.1 M)

H ™
o 0 °C, 5 min OTMS
S3 12f

To a solution of diol S3 (120 mg, 0.264 mmol, 1.0 equiv) in CH,Cl, (2.37 mL, 0.1 M) was
subsequently added 2,6-lutidine (123 pL, 1.06 mmol, 4.0 equiv) and trimethylsilyl
trifluoromethanesulfonate (143 uL, 0.792 mmol, 3.0 equiv) at 0 °C. After stirring for 5 min at
0 °C, the solution was diluted with CH,Cl, (5 mL) and quenched with saturated aqueous NaHCO3
(10 mL). After separating layers, the aqueous layer was extracted with CH,Cl, (2 x 10 mL). The

combined organic extracts were dried over Na>SO4 and concentrated under reduced pressure. The
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residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-40B, eluent:
hexane/EtOAc = 1/0 to 9/1) to give silyl ether 12f as a colorless oil (137 mg, 88%). [a]p’' +2.75
(c 1.02, CHCI3); '"H NMR (500 MHz, CDCls): 6 7.84 (dd, J = 5.5, 3.1 Hz, 2H, HPhth), 7.72 (dd,
J=5.5,3.1 Hz, 2H, HPhth), 6.22 (ddd, J=16.8, 10.7, 7.7 Hz, 1H, sphH1), 5.174 (ddd, J = 10.7,
1.1, 1.0 Hz, 1H, H.C=C-), 5.166 (ddd, J = 16.8, 1.1, 1.0 Hz, 1H, H.C=C-), 4.66 (dddd, J = 9.5,
7.7, 1.0, 1.0 Hz, 1H, sphH2), 4.41 (dd, J=9.5, 1.6 Hz, 1H, sphH3), 3.42 (dt, J=9.6, 1.8, 1.6 Hz,
1H, sphH4), 1.51-1.41 (m, 1H, sphH5), 1.38-0.99 (m, 25 H, sphHAlkyl), 0.88 (t, /= 6.8 Hz, 3H,
sphH18), 0.15 (s, 9H, Si-CH3), 0.02 (s, 9H, Si-CHs); 3*C NMR (125 MHz, CDCls): 6 167.8 (2C,
-NHC(O)Phth), 134.2 (2C, CPhth), 134.1 (sphC1), 132.0 (2C, CPhth), 123.4 (2C, CPhth), 118.6
(H:C=C-), 75.7 (sphC3), 73.6 (sphC4), 55.8 (sphC2), 32.1 (sphCAlkyl), 30.6 (sphC5), 29.86
(sphCAlkyl), 29.84 (3C, sphCAlkyl), 29.77 (3C, sphCAlkyl), 29.70 (sphCAlkyl), 29.5
(sphCAlkyl), 26.3 (sphCAlkyl), 22.8 (sphCAlkyl), 14.3 (sphC18), 0.8 (3C, Si-CH;), 0.5 (3C, Si-
CH;); HRMS-ESI (m/z): [M+Na]" calcd for C33Hs7NaNO4Si,, 610.3718; found, 610.3727.

Acceptor 12¢g
TESOTY (3 eq)
PhhN  OH 2.6 tdine (4 o PN OTES
\/Y\/C13H27 > C13Ha7
o CH,Cl, (0.1 M) OTES
rt, 10 min
s3 129

To a solution of diol S3 (100 mg, 0.225 mmol, 1.0 equiv) in CH>Cl, (2.00 mL, 0.1 M) was
subsequently added 2,6-lutidine (104 pL, 0.900 mmol, 4.0 equiv) and triethylsilyl
trifluoromethanesulfonate (151 pL, 0.675 mmol, 3.0 equiv) at 0 °C. After stirring for 45 min at
room temperature, the solution was diluted with CH>ClL, (5 mL) and quenched with saturated
aqueous NaHCOs (10 mL). After separating layers, the aqueous layer was extracted with CH»Cl,
(2 x 10 mL). The combined organic extracts were dried over Na,SO4 and concentrated under
reduced pressure. The residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-
40B, eluent: hexane/EtOAc = 1/0 to 9/1) to give silyl ether 12g as a colorless oil (146 mg, 96%).
[a]p®! =13.59 (¢ 0.53, CHCI;); 'H NMR (500 MHz, CDCl;): § 7.83 (dd, J = 5.5, 3.1 Hz, 2H,
HPhth), 7.71 (dd, J = 5.5, 3.1 Hz, 2H, HPhth), 6.28 (ddd, J = 17.4, 10.0, 7.9 Hz, 1H, sphH1),
5.166 (ddd, /=174, 1.2, 1.0 Hz, 1H, H>C=C-), 5.165 (ddd, J = 10.0, 1.2, 1.0 Hz, 1H, H.C=C-),
4.69 (dddd, J=9.8, 7.9, 1.0, 1.0 Hz, 1H, sphH2), 4.45 (dd, J = 9.8, 1.1 Hz, 1H, sphH3), 3.50—
3.46 (m, 1H, sphH4), 1.46—1.08 (m, 26H, sphHAlkyl), 0.99 (dd, /= 8.0, 7.9 Hz, 9H, Si-CH,CH5),
0.88 (dd,J=7.1, 6.9 Hz, 3H, sphH18), 0.86 (dd, J = 8.0, 7.9 Hz, 9H, Si-CH.CHj3), 0.71-0.64 (m,
6H, Si-CH-CH3), 0.54-0.48 (m, 6H, Si-CH-CH3); *C NMR (125 MHz, CDCls): $167.8 (2C, -
NHC(O)Phth), 134.2 (4C, CPhth), 132.1 (sphC1), 123.3 (2C, CPhth), 118.7 (H.C=C-), 75.4



(sphC3), 74.5 (sphC4), 55.7 (sphC2), 32.1 (sphCAlkyl), 31.7 (sphCAlkyl), 30.0 (sphCAlkyl),
29.86 (3C, sphCAlkyl), 29.84 (sphCAlkyl), 29.79 (sphCAlkyl), 29.76 (sphCAlkyl), 29.6
(sphCAlkyl), 29.5 (sphCAlkyl), 26.5 (sphCAlkyl), 22.9 (sphCAlkyl), 14.3 (sphC18), 7.12 (3C,
Si-CH.CH3), 7.07 (3C, Si-CH.CH3), 5.4 (3C, Si-CH>CH3), 5.2 (3C, Si-CH>CHs); HRMS-ESI
(m/z): [M+Na]" caled for C39HeoNaNO4Si,, 694.4657; found, 694.4661.

Acceptor 12h

TBSOTf (3 eq)
Phth'\:l QH 2,6-lutidine (4 eq) Phth,};‘ QTBS

\/\‘/\/013H27 \/\‘/\/013*‘27
oH CH,Cl, (0.1 M) Sres
rt, 4 h
S3 12h

To a solution of diol S3 (142 mg, 0.32 mmol, 1.0 equiv) in CH>Cl» (2.83 mL, 0.1 M) was
subsequently added 2,6-lutidine (148 pL, 1.28 mmol, 4.0 equiv) and tert-butyldimethylsilyl
trifluoromethanesulfonate (221 pL, 0.96 mmol, 3.0 equiv) at 0 °C. After stirring for 4 h at room
temperature, the solution was diluted with CH,Cl, (5§ mL) and quenched with saturated aqueous
NaHCOs (10 mL). After separating layers, the aqueous layer was extracted with CH>Cl, (2 x 10
mL). The combined organic extracts were dried over Na;SO4 and concentrated under reduced
pressure. The residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-40A,
eluent: hexane/EtOAc = 1/0 to 5/1) to give silyl ether 12h as a colorless oil (152 mg, 71%). [a]p*!
-2.32 (¢ 0.98, CHCl3); '"HNMR (500 MHz, CDCls): 8 7.83 (dd, J= 5.5, 3.1 Hz, 2H, HPhth), 7.71
(dd, J= 5.5, 3.1 Hz, 2H, HPhth), 6.26 (dddd, J=17.2, 10.2, 8.1 Hz, 1H, sphH1), 5.18 (ddd, J =
17.2, 1.1, 1.0 Hz, 1H, H.C=C-), 5.16 (ddd, J =10.2, 1.1, 1.0 Hz, 1H, H,C=C-), 4.72 (dddd, J =
9.7, 8.1, 1.0, 1.0 Hz, 1H, sphH2), 4.47 (d, J = 9.7 Hz, 1H, sphH3), 3.53-3.49 (m, 1H, sphH4),
1.46-1.08 (m, 26H, sphH>5 and sphHAIkyl), 0.91 (s, 9H, Si-C(CH3)), 0.89-0.84 (m, 12H, sphH18
and Si-C(CH3)), 0.15 (s, 3H, Si-CH;), 0.14 (s, 3H, Si-CHj3), 0.02 (s, 3H, Si-CH3), —0.16 (s, 3H,
Si-CHs); C NMR (125 MHz, CDCls): § 167.8 (2C, -NHC(O)Phth), 134.5 (sphC1), 134.2 (2C,
CPhth), 132.0 (2C, CPhth), 123.4 (2C, CPhth), 119.0 (H.C=C-), 75.5 (sphC3), 74.8 (sphC4), 55.7
(sphC2), 32.1 (sphCAlkyl), 32.0 (sphCAlkyl), 29.87 (2C, sphCAlkyl), 29.83 (3C, sphCAlkyl),
29.76 (sphCAlkyl), 29.73 (sphCAlkyl), 29.6 (sphCAlkyl), 29.5 (sphCAlkyl), 26.4 (sphCAlkyl),
26.3 (3C, Si-C(CH3)), 26.2 (3C, Si-C(CH3)), 22.8 (sphCAlkyl), 18.5(Si-C(CH3)), 18.4 (Si-
C(CHa3)), 14.3 (sphC18), -3.3 (Si-CH3), —3.6 (Si-CH3), —4.4 (Si-CH3), —5.0 (Si-CH3); HRMS-ESI
(m/z): [M+Na]" caled for C39CsoNaNO4Si,, 694.4657; found, 694.4655.
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Acceptor S5

MesP (1.4 + 1 eq)
(Boc),0 (1.1 + 1 eq)
N3 1M NaOH aq.(1.1 eq) NHBoc

TBDPSO\/Y\/CHHZ? - TBDPSO\/'\‘/\/CHHN
THF (0.1 M), rt, 20.5 h

OH OH
S4 S5

To a solution of azide S4 (3.07 g, 5.44 mmol, 1.0 equiv) in THF (44.9 mL, 0.1 M) was
subsequently added 1 M aqueous NaOH (5.99 mL, 5.99 mmol, 1.1 equiv), trimethylphosphane (3
M in THF, 2.54 mL, 7.62 mmol, 1.4 equiv) and di-tert-butyl dicarbonate (1.7 mL, 5.99 mmol, 1.1
equiv). After stirring for 4.5 h at room temperature, the reaction solution was added
trimethylphosphane (1.81 mL, 2.72 mmol, 0.5 equiv) and di-terz-butyl dicarbonate (1.76 mL, 2.72
mmol, 0.5 equiv) every 3.5 h until consuming azide S4 that was monitored by TLC (Totally
trimethylphosphine (1.0 equiv) and di-ter¢-butyl dicarbonate (1.0 equiv) were added in this case).
The resulting solution was diluted with EtOAc (80 mL) and quenched with saturated aqueous
NH4C1 (50 mL) at 0 °C. After separating layers, the aqueous layer was extracted with EtOAc (2
x 80 mL). The combined organic extracts were dried over Na>SO4 and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (eluent: hexane/EtOAc
=50/1 to 8/1) to give compound S5 as a colorless oil (1.75 g, 50%). [a]p*' +9.93 (c 1.89, CHCL);
'H NMR (500 MHz, CDCI5): 4 7.63-7.73 (m, 5H, HPh), 7.36-7.46 (m, 7H, HPh), 5.78 (ddd, J =
15.4,7.0, 6.6 Hz, 1H, sphH5), 5.48 (dd, J=15.4, 6.0 Hz, 1H, sphH4), 5.19 (brd, /= 7.5 Hz, 1H,
-NHCO-), 4.25 (ddd, J = 6.0, 5.5, 4.9 Hz, 1H, sphH3), 3.91 (dd, J = 10.5, 3.7 Hz, 1H, sphH1),
3.76 (dd, J=10.5, 1.9 Hz, 1H, sphH1), 3.70-3.62 (m, 1H, sphH2), 3.16 (d, J = 4.9 Hz, 1H, 3-
OH), 2.03 (ddd, J= 7.0, 7.0, 6.6 Hz, 2H, sphH6), 1.45 (s, 9H, Boc(-CH3)), 1.37-1.26 (m, 22H,
sphHAIlkyl), 1.07 (s, 9H, -C(CH3)3), 0.88 (t, J = 6.8 Hz, 3H, sphH18); *C NMR (125 MHz,
CDCl): 6 156.0 (-NHC(0)-), 135.7 (3C, CPh), 134.9 (CPh), 133.5 (CPh), 132.8 (sphC5), 132.7
(CPh), 130.1 (CPh), 129.8 (CPh), 129.3 (sphC4), 128.0 (3C, CPh), 127.8 (CPh), 79.6 (Boc(4°)),
74.5 (sphC3), 64.3 (sphCl), 55.2 (sphC2), 32.5 (sphC6), 32.1 (sphCAlkyl), 29.85 (2C,
sphCAlkyl), 29.81 (sphCAlkyl), 29.78 (sphCAlkyl), 29.68 (sphCAlkyl), 29.5 (sphCAlkyl), 29.4
(sphCAlkyl), 29.3 (sphCAlkyl), 28.6 (3C, Boc(—CH3)), 27.0 (3C, -C(CHs)3), 26.7 (-C(CHz3)3),
22.8 (sphCAlkyl), 19.3 (sphCAlkyl), 14.3 (sphC18); HRMS-ESI (m/z): [M+Na]" calcd for
C39Hs3NaNQ4Si, 660.4424; found, 660.4422.



Acceptor S6

1) 2-methoxypropene (2 eq) BocN
NHBoc CSA (0.2 eq) HO. L O
TBDPSO\/Y\/CmHn CH,Cl, (0.1 M), tt, 5 min "
OH 2) TBAF (2 eq) N
S5 THF (0.143 M), 1t, 21 h s6 Ci3Har

To a solution of compound S5 (1.73 g, 2.71 mmol, 1.0 equiv) in CH>Cl, (27.1 mL, 0.1 M)
was subsequently added 2-methoxypropene (509 pL, 5.42 mmol, 2.0 equiv) and (%)-10-
camphorsulfonic acid (126 mg, 0.542 mmol, 0.2 equiv) at 0 °C. After stirring for 5 min at room
temperature, the mixture was diluted with CH,Cl, (20 mL) and quenched with saturated aqueous
NaHCOs (40 mL) at 0 °C. After separating layers, the aqueous layer was extracted with CH,Cl,
(2 x40 mL). The combined organic extracts were dried over Na>SOs, concentrated under reduced
pressure and co-evaporated with toluene two times to remove residual water to give crude.

The crude mixture was dissolved in THF (13.6 mL, 0.1 M) under Ar atmosphere. To the
solution was added tetrabutylammonium fluoride (1 M in THF, 5.42 mL, 5.42 mmol, 2.0 equiv)
at room temperature. After stirring for 21 h at room temperature, the solution was diluted with
EtOAc (20 mL) and quenched with saturated aqueous NH4Cl (20 mL). After separating layers,
the aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic extracts were
dried over Na>SO4 and concentrated under reduced pressure. The residue was purified by MPLC
(column: Yamazen, ULTRAPACK Silica-40B, eluent: hexane/EtOAc = 1/0 to 5/1) to give primary
alcohol S6 as a colorless oil (1.12 g, 94%). [a]p*' —1.01 (¢ 1.74, CHCls); '"H NMR (500 MHz,
CDCls, 7:3 mixture of rotamers): 6 6.00-5.93 (m, 3/10H, sphH1), 5.88 (ddd, J=15.2,6.5,6.2 Hz,
7/10H, sphH5), 5.61-5.57 (m, 3/10H, sphH4), 5.45 (dd, J = 15.2, 7.4 Hz, 7/10H, sphH4), 4.62—
4.54 (m, 1H, sphH3), 4.11-4.05 (m, 7/10H, sphH2), 3.90-3.83 (m, 3/10H, sphH2), 3.83-3.74 (m,
1H, sphH1), 3.69-3.57 (m, 1H, sphH1), 3.48-3.40 (m, 1H, 1-OH), 2.14-2.00 (m, 2H, sphH6),
1.65-1.57 (m, 3H, acetonide(-CH3)), 1.57-1.52 (m, 3H, acetonide(-CH3)), 1.45 (s, 9H, Boc(—
CH3)), 1.42-1.19 (m, 22H, sphHAlkyl), 0.88 (t, J = 6.9 Hz, 3H, sphH18); 3C NMR (125 MHz,
CDCl3): 6 154.6 (-NC(0O)-), 137.5 (sphC5), 123.4 (sphC4), 93.1 (acetonide(4°)), 81.3 (Boc(4°)),
76.7 (sphC3), 63.9 (sphC1), 62.2 (sphC2), 32.5 (sphCAlkyl), 32.1 (sph(C6), 29.8 (4C, sphCAlkyl),
29.7 (sphCAlkyl), 29.6 (sphCAlkyl), 29.5 (sphCAlkyl), 29.4 (sphCAlkyl), 29.0 (sphCAlkyl), 28.6
(3C, Boc(—CHs3)), 28.0 (acetonide(—CHs3)), 24.9 (acetonide(—CHs)), 22.8 (sphCAlkyl), 14.3
(sphC18); HRMS-ESI (m/z): [M+Na]" calcd for CocHa9NaNQOa, 462.3559; found, 462.3556.
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Acceptor 12¢

’k 1) Dess-Martin periodinane (2 eq) /k
BocN NaHCO; (2.5 eq) BocN
HO W9 CH,Cl, (0.05 M), rt, 1 h N Y
e 2) PhsPMeBr (1.5 eq) e
t-BuOK (1.4 eq)
Cq3H THF (0.1 M), 0 °C, 30 min Cq3H
s6 13M27 12¢ C13M27

To a solution of S5 (510 mg, 1.16 mmol, 1.0 equiv) in CH>Cl, (23.2 mL, 0.05 M) was
subsequently added NaHCO3 (244 mg, 2.9 mmol, 2.5 equiv) and Dess-Martin periodinane (DMP,
984 mg, 2.32 mmol, 2.0 equiv) at 0 °C. After stirring for 1 h at room temperature, the mixture
was diluted with CH>Cl, (20 mL) and quenched with 1 M aqueous Na,S;03 (20 mL) and saturated
aqueous NaHCO; (20 mL). After stirring for 30 min, the aqueous layer was separated and
extracted with CH,Cl, (2 x 30 mL). The combined organic extracts were dried over Na,SO4 and
concentrated under reduced pressure to give the crude aldehyde.

To a white suspension of methyltriphenylphosphonium bromide (PhsPMeBr, 622 mg, 1.74
mmol, 1.5 equiv) in THF (6.0 mL) was added potassium tert-butoxide (1 M in THF, 1.62 mL,
1.62 mmol, 1.4 equiv) at 0 °C. After stirring for 30 min at 0 °C, a solution of the crude aldehyde
in dry THF (2.0 mL) was added dropwise to the mixture. After stirring for 30 min at 0 °C, the
reaction solution was diluted with EtOAc (20 mL) and quenched with saturated aqueous NH4Cl
(20 mL). After separating layers, the aqueous layer was extracted with EtOAc (2 x 20 mL). The
combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-40B, eluent:
hexane/EtOAc = 1/0 to 4/1) to give terminal olefin 12¢ as a colorless oil (386 mg, 76%). [a]p*° —
31.14 (¢ 0.91, CHCls); '"H NMR (500 MHz, CDCls, 3:2 mixture of rotamers): 8 5.81 (ddd, J =
15.3,7.2, 6.7 Hz, 1H, sphH5), 5.70 (ddd, /= 17.0, 10.2, 7.8 Hz, 1H, sphH1), 5.37 (dd, J=15.3,
8.0 Hz, 1H, sphH4), 5.24-5.05 (m, 2H, H.C=C-), 4.51 (dd, J = 8.0, 5.7 Hz, 1H, sphH3), 4.38—
4.29 (m, 2/5H, sphH2), 4.23-4.16 (m, 3/5H, sphH2), 2.10-1.99 (m, 2H, sphH6), 1.67-1.39 (m,
15H, Boc (-CH3) and acetonide (-CH3)), 1.39—1.21 (m, 22H, sphHAlkyl), 0.87 (t,J = 6.9 Hz, 3H,
sphH18); 3C NMR (125 MHz, CDCls, 3:2 mixture of rotamers): & 152.0 (-O(CO)N-), 137.4
(sphC5), 134.5 (2/5C, sphC1), 133.9 (3/5C, sphC1), 124.5 (3/5C, sphC4), 124.4 (2/5C, sphC4),
117.6 (2/5C, H.C=C-), 117.2 (3/5C, H,C=C-), 93.3 (3/5C, acetonide(4°)), 92.9 (2/5C,
acetonide(4°)), 80.3 (2/5C, Boc(4°)), 79.6 (3/5C, Boc(4°)), 78.2 (3/5C, sph(C3), 78.0 (2/5C,
sphC3), 63.7 (3/5C, sphC2), 63.5 (2/5C, sphC2), 32.5 (sphC6), 32.1 (sphC16), 29.82 (2C,
sphCAlkyl), 29.80 (2C, sphCAlkyl), 29.7 (sphCAlkyl), 29.6 (sphCAlkyl), 29.5 (sphCAlkyl), 29.3
(sphCAlkyl), 29.0 (sphCAlkyl), 28.6 (3C, Boc(-CH3)), 28.1 (2/5C, acetonide(-CH3)), 27.3 (3/5C,
acetonide(-CH3)), 25.2 (2/5C, acetonide(-CH3)), 24.1 (3/5C, acetonide(-CH3)), 22.8 (sphC17),
14.3 (sphC18); HRMS-ESI (m/z): [M+Na]" calcd for C2;H49NaNOs, 458.3605; found, 458.3602.
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Compound S8

N3 Me;P (1 eq) H,
z 1M NaOH (1.1 eq)

TBDPSO\/Y\/Q 3Ha27 TBDPSO\/\(\/Csz
THF (0.1 M), 1t, 18 h

OH OH
s4 S8

nz

To a solution of azide S4 (224 mg, 0.397 mmol, 1.0 equiv) in THF (3.4 mL, 0.1 M) was
subsequently added 1 M aqueous NaOH (437 uL, 0.437 mmol, 1.1 equiv), trimethylphosphine (3
M in THF, 132 pL, 0.397 mmol, 1.0 equiv) at room temperature. After stirring for 18 h at room
temperature, the solution was diluted with EtOAc (10 mL) and quenched with 1 M aqueous HCl
(20 mL) at 0 °C. After separating layers, the aqueous layer was extracted with EtOAc (2 x 20 mL).
The combined organic extracts were washed with saturated aqueous NaHCO3 (50 mL), dried over
Na»SOs, concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluent: CHCI3/MeOH = 1/0 to 20/1) to give aminoalcohol S8 as a colorless oil
(184 mg, 86%). '"H NMR spectrum of synthesized compound S8 was consistent with a previous

report.
Compound S9
0
" 1) CDI (1.1 + 0.5 eq) HN—
S 2 THF (0.05 M), reflux, 6h 4 0
TBDPso\/\‘/\/CnH27 > .
2) TBAF (2 eq) S
OH THF (0.08 M), rt, 30 min
S8 s9 CisHar

To a solution of S8 (181 mg, 0.336 mmol, 1.0 equiv) in THF (6.72 mL, 0.05 M) was added
1,1’-carbonyldiimidazole (CDI, 60 mg, 0.370 mmo, 1.1 equiv) at 0 °C. After stirring for 4 h under
reflux condition, additional CDI (27.2 mg, 0.168 mmol, 0.5 equiv) was added at 0 °C. After
stirring for further 2 h under reflux condition, the solution was diluted with EtOAc (10 mL) and
quenched with 1 M aqueous NaHCOs (20 mL) at 0 °C. After separating layers, the aqueous layer
was extracted with EtOAc (2 x 20 mL). The combined organic extracts were washed with
saturated aqueous NaHCOs (50 mL), dried over Na,SOs, concentrated under reduced pressure
and co-evaporated with toluene two times to remove residual water to give cyclic carbamate.

The crude mixture was dissolved in THF (2.69 mL, 0.1 M) under Ar atmosphere. To the
solution was added tetrabutylammonium fluoride (1 M in THF, 672 pL, 0.672 mmol, 2.0 equiv)
at room temperature. After stirring for 30 min at room temperature, the solution was diluted with
EtOAc (5 mL) and quenched with saturated aqueous NH4Cl1 (10 mL). After separating layers, the
aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic extracts were dried

over Na;SO; and concentrated under reduced pressure. The residue was purified by silica gel
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column chromatography (eluent: hexane/acetone = 5/1 to 1/1) to give primary alcohol S9 as a
white amorphous solid (89.8 mg, 82%). 'H NMR spectrum of synthesized compound S9 was

consistent with a previous report.’

Compound 12b
0 1) Dess-Martin periodinane (2 eq) 0
NaHCO;3; (2.5 eq)
HNJ< CH,CI/DMF = 53/2 (0.05 M) HNJ<
HO O O
W~ rt, 1h - W~
2) PhsPMeBr (1.5 eq)
AN 3 AN
t-BuOK (1.4 eq)
s9 CisHyy  THF (0.1M),0°C, 30 min 12b CiaHor

To a solution of S9 (89.4 mg, 0.275 mmol) in CH>Cl/DMF (53/2, 5.5 mL, 0.05 M) was
subsequently added NaHCOs3 (57.8 mg, 0.688 mmol, 2.5 equiv) and Dess-Martin periodinane
(DMP, 233 mg, 0.55 mmol, 2.0 equiv) at 0 °C. After stirring for 1 h at room temperature, the
solution was diluted with CH>Cl, (10 mL) and quenched with 1 M aqueous Na,S>03 (10 mL) and
saturated aqueous NaHCO; (10 mL). After stirring for 30 min, the aqueous layer was separated
and extracted with CH,Cl, (2 x 20 mL). The combined organic extracts were dried over Na,SO4
and concentrated under reduced pressure to give the crude aldehyde.

To a white suspension of methyltriphenylphosphonium bromide (PhsPMeBr, 148 mg, 0.413
mmol, 1.5 equiv) in THF (860 uL) was added potassium fert-butoxide (1 M in THF, 390 pL,
0.390 mmol, 1.4 equiv) at 0 °C. After stirring for 30 min at 0 °C, a solution of the crude aldehyde
in dry THF (1 mL) was added dropwise to the mixture. After stirring for 30 min at 0 °C, the
reaction solution was diluted with EtOAc (10 mL) and quenched with saturated aqueous NH4Cl
(20 mL). After separating layers, the aqueous layer was extracted with EtOAc (2 x 20 mL). The
combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-40A, eluent:
hexane/EtOAc = 3/1 to 1/1) to give terminal olefin 12b as a white amorphous (28.2 mg, 32%)).
[a]p?®—2.70 (¢ 0.67, CHCls); 'TH NMR (500 MHz, CDCl;): § 5.82 (ddd, J=15.3, 8.0, 6.6 Hz, 1H,
sphH5), 5.74 (ddd, J=17.2, 10.2, 7.2 Hz, 1H, sphH1), 5.42 (dddd, J=15.3, 8.2, 1.4, 1.3 Hz, 1H,
sphH4), 5.27 (d, J=17.2 Hz, 1H, H.C=C-), 5.26 (d, J=10.2 H, 1H, H>C=C-), 5.05 (dd, J= 8.2,
8.1 Hz, 1H, sphH3), 4.33 (dd, J= 8.1, 7.2 Hz, 1H, sphH2), 2.12-2.01 (m, 2H, sphH6), 1.76 (br s,
1H, NH), 1.40-1.32 (m, 2H, sphH7), 1.32-1.21 (m, 20H, sphHAlkyl), 0.87 (t, J = 6.8 Hz, 3H,
sphH18); *C NMR (125 MHz, CDCl;5): § 159.3 (-O(CO)N-), 138.2 (sphC5) 133.8 (sphC1), 123.2
(sphC4), 118.8 (H:C=C-), 81.1 (sphC3), 58.8 (sphC2), 32.3 (sphC6), 32.1 (sphCAlkyl), 29.8 (4C,
sphCAlkyl), 29.7 (sphCAlkyl), 29.6 (sphCAlkyl), 29.5 (sphCAlkyl), 29.2 (sphCAlkyl), 28.8
(sphCAlkyl), 22.8 (sphCAlkyl), 14.2 (sphC18); HRMS-ESI (m/z): [M+Na]® caled for
CyH35NaNO», 344.2560; found, 344.2562.
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Compound S7

BOC__N’% 1) TFA/H,0 = 10/3 (0.1 M) PhthN
X R rt, 30 min _ \/:\‘/\/013H27
N 2) Phthalic anhydride (1 eq) OH
EtsN (1 eq)
12c  Cys3Hyy toluene (0.1 M), reflux, 4.5 h S7

Acetondie 12¢ (578 mg, 1.33 mmol, 1.0 equiv) was dissolved in trifluoroacetic acid and
water (TFA/H,O = 10:3, 13.3 mL, 0.1 M). After stirring for 30 min at room temperature, the
resulting solution was concentrated under reduced pressure and co-evaporated with toluene for
three times to remove residual water to give primary amine.

The crude mixture was dissolved in toluene (13.3 mL, 0.1 M) under Ar atmosphere, To the
solution was subsequently added phthalic anhydride (197 mg, 1.33 mmol, 1.0 equiv) and
triethylamine (180 pL, 1.33 mmol, 1.0 equiv) at 0 °C. After stirring for 4.5 h under reflux
condition with Dean-Stark trap, the solution was cooled to 0 °C and quenched with saturated
aqueous NH4C1 (30 mL). After separating layers, the aqueous layer was extracted with EtOAc (2
x 20 mL). The combined organic extracts were dried over Na>SO4 and concentrated under reduced
pressure. The residue was purified by MPLC (column: Yamazen, ULTRA PACK Silica-40B,
eluent: hexane/acetone = 7/1 to 2/1) to give secondary alcohol S7 as a white amorphous solid
(357 mg, 63%). [a]p*’ —23.34 (c 1.23, CHCl;); 'H NMR (500 MHz, CDCls): & 7.83 (dd, J = 5.4,
3.1 Hz, 2H, HPhth), 7.72 (dd, J = 5.5, 3.0 Hz, 2H, HPhth), 6.34 (ddd, J=17.2, 10.4, 7.5 Hz, 1H,
sphH1), 5.71 (ddd, /= 15.3, 7.7, 7.1 Hz, 1H, sphH5), 5.42 (dddd, /= 15.3, 7.5, 1.3, 1.3 Hz, 1H,
sphH4), 5.33 (ddd, J = 104, 1.1, 1.0 Hz, 1H, H.C=C-), 5.31 (ddd, J = 17.2, 1.1, 1.0 Hz, 1H,
H,C=C-),4.69 (dddd, /=7.5,7.1, 1.0, 1.0 Hz, 1H, sphH2), 4.64 (dd, J="7.5,7.1 Hz, 1H, sphH3),
2.81 (s, 1H, 3-OH), 1.97-1.83 (m, 2H, sphH6), 1.33—1.04 (m, 22H, sphHAlkyl), 0.88 (t, J = 6.9
Hz, 3H, sphH18); C NMR (125 MHz, CDCL;): 8 168.3 (2C, -NHC(O)Phth), 135.8 (sphC5),
134.3 (2C, CPhth), 131.92 (sphC1), 131.87 (2C, CPhth), 128.6 (sphC4), 123.5 (2C, CPhth), 120.2
(H2C=C-), 72.9 (sphC3), 59.2 (sphC2), 32.3 (sphC6), 32.1 (sphCAlkyl), 29.84 (sphCAlkyl),
29.81 (3C, sphCAlkyl), 29.6 (sphCAlkyl), 29.53 (sphCAlkyl), 29.51 (sphCAlkyl), 29.14
(sphCAlkyl), 29.09 (sphCAlkyl), 22.8 (sphCAlkyl), 14.3 (sphCAlkyl); HRMS-ESI (m/z):
[M-+Na]* calcd for C27H39NaNOs, 448.2822; found, 448.2819.
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Acceptor 12i

TESOTf (2 eq)
Phthl;l 2,6-lutidine (3 eq) Phthl\:l

\/\‘/\/CmHz? \/\‘/\/013H27
CH,Cl, (0.1 M)

OH 0°C. 5 min OTES
S7 12i

To a solution of secondary alcohol S7 (85.9 mg, 0.202 mmol, 1.0 equiv) in CH>Cl, (1.86 mL,
0.1 M) was subsequently added 2,6-lutidine (70.2 pL, 0.606 mmol, 3.0 equiv) and triethylsilyl
trifluoromethanesulfonate (TESOTT, 90.7 uL, 0.404 mmol, 2.0 equiv) at 0 °C. After stirring for 5
min at 0 °C, the solution was diluted with CH>Cl, (5 mL) and quenched with saturated aqueous
NaHCOs (10 mL). After separating layers, the aqueous layer was extracted with CH>Cl, (10 mL).
The combined organic extracts were dried over Na,SO4 and concentrated under reduced pressure.
The residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-30A, eluent:
hexane/EtOAc = 1/0 to 9/1) to give silyl ether 12¢ as a colorless oil (111 mg, quant). [a]p*—18.94
(¢ 0.67, CHCI3); 'H NMR (500 MHz, CDCl3): 8 7.79 (dd, J= 5.5, 3.1 Hz, 2H, HPhth), 7.68 (dd,
J=5.5,3.1 Hz, 2H, HPhth), 6.32 (ddd, J = 17.6, 10.0, 7.2 Hz, 1H, sphH1), 5.48 (ddd, J=15.3,
7.3, 6.5 Hz, 1H, sphH5), 5.29 (dddd, J=15.3, 8.4, 1.3, 1.2 Hz, 1H, sphH4), 5.220 (ddd, J= 17.6,
1.3, 1.1 Hz, 1H, H.C=C-), 5.215 (ddd, /= 10.0, 1.3, 1.1 Hz, 1H, H.C=C-), 4.68 (dd, J=9.4, 8.4
Hz, 1H, sphH3), 4.61 (dddd, J=9.4, 7.2, 1.1, 1.1 Hz, 1H, sphH2), 1.84-1.76 (m, 1H, sphH6),
1.76-1.68 (m, 1H, sphH6), 1.34—1.10 (m, 14H, sphHAlkyl), 1.08-0.90 (m, 17H, sphHAlkyl and
Si-CH,CH;), 0.88 (t, J = 6.9 Hz, 3H, sphH18), 0.62-0.56 (m, 6H, Si-CH-CHj3); *C NMR (125
MHz, CDCls): 8 168.1 (2C, -NHC(O)Phth), 134.7 (sphC5), 134.0 (2C, CPhth), 133.4 (sphC1),
132.1(2C, CPhth), 130.5 (sphC4), 123.3 (2C, CPhth), 118.8 (H.C=C-), 73.4 (sphC3), 58.9
(sphC2), 32.11 (sphC6), 32.07 ( sphCAlkyl), 29.84 (sphCAlkyl), 29.81 (3C, sphCAlkyl), 29.55
(sphCAlkyl), 29.50 (2C, sphCAlkyl), 29.2 (sphCAlkyl), 29.0 (sphCAlkyl), 22.8 (sphCAlkyl),
14.3 (sphCAlkyl), 6.9 (3C, Si-CH.CH3), 5.2 (3C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" calcd
for C33Hs3NaNO;Si, 562.3687; found, 562.3685.

Acceptor 12

TBSOTf (2 eq)
Phthly 2.6-utidine (3eq) Y

\/\‘/\/013"'27 - \/\‘/\/CBHW
CH,Cl, (0.1 M)

OH "2 OTBS
s7 ‘ 12

To a solution of secondary alcohol S7 (21.2 mg, 49.8 umol, 1.0 equiv) in CH>Cl, (0.458 mL,
0.1 M) was subsequently added 2,6-lutidine (17.0 pL, 0.149 mmol, 3.0 equiv) and tert-
butyldimethylsilyl trifluoromethanesulfonate (TBSOTY, 22.9 uL, 99.6 umol, 2.0 equiv) at 0 °C.
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After stirring for 1 hour at 0 °C, the solution was diluted with CH>Cl, (5 mL) and quenched with
saturated aqueous NaHCO; (10 mL). After separating layers, the aqueous layer was extracted with
CH,Cl; (2 x 10 mL). The combined organic extracts were dried over Na;SO4 and concentrated
under reduced pressure. The residue was purified by MPLC (column: Yamazen, ULTRAPACK
Silica-30A, eluent: hexane/EtOAc = 1/0 to 9/1) to give silyl ether 12j as a colorless oil (22.7 mg,
84%). [a]p?®~11.08 (c 0.64, CHCl3); 'H NMR (500 MHz, CDCls): & 7.80 (dd, J= 5.5, 3.1 Hz, 2H,
HPhth), 7.68 (dd, J=5.5, 3.1 Hz, 2H, HPhth), 6.31 (ddd, J=17.5, 10.0, 7.4 Hz, 1H, sphH1), 5.48
(ddd, J=15.4,7.2,7.0 Hz, 1H, sphH5), 5.27 (dddd, J=15.4, 8.4, 1.2, 1.2 Hz, 1H, sphH4), 5.221
(ddd, J=17.5, 1.3, 1.2 Hz, 1H, H.C=C-), 5.220 (ddd, J = 10.0, 1.3, 1.1 Hz, 1H, H.C=C-), 4.67
(dd,J=9.4, 8.4 Hz, 1H, sphH3), 4.60 (dddd, /=9.4,7.4, 1.2, 1.1 Hz, 1H, sphH2), 1.85-1.76 (m,
1H, sphH6), 1.76—1.67 (m, 1H, sphH6), 1.34-0.91 (m, 22H, sphHAlkyl), 0.91-0.84 (m, 12H,
sphH18 and Si-C(CHj)3), 0.06 (s, 3H, Si-CH3), 0.02 (s, 3H, Si-CHs); “C NMR (125 MHz,
CDCl3): & 168.1 (2C, -NHC(O)Phth), 134.7 (sphC5), 134.0 (2C, CPhth), 133.5 (sphC1), 132.1
(2C, CPhth), 130.5 (sphC4), 123.3 (2C, CPhth), 118.9 (H.C=C-), 73.7 (sphC3), 59.1 (sphC2),
32.11 (sphC6), 32.08 (sphCAlkyl), 29.84 (sphCAlkyl), 29.81 (3C, sphCAlkyl), 29.55
(sphCAlkyl), 29.52 (sphCAlkyl), 29.50 (sphCAlkyl), 29.2 (sphCAlkyl), 29.0 (sphCAlkyl), 26.0
(3C, Si-C(CHs)3), 22.8 (sphCAlkyl), 18.3 (Si-C(CHs)3), 14.3 (sphC18), -3.8 (Si-CHj), —4.5 (Si-
CH3); HRMS-ESI (m/z): [M+Na]" calcd for C33Hs3NaNO;Si, 562.3687; found, 562.3686.

Acceptor 12k

TIPSOTf (2 eq)

Phth’%‘ 2,6-lutidine (3 eq) Phth’;‘
\/\‘/\/C13H27 > \/\‘/\/C13H27
OH CH2tCé20(°-_1 M) OTIPS
s7 oo min 12k

To a solution of secondary alcohol S7 (83.1 mg, 0.195 mmol, 1.0 equiv) in CH,Cl, (1.78 mL,
0.1 M) was subsequently added 2,6-lutidine (68.0 pL, 0.586 mmol, 3.0 equiv) and
triisopropylsilyl trifluoromethanesulfonate (TIPSOTT, 106 pL, 0.390 mmol, 2.0 equiv) at 0 °C.
After stirring for 30 min at 0 °C, the solution was diluted with CH»Cl, (5 mL) and saturated
aqueous NaHCOs (10 mL). After separating layers, the aqueous layer was extracted with CH,Cl,
(2 x 10 mL). The combined organic extracts were dried over Na,SO4 and concentrated under
reduced pressure. The residue was purified by MPLC (column: Yamazen, ULTRAPACK Silica-
30A, eluent: hexane/EtOAc = 1/0 to 9/1) to give silyl ether 12k as a colorless oil (113 mg, quant).
[a]p?® —29.97 (¢ 0.60, CHCI5); 'H NMR (500 MHz, CDCl5): & 7.79 (dd, J = 5.5, 3.1 Hz, 2H,
HPhth), 7.68 (dd, J=5.5, 3.1 Hz, 2H, HPhth), 6.39 (ddd, /= 17.1, 10.5, 7.4 Hz, 1H, sphH1), 5.45
(ddd, J=15.4,7.5, 6.3 Hz, 1H, sphHS5), 5.31 (dddd, /=154, 8.7, 1.2, 1.1 Hz, 1H, sphH4), 5.23
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(ddd,J=17.1, 1.3, 1.1 Hz, 1H, H,C=C-), 5.22 (ddd, J=10.5, 1.3, 1.1 Hz, 1H, H.C=C-), 4.82 (dd,
J=9.4,8.7 Hz, 1H, sphH3), 4.61 (dddd, J=9.4,7.4, 1.1, 1.1 Hz, 1H, sphH2), 1.84-1.75 (m, 1H,
sphH6), 1.75-1.66 (m, 1H, sphH6), 1.34-1.10 (m, 14H, sphHAlkyl), 1.10-0.90 (m, 29H,
sphHAIlkyl and HTIPS), 0.88 (t, J = 6.9 Hz, 3H, sphH18); 1*C NMR (125 MHz, CDCl;): 5168.3
(2C, -NHC(O)Phth), 134.8 (sphC5), 134.1 (2C, CPhth), 133.7 (sphC1), 132.2 (2C, CPhth), 131.0
(sphC4), 123.4 (2C, CPhth), 119.0 (H.C=C-), 74.0 (sphC3), 59.4 (sphC2), 32.25 (sphCb6), 32.22
(sphCAlkyl), 29.99 (sphCAlkyl), 29.96 (3C, sphCAlkyl), 29.69 (sphCAlkyl), 29.66 (2C,
sphCAlkyl), 29.3 (sphCAlkyl), 29.2 (sphCAlkyl), 23.0 (sphCAlkyl), 18.5 (3C, Si-CH(CHj3)),
18.4 (3C, Si-CH(CHs),), 14.4 (sphC18), 12.8 (3C, Si-CH(CHj3),); HRMS-ESI (m/z): [M+Na]*
calcd for C3sHsoNaNOsSi, 604.4156; found, 604.4153.
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4. Radical Coupling Reaction of Donor 11 with Acceptor 12
General Procedure A for Radical Coupling Reaction

A degassed solution of xanthate donor 10 (1 equiv) and olefin acceptor 11 (2 equiv) in 1,2-
dichloromethane (1 M) was refluxed for 15 min. Lauroyl peroxide (15 mol%) in 1,2-
dichloroethane was then added to the refluxing solution in three portions every 90 min. After
stirring for further 90 min under reflux condition, the reaction mixture was cooled to room
temperature and directly purified by silica gel column chromatography or gel permeation
chromatography to give the desired coupling product 15 along with recovered donor 11 and
acceptor 12.
General Procedure B for Reduction of Xanthate

A degassed solution of glycolipid 15 (1 equiv) and tributhyltin hydride (1.5 equiv) in toluene
(0.1 M) was stirred for 15 min at 45 °C. To the reaction mixture was added a solution of 2,2’-
azobis(4-methoxy-2,4-dimethylvaleronitrile) (V70, 10 mol%) in toluene (0.1 M) at 45 °C. After
stirring for 3 h at 45 °C, the reaction solution was cooled to room temperature and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography to give C-

glycoside 16.

General Method to Determine the Stereochemistry of Anomeric Position

The stereochemistry of anomeric position (C/) was determined by the coupling constant
between H1 and the adjacent H2. While J -isomers have large coupling constant (9-11 Hz), «
-isomers have small coupling constant (3-6 Hz), due to the rigid chair conformations immobilized

by cyclic protecting groups.

Coupling reaction of 11a and 12a (Desired products were not observed)

RS
0 S\_OFEt P2
vy T

lauroyl peroxide

o (4 x 5 mol%)

11a (1 eq)
BOC\ C13H27 (CHQCI)z (1 M)

NH reflux, 6 h
S

(6]
0 15aa
12a (2 eq) not detected

General procedure A was followed for the reaction of 11a (43.4 mg, 109 umol, 1.0 equiv)
and acceptor 12a (99.1 mg, 217 umol, 2.0 equiv) with the exception adding lauroyl peroxide (8.8
mg, 22 pmol, 20 mol%) in four portions. The reaction mixture was purified by MPLC (column:
Yamazen, ULTRAPACK Silica-40A, eluent: hexane/EtOAc = 50/1 to 3/2) resulting in starting
material recovery (donor 11a: 43.4 mg, quant, o:p = 1:3; acceptor 12a: 90.2 mg, 91%).
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Coupling reaction of 11a and 12b (Desired products were not observed)

RN
S
(@) W/OEt

D s 3
o] lauroyl peroxide >\Q
11a (1 eq) (4x5mol%)  ph—y=0 o AN, 2
0 OO Cq3Ha7
HN (CHLCI), (1 M) o
A ‘\\O reflux, 6 h o>/
\/\% 15ab
not detected
Cq3Ha27
12b (2 eq)

General procedure A was followed for the reaction of donor 11a (17.2 mg, 43.1 pmol, 1.0
equiv) and acceptor 12b (27.7 mg, 86.2 umol, 2.0 equiv). The reaction mixture was purified by
MPLC (column: Yamazen, ULTRAPACK Silica-40A, eluent: hexane/EtOAc = 9/1 to 3/2)
resulting in starting material recovery (donor 11a: 43.4 mg, 93%, a:p = 1:4; acceptor 12b: 20.6
mg, 74%).

Coupling reaction of 11a and 12¢ (Desired products were not observed)

R
o>/O SZI/OEt

o)

. o
lauroyl peroxide BocN =
1Ma(1e OocN,
_— o} 1327
BocN
= (CHLCI), (1 M) O
P reflux, 6 h o>/
A 15ac
not detected

Cq3Hz7
12¢ (2 eq)

General procedure A was followed for the reaction of donor 11a (21.3 mg, 53.5 pmol, 1.0
equiv) and acceptor 12¢ (46.5 mg, 107 umol, 2.0 equiv). The reaction mixture was purified by
MPLC (column: Yamazen, ULTRAPACK Silica-40A, ecluent: hexane/EtOAc = 1/0 to 3/2)
resulting in starting material recovery (donor 11a: 14.5 mg, 68%., a: = 1:6, acceptor 12¢ (35.9
mg, 77%).
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Coupling products 16ad-« and 16ad- 3

th(&/ Ph—=0
7]/0Et

O

" >
o lauroyl peroxide >/ V70 (10 mol%) o
Ma (1 eq) (4 x 5 mol%) ~NPhth By SnH (1.5 eq) 16ad0,
CigHyy ———————>  EtO - 4 )
Phthly (CH,CI), \< C13Hyy toluene (0.1 M) J=95Hz
X reflux, 6 h o 45°C,3h Ph—\~0 HO :[\lphth
() 15% (53% brsm) 10% (2 steps) OO B Ci3Har
O o:p =6:1
15ad P >/OH s
12d (2 eq) d 3

16ad-p

Radical Coupling: General procedure A was followed for the reaction of donor 11a (35.5 mg,
89.1 umol, 1.0 equiv) and acceptor 12d (86.2 mg, 178 umol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCIs) to give 15ad
as a colorless oil (14.0 mg, 18%) along with recovered donor 11a (23.3 mg, 66%, a: = 1:3) and
acceptor 12d (63.8 mg, 74%). 15ad: HRMS-ESI (m/z): [M+Na]" calcd for C47HesNaNOy;S,,
904.3735; found, 904.3749.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15ad
(14.0 mg, 15.9 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by 'H NMR of crude reaction mixture (16ad-a:16ad- = 6:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 2/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 11/2 to 1/1) to give 16ad-
a as a colorless oil (5.3 mg, 44%) and 16ad-p as a colorless oil (1.5 mg, 12%).

16ad-a: [a]p*®—27.56 (¢ 0.53, CHCls); '"H NMR (500 MHz, acetone-d6): § 7.88-7.86 (m, 4H,
HPhth), 7.49-7.44 (m, 2H, HPh), 7.39-7.35 (m, 3H, HPh), 5.73 (s, 1H, -CHPh), 4.92 (dd, J =
10.2, 5.2 Hz, 1H, sphH3), 4.87 (dd, J=11.4, 10.0 Hz, 1H, glcH3), 4.59 (dd, J=11.4, 5.6 Hz, 1H,
glcH?),4.41 (ddd,/J=10.6,5.6,4.2 Hz, 1H, glcH1),4.37 (ddd, J=10.4, 10.2, 3.7 Hz, 1H, sphH2),
4.22 (dd, J=10.2,4.7 Hz, 1H, glcH6eq), 4.21 (dd, J=10.2, 10.0 Hz, 1H, glcH4), 4.08 (ddd, J =
9.9,5.2,4.1 Hz, 1H, sphH4), 3.89 (dd, J=10.2, 9.8 Hz, 1H, glcH6ax), 3.77 (ddd, /= 10.2, 9.8,
4.7 Hz, 1H, glcHS), 2.38-2.30 (m, 1H, sphH1), 2.22-2.12 (m, 1H, sphH1), 2.12-2.02 (m, 1H,
gle-CH-sph), 1.72-1.62 (m, 1H, glc-CH>-sph), 1.58-1.48 (m, 1H, sphH5), 1.48 (s, 3H,
acetonide(-CH3)), 1.46—1.38 (m, 1H, sphH5), 1.35 (s, 3H, acetonide(-CH3)), 1.33—1.01 (m, 24H,
sphH6-H17), 0.88 (t, J = 6.8 Hz, 3H, sphH18); 3C NMR (125 MHz, acetone-d6): § 169.1 (2C, -
NHC(O)Phth), 154.1 (-C=0), 138.4 (CPh), 135.4 (2C, CPhth), 132.6 (2C, CPhth), 129.8 (CPh),
128.9 (2C, CPh), 127.2 (2C, CPh), 124.0 (2C, CPhth), 108.4 (acetonide(4°)), 101.8 (-CHPh), 80.7
(glcC4), 78.9 (glcC2), 78.5 (sphC4), 78.0 (glcC3), 76.7 (sphC3), 75.4 (glcC1), 69.3 (glcC6), 66.8
(glcC5), 51.6 (sphC2), 32.6 (sphCAlkyl), 30.4-29.4 (11C, sphCAlkyl), 28.8 (acetonide(-CH3)),
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26.9 (sphCl), 26.3 (acetonide(-CHj3)), 23.3 (sphCAlkyl), 22.5 (glc-CH>-sph), 14.4 (sphC18);
HRMS-ESI (m/z): [M+Na]" calcd for C4sHsoNaNOy;, 784.4031; found, 784.4031.

16ad-B: [a]p* —31.73 (c 0.15, CHCIL3); '"H NMR (500 MHz, acetone-d6): & 7.91-7.89 (m, 4H,
HPhth), 7.49-7.45 (m, 2H, HPh), 7.39-7.35 (m, 3H, HPh), 5.72 (s, 1H, -CHPh), 4.93 (dd, J =
10.2, 5.2 Hz, 1H, sphH3), 4.73 (dd, J=10.4, 9.8 Hz, 1H, glcH3), 4.36-4.27 (m, 1H, sphH2), 4.23
(dd, J=10.3, 4.8 Hz, 1H, glcH6eq), 4.20 (dd, J=9.8, 8.6 Hz, 1H, glcH4), 4.11 (dd, J=10.4,9.5
Hz, 1H, glcH2), 4.08 (ddd, J=11.0, 5.2, 4.0 Hz, 1H, sphH4), 4.06 (ddd, J=9.5, 8.1, 4.0 Hz, 1H,
glcH1), 3.85 (dd, J=10.3, 10.3 Hz, 1H, glcH6ax), 3.65 (ddd, J = 10.3, 8.6, 4.8 Hz, 1H, glcHS),
2.26-2.19 (m, 2H, sphH1), 1.76—1.68 (m, 1H, glc-CH>-sph), 1.58-1.50 (m, 2H, sphHS5 and glc-
CH>-sph), 1.46 (s, 3H, acetonide(-CH3)), 1.45-1.39 (m, 1H, sphH5), 1.35 (s, 3H, acetonide(-
CH3)), 1.33-1.01 (m, 24H, sphH6—-H17), 0.88 (dd, J = 7.1, 6.8 Hz, 3H, sphH18); *C NMR (125
MHz, acetone-d6): & 169.1 (2C, -NHC(O)Phth), 154.3 (-C=0), 138.3 (CPh), 135.5 (2C, CPhth),
132.5 (2C, CPhth), 129.8 (CPh), 128.9 (2C, CPh), 127.2 (2C, CPh), 124.1 (2C, CPhth), 108.5
(acetonide(4°)), 101.8 (-CHPh), 81.9 (glcC3), 80.9 (glcC2), 79.6 (glcC4), 78.5 (sphC4), 77.9
(glcC1), 76.5 (sphC3), 73.0 (glcC5), 68.9 (glcCob), 51.3 (sphC2), 32.6 (sphCAlkyl), 30.4-29.4
(11C, sphCAlkyl), 28.9 (acetonide(-CH3)), 26.9 (acetonide(-CH3)), 26.3 (sphC1), 25.7 (gle-CH>-
sph), 23.3 (sphCAlkyl), 14.4 (phC18); HRMS-ESI (m/z): [M+Na]" calcd for CssHsoNaNOo,
784.4037; found, 784.4034.

Coupling products 16bd-o and 16bd-p

i
’B,u , zu
t8y~Si~ Bu~>t-0 NPhth
tn,,-Si~ H
% o BUSPO_q S—ol
lauroyl peroxide V70 (10 mol%)

J S (0) (0] O
b1e (4 x 5 mol%) %O nBu3SnH (1.5 eq) O~$

(1eq) NP ———————— g, 16bd-o

Ci3Hz7 (CH,Cl)z (1 M) toluene (0.1 M)

1
© S 1
Phthly reflux, 6.0 h Et0—~( CiHye  45°C,3h  BuSbo\ o NPhth
X o 29% (46% brsm) S o 19% (2 steps) OO H CiaHz7
0 a:p=4:1 o)
o] %’
Ve .

15bd © S
12d (2 eq) 16bd-p

Radical Coupling: General procedure A was followed for the reaction of donor 11b (27.5 mg,
61.0 umol, 1.0 equiv) and acceptor 12d (58.9 mg, 122 umol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCI;) to give 15bd
as a colorless oil (16.4 mg, 29%) along with recovered donor 11b (10.1 mg, 37%, a: =1:1) and
acceptor 12d (40.5 mg, 69%). 15bd: HRMS-ESI (m/z): [M+Na]" calcd for C4sH7sNaNO;;S,Si,
956.4443; found, 956.4444.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bd

(16.4 mg, 17.6 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
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by 'H NMR of crude reaction mixture (16bd-a:16bd-p = 4:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc =1/0to 11/2) to give 16bd-
o as a colorless oil (7.3 mg, 51%) and a mixture of 16bd-p and unknown byproducts (1.8 mg,
<13%).

16bd-a: [a]p*' —15.49 (¢ 0.73, CHCl;); 'H NMR (500 MHz, acetone-d6): § 7.88-7.86 (m, 4H,
HPhth), 4.88 (dd, J=10.1, 5.1 Hz, 1H, sphH3), 4.71 (dd, J=11.6, 9.5 Hz, 1H, glcH3), 4.53 (dd,
J=11.6, 5.6 Hz, 1H, glcH2), 4.37-4.29 (m, 3H, glcH1, glcH4, and sphH2), 4.17 (dd, J = 10.1,
5.0 Hz, 1H, glcH6eq), 4.09 (ddd, J=9.4, 5.1, 4.5 Hz, 1H, sphH4), 3.94 (dd, /= 10.1,9.9 Hz, 1H,
glcH6ax), 3.77 (ddd, J = 9.9, 8.9, 5.0 Hz, 1H, glcHS5), 2.33-2.26 (m, 1H, sphH1), 2.21-2.12 (m,
1H, sphH1),2.04—1.94 (m, 1H, glc-CH>-sph), 1.65-1.57 (m, 1H, glc-CH>-sph), 1.57-1.48 (m, 1H,
sphH5), 1.46 (s, 3H, acetonide(-CH3)), 1.45-1.37 (m, 1H, sphHS5), 1.34 (s, 3H, acetonide(-CH5)),
1.33-1.02 (m, 24H, sphH6—H17), 1.06 (s, 9H, Si-C(CHs)3), 1.01 (s, 9H, Si-C(CH3)s), 0.88 (dd, J
=7.1,6.8 Hz, 3H, sphH18); *C NMR (125 MHz, acetone-d6): & 169.1 (2C, -NHC(O)Phth), 154.3
(-C=0), 135.4 (2C, CPhth), 132.5 (2C, CPhth), 124.0 (2C, CPhth), 108.3 (acetonide(4°)), 80.8
(gleC3), 78.7 (sphC4), 78.1 (glcC2), 76.5 (sphC3), 76.4 (glcC1), 75.1 (glcC4), 70.6 (glcC5), 67.3
(gleC6), 51.7 (sphC2), 32.6 (sphCAlkyl), 30.4-29.4 (10C, sphCAlkyl), 28.9 (acetonide(-CH3)),
27.7 (3C, Si-C(CHs)3), 27.4 (3C, Si-C(CHs3)s), 27.1 (sphCAlkyl), 26.8 (sphC1), 26.2 (acetonide(-
CH3)), 23.3 (sphCAlkyl), 23.1 (Si-C(CHs)3), 22.4 (gle-CH,-sph), 20.5 (Si-C(CHs)s), 14.4
(sphC18); HRMS-ESI (m/z): [M+Na]" calcd for C4sH7:1NaNO10Si, 836.4739; found, 836.4736.
16bd-p: HRMS-ESI (m/z): [M+Na]" caled for C4sH71NaNO0Si, 836.4739; found, 836.4743.

Coupling products 16cd-a and 16cd-§

nCoH "C7H1s
n /7';5 "C7H1s "C7H15/lVO NPhth
C/His7 N0 o) o Q E Ci3Ha7
° S "C7H1s/lv ; H
O o YOEt o >/O :
O>/ S lauroyl peroxide V70 (10 mol%) [o] (o)

nBusSNnH (1.5 eq) oﬁl/\
——————————  CHy; 16¢cd-o
toluene (0.1 M)

S
Ci3Haz  (CHLCI), (1M EtO
Phthly ( reflzux,)24F5 n \<S o O s ec 3h "CoHi N0 o NPhth
X 31% (56% brsm) S 20% (2 steps) o CigHz7
P ap = 5:1 <%
o Ve S
o7<

15cd (0]
12d
(2eq) 16cd-p

(3 x 5 mol%)

11c (1 eq) NPhth

Radical Coupling: General procedure A was followed for the reaction of donor 11¢ (40.5 mg,
78.1 umol, 1.0 equiv) and acceptor 12d (75.5 mg, 156 umol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCIs) to give 15ad
as a colorless oil (24.2 mg, 31%) along with recovered donor 11¢ (18.1 mg, 45%, a:p = 3:4) and
acceptor 12d (49.7 mg, 73%).
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15¢d: HRMS-ESI (m/z): [M+Na]" calcd for CssHs;NaNOy;S,, 1024.5618; found, 1024.5615.
For analytical sample, a mixture of a-, and f-isomers of compound 11¢ were separated by MPLC
(column: Yamazen, ULTRA PACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 5/1)

11c-a: [a]p?! +32.41 (¢ 1.13, CHCIl3); "H NMR (500 MHz, CDCls): 6 6.56 (d,J= 5.0 Hz, 1H, H1),
4.68 (q, J=17.1 Hz, 2H, SCSOCH:CH3), 4.56 (dd, J=11.4, 5.0 Hz, 1H, H2),4.30 (dd, J=11.4,
9.6 Hz, 1H, H3), 4.09 (dd, J = 9.6, 9.4 Hz, 1H, H4), 3.90 (dd, J=10.8, 5.7 Hz, 1H, H6eq), 3.86
(dd, J =10.8, 9.8 Hz, 1H, H6ax), 3.65 (ddd, J = 9.8, 9.4, 5.7 Hz, 1H, H5), 1.91-1.82 (m, 1H,
HAIlkyl), 1.81-1.72 (m, 1H, HAlkyl), 1.65-1.53 (m, 2H, HAlkyl), 1.46 (t, J = 7.1 Hz, 3H,
SCSOCH,CHj3), 1.41-1.21 (m, 20H, HAlkyl), 0.90-0.86 (m, 6H, HAlkyl); *C NMR (125 MHz,
CDCls): & 207.5 (SCSOCH,CHs), 152.7 (-C=0), 103.4 (acetal(4°)), 84.6 (C1), 79.6 (C3), 76.5
(C2), 71.7 (C4), 71.4 (SCSOCH:CH3), 69.4 (C5), 61.3 (C6), 38.2 (CAlkyl), 32.0 (CAlkyl), 31.9
(CAlkyl), 29.94 (CAlkyl), 29.86 (CAlkyl), 29.7 (CAlkyl), 29.4 (CAlkyl), 29.3 (CAlkyl), 23.8
(CAlkyl), 22.81 (CAlkyl), 22.79 (CAlkyl), 22.69 (CAlkyl), 14.2 (2C, CAlkyl), 13.8
(SCSOCH:CH3); HRMS-ESI (m/z): [M+Na]" caled for CisHiNaO;S,, 541.2270; found,
541.2263.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15¢d
(24.2 mg, 24.1 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by "H NMR of crude reaction mixture (16c¢d-a:16cd-p = 5:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 11/2) to give 16cd-
o as a colorless oil (11.3 mg, 53%) and a mixture of 16cd-p and unknown byproducts (2.3 mg,
<11%).

16¢d-a: [o]p?” —6.55 (¢ 1.13, CHCI3); '"H NMR (500 MHz, acetone-d6): & 7.90-7.88 (m, 4H,
HPhth), 4.90 (dd, J=10.1, 5.2 Hz, 1H, sphH3),4.70 (dd, J=11.4, 9.7 Hz, 1H, glcH3), 4.53 (dd,
J=11.4,5.6 Hz, 1H, glcH2), 4.38-4.30 (m, 2H, glcHl, sphH2), 4.21 (dd, J=9.7, 9.4 Hz, 1H,
glcH4), 4.08 (ddd, J=10.0, 5.2, 4.1 Hz, 1H, sphH4), 3.85 (dd, J=10.5, 10.1 Hz, 1H, sphH6ax),
3.81(dd, J=10.5, 5.3 Hz, 1H, glcH6eq), 3.55 (ddd, J=10.1, 9.4, 5.3 Hz, 1H, glcHS), 2.35-2.27
(m, 1H, sphH1), 2.19-2.08 (m, 1H, sphH1), 2.05-1.94 (m, 1H, glc-CH-sph), 1.87-1.80 (m, 1H,
glc-CH-sph), 1.65-1.49 (m, 3H, sphH5 and Hhep), 1.47 (s, 3H, acetonide(-CH3)), 1.46—1.37 (m,
3H, sphH5 and Hhep), 1.35 (s, 3H, acetonide(-CH3)), 1.34—0.99 (m, 44H, sphH6—H17 and Hhep),
0.92-0.84 (m, 9H, sphH18 and Hhep (-CH;)); *C NMR (125 MHz, acetone-d6): & 169.0 (2C, -
NHC(O)Phth), 154.3 (-C=0), 135.4 (2C, CPhth), 132.6 (2C, CPhth), 124.0 (2C, CPhth), 108.4
(acetonide(4°)), 103.3 (acetal(4°)), 78.9 (glcC2), 78.6 (sphC4), 78.5 (glcC3), 76.8 (sphC3), 75.4
(gleC1), 73.3 (glcC4), 67.7 (glcC5), 62.5 (glcC6), 51.6 (sphC2), 39.0 (CAlkyl), 32.64 (CAlkyl),
32.62 (CAlkyl), 32.58 (CAlkyl), 30.5 (CAlkyl), 30.4-29.4 (15C, CAlkyl), 28.8 (acetonide(-CH5)),
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27.0 (sphC1), 26.9 (acetonide(-CH3)), 26.3 (CAlkyl), 24.5 (CAlkyl), 23.34 (2C, CAlkyl), 23.30
(CAlkyl), 22.6 (gle-CH>-sph), 14.4 (3C, sphC18 and Chep (-CH3)); HRMS-ESI (m/z): [M+Na]*
caled for Cs;HgsNaNOjo, 904.5909; found, 904.5917.

16cd-B: HRMS-ESI (m/z): [M+Na]" calcd for Cs;HssNaNOo, 904.5909; found, 904.5912.

Coupling products 16be-a and 16be-f§
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Radical Coupling: General procedure A was followed for the reaction of donor 11b (31.3 mg,
69.5 umol, 1.0 equiv) and acceptor 12e (90.6 mg, 139 umol, 2.0 equiv). The reaction mixture was
purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCl;) to give 15be as a
colorless oil (24.8 mg, 32%) along with recovered donor 11b (12.6 mg, 40%, a: = 1:1) and
acceptor 12e (54.7 mg, 60%).

15be: HRMS-ESI (m/z): [M+Na]" calcd for CsoH7oNaNO13S,Si, 1124.4654; found, 1124.4651.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15be
(24.8 mg, 28.8 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by '"H NMR of crude reaction mixture (16be-0:16be-p = 5:2). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 9/1 to 3/1) to give 16be-
a as a colorless oil (11.6 mg, 54%) and 16be-p as a colorless oil (4.1 mg, 20%).

16be-0: [a]p?' +10.12 (¢ 1.16, CHCIl;); '"H NMR (500 MHz, acetone-d6): & 8.12 (dd, J=38.1, 1.0
Hz, 2H, HBz), 7.96 (dd, J = 8.1, 1.0 Hz, 2H, ABz), 7.90-7.85 (m, 4H, HPhth), 7.71 (dddd, J =
7.7,7.1,1.2,1.2 Hz, 1H, HBz), 7.62 (dddd, J=7.5, 7.3, 1.3, 1.2 Hz, 1H, HBz), 7.57 (dd, J=7.9,
7.6 Hz, 2H, HBz), 7.47 (dd, J = 7.9, 7.6 Hz, 2H, HBz), 6.02 (dd, J = 7.9, 4.3 Hz, 1H, sphH3),
5.40 (ddd, J=10.8, 6.2, 4.3 Hz, 1H, sphH2), 4.76 (ddd, J = 11.6, 7.9, 3.2 Hz, 1H, sphH4), 4.65
(dd,J=11.6,9.5 Hz, 1H, glcH3), 4.49 (dd, J=11.6,5.7 Hz, 1H, glcH2), 4.36 (ddd, /= 10.8, 5.7,
3.4 Hz, 1H, glcH1),4.28 (dd, J=9.5,9.1 Hz, 1H, glcH4), 3.98 (dd, J=10.0, 5.1 Hz, 1H, glcH6eq),
3.79 (dd, J=10.0, 9.8 Hz, 1H, glcH6ax), 3.60 (ddd, J=9.8, 9.1, 5.1 Hz, 1H, glcH5), 2.66-2.57
(m, 1H, sphH5), 2.19-2.11 (m, 1H, sphH5), 2.04—1.97 (m, 1H, glc-CH>-sph), 1.91-1.86 (m, 2H,
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sphH1), 1.70-1.63 (m, 1H, glc-CHo-sph), 1.43-1.15 (m, 24H, sphH6-H17), 1.03 (s, 9H, Si-
C(CH)s), 0.95 (s, 9H, Si-C(CHs)3), 0.87 (t, J = 6.8 Hz, 3H, sphH18); '3C NMR (125 MHz,
acetone-dé): 8 169.0 (2C, -NHC(O)Phth), 166.3 (OC(O)Ph), 166.2 (-OC(O)Ph), 154.3 (-C=0),
135.5 (2C, CPhth), 134.4 (CBz), 134.1 (CBz), 132.6 (2C, CPhth), 130.9 (CBz), 130.8 (CBz),
130.5 (2C, CBz), 130.4 (2C, CBz), 129.6 (2C, CBz), 129.4 (2C, CBz), 124.2 (2C, CPhth), 80.7
(2lcC3), 80.0 (glcC2), 76.4 (glcC4), 75.3 (gleCl), 74.4 (sphC3), 73.8 (sphC2), 70.6 (glcC5), 67.1
(2lcC6), 52.3 (sphC4), 32.6 (sphCAlkyl), 30.4-29.4 (10C, sphCAlkyl), 27.7 3C, Si-C(CH)s),
27.4 (3C, Si-C(CHs)s), 25.9 (sphCl), 24.7 (sphC5), 23.3 (sphCAlkyl), 23.1 (Si-C(CHs)3), 22.1
(gle-CH>-sph), 20.5 (Si-C(CH3)s), 14.4 (sphC18); HRMS-ESI (m/z): [M+Na]" caled for
CscH7sNaNO)2Si, 1004.4951; found, 1004.4970.

16be-B: [a]p*' +3.24 (c 0.41, CHCI3); 'H NMR (500 MHz, acetone-d6): §8.14 (dd, J = 8.4, 1.3
Hz, 2H, HBz), 7.92 (dd, J = 8.4, 1.3 Hz, 2H, HBz), 7.91-7.89 (m, 4H, HPhth), 7.71 (dddd, J =
7.8,7.0,1.3, 1.3 Hz, 1H, HBz), 7.60 (dddd, /= 7.7, 6.5, 1.3, 1.3 Hz, 1H, HBz), 7.58 (dd, J = 7.9,
7.4 Hz, 2H, HBz), 7.44 (dd, J = 8.2, 7.6 Hz, 2H, HBz), 6.13 (dd, J = 9.0, 3.5 Hz, 1H, sphH3),
5.40 (ddd, J = 8.1, 4.4, 3.6 Hz, 1H, sphH2), 4.76 (ddd, J = 11.4, 9.0, 3.7 Hz, 1H, sphH4), 4.50
(dd, J = 10.6, 9.5 Hz, 1H, glcH2), 4.26 (dd, J = 9.5, 8.6 Hz, 1H, glcH3), 4.03-3.95 (m, 3H,
glcHb6eq, glcH4, glcH1), 3.78 (dd, J=10.3, 10.2 Hz, 1H, glcH6ax), 3.61 (ddd, J=10.3, 8.6, 5.1
Hz, 1H, glcH5), 2.52-2.42 (m, 1H, sphH5), 2.10-2.04 (m, 1H, sphH5), 1.94-1.86 (m, 2H, sphH1),
1.76-1.67 (m, 1H, glc-CHs-sph), 1.58-1.48 (m, 1H, gle-CHo-sph), 1.43-1.14 (m, 24H, sphH6—
HI17), 1.02 (s, 9H, Si-C(CH:)3), 0.98 (s, 9H, Si-C(CH3)s), 0.87 (t, J = 6.8 Hz, 3H, sphH18); °C
NMR (125 MHz, acetone-d6): & 168.8 (2C, -NHC(O)Phth), 166.2 (C, -OC(O)Ph), 166.1 (C, -
OC(O)Ph), 154.4 (C, -C=0), 135.5 (2C, CH, CPhth), 134.4 (CH, CBz), 134.0 (CBz), 132.5 (2C,
CPhth), 130.9 (CBz), 130.8 (CBz), 130.6 (2C, CBz), 130.3 (2C, CBz), 129.6 (2C, CBz), 129.3
(2C, CBz), 124.2 (2C, CPhth), 84.8 (glcC2), 80.1 (glcCl), 77.0 (glcC4), 76.5 (glcC5), 75.5
(elcC3), 74.2 (sphC3), 74.0 (sphC2), 66.8 (glcC6), 51.6 (sphC4), 32.6 (sphCAlkyl), 30.4-29.4
(11C, sphCAlkyl), 27.7 (3C, Si-C(CH3)s), 27.3 (3C, Si-C(CH3)s), 25.9 (sphCl), 23.9 (sphC5),
23.3 (gle-CHa-sph), 23.0 (Si-C(CHa)s), 20.5 (Si-C(CHs)s), 14.4 (sphC18); HRMS-ESI (m/z):
[M+Na]" calcd for Cs¢H7sNaNO;2Si, 1004.4951; found, 1004.4968.
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Coupling products 16bf-a and 16bf-
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Radical Coupling: General procedure A was followed for the reaction of donor 11b (52.7 mg,
117 pmol, 1.0 equiv) and acceptor 12f (137 mg, 233 umol, 2.0 equiv). The reaction mixture was
purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCIs) to give 15bf as a
colorless oil (64.6 mg, 53%) along with recovered donor 11b (21.3 mg, 40%, a:p = 1:1) and
acceptor 12f (84.5 mg, 62%).

15bf: HRMS-ESI (m/z): [M+Na]" calcd for Cs;Hg/NaNO,;S,Si3, 1060.4926; found, 1060.4928.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15ad
(64.6 mg, 62.2 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by 'H NMR of crude reaction mixture (16bf-a:16bf-p = 5:2). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 9/1 to 1/1) to give 16bf-
o as a colorless oil (31.7 mg, 55%) and 16bf-$ as a colorless oil (12.4 mg, 22%).

16bf-0: [a]p*' +2.09 (¢ 1.25, CHCI3); 'TH NMR (500 MHz, acetone-d6): & 7.89-7.87 (m, 4H,
HPhth), 4.72 (dd, J=11.6, 9.6 Hz, 1H, glcH3), 4.52 (dd, J=11.6, 5.6 Hz, 1H, glcH2), 4.36 (dd,
J=9.6, 1.3 Hz, 1H, sphH3), 4.34 (m, 1H, glcH1), 4.33 (dd, J=9.6, 9.1 Hz, 1H, glcH4), 4.18 (dd,
J=10.0, 5.0 Hz, 1H, glcH6eq), 4.12 (ddd, J= 9.8, 9.6, 4.4 Hz, 1H, sphH2), 3.95 (dd, J = 10.1,
10.0 Hz, 1H, glcH6ax), 3.67 (ddd, J = 10.1, 9.1, 5.0 Hz, 1H, glcH5), 3.49 (ddd, /=9.6, 1.5, 1.3
Hz, 1H, sphH4), 2.27-2.13 (m, 2H, sphH1), 2.00—1.90 (m, 1H, glc-CH>-sph), 1.60-1.52 (m, 1H,
glc-CH-sph), 1.52—-1.44 (m, 1H, sphHS5), 1.41-1.18 (m, 25H, sphH5 and sphHAlkyl), 1.06 (s,
9H, Si-C(CH;)s), 1.01 (s, 9H, Si-C(CHj3)3), 0.88 (t, J = 6.8 Hz, 3H, sph/H18), 0.22 (s, 9H, Si-
(CHs)3), 0.02 (s, 9H, Si-(CHs)3); *C NMR (125 MHz, acetone-d6): § 169.0 (2C, -NHC(O)Phth),
154.3 (-C=0), 135.4 (2C, CPhth), 132.6 (2C, CPhth), 124.0 (2C, CPhth), 80.8 (glcC3), 78.1
(gleC2), 77.8 (sphC3), 76.5 (glcC4), 75.3 (glcC1), 74.1 (sphC4), 70.7 (glcC5), 67.4 (glcC6), 54.1
(sphC2), 32.7 (sphCAlkyl), 30.9-29.4 (10C, sphCAlkyl), 27.7 (3C, Si-C(CH3)3), 27.4 (3C, Si-
C(CHj3)3), 26.8 (sph(5), 26.2 (sphCAlkyl), 23.3 (Si-C(CHz3)3), 23.1 (gle-CH>-sph), 22.5 (sphC1),
20.5 (Si-C(CHzs)3), 14.4 (sphC18), 0.9 (3C, Si-(CHj3)3), 0.5 (3C, Si-(CHs)3); HRMS-ESI (m/z):
[M+Na]" calcd for C4sHgsNaNO;oSis, 940.5217; found, 940.5226.
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16bf-B: [a]p*! —4.42 (¢, CHCI3); 'H NMR (500 MHz, acetone-d6): & 7.91-7.89 (m, 4H, HPhth),
4.57 (dd, J=10.7, 9.6 Hz, 1H, glcH3), 4.39 (dd, J = 9.7, 1.2 Hz, 1H, sphH3), 4.32 (dd, J = 9.6,
8.6 Hz, 1H, glcH4), 4.14 (dd, J=10.1, 5.0 Hz, 1H, glcH6eq), 4.10 (ddd, J=9.7, 8.1, 6.8 Hz, 1H,
sphH2), 4.06 (dd, J=10.7, 9.5 Hz, 1H, glcH2), 3.99 (ddd, J=9.5, 7.2, 4.7 Hz, 1H, glcH1), 3.88
(dd, J=10.3, 10.1 Hz, 1H, glcH6ax), 3.67 (ddd, J = 10.3, 8.6, 5.1 Hz, 1H, glcHS), 3.49 (d, J =
9.7 Hz, 1H, sphH4), 2.19-2.13 (m, 2H, sphH1), 1.71-1.59 (m, 1H, glc-CH,-sph), 1.55-1.45 (m,
2H, glc-CH,-sph and sphH5), 1.41-1.18 (m, 25H, sphHAIlkyl), 1.04 (s, 9H, Si-C(CH3)3), 1.00 (s,
9H, Si-C(CH5)3), 0.88 (t,J="7.1 Hz, 3H, sphH18), 0.21 (s, 7H, Si-(CH3)3), 0.18 (s, 1H, Si-(CH3)3),
0.15 (s, 1H, Si-(CH3)3), 0.02 (s, 7H, Si-(CHs)3), 0.00 (s, 1H, Si-(CHs)3), —0.01 (s, 1H, Si-(CHj)s);
3C NMR (125 MHz, acetone-d6): 5 168.9 (2C, -NHC(O)Phth), 154.5 (-C=0), 135.5 (2C, CPhth),
132.5 (2C, CPhth), 124.0 (2C, CPhth), 84.8 (glcC3), 80.2 (glcC2), 77.6 (glcC1), 77.3 (sphC3),
76.6 (glcC5), 75.6 (glcC4), 74.1 (sphC4), 66.9 (glcC6), 53.7 (sphC2), 32.6 (sphCAlkyl), 30.4—
29.4 (11C, sphCAlkyl), 27.7 (3C, Si-C(CH3)3), 27.3 (3C, Si-C(CHj3)3), 26.8 (sphCAlkyl), 24.9
(sphC1), 23.3 (Si-C(CHs)3), 23.1 (glc-CH>-sph), 20.5 (Si-C(CHs)3), 14.4 (sphC18), 0.9 (3C, Si-
(CH5)3), 0.5 (3C, Si-(CH3)3); HRMS-ESI (m/z): [M+Na]* calcd for C4gHgsNaNOjoSi3, 940.5217;
found, 940.5224.

Coupling products 16bg-a and 16bg-p
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Radical Coupling: General procedure A was followed for the reaction of donor 11b (44.8 mg,
99.5 umol, 1.0 equiv) and acceptor 12g (134 mg, 199 umol, 2.0 equiv). The reaction mixture was
purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCls) to give 15bg as a
colorless oil (90.0 mg, 81%) along with recovered donor 11b (4.2 mg, 9%, a:3 = 1:1) and acceptor
12g (87.6 mg, 65%).

15bg: HRMS-ESI (m/z): [M+Na]" calcd for Cs7HooNaNO1;S,Sis3, 1144.5860; found, 1144.5858.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bd
(90.0 mg, 80.2 umol, 1.0 equiv). The diastercomeric ratio at anomeric position was determined
by 'H NMR of crude reaction mixture (16bg-a:16bg-B = 7:2). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
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(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 7/2) to give 16bg-
o as a colorless oil (44.2 mg, 55%) and 16bg-p as a colorless oil (12.1 mg, 15%).

16bg-a: [0]p*® —5.59 (¢ 1.76, CHCl;); '"H NMR (500 MHz, acetone-d6): & 7.89-7.87 (m, 4H,
HPhth), 4.73 (dd, J = 11.6, 9.6 Hz, 1H, glcH3), 4.51 (dd, J=11.6, 5.6 Hz, 1H, glcH2), 4.40 (dd,
J=9.8, 0.8 Hz, 1H, sphH3), 4.34 (dd, J = 9.6, 8.9 Hz, 1H, glcH4), 4.35-4.31 (m, 1H, glcH1),
4.18 (dd, J=10.1, 5.0 Hz, 1H, glcH6eq), 4.18-4.12 (m, 1H, sphH2), 3.96 (dd, J=10.1, 9.7 Hz,
1H, glcH6ax), 3.67 (ddd, J=9.7, 8.9, 5.0 Hz, 1H, glcHS5), 3.55-3.51 (m, 1H, sphH4), 2.29-2.23
(m, 2H, sphH1), 1.99-1.89 (m, 1H, glc-CH>-sph), 1.57-1.47 (m, 2H, glc-CH>-sph and sphHS),
1.47-1.39 (m, 2H, sphH5 and sphHAIlkyl), 1.34-1.21 (m, 23H, sphHAlkyl), 1.07 (s, 9H, Si-
C(CH5)3), 1.06 (t, J = 7.9 Hz, 9H, Si-CH.CH3), 1.01 (s, 9H, Si-C(CH3)3), 0.89 (t, J= 6.8 Hz, 3H,
sphH18), 0.86 (t,J=7.9 Hz, 9H, Si-CH.CH3), 0.80-0.75 (m, 6H, Si-CH,CH3), 0.56-0.50 (m, 6H,
Si-CH>CH3); *C NMR (125 MHz, acetone-d6): 6 169.0 (2C, -NHC(O)Phth), 154.3 (-C=0), 135.4
(2C, CPhth), 132.6 (2C, CPhth), 123.9 (2C, CPhth), 80.7 (glcC3), 78.0 (glcC2), 77.7 (sphC3),
76.6 (glcC4), 75.4 (glcCl), 74.9 (sphC4), 70.7 (glcC5), 67.4 (glcC6), 54.2 (sphC2), 32.7
(sphCAlkyl), 31.8 (sphCAlkyl), 30.5-29.4 (9C, sphCAlkyl), 27.8 (3C, Si-C(CH;)3), 27.4 (3C, Si-
C(CH3)3), 26.9 (sphCAlkyl), 25.9 (sphCl), 23.3 (Si-C(CH3)3), 23.1 (gle-CH»-sph), 22.5
(sphCAlkyl), 20.5 (Si-C(CH3)3), 14.4 (sphC18), 7.4 (3C, Si-CH.CHj3), 7.3 (3C, Si-CH,CH3), 6.0
(3C, Si-CH>CH3), 5.7 (3C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" caled for CssHosNaNOoSis,
1024.6156; found, 1024.6152.

16bg-B: [a]p?’ —14.80 (c 1.21, CHCI); '"H NMR (500 MHz, acetone-d6): & 7.91-7.89 (m, 4H,
HPhth), 4.57 (dd, J=10.5, 9.1 Hz, 1H, glcH3), 4.41 (d,J=9.8 Hz, 1H, sphH3), 4.32 (dd, J=9.1,
8.7 Hz, 1H, glcH4), 4.14 (dd, J = 10.2, 5.1 Hz, 1H, glcHb6eq), 4.17-4.11 (m, 1H, sphH2), 4.06
(dd, J=10.5, 9.6 Hz, 1H, glcH2), 4.00 (ddd, J=9.6, 7.4, 4.7 Hz, 1H, glcH1), 3.90 (dd, /= 10.2,
10.2 Hz, 1H, glcH6ax), 3.66 (ddd, J = 10.2, 8.7, 5.1 Hz, 1H, glcH5), 3.53 (dd, J = 8.9, 1.2 Hz,
1H, sphH4),2.28-2.16 (m, 2H, sphH1), 1.65-1.57 (m, 1H, glc-CH.-sph), 1.56-1.46 (m, 2H, glc-
CH-sph and sphH5), 1.46—-1.37 (m, 2H, sphH5 and sphHAlkyl), 1.33—1.19 (m, 23H, sphHAlkyl),
1.053 (s, 9H, Si-C(CH;)3), 1.050 (t, J= 8.1 Hz, 9H, Si-CH,CH5), 1.00 (s, 9H, Si-C(CH5)3), 0.90—
0.86 (m, 3H, sphH18), 0.86 (t,J= 8.1 Hz, 9H, Si-CH,CH3), 0.80-0.74 (m, 6H, Si-CH>CH3), 0.56—
0.50 (m, 6H, Si-CH,CH3); 3C NMR (125 MHz, acetone-d6): § 168.9 (2C, -NHC(O)Phth), 154.4
(-C=0), 135.5 (2C, CPhth), 132.5 (2C, CPhth), 124.0 (2C, CPhth), 84.8 (glcC3), 80.1 (glcC2),
77.6 (sphC3), 77.2 (glcC1), 76.6 (glcC5), 75.6 (glcC4), 75.0 (sphC4), 66.9 (glcC6), 53.7 (sphC2),
32.7 (sphCAlkyl), 31.9 (sphC5), 30.5-29.4 (10C, sphCAlkyl and gle-CH»>-sph), 27.7 (3C, Si-
C(CHs)s), 27.3 (3C, Si-C(CHs)3), 26.9 (sphCAlkyl), 24.3 (sphCl1), 23.3 (Si-C(CHz3)3), 23.1
(sphCAlkyl), 20.5 (Si-C(CH3)s), 14.4 (sphC18), 7.4 (3C, Si-CH.CH3), 7.3 (3C, Si-CH.CH3), 5.9
(3C, Si-CH>CH3), 5.7 (3C, Si-CH,CH3); HRMS-ESI (m/z): [M+Na]" calcd for CssHosNaNOoSis,
1024.6156; found, 1024.6151.
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Coupling products 16bh-a and 16bh-p
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Radical Coupling: General procedure A was followed for the reaction of donor 11b (24.6 mg,
54.5 umol, 1.0 equiv) and acceptor 12h (73.1 mg, 109 pumol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCIs) to give
15bh as a colorless oil (29.1 mg, 48%) along with recovered donor 11b (6.6 mg, 27%, a:p =
1:1) and acceptor 12h (48.0 mg, 66%).
15bh: HRMS-ESI (m/z): [M+Na]" calcd for Cs7HooNaNO1;S,Sis, 1144.5865; found, 1144.58609.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bh
(29.1 mg, 25.9 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by "H NMR of crude reaction mixture (16bh-a:16bh-p = 4:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 3/1) to give 16bh-
a as a colorless oil (13.0 mg, 50%) and 16bh-p as a colorless oil (3.0 mg, 12%).

16bh-a: [a]p?® —0.36 (¢ 1.35, CHCl3); '"H NMR (500 MHz, acetone-d6): & 7.90-7.88 (m, 4H,
HPhth), 4.73 (dd, J=11.6, 9.5 Hz, 1H, glcH3), 4.50 (dd, J=11.6, 5.7 Hz, 1H, glcH2), 4.40 (dd,
J=29.7,0.5 Hz, 1H, sphH3), 4.33 (dd, J = 9.5, 8.9 Hz, 1H, glcH4), 4.32 (ddd, J=11.2,5.7,3.3
Hz, 1H, glcH1), 4.18 (ddd, J = 11.5, 9.7, 3.4 Hz, 1H, sphH2), 4.17 (dd, J = 10.1, 4.9 Hz, 1H,
glcHb6eq), 3.94 (dd, J=10.1, 9.9 Hz, 1H, glcHb6ax), 3.67 (ddd, J=9.9, 8.9, 4.9 Hz, 1H, glcHS),
3.55(dd, J=9.7, 1.9 Hz, 1H, sphH4), 2.33-2.16 (m, 2H, sphH1), 1.99-1.90 (m, 1H, glc-CH>-
sph), 1.55-1.46 (m, 2H, glc-CH>-sph and sphH5), 1.46—1.37 (m, 2H, sphH5 and sphHAlkyl),
1.34-1.15 (m, 23H, sphHAlkyl), 1.06 (s, 9H, Si-C(CH3)3), 1.01 (s, 9H, Si-C(CH3)3), 1.00 (s, 9H,
Si-C(CH3)s), 0.88 (t, J = 6.8 Hz, 3H, sphH18), 0.87 (s, 9H, Si-C(CH3)3), 0.24 (s, 3H, Si-CH;),
0.23 (s, 3H, Si-CH3), 0.03 (s, 3H, Si-CHs), —0.17 (s, 3H, Si-CHj); *C NMR (125 MHz, acetone-
d6): 8 169.0 (2C, -NHC(O)Phth), 154.3 (-C=0), 135.5 (2C, CPhth), 132.6 (2C, CPhth), 124.0 (2C,
CPhth), 80.7 (glcC3), 78.0 (glcC2), 77.8 (sphC3), 76.6 (glcC4), 75.5 (glcC1), 75.3 (sphC4), 70.7
(glcCs5), 67.4 (glcC6), 54.4 (sphC2), 32.7 (sphCAlkyl), 32.2 (sphC5), 30.4-29.4 (9C, sphCAlkyl),
27.7 (3C, Si-C(CH3)3), 27.4 (3C, Si-C(CHs)3), 26.9 (sphCAlkyl), 26.7 (3C, Si-C(CHs)3), 26.6 (3C,
Si-C(CH3)s), 26.2 (sphC1), 23.3 (Si-C(CHs)s), 23.1 (sphCAlkyl), 22.5 (gle-CH-sph), 20.5 (Si-
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C(CHz)3), 19.1 (Si-C(CH3)3), 18.8 (Si-C(CH3)3), 14.4 (sphC18), 2.7 (Si-CH3), —3.4 (Si-CH3), —
4.6 (Si-CHj3), —4.9 (Si-CH3); HRMS-ESI (m/z): [M+Na]" caled for CsaHosNaNO(Sis, 1024.6162;
found, 1024.6165.

16bh-B: [0]p?! —13.57 (¢ 0.30, CHCl3); 'H NMR (500 MHz, acetone-d6): § 7.92-7.90 (m, 4H,
HPhth), 4.56 (dd, J=10.5, 9.5 Hz, 1H, glcH3), 4.42 (d,J=9.7 Hz, 1H, sphH3),4.32 (dd, J=9.5,
8.5 Hz, 1H, glcH4), 4.21-4.13 (m, 1H, sphH2), 4.15 (dd, J = 10.2, 5.1 Hz, 1H, glcH6eq), 4.05
(dd, J=10.5,9.6 Hz, 1H, glcH2), 4.00 (ddd, J=9.6, 7.3, 4.5 Hz, 1H, glcH1), 3.90 (dd, J=10.3,
10.2 Hz, 1H, glcH6ax), 3.66 (ddd, J = 10.3, 8.5, 5.1 Hz, 1H, glcHS), 3.57 (dd, J = 9.0, 2.3 Hz,
1H, sphH4), 2.24-2.18 (m, 2H, sphH1), 1.64—1.56 (m, 1H, glc-CH-sph), 1.55-1.47 (m, 2H, glc-
CH,-sph and sphHS5), 1.46—-1.36 (m, 2H, sphH5 and sphHAlkyl), 1.33—1.18 (m, 23H, sphHAlkyl),
1.05 (s, 9H, Si-C(CHj5)s), 1.01 (s, 9H, Si-C(CH;)3), 0.99 (s, 9H, Si-C(CHs)s), 0.88 (t, J = 6.8 Hz,
3H, sphH18), 0.87 (s, 9H, Si-C(CH3)3), 0.229 (s, 3H, Si-CH3), 0.226 (s, 3H, Si-CH3), 0.04 (s, 3H,
Si-CH3), —0.15 (s, 3H, Si-CH3); C NMR (125 MHz, acetone-d6): § 169.0 (2C, -NHC(O)Phth),
154.4 (-C=0), 135.6 (2C, CPhth), 132.5 (2C, CPhth), 124.1 (2C, CPhth), 84.8 (glcC3), 80.0
(glcC2), 77.5 (sphC3), 77.0 (glcC1), 76.6 (glcCS), 75.6 (glcC4), 75.5 (sphC4), 66.9 (glcC6), 53.7
(sphC2), 32.7 (sphC5), 30.4-29.4 (10C, glc-CH:>-sph and sphCAlkyl), 27.7 (3C, Si-C(CHj3)3),
27.44 (sphCAlkyl), 27.36 (3C, Si-C(CH3)3), 26.9 (sphCAlkyl), 26.7 (3C, Si-C(CHs)3), 26.6 (3C,
Si-C(CH3)3), 24.3 (sphC1), 23.3 (Si-C(CHs)s), 23.1 (sphCAlkyl), 20.5 (Si-C(CH3)3), 19.1 (Si-
C(CH3)3), 18.8 (Si-C(CHz3)3), 14.4 (sphC18), 2.8 (Si-CH3), —3.4 (Si-CH3), —4.6 (Si-CH;), —4.8
(Si-CHj3); HRMS-ESI (m/z): [M+Na]" calcd for CssHosNaNO1Sis, 1024.6162; found, 1024.6163.

Coupling products 16bi-a and 16bi-p
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Radical Coupling: General procedure A was followed for the reaction of donor 11b (46.0 mg,
102 umol, 1.0 equiv) and acceptor 12i (110 mg, 204 umol, 2.0 equiv). The reaction mixture was
purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCI3) to give 15bi as a
colorless oil (42.8 mg, 42%) along with recovered donor 11b (16.4 mg, 36%, a:p = 1:1) and
acceptor 12i (70.2 mg, 64%).

15bi: HRMS-ESI (m/z): [M+Na]" calcd for CsiHssNaNO0S,Si», 1012.4895; found, 1012.4892.
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Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bi
(42.8 mg, 43.2 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by '"H NMR of crude reaction mixture (16bi-a::16bi-p = 3:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 11/2) to give 16bi-
o as a colorless oil (12.3 mg, 21%) and 16bi-p as a colorless oil (4.1 mg, 7%).

16bi-a: [o]p?! =7.92 (¢ 0.44, CHCl3); 'H NMR (500 MHz, acetone-d6): & 7.86-7.81 (m, 4H,
HPhth), 5.49 (ddd, J=15.3, 7.6, 6.2 Hz, 1H, sphHS5), 5.28 (dddd, J = 15.3, 8.9, 1.3, 1.1 Hz, 1H,
sphH4), 4.76 (dd, J=11.6, 9.6 Hz, 1H, glcH3), 4.61 (dd, /= 9.0, 8.9 Hz, 1H, sphH3), 4.53 (dd, J
=11.6,5.6 Hz, 1H, glcH2),4.36 (ddd, J=11.1, 5.6, 3.5 Hz, 1H, glcH1), 4.34 (dd, J=9.6, 8.9 Hz,
1H, glcH4), 4.17 (dd, J=10.0, 5.0 Hz, 1H, glcH6eq), 4.07 (ddd, /=9.2, 9.0, 6.8 Hz, 1H, sphH2),
3.95(dd, J=10.0, 10.0 Hz, 1H, glcH6ax), 3.67 (ddd, /= 10.0, 8.9, 5.0 Hz, 1H, glcHS), 2.36-2.25
(m, 2H, sphH1), 2.03—1.96 (m, 1H, glc-CH>-sph), 1.86—1.77 (m, 1H, sphH6), 1.76—1.68 (m, 1H,
sphH6), 1.68-1.60 (m, 1H, glc-CH»>-sph), 1.34-0.95 (m, 22H, sphHAlkyl), 1.06 (s, 9H, Si-
C(CHs)3), 1.000 (t, J = 7.8 Hz, 9H, Si-CH>CHj3), 0.996 (s, 9H, Si-C(CH3)3), 0.88 (t, J = 6.8 Hz,
3H, sphH18), 0.68-0.61 (m, 6H, Si-CH-CH3); *C NMR (125 MHz, acetone-d6): § 169.1 (2C, -
NHC(O)Phth), 154.3 (-C=0), 135.14 (2C, CPhth), 135.05 (sphC5), 132.8 (2C, CPhth), 131.6
(sphC4), 123.8 (2C, CPhth), 80.8 (glcC3), 78.1 (glcC2), 76.5 (glcC4), 75.4 (glcC1), 75.3 (sphC3),
70.7 (glcC5), 67.4 (glcC6), 57.6 (sphC2), 32.65 (sphC6), 32.61 (sphCAlkyl), 30.4-29.4 (9C,
sphCAlkyl), 27.7 (3C, Si-C(CHs)3), 27.4 (3C, Si-C(CHs)3), 25.4 (sphC1), 23.3 (Si-C(CHs)3), 23.1
(gle-CH,-sph), 22.9 (sphCAlkyl), 20.5 (Si-C(CHs)s3), 14.4 (sphC18), 7.2 (3C, Si-CH,CH5), 5.8
(3C, Si-CH,CH3); HRMS-ESI (m/z): [M+Na]" calcd for CssH70NaNOoSiz, 892.5191; found,
892.5192.

16bi-B: [a]p*' —21.77 (c 0.44, CHCIl;); '"H NMR (500 MHz, acetone-d6): & 7.90-7.83 (m, 4H,
HPhth), 5.49 (ddd, /= 15.3, 7.7, 6.2 Hz, 1H, sphH5), 5.27 (dddd, /= 15.3, 8.6, 1.2, 1.1 Hz, 1H,
sphH4), 4.64 (dd, J=9.0, 8.6 Hz, 1H, sphH3), 4.59 (dd, J=10.7, 9.6 Hz, 1H, glcH3), 4.33 (dd,
J=9.6,8.6 Hz, 1H, glcH4), 4.14 (dd, J=10.1, 5.0 Hz, 1H, glcH6eq), 4.07 (dd, J=10.7, 9.5 Hz,
1H, glcH2), 4.06-3.98 (m, 2H, sphH2, glcH1), 3.90 (dd, J = 10.3, 10.1 Hz, 1H, glcH6ax), 3.68
(ddd, J=10.3, 8.6, 5.0 Hz, 1H, glcH5), 2.30-2.23 (m, 2H, sphH1), 1.85-1.78 (m, 1H, sphH6),
1.77-1.71 (m, 1H, sphH6), 1.71-1.63 (m, 1H, gle-CH>-sph), 1.61-1.54 (m, 1H, glc-CH-sph),
1.54-1.45 (m, 1H, sphHAlkyl), 1.38-0.93 (m, 21H, sphHAlkyl), 1.05 (s, 9H, Si-C(CHs)3), 1.01
(s, 9H, Si-C(CHs)3), 0.99 (t, J = 7.8 Hz, 9H, Si-CH.CH5), 0.88 (t, J = 6.8 Hz, 3H, sphH18), 0.65
(q,J = 7.8 Hz, 6H, Si-CH>CH3); *C NMR (125 MHz, acetone-d6): § 169.0 (2C, -NHC(O)Phth),
154.5 (-C=0), 135.2 (2C, CPhth), 135.0 (sphC5), 132.7 (2C, CPhth), 131.7 (sphC4), 123.8 (2C,
CPhth), 84.8 (glcC3), 80.2 (glcC2), 77.1 (glcC1), 76.5 (glcC5), 75.6 (gleC4), 75.2 (sphC3), 66.9
(glcC6), 57.2 (sphC2), 32.65 (sphC6), 32.59 (sphCAlkyl), 30.4-29.4 (10C, sphCAlkyl), 27.7 (3C,
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Si-C(CH3)s), 27.3 (3C, Si-C(CHs)s), 24.0 (sphC1), 23.3 (Si-C(CHs)s3), 23.1 (gle-CH>-sph), 20.5
(Si-C(CHz3)3), 14.4 (sphC18), 7.2 (3C, Si-CH»CH3), 5.7 (3C, Si-CH>CHs); HRMS-ESI (m/z2):
[M+Na]" calcd for C4sH79NaNOoSi», 892.5191; found, 892.5194.

Coupling products 16bj-a and 16bj-p

Bu

|
Bu-Si~o o Bu o O NPhth
[e) B fSi\o O: H
O/k/s OFt uSt o] i
Cq3H
>/O g lauroyl peroxide V70 (10 mol%) % Xxx~C13H27

o (3 x 5 mol%) nBusSnH (1.5 eq) 16bj-a OTBS

11b (1 eq) — wNPhth ———————=

(CH,CI)2 (1 M) toluene (0.1 M) I
Phthiy reflux, 4.5 h Etd 45°c,3h  BuSi0 o NPhth
A A CiaHpy 32% (53% brsm) TBSO 11% (2 steps) o
a:p =5:1 o)
OTBS 15bj CiaHar 4 N C3Ha7
12} (2 0q) TBSO

16bj-p
Radical Coupling: General procedure A was followed for the reaction of donor 11b (16.3 mg,
36.2 umol, 1.0 equiv) and acceptor 12j (39.1 mg, 72.4 umol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCl;) to give 15bj
as a colorless oil (8.2 mg, 23%) along with recovered donor 11b (9.9 mg, 61%, a: = 1:1) and
acceptor 12j (25.1 mg, 64%).

15bj: HRMS-ESI (m/z): [M+Na]" calcd for Cs;HgsNaNO0S,Siz, 1012.4889; found, 1012.4863.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bj (8.2
mg, 8.3 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined by 'H
NMR of crude reaction mixture (16bj-a:16bj-p = 5:1). The reaction mixture was purified by silica
gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC (column:
Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 11/2) to give 16bj-a as a
colorless oil (2.7 mg, 28%) and 16bj-P as a colorless oil (0.6 mg, 6%).

16bj-0: [a]p?' —5.28 (¢ 0.24, CHCIl;); '"H NMR (500 MHz, acetone-d6): & 7.89-7.81 (m, 4H,
HPhth), 5.49 (ddd, J=15.2, 7.6, 6.3 Hz, 1H, sphHS5), 5.27 (dddd, /= 15.2, 8.8, 1.3, 1.2 Hz, 1H,
sphH4),4.77 (dd, J=11.6, 9.5 Hz, 1H, glcH3), 4.60 (dd, J= 8.9, 8.8 Hz, 1H, sphH3), 4.53 (dd, J
=11.6,5.7 Hz, 1H, glcH2),4.35 (ddd, J=9.0,5.7, 3.4, 1H, glcH1), 4.34 (dd, J=9.5, 8.8 Hz, 1H,
glcH4), 4.17 (dd, J = 10.0, 5.0 Hz, 1H, glcHb6eq), 4.08 (ddd, J = 9.2, 8.9, 6.4 Hz, 1H, sphH2),
3.94 (dd, J=10.0, 9.9 Hz, 1H, glcHb6ax), 3.67 (ddd, J = 9.9, 8.8, 5.0 Hz, 1H, glcHS), 2.33-2.25
(m, 2H, sphH1), 2.03—1.96 (m, 1H, glc-CH-sph), 1.86—1.78 (m, 1H, sphH6), 1.78-1.70 (m, 1H,
sphH6), 1.64-1.56 (m, 1H, glc-CH>-sph), 1.39-0.96 (m, 22H, sphHAlkyl), 1.06 (s, 9H, Si-
C(CHs)3), 1.00 (s, 9H, Si-C(CHs)3), 0.95 (s, 9H, Si-C(CH3)3), 0.88 (t, J = 6.8 Hz, 3H, sphH18),
0.15 (s, 3H, Si-CHs), 0.07 (s, 3H, Si-CH3); *C NMR (125 MHz, acetone-d6): § 169.1 (2C, -
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NHC(O)Phth), 154.4 (-C=0), 135.2 (3C, CPhth and sphC5), 132.8 (2C, CPhth), 131.7 (sphC4),
123.8 (2C, CPhth), 80.8 (glcC3), 78.1 (glcC2), 76.6 (glcC4), 75.5 (glcC1), 75.3 (sphC3), 70.6
(glcC5), 67.4 (glcC6), 57.6 (sphC2), 32.66 (sphC6), 32.61 (sphCAlkyl), 30.4-29.4 (9C,
sphCAlkyl), 27.7 (3C, Si-C(CHj3)3), 27.4 (3C, Si-C(CHj3)3), 26.3 (3C, Si-C(CHj3)3), 25.4 (sphCl),
23.3 (Si-C(CHj3)3), 23.1 (gle-CH»-sph), 22.9 (sphCAlkyl), 20.5 (Si-C(CH3)s), 18.7 (Si-C(CHas)s),
14.4 (sphC18), -3.4 (Si-CH;3), —4.5 (Si-CH;3); HRMS-ESI (m/z): [M+Na]® caled for
CasH79NaNOoSi,, 892.5186; found, 892.5183.

16bj-B: [o]p>! —22.13 (¢ 0.09, CHCI;); '"H NMR (500 MHz, acetone-d6): & 7.88-7.82 (m, 4H,
HPhth), 5.48 (ddd, J =15.0, 7.5, 6.5 Hz, 1H, sphH5), 5.26 (dddd, /= 15.0, 8.7, 1.3, 1.2 Hz, 1H,
sphH4), 4.62 (dd, J = 8.9, 8.7 Hz, 1H, sphH3), 4.60 (dd, J = 10.7, 9.6 Hz, 1H, glcH3), 4.33 (dd,
J=9.6, 8.6 Hz, 1H, glcH4), 4.15 (dd, J = 10.2, 5.1 Hz, 1H, glcH6eq), 4.07 (dd, J=10.7, 9.5 Hz,
1H, glcH?2), 4.08-3.98 (m, 2H, sphH2, glcH1), 3.90 (dd, J = 10.3, 10.2 Hz, 1H, glcH6ax), 3.69
(ddd, J=10.3, 8.6, 5.1 Hz, 1H, glcH5), 2.28-2.23 (m, 2H, sphH1), 1.84—1.80 (m, 1H, glc-CH-
sph), 1.78-1.70 (m, 1H, sphH6), 1.70-1.62 (m, 1H, sphH6), 1.61-1.53 (m, 1H, glc-CH>-sph),
1.50-0.94 (m, 22H, sphHAlkyl), 1.05 (s, 9H, Si-C(CHj3)3), 1.01 (s, 9H, Si-C(CH3)3), 0.93 (s, 9H,
Si-C(CHs)3), 0.88 (t, J = 6.8 Hz, 3H, sphH18), 0.15 (s, 3H, Si-CHj3), 0.07 (s, 3H, Si-CH3); 1*C
NMR (125 MHz, acetone-d6): & 169.0 (2C, -NHC(O)Phth), 154.5 (-C=0), 135.2 (2C, CPhth),
135.1 (sphC5), 132.7 (2C, CPhth), 131.7 (sphC4), 123.9 (2C, CPhth), 84.8 (glcC3), 80.2 (glcC2),
77.1 (glcC1), 76.5 (glcC5), 75.6 (gleC4), 75.3 (sphC3), 67.0 (glcC6), 57.2 (sphC2), 32.7 (sphC6),
32.6 (sphCAlkyl), 30.4-29.0 (10C, glc-CH>-sph and sphCAlkyl), 27.7 (3C, Si-C(CHj3)3), 27.4 (3C,
Si-C(CH3)3), 26.3 (3C, Si-C(CH3)3), 23.9 (sphC1), 23.3 (Si-C(CHs)s), 23.1 (sphCAlkyl), 20.5 (Si-
C(CHas)3), 18.7 (Si-C(CHs)3), 14.4 (sphC18), —3.5 (Si-CH3), —4.5 (Si-CH3); HRMS-ESI (m/z):
[M-+Na]" calcd for C4sH79NaNOoSiz, 892.5186; found, 892.5182.

Coupling products 16bk-a and 16bk-§

‘Bu
i

_ 1 Bu-Si~0
rBLrSI\ao/&gL Zu \OO o} NPhth
Bu-Si~0 H
o S ~OEt 1S ol 2
Ci3H
>/O 787/ lauroyl peroxide V70 (10 mol%) O% Crahr
o (3 x 5 mol%) nBuzSnH (1.5 eq) 16bk-¢ OTIPS

Mb(leq) > WNPhth  —————>

Bu
(CH,Cl); (1 M) toluene (0.1 M)

OSY
I
Phthi reflux, 4.5 h Ed 45°c,3h  BuSho\ NPhth
\/'Y\/CHHN 19% (51% brsm) TIPSO 10% (2 steps) OO H
a:f=3:1 0
OTIPS 15bk Crabtzr Ve N\—CyaHz

o]
12k (2 eq) TIPSO
16bk-p

Radical Coupling: General procedure A was followed for the reaction of donor 11b (43.7 mg,
97.0 umol, 1.0 equiv) and acceptor 12k (113 mg, 194 umol, 2.0 equiv). The reaction mixture was
purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCI;) to give 15bk as a
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colorless oil (19.2 mg, 19%) along with recovered donor 11b (27.4 mg, 63%, a:p = 5:7) and
acceptor 12k (81.2 mg, 72%).
15bk: HRMS-ESI (m/z): [M+Na]" calcd for CssHsoNaNO10S,Siz, 1054.5359; found, 1054.5348.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15bk
(19.2 mg, 18.6 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by 'H NMR of crude reaction mixture (16bk-a:16bk-p = 3:1). The reaction mixture was purified
by silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 3/1) to give a
mixture of 16bk-a and unknown byproducts (6.8 mg, <40%) and a mixture of 16bk-p and
unknown byproducts (2.1 mg, <12%).

16bk-a: HRMS-ESI (m/z): [M+Na]" caled for CsiHssNaNOoSi», 934.5655; found, 934.5658.
16bk-p: HRMS-ESI (m/z): [M+Na]" caled for CsiHssNaNQOoSi,, 934.5655; found, 934.5648.

Coupling product 20-a

Bu
i

’Bu’Si\(‘)O ’Blu
R, —Si~
o . Bu—>\O \
O>/O YOEt lauroy! peroxide V70 (10 mol%)
S (5 mol% x 3) 0. nBu3SnH (1.5 eq)
B — D —
11d (1 eq) (CH,CIY, (1 M) NPhth toluene (0.1 M)
reflux, 4.5 h ) 45°C,3h
Phth  OTES 37% (55% brsm) 16 WOTES  25% (2 steps)
A C13Ha7 TESO a:f3 >20:1
OTES C13Hz27
129 (2 eq) 15dg

Radical Coupling: General procedure A was followed for the reaction of donor 11d (45.1 mg,
100 pmol, 1.0 equiv) and acceptor 12g (134 mg, 200 pmol, 2.0 equiv). The reaction mixture
was purified by recycling preparative GPC (column: JAIGEL-2HR, eluent: CHCIs) to give 15dg
as a colorless oil (41.9 mg, 37%) along with recovered donor 11d (14.8 mg, 33%, a:3 = 1:2) and
acceptor 12g (98.6 mg, 74%).

15dg: HRMS-ESI (m/z): [M+Na]" calcd for Cs7HgooNaNO,;S,Si3, 1144.5865; found, 1144.5867.

Reduction of Xanthate: General procedure B was followed for the reaction of xanthate 15dg
(41.9 mg, 37.3 umol, 1.0 equiv). The diastereomeric ratio at anomeric position was determined
by 'H NMR of crude reaction mixture (20-a:20-p > 20:1). The reaction mixture was purified by
silica gel column chromatography (eluent; hexane/EtOAc = 1/0 to 5/1) followed by MPLC
(column: Yamazen, ULTRAPACK Silica-30A, eluent: hexane/EtOAc = 1/0 to 3/1) to give 20 as
a colorless oil (25.1 mg, 25% (2 steps)).
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Compound 20-a.

[a]p?! +18.05 (¢ 0.71, CHCIl;); 'H NMR (500 MHz, acetone-d6): & 7.89—7.87 (m, 4H, HPhth),
5.00 (dd, J=12.0,5.8 Hz, 1H, galH2),4.94 (d, /= 2.4 Hz, 1H, galH4), 4.75 (dd, J=12.0, 2.4 Hz,
1H, galH3), 4.44-4.40 (m, 1H, galH1), 4.404 (dd, J = 12.5, 2.3 Hz, 1H, galH6), 4.396 (dd, J =
9.9, 0.9 Hz, 1H, sphH3), 4.16 (dd, J=12.5, 1.3 Hz, 1H, galH6), 4.11 (ddd, J=9.9, 9.9, 4.5 Hz,
1H, sphH2), 3.82 (s, 1H, galH5), 3.50 (ddd, J=9.2, 2.1, 0.9 Hz, 1H, sphH4), 2.34-2.22 (m, 2H,
sphH1), 1.93-1.82 (m, 1H, glc-CH>-sph), 1.56—1.45 (m, 2H, glc-CH>-sph and sphHS5), 1.45-1.34
(m, 2H, sphHS5 and sphHAlkyl), 1.33-1.17 (m, 23H, sphHAlkyl), 1.06 (s, 9H, Si-C(CH3)3), 1.05
(t, J=17.9 Hz, 9H, Si-CH,CH3), 1.02 (s, 9H, Si-C(CH3)3), 0.88 (t, J = 6.8 Hz, 3H, sphH18), 0.85
(t,J=17.9 Hz, 9H, Si-CH>CH3), 0.77 (m, 6H, Si-CH-CH3), 0.52 (q, J = 7.9 Hz, 6H, Si-CH,CH3);
BC NMR (125 MHz, acetone-d6): 5 169.0 (2C, -NHC(O)Phth), 154.2 (-C=0), 135.4 (2C, CPhth),
132.6 (2C, CPhth), 123.9 (2C, CPhth), 79.0 (galC3), 77.8 (sphC3), 75.2 (galC1), 74.7 (sphC4),
74.5 (galC2), 71.4 (galC4), 69.4 (galC5), 68.2 (galC6), 54.5 (sphC2), 32.6 (sphCAlkyl), 31.5
(sphC5), 30.5-29.4 (9C, sphCAlkyl), 27.9 (3C, Si-C(CHs)3), 27.7 (3C, Si-C(CH3)3), 26.9 (sphC6),
25.9 (sphC1), 23.7 (Si-C(CHa)s), 23.3 (sphCAlkyl), 22.3 (gal-CH>-sph), 21.3 (Si-C(CH3)3), 14.4
(sphC18), 7.4 (3C, Si-CH:.CH3), 7.3 (3C, Si-CH.CH;), 6.0 (3C, Si-CH.CHs), 5.7 (3C, Si-
CH,CH3;); HRMS-ESI (m/z): [M+Na]* calcd for CsaHosNaNQO10Si3, 1024.6162; found, 1024.6164.
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5. Synthesis of CH>-linked GlcCer and GalCer Analogues
4,6-Di-tert-butylsilylene-2’-NH»>-3’ ,4’-OTES- o -GlcCer (17bg-a)

fBIu ’Blu Bu

|
t5y-Si- t5u-Si~ tBy~Si~
PR NPhth NaOMe (5 eq)| °* 020 NPhth EDA(50eq) BY 520
: QTES  ——————> HO : OoTES |———> HO NH, OTES
A MeOH (0.1 M) HO E EtOH (0.1 M) HO 2
Ci4Hpg 1t, 30 min C14Hag | 85°C, 20 h CraHao

OTES OTES 71% (2 steps) OTES
16bg-a 17bg-a

To a solution of 16bg-a (25.6 mg, 25.5 umol, 1.0 equiv) in MeOH (260 uL, 0.1 M) was

added NaOMe (6.9 mg, 128 umol, 5.0 equiv) at room temperature. After stirring for 30 min at
room temperature, the solution was filtrated through cation exchange resin (IR-120, prior to use
the resin was washed with 1 M HCl and deionized water) and concentrated under reduced pressure
to give the crude diol.

The crude mixture was dissolved in EtOH (170 pL, 0.1 M) under Ar atmosphere. To the
solution was added ethylenediamine (EDA, 86 pL, 1.28 mmol, 50 equiv) at room temperature.
After stirring for 20 h at 85 °C, the solution was cooled to room temperature, diluted with CHCl;
(5 mL), and quenched with saturated aqueous NaHCO; (5 mL). After separating layers, the
aqueous layer was extracted with CHCls (2 x 5 mL). The combined organic extracts were dried
over Na;SO4 and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: hexane/CHCI3 = 1/1 to 0/1) to give aminoalcohol 17bg-a as a
colorless oil (15.4 mg, 71%). [a]p?’ +15.80 (¢ 1.53, CHCl5); 'H NMR (500 MHz, CDCls): § 4.06
(dd, /=10.0, 5.0 Hz, 1H, glcH6eq), 3.99 (ddd, /=9.9, 6.1, 3.4 Hz, 1H, sphH4), 3.82 (dd, J=9.0,
6.2 Hz, 1H, glcH2), 3.81 (dd, J = 10.0, 9.6 Hz, 1H, glcH6ax), 3.77 (m, 1H, glcH1), 3.64 (dd, J =
9.0, 8.7 Hz, 1H, glcH3), 3.60 (dd, J=9.4, 8.7 Hz, 1H, glcH4), 3.51 (ddd, /=9.6,9.4, 5.0 Hz, 1H,
glcHS), 3.39(dd, J=5.7, 3.4 Hz, 1H, sphH3), 2.75 (ddd, J=10.5, 5.7, 2.4 Hz, 1H, sphH2), 2.05—
1.96 (m, 1H, sphH5), 1.91 (dddd, J = 13.6, 11.2, 4.5, 2.4 Hz, 1H, sphH1), 1.59 (dddd, J = 14.3,
10.2, 9.9, 5.3 Hz, 1H, sphH5), 1.54-1.43 (m, 2H, glc-CH>-sph), 1.43—1.34 (m, 1H, sphHAlkyl),
1.31-1.20 (m, 23H, sphHAlkyl), 1.20-1.11 (m, 1H, sphH1), 1.05 (s, 9H, Si-C(CH3)3), 0.99 (s, 9H,
Si-C(CHs)s), 0.960 (t, J= 7.9 Hz, 9H, Si-CH,CH5), 0.958 (t, J = 7.8 Hz, 9H, Si-CH,CH5), 0.88 (t,
J = 6.8 Hz, 3H, sphH18), 0.65-0.58 (m, 12H, Si-CH-CH3); '*C NMR (125 MHz, CDCl;): & 80.6
(sphC3), 78.2 (glcC4), 77.8 (sphC4), 75.5 (glcC1), 74.7 (glcC3), 71.8 (glcC2), 67.5 (glcC6), 67.3
(glcCs), 55.4 (sphC2), 34.2 (gle-CH:>-sph), 32.1 (sphCAlkyl), 30.1 (sphCAlkyl), 30.0
(sphCAlkyl), 29.85 (3C, sphCAlkyl), 29.81 (3C, sphCAlkyl), 29.78 (2C, sphCAlkyl), 29.5
(sphC1),27.6 (3C, Si-C(CH3)3), 27.2 (3C, Si-C(CH3)3), 26.0 (sphCAlkyl), 23.0 (sphC5), 22.8 (Si-
C(CHs3)3), 20.1 (Si-C(CHs3)3), 14.3 (sphC18), 7.21 (3C, Si-CH,CH5), 7.18 (3C, Si-CH>CH3), 5.5
(3C, Si-CH-CH3), 5.4 (3C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" calcd for C4sHosNO-Sis,
846.6489; found, 846.6487.
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4,6-Di-tert-butylsilylene-3’,4’-OTES-0-GlcCer (18bg-a)

'E;u tBu
tg-Sie CosHs1COCI (1.1 €q)  yg,~Simg Os_CasHst
Bu bo Q pyridine (5 eq) o O,
HO 1o NH, OTES W HO Ho l;lH (:)TES
z R 2Cly (0. A A Cq3H
Ciatar (71 "48% (83% brsm) 18t
OTES OTES
17bg-o 18bg-a

To a solution of 17bg-a (15.4 mg, 18.2 umol, 1.0 equiv) in CH>Cl, (180 uL, 0.1 M) was
sequentially added pyridine (7.3 pL, 91.0 umol, 5.0 equiv) and hexacosanoyl chloride (8.3 mg,
91.0 umol, 1.1 equiv) at 0 °C. After stirring for 1 h at room temperature, the solution was diluted
with CH2Cl, (5 mL) and quenched with saturated aqueous NaHCO; (5 mL). After separating
layers, the aqueous layer was extracted with CH>Cl> (2 x 5 mL). The combined organic extracts
were dried over Na,SO4 and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: hexane/acetone = 50/1 to 5/1) to give amide 18bg-a
as a colorless oil (10.7 mg, 48%). [a]p*® +2.17 (¢ 0.82, CHCIl;); 'H NMR (500 MHz, CDCIl5): &
5.42 (d, J = 9.3 Hz, 1H, cerNH), 4.07 (dd, J = 10.1, 5.0 Hz, 1H, glcH6eq), 4.09—4.03 (m, 1H,
cerH2), 3.92 (ddd, J = 10.9, 6.2, 3.2 Hz, 1H, glcH1), 3.79 (dd, J = 10.1, 9.5 Hz, 1H, glcH6ax),
3.82-3.77 (m, 1H, glcH2), 3.65 (ddd, J = 6.7, 4.2, 4.0, 1H, cerH4), 3.63-3.55 (m, glcH3, glcH4,
and cerH3), 3.49 (ddd, J=9.5, 9.5, 5.0 Hz, 1H, glcHS5), 2.71 (s, 1H, OH), 2.46 (s, 1H, OH), 2.14
(dd, J= 8.3, 6.8 Hz, 2H, cerH2’), 2.01 (dddd, 1H, cerH1), 1.76 (dddd, 1H, glc-CH,-cer), 1.66—
1.41 (m, 5H, gle-CH,-cer, cerH3’, and cerH5), 1.41-1.21 (m, 69H, cerHAlkyl and cerH1), 1.05
(s, 9H, Si-C(CH3)3), 0.99 (s, 9H, Si-C(CHs3)s), 0.97 (t, J = 7.8 Hz, 9H, Si-CH.CHj3), 0.96 (t, J =
7.9 Hz, 9H, Si-CH,CH3), 0.88 (t, J = 6.8 Hz, 6H, cerH18 and cerH26’), 0.66—0.57 (m, 12H, Si-
CH,CH3); *C NMR (125 MHz, CDCls): § 172.6 (-NHCO-), 78.7 (sphC3), 78.0 (glcC4), 77.2
(gleC1), 75.3 (cerC4), 74.6 (glcC3), 71.8 (glcC2), 67.4 (glcC?), 67.2 (glcC6), 51.7 (cerC2), 37.3
(cerC2), 33.6 (cerCAlkyl), 32.1 (2C, cerCAlkyl), 30.2 (cerCAlkyl), 29.9 (19C, cerCAlkyl), 29.8
(6C, cerCAlkyl), 29.7 (cerCAlkyl), 29.62 (cerCAlkyl), 29.60 (cerCAlkyl), 29.5 (2C, cerCAlkyl),
27.7 (3C, Si-C(CHs)s), 27.2 (4C, Si-C(CHs)s and gle-CH>-cer), 25.9 (cerCAlkyl), 22.8 (2C,
cerCAlkyl and Si-C(CH3)3), 21.8 (cerCl1), 20.1 (Si-C(CHs)s), 14.3 (2C, cerC18 and cer(C26°), 7.2
(6C, Si-CH.CH3), 5.4 (6C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" caled for, C7iH14sNaNOsSis,
1247.0170; found, 1247.0088.
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a-GlcCer (19-0)

'Blu OH
tBu-Si~o Os_CasHs1 o OxCastsr
o) Q HF-py (10 eq) HO
Ol MO9S weevamorm o Mol 2
H H py (1/1, 0. ~ ~_-C13H27
Cratlar °C, 24 h, 43%
OTES OH
18bg-a 19-0

To a solution of 18bg-a (5.7 mg, 4.7 umol, 1.0 equiv) in THF (47 pL) was sequentially
added pyridine (41 uL) and HF-py (4.2 pul, 47 umol, 10 equiv) at 0 °C. After stirring for 24 h at
0 °C, the solution was quenched with solid NaHCO; (20 mg). Excess solids were filtered off over
a plug of cotton wool, rinsed with CHCls/MeOH (1/1), and the filtrate was concentrated. The
residue was purified by gel permeation chromatography (Sephadex LH-20, eluent; CHCl;/MeOH
= 1/1). Further purification was carried out by adsorption chromatography on latrobeads 6RS-
8060 (LSI Medience Co., eluent: CHCl3/MeOH = 50/1 to 8/1) to give 19-a as a white amorphous
solid (1.7 mg, 43%). [a]p* +4.43 (c 0.29, CHCl;); '"H NMR (500 MHz, CDCI3/CDsOD = 1/1): §
4.26 (brs, 1H, OH), 4.02 (ddd, J=10.7, 4.4, 3.3 Hz, 1H, cerH2), 3.85 (ddd, /= 10.9, 5.6, 3.6 Hz,
1H, glcH1), 3.82 (dd, J = 11.8, 2.5 Hz, 1H, glcH6), 3.65-3.55 (m, 2H, glcH6 and glcH2), 3.52
(dd, J=9.3, 8.4 Hz, 1H, glcH3), 3.46-3.40 (m, 2H, glcH5 and cerH4), 3.38 (dd, /= 6.9, 4.4 Hz,
1H, cerH3), 3.19 (dd, J=9.2, 8.4 Hz, 1H, glcH4), 2.20-2.15 (m, 2H, cerH2’), 1.91-1.82 (m, 1H,
cerH1), 1.71-1.65 (m, 1H, glc-CH>-cer), 1.63—1.55 (m, 3H, glc-CH>-cer and cerH3’), 1.43—1.19
(m, 71H, cerH1 and cerHAlkyl), 0.88 (t, J = 6.8 Hz, 6H, cerH18 and cerH26’); 3*C NMR (125
MHz, CDCI3/CDs;OD = 1/1): 8 175.6 (-NHCO-), 77.7 (cerC3), 76.8 (glcC1), 74.6 (glcC3), 73.7
(gleC5 or glcC2 or cerC4), 72.6 (glcC2 or glcCS or cerC4), 72.5 (cerC4 or gleC2 or glcC5 ), 72.1
(gleC4), 63.0 (glcC6), 52.2 (cer(2), 37.1 (cerC2’), 33.6 (cerCAlkyl), 32.5 (2C, cerCAlkyl), 30.39
(cerCAlkyl), 30.37 (cerCAlkyl), 30.31 (11C, cerCAlkyl), 30.25 (10C, cerCAlkyl), 30.15
(cerCAlkyl), 30.04 (cerCAlkyl), 30.02 (cerCAlkyl), 29.97 (cerCAlkyl), 29.95 (cerCAlkyl), 26.6
(gle-CH>-cer), 26.4 (cerCl1), 25.7 (cerCAlkyl), 23.2 (2C, cerC5 and cerCAlkyl), 22.1 (cerCAlkyl),
18.2 (cerCAlkyl), 14.3 (2C, cerC18 and cerC26’); HRMS-ESI (m/z): [M+Na]" calcd for C-
sitH101NaNQs, 878.7419; found, 878.7449.
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4,6-Di-tert-butylsilylene-2’-NH>-3’,4’-OTES--GlcCer (17bg-p)

tB;u tBlu tB;u
tB“’SgO o NaOMe (5 eq) tB“’Sgo o) EDA (50 eq) 'B“’S'\ao o) NHy oo
o>/'__0 MeOH (0.1 M) HO oH EtOH (0.1 M) H%TE
o TESO. “INPhth rt, 30 min TESO. INPhh gg%c(vz?tehps) TESO Ci4Hzg
16bg-p Ci4Hag” “OTES Ci4Hag” “OTES 17bg-

To a solution of 16bg-p (32.0 mg, 31.9 pmol, 1.0 equiv) in MeOH (320 uL, 0.1 M) was
added NaOMe (8.6 mg, 160 umol, 5.0 equiv) at room temperature. After stirring for 30 min at
room temperature, the solution was filtrated through cation exchange resin (IR-120, prior to use
the resin was washed with 1 M HCI and deionized water) and concentrated under reduced pressure
to give the crude diol.

The crude mixture was dissolved in EtOH (210 pL, 0.1 M) under Ar atmosphere. To the
solution was added ethylenediamine (EDA, 110 pL, 159 umol, 50 equiv) at room temperature.
After stirring for 20 h at 85 °C, the solution was cooled to room temperature, diluted with CHCl;
(5 mL), and quenched with saturated aqueous NaHCO; (5 mL). After separating layers, the
aqueous layer was extracted with CHCls (2 x 5 mL). The combined organic extracts were dried
over Na;SO4 and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: hexane/CHCI3; = 1/1 to 0/1) to give aminoalcohol 17bg-§ as a
colorless oil (16.9 mg, 63%). [a]p® —15.41 (¢ 0.47, CHCl;); '"H NMR (500 MHz, CDCl5): 8 4.12
(dd,J=10.1, 5.0 Hz, 1H, glcH6eq), 3.80 (dd, J=10.2, 10.1 Hz, 1H, glcHb6ax), 3.74 (ddd, /= 6.3,
4.3, 4.3 Hz, 1H, sphH4), 3.62 (dd, J = 9.1, 9.0 Hz, 1H, glcH4), 3.51 (dd, J = 9.0, 8.0 Hz, 1H,
glcH3), 3.39 (dd, J=5.2,4.3 Hz, 1H, sphH3), 3.36 (ddd, /= 10.2, 9.1, 5.0 Hz, 1H, glcHS), 3.35-
3.28 (m, 2H, glcH1 and glcH2), 2.73 (ddd, J=10.7, 5.2. 2.3 Hz, 1H, sphH2), 1.93—1.85 (m, 1H,
glc-CH-sph), 1.76-1.61 (m, 2H, sphH1 and glc-CH>-sph), 1.56—1.42 (m, 2H, sphH5), 1.43-1.32
(m, 2H, sphH1 and sphHAIlkyl), 1.32—1.18 (m, 23H, sphHAIkyl), 1.05 (s, 9H, Si-C(CHj3)3), 0.99
(s, 9H, Si-C(CH3)3), 0.96 (t, J=7.9 Hz, 18H, Si-CH.CH3), 0.88 (t, J= 6.7 Hz, 3H, sphH18), 0.62
(g, J = 7.9 Hz, 6H, Si-CH-CH3), 0.60 (q, J = 7.9 Hz, 6H, Si-CH,CH3); *C NMR (125 MHz,
CDCl3): 8 80.5 (sphC3), 79.4 (glcC1), 78.4 (glcC3), 77.6 (glcC4), 75.3 (sphC4), 74.5 (glcC5),
72.8 (glcC2), 66.7 (glcC6), 54.7 (sphC2), 34.3 (sphC5), 32.1 (sphCAlkyl), 30.2 (sphCAlkyl),
29.85 (3C, sphCAlkyl), 29.81 (3C, sphCAlkyl), 29.78 (2C, sphCAlkyl), 29.5 (glc-CH>-sph), 28.5
(sphCAlkyl), 27.6 (3C, Si-C(CH3)3), 27.2 (3C, Si-C(CHs)3), 27.0 (sphC1), 25.7 (sphCAlkyl), 22.8
(Si-C(CHj3)3), 20.1 (Si-C(CHa)s), 14.3 (sphC18), 7.2 (6C, Si-CH,CH3), 5.5 (3C, Si-CH-CHs), 5.4
(3C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" caled for CisHosNO7Sis, 846.6489; found,
846.6493.

S-41



4,6-Di-tert-butylsilylene-3’,4’-OTES-B-GlcCer (18bg-p)

tBu tBu
1 C,5H51COCI (1.1 eq) 1 CasHs+

Q
S 4 —Si-
BT PhinN pyridine (5 eq) BuSEO\_q I
HO s QOTES ——— % NH ores
OH g CH,Cly (0.1 M) o §
Cy4Hge . 1 h, 60% (79% brsm) Crabs

TESO TESO
17bg-B 18bg-B

To a solution of 17bg-p (16.9 mg, 20.0 pmol, 1.0 equiv) in CH>Cl, (190 uL, 0.1 M) was
sequentially added pyridine (8.1 pL, 100 umol, 5.0 equiv) and hexacosanoyl chloride (9.1 mg,
22.0 umol, 1.1 equiv) at 0 °C. After stirring for 1 h at room temperature, the solution was diluted
with CH,Cl, (5§ mL) and quenched with saturated aqueous NaHCO; (5 mL). After separating
layers, the aqueous layer was extracted with CH>Cl> (2 x 5 mL). The combined organic extracts
were dried over Na,SO4 and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: hexane/acetone = 50/1 to 5/1) to give amide 18bg-p as
a colorless oil (14.7 mg, 60%). [a]p*°—15.61 (¢ 0.95, CHCIl5); 'H NMR (500 MHz, CDCl5): § 5.65
(d, J=9.2 Hz, 1H, cerNH), 4.12 (dd, /= 10.1, 5.0 Hz, 1H, glcHb6eq), 4.11-4.05 (m, 1H, cerH2),
3.80 (dd, J=10.2, 10.1 Hz, 1H, glcH6ax), 3.66 (ddd, J = 6.6, 4.8, 4.0 Hz, 1H, cerH4), 3.61 (dd,
J=9.2,8.7Hz, 1H, glcH4), 3.58 (dd, J = 4.0, 3.9 Hz, 1H, cerH3), 3.50 (dd, /= 8.8, 8.7 Hz, 1H,
glcH3), 3.40-3.33 (m, 2H, glcH1 and glcHS), 3.22 (dd, J=9.1, 8.8 Hz, 1H, glcH2), 2.14 (dt, J =
14.5, 7.5 Hz, 1H, cerH2’), 2.11 (dt, J = 14.5, 7.3 Hz, 1H, cerH2’), 1.89-1.78 (m, 2H, cerH1 and
glc-CH,-cer), 1.65-1.57 (m, 2H, cerH3’), 1.55-1.44 (m, 3H, cerH1 and cerH5), 1.44-1.34 (m,
2H, glc-CH,-cer and cerHAlkyl), 1.34-1.18 (m, 67H, cerHAlkyl), 1.05 (s, 9H, Si-C(CH53)3), 0.99
(s, 9H, Si-C(CH3)3), 0.97 (t, J = 7.9 Hz, 9H, Si-CH.CH3), 0.96 (t, J = 7.9 Hz, 9H, Si-CH,CH5),
0.88 (t, J = 6.8 Hz, 6H, cerH18 and cerH26’), 0.68-0.56 (m, 12H, Si-CH,CHj3); *C NMR (125
MHz, CDCl3): 6 173.2 (-NHCO-), 78.93 (glcC5), 78.86 (glcC3), 77.9 (cerC3), 77.3 (glcC4), 75.9
(cerC4), 74.4 (glcC1), 73.9 (glcC2), 66.6 (glcC6), 51.2 (cerC2), 37.3 (cerC2’), 33.9 (cerCAlkyl),
32.1 (2C, cerCAlkyl), 30.1 (glc-CH»-cer), 29.9 (17C, cerCAlkyl), 29.8 (7C, cerCAlkyl), 29.7
(cerCAlkyl), 29.60 (cerCAlkyl), 29.57 (cerCAlkyl), 29.52 (2C, cerCAlkyl), 27.9 (cerCAlkyl),
27.6 (3C, Si-C(CH3)s), 27.2 (3C, Si-C(CHj3)3), 25.91 (cerCAlkyl), 25.88 (cerC5), 25.7 (cerCl),
22.9 (2C, cerCAlkyl and Si-C(CHj3)3), 20.1 (Si-C(CH3)3), 14.3 (2C, cerC18 and cer(C26’), 7.18
(3C, Si-CH»CH3), 7.17 (3C, Si-CH2CH3), 5.4 (6C, Si-CH>CH3); HRMS-ESI (m/z): [M+Na]" calcd
for, C71H14sNaNOsSis, 1247.0170; found, 1247.0169.
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B-GlcCer (19-p)
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To a solution of 18bg-B (5.2 mg, 4.2 umol, 1.0 equiv) in THF (47 pL) was sequentially
added pyridine (24 pL) and HF -py (1.9 uL, 21 umol, 10 equiv) at 0 °C. After stirring for 24 h at
0 °C, the solution was quenched with solid NaHCO; (20 mg). Excess solids were filtered off over
a plug of cotton wool, rinsed with CHCls/MeOH (1/1), and the filtrate was concentrated. The
residue was purified by gel permeation chromatography (Sephadex LH-20, eluent; CHCl;/MeOH
= 1/1). Further purification was carried out by adsorption chromatography on latrobeads 6RS-
8060 (LSI Medience Co., eluent: CHCls/MeOH = 50/1 to 8/1) to give 19-p as a white amorphous
solid (2.0 mg, 55%). [a]p*—10.38 (¢ 0.20, CHCI3); '"H NMR (500 MHz, CDCls): & 4.07 (ddd, J
=11.2,4.0,2.9 Hz, 1H, cerH2), 3.82 (dd, J=11.9, 2.3 Hz, 1H, glcH6), 3.60 (dd, J=11.9, 5.8 Hz,
1H, glcH6), 3.43-3.38 (m, 1H, cerH4), 3.37 (dd, J="7.2, 4.0 Hz, 1H, cerH3), 3.34-3.29 (m, 1H,
glcH3),3.23 (dd, J=9.6, 8.3 Hz, 1H, glcH4), 3.22-3.15 (m, 2H, glcHS5 and glcH1), 3.07 (dd, J =
9.2,9.0 Hz, 1H, glcH2), 2.22-2.12 (m, 2H, cerH2’), 1.84-1.74 (m, 2H, cerH1 and glc-CH>-cer),
1.72-1.64 (m, 1H, cerHS5), 1.64—1.55 (m, 3H, cerH1 and cerH3’), 1.55-1.48 (m, 1H, cerH6),
1.48-1.40 (m, 1H, glc-CH>-cer ), 1.23—1.30 (m, 68H, cerH5 and cerHAlkyl), 0.86 (t, /= 6.8 Hz,
6H, cerH18 and cerH26’); *C NMR (125 MHz, CDCls): & 175.5 (-NHCO-), 80.6 (glcC5), 79.2
(gleC3 or gleC1), 79.1 (glcC1 or glcC3), 77.5 (cerC3), 74.5 (glcC2), 72.6 (cerC4), 71.4 (glcC4),
62.7 (glcC6), 51.3 (cerC2), 37.1 (cer(C2’), 33.8 (cerCAlkyl), 32.5 (2C, cerCAlkyl), 30.33
(cerCAlkyl), 30.28 (cerCAlkyl), 30.23 (11C, cerCAlkyl), 30.19 (11C, cerCAlkyl), 30.09
(cerCAlkyl), 29.97 (cerCAlkyl), 29.92 (cerCAlkyl), 29.89 (2C, cerCAlkyl), 28.2 (cerCAlkyl),
26.6 (cerCsS), 26.3 (cerCl), 24.2 (gle-CH-cer), 23.2 (2C, cerCAlkyl), 14.3 (2C, cerC18 and
cerC26’); HRMS-ESI (m/z): [M+Na]" calcd for, CsiH101NaNQOs, 878.7419; found, 878.7414.
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4,6-Di-tert-butylsilylene-2’-NH>-3’,4’-OTES-a-GalCer (S10)
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To a solution of 20-a (28.4 mg, 28.3 umol, 1.0 equiv) in MeOH (280 pL, 0.1 M) was added
NaOMe (7.7 mg, 140 pmol, 5.0 equiv) at room temperature. After stirring for 30 min at room
temperature, the solution was filtrated through cation exchange resin (IR-120, prior to use the
resin was washed with 1 M HCI and deionized water) and concentrated under reduced pressure
to give the crude diol.

The crude mixture was dissolved in EtOH (190 pL, 0.1 M) under Ar atmosphere. To the
solution was added ethylenediamine (EDA, 96 uL, 1.40 mmol, 50 equiv) at room temperature.
After stirring for 18 h at 85 °C, the solution was cooled to room temperature, diluted with CHCl;
(5 mL), quenched with saturated aqueous NaHCO3 (5 mL). After separating layers, the aqueous
layer was extracted with CHCl; (2 x 5 mL). The combined organic extracts were dried over
Na»SOs4 and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/CHCl; = 1/1 to 0/1) to give aminoalcohol S10 as a colorless oil
(15.4 mg, 64%). [a]p* +29.70 (c 0.49, CHCl3); '"H NMR (500 MHz, CDCl5): & 4.40 (dd, J = 3.6,
1.2 Hz, 1H, galH4), 4.24 (dd, J=12.3, 2.2 Hz, 1H, galH6), 4.14 (dd, J=12.3, 1.6 Hz, 1H, galH6),
4.07 (m, 1H, galH1), 4.06 (dd, J = 6.3, 6.0 Hz, 1H, galH?2), 3.77 (ddd, J = 6.5, 4.3, 3.6 Hz, 1H,
sphH4), 3.58 (ddd, J=9.4, 6.0, 3.6 Hz, 1H, galH3), 3.54 (dd, J= 2.2, 1.2 Hz, 1H, galH5), 3.38
(dd, J=5.7, 3.6 Hz, 1H, sphH3), 2.71 (ddd, J = 9.9, 5.7, 2.5 Hz, 1H, sphH2), 2.52 (d, J=10.9
Hz, 1H, OH), 1.95-1.83 (m, 2H, sphH1 and gal-CH>-sph), 1.55-1.33 (m, 3H, sphHS5 and gal-
CH,-sph), 1.32—1.12 (m, 24H, sphHAlkyl), 1.21-1.12 (m, 1H, sphH1), 1.05 (s, 18H, Si-C(CH3)3),
0.96 (t,J= 7.9 Hz, 18H, Si-CH>CH}3), 0.88 (t, J = 6.9 Hz, 3H, sphH18), 0.65-0.57 (m, 12H, Si-
CH->CH3); *C NMR (125 MHz, CDCl5): 3 80.7 (sphC3), 77.4 (galC1), 75.2 (sphC4), 73.3 (galC4),
71.5 (galC3), 69.7 (galC2), 67.9 (galCS), 67.6 (galC6), 55.1 (sphC2), 33.9 (sphC5), 32.1
(sphCAlkyl), 30.2 (sphC1), 30.1 (sphCAlkyl), 29.9 (3C, sphCAlkyl), 29.82 (3C, sphCAlkyl),
29.79 (sphCAlkyl), 29.5 (sphCAlkyl), 27.7 (3C, Si-C(CHs)3), 27.5 (3C, Si-C(CHs3)3), 25.9
(sphCAlkyl), 23.5 (sphCAlkyl), 22.9 (Si-C(CHas)s), 21.7 (gal-CH>-sph), 20.9 (Si-C(CHs)3), 14.3
(sphC18), 7.23 (3C, Si-CH,CH3), 7.20 (3C, Si-CH,CH3), 5.5 (3C, Si-CH>CH3), 5.4 (3C, Si-
CH,CH3); HRMS-ESI (m/z): [M+Na]" calcd for C4sHosNO7Si3, 846.6489; found, 846.6510.
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4,6-Di-tert-butylsilylene-3’,4’-OTES-a-GalCer (S11)
Bu Bu
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To a solution of S10 (11.0 mg, 13.0 umol, 1.0 equiv) in CH,Cl, (125 uL, 0.1 M) was
sequentially added pyridine (5.2 pL, 65.0 umol, 5.0 equiv) and hexacosanoyl chloride (8.1 mg,
19.5 umol, 1.5 equiv) at 0 °C. After stirring for 1 h at room temperature, the solution was diluted
with CH,Cl, (5§ mL) and quenched with saturated aqueous NaHCO; (5 mL). After separating
layers, the aqueous layer was extracted with CH»Cl, (2 x 5 mL). The combined organic extracts
were dried over Na,SO4 and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: hexane/acetone = 50/1 to 5/1) to give amide S11 as a
colorless oil (6.7 mg, 42%). [a]p?° +11.53 (¢ 0.67, CHCl;); '"H NMR (500 MHz, CDCl5): & 5.45
(d, J=9.3 Hz, 1H, cerNH), 4.38 (dd, J=3.6, 0.8 Hz, 1H, galH4), 4.25 (dd, J=12.4,2.2 Hz, 1H,
galH6),4.14 (dd,J=12.4, 1.5 Hz, 1H, galH6), 4.07-3.98 (m, 3H, galH1, galH2, and cerH2), 3.63
(ddd, J=6.9,4.3,4.1 Hz, 1H, cerH4), 3.57-3.50 (m, 3H, galH3, cerH3, and galH5), 2.48 (d, J =
10.9 Hz, 1H, OH), 2.33 (s, 1H, OH), 2.13 (dd, /= 8.2, 7.1 Hz, 2H, cerH2’), 1.97 (dddd, /= 13.9,
11.1,4.7,2.7 Hz, 1H, cerH1), 1.75-1.66 (m, 1H, gal-CH>-cer), 1.65-1.58 (m, 2H, cerH3’), 1.55—
1.41 (m, 3H, cerH5 and gal-CH,-cer), 1.25-1.38 (m, 69H, cerHAlkyl), 1.05 (s, 9H, Si-C(CHs)3),
1.04 (s, 9H, Si-C(CH3)3), 0.96 (t, J = 7.9 Hz, 18H, Si-CH>CH}3), 0.88 (t, J= 6.9 Hz, 6H, cerH18
and cerH26’), 0.68-0.55 (m, 12H, Si-CH-CH3); *C NMR (125 MHz, CDCl;): § 172.6 (-NHCO-),
78.7 (cerC3), 76.4 (galC1), 75.2 (cerC4), 73.3 (galC4), 71.3 (galC3), 69.7 (galC2), 67.8 (galC5),
67.6 (galC6), 51.8 (cerC2), 37.3 (cer(2’), 33.5 (cer(C5), 32.1 (2C, cerCAlkyl), 30.2 (cerC1), 29.9
(17C, cerCAlkyl), 29.8 (6C, cerCAlkyl), 29.7 (cerCAlkyl), 29.63 (cerCAlkyl), 29.60 (cerCAlkyl),
29.5 (2C, cerCAlkyl), 27.7 (3C, Si-C(CHs)3), 27.4 (3C, Si-C(CHs)s), 27.0 (cerCAlkyl), 25.9
(cerCAlkyl), 25.8 (cerCAlkyl), 23.5 (cerCAlkyl), 22.8 (2C, gal-CH-cer and Si-C(CHs)3), 20.9
(Si-C(CHj3)3), 20.6 (cerCAlkyl), 14.3 (2C, cerC18 and cer(C26’), 7.2 (6C, Si-CH.CH5), 5.4 (6C,
Si-CH,CH3); HRMS-ESI (m/z): [M+Na]* caled for, C7H4sNaNQOsSis, 1247.0170; found,
1247.0088.
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To a solution of S11 (6.0 mg, 4.9 umol, 1.0 equiv) in THF (49 puL) was sequentially added pyridine
(43 pL) and HF -py (4.4 uL, 49 umol, 10 equiv) at 0 °C. After stirring for 24 h at 0 °C, the solution
was quenched with solid NaHCOs (20 mg). Excess solids were filtered off over a plug of cotton
wool, rinsed with CHCI3/MeOH (1/1), and the filtrate was concentrated. The residue was purified
by gel permeation chromatography (Sephadex LH-20, eluent; CHCI;/MeOH = 1/1). Further
purification was carried out by adsorption chromatography on Iatrobeads 6RS-8060 (LSI
Medience Co., eluent: CHCl3/MeOH = 50/1 to 8/1) to give 2 as a white amorphous solid (1.8 mg,
43%). [a]p**+29.34 (¢ 0.10, CHCI3); '"H NMR (500 MHz, CDCl;): § 4.03 (ddd, J=10.7,4.3,3.2
Hz, 1H, cerH2), 3.93-3.86 (m, 3H, galH1, galH2, and galH3), 3.77 (dd, J = 11.6, 7.1 Hz, 1H,
galH6),3.67 (dd, J=11.6, 4.3 Hz, 1H, galH6), 3.65-3.59 (m, 3H, galHS5, galH4, and cerH4), 3.37
(dd, J=17.2, 4.3 Hz, 1H, cerH3), 2.22-2.12 (m, 2H, cerH2’), 1.87-1.79 (m, 1H, cerH1), 1.72—
1.61 (m, 2H, cerH5 and gle-CH>-cer ), 1.61-1.48 (m, 4H, glc-CH>-cer, cerH3’, and cerH6), 1.44—
1.33 (m, 2H, cerH1 and cerH5), 1.33—1.19 (m, 67H, cerHAlkyl), 0.85 (t, /= 6.9 Hz, 6H, cerH18
and cerH26’); *C NMR (125 MHz, CDCl;):  175.5 (-NHCO-), 77.6 (cerC3), 76.2 (galC1), 72.7
(cerC4 or galC5), 72.5 (galC5 or cer(C4), 71.2 (galC4), 69.9 (galC2 or galC3), 69.6 (galC3 or
gal(C2), 62.4 (galC6), 52.1 (cerC2), 37.0 (cerC2’), 33.6 (cerCAlkyl), 32.5 (2C, cerCAlkyl), 30.32
(cerCAlkyl), 30.29 (cerCAlkyl), 30.23 (11C, cerCAlkyl), 30.18 (11C, cerCAlkyl), 30.08
(cerCAlkyl), 29.96 (cerCAlkyl), 29.94 (cerCAlkyl), 29.87 (cerCAlkyl), 26.6 (cerCAlkyl), 26.3
(cerCAlkyl), 25.7 (cerCl), 23.2 (2C, cerCAlkyl), 21.9 (gal-CH-cer), 14.3 (2C, cerC18 and
cer(C26’); HRMS-ESI (m/z): [M+Na]" calcd for Cs1H;01NaNQOs, 878.7419; found, 878.7416.
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6. Computational Methods and Figure S1

The modeling studies were performed using Spartan 08 (Wavefunction). The conformational

analysis of olefin 12d was conducted using the conformer distribution method (MMFF force field).

The stable conformations were subsequently optimized at the DFT (M06-2X/6-31G*%*) level in

1,2-dichloroethane using the 16 A.03 revision of Gaussian 16. Frequencies were analytically

computed at the same level of theory to give Gibbs free energies (298 K, 1 atm) and to confirm

whether the structures are minima (no imaginary frequencies) or transition states (one imaginary

frequency). Bulk solvent effects (1,2-dichloroethane) were evaluated by using the solvation model

of density (SMD).
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Figure. S1. The Boltzmann conformational population for optimized structure 12d (M06-2X/6-
31G**/SMD=1,2-dichloroethane).

S-47



6. References

1) Sakata, M.; Haga, M.; Tejima, S. Carbohydr. Res. 1970, 13, 379.

2) Nakamura, H.; Tejima, S.; Akagi, M. Chem. Pharm. Bull. 1966, 14, 648.

3) Kiya, N.; Hidaka, Y.; Usui, K.; Hirai, G. Org. Lett. 2019, 21, 1588.

4) Chen, G.; Schmieg, J.; Tsuji, M.; Franck, R. W. Org. Lett. 2004, 6, 4077.

5)Kim, S.; Lee, S.; Lee, T.; Ko, H.; Kim, D. J. Org. Chem. 2006, 71, 8661.

6) Shingenaga, A.; Hirakawa, H.; Yamamoto, J.; Ogura, K.; Denda, M.; Yamaguchi, K.; Tsuji, D.;
Itoh, K.; Otaka, A. Tetrahedron 2011, 67, 3987.

7) Disadee, W.; Ishikawa, T. J. Org. Chem. 2005, 70, 9399.

S-48



"C7H1s5

e

X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz]

X_Offset = 3.08875[kHz]

X_Sweep =10.0[kHz]

X_Points =32768

Scans =16

Temp_Get =300.1576[K]

Solvent = CHLOROFORM-D
"C7H1s

HO S)/OEt
S

S2

1.00

2.05

19.68

6.46

351

9.0

ONO\\D?MMOOOOO\I\MI\N o~ !'100'—‘?V\OO\V?O\OOFONOO\VOOMMI\NVMNO\OOWI\V\MM'—‘NWVWOO\N'—
OSFTnNoOVn —~—=I>VvVvaaacd—OoOwvnw faa} Covwvwovwr-oovaoaadrrao MmO~ om0 OoOnN —~—0ATOIFTA>ULn —~ A
SIRBELLEQITTIge e ALY TR AR R RS S IR NRECRARARRIIIAREL SRR
Swnmn sttt Tt T T nnononen o NN NN NONNAN— —~ A A A A == === 0 00 OO0
262144
X Domain =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X _Offset = 12.57573[kHz]
X_Sweep =29.7619[kHz]
X Points =32768
Scans =128
Temp_Get =300.1574[K]
Solvent = CHLOROFORM-D
210.0 200.0 190.0 180.0 170.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
2 g 2 &8s8FIrITI n2g8IrEzS 0D
N o (=3 — O O O O~ oAl st VO NV X — OO X0 T W
= % RN R A ] TSRO T LT MR R A
= o ool oA — O — XN —= NN A 0
= S 0 [ S O L S SN SRy MmN AANNANAN AN~ —
32768

S-49



X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points =32768

Scans =16

Temp_Get =300.1569[K]
Solvent = CHLOROFORM-D

19.36

C7H4s

CHi 50

6.42

1.00

L

9.0

262144

X Domain =13C

Experiment = zgpg30

X Freq = 125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =128

Temp_Get =300.1586[K]
Solvent = CHLOROFORM-D

NN mu

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 600 500 400 300 200 10.0

(=}

~ Ny o SO OoO NNV VLM T FT XN AN T N0 OO
) o0 f=N) NT NSl OO T 0NNl RV-O0wA-AO
o© wy k=) e — 0 OO — oA~ ANAS O —~0wnwntnawmoo
o < & TSYT =&t inacsa R R A I N I
o~ o © T A0 Ot —— — R R 2R 2 R R Es Es K B e
8 vy =} Ll e e e e Ll = [aallas ool Bio B o B o BN o BN o Bl o B o B o Bl

32768

S-50




X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points =32768

Scans =16

Temp_Get =300.1569[K]
Solvent = CHLOROFORM-D

19.36

C7H4s

CHi 50

6.42

1.00

L

9.0

262144

X Domain =13C

Experiment = zgpg30

X Freq = 125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =128

Temp_Get =300.1586[K]
Solvent = CHLOROFORM-D

NN mu

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 600 500 400 300 200 10.0

(=}

~ Ny o SO OoO NNV VLM T FT XN AN T N0 OO
) o0 f=N) NT NSl OO T 0NNl RV-O0wA-AO
o© wy k=) e — 0 OO — oA~ ANAS O —~0wnwntnawmoo
o < & TSYT =&t inacsa R R A I N I
o~ o © T A0 Ot —— — R R 2R 2 R R Es Es K B e
8 vy =} Ll e e e e Ll = [aallas ool Bio B o B o BN o BN o Bl o B o B o Bl

32768

S-51




X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get = 300.005[K]

Solvent = CHLOROFORM-D

24.13

PhthN  OH

§§V/“\T/;\V/C13Hz7

OH
S3

= 2
2 -
Cg:.
A A e o A B o o e LA e o L A L s o A A e
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
= ____— h A A=
P@NQVDOONOONO\'—V\MI\MNV\'—OO‘MMVOCWOOO?-—'OI\MOW-—"—‘\O??OO'ﬂ\ol\mﬂ"—CJCJV\—'I\\OI\\DI\ON\OOGQM\OMNM\O?'—OWWOMC
AN VL0V TXX NN XD ATTNOVNN—XVONODLOAXORNOVNOODUVAOAMNX—O NNV OoOOVXXDVDVDODAA OV XN O
R R B I LI eI IR iRENSIINRARERNLGG SNSRI IIgs8E883TCBEUECRRIIRERRRES AR 8Iq8ERS
OO0 O OO0 NN NN NN NN NN NN N N ST ST N 0N 6NN NN N 0N 0N 0N 0N 0N 0N e e e e e e e e e e e e e e e e e e cococg
262144
X_Domain =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768
Scans =256
Temp_Get =300.0016[K]
Solvent = CHLOROFORM-D
T v v y m i w " ¥ |‘ ‘\
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
v <+ o v {aa] (=) v o St — 0 = X F WV OO D=l
g 28 2 8 =8%z¢ b flagzzafEzas
o R ] S-SR = SSRBES TSR N KA
il <t — - lag] = o~~~ O wvnaA wy L A e e e = e I
262144

S-52



X_Domain = 1H
Experiment = zg30 -
X Freq  =500.17309[MHz] <
X _Offset =3.08875[kHz] o
X_Sweep =10.0[kHz]
X_Points =32768
Scans =16
Temp_Get = 300.0054[K]
Solvent = CHLOROFORM-D
CisHz7
PhthN
\ .
(0]
o~$
12d
o

.

262144

X Domain =13C

Experiment = zgpg30

X Freq = 125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =128

Temp_Get =300.0083[K]
Solvent = CHLOROFORM-D

I

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 70.0 600 500 400 300 200 10.0 0

< ~ <t — o Lo o o v o O f=} Voo — 00 0000 NI QN — — O] — —
w [ ol < wy — < O O X vy N XN N OO T aln OO~
(=3 <t O — o o k=) v —= O O 0 VO XS —I- v en Ol 0 — <t
x R @ AT =S S SXEEEMnIRI TSR
o~ <t o0 — o oo =] o~~~ o wn o [ K= == e e e e -l IR o I o
o o enoen o — =} L e v Laalie BN e B e BN BNe BN o Bl o B o Bl ol B ot BN o B o BE_l

262144

S-53



X_Domain = 1H
Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]

X _Points  =32768

Scans =16

Temp_Get =299.99[K]
Solvent = CHLOROFORM-D

PhthN OBz

\/Y\/C13H27

OBz
12e

1.01

2.01

2491

2.98

.

2.0
[

N@mwO—Oﬂ‘mw\ooﬂ‘mﬂ‘VOO\OO\WI\\DOOOMV\\DO‘\OVVOO\DI\OOI\O'—<V\ﬁ—NO\VI\wMV\I\WNMI\OO'—NO'—'O\DMOC~MOOmem
MO =TV = OO~ —~TFTOOWV =V —NO OO NADTEY O X TOAMNOFT T ANV NXXXRX-IOAON— 0NN =0T HNO NN —
NS S8 88 R8s BR B8 B R AN R E R T IR AR Nm RS ISR IR RIANIJI2E2IRES
zgc'zio;‘.zdodododododl\'l\'l\'l\'l\'l\'l\'l\’l\'l\'l\'l\’l\'l\'l\'l\'l\'l\'l\'l\'l\'l\l\'l\l\l\'l\l\l\l\l\l\l\coowobommmnnln-nnnmnn-n-n-nmm.—v—-—‘-—i—‘_‘._.__‘_‘._'._'v—'ddo
X Domain =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X _Offset = 12.57573[kHz]
X_Sweep =29.7619[kHz]
X Points =32768
Scans =128
Temp_Get =299.9851[K]
Solvent = CHLOROFORM-D
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
S v <t QN X st Al 0al — o O VX — o Tt =TT o oA
N o O SIS Al 0t v 0w — o 0N O v 0 <t Vi Ol en -0 SF 00w
[ Al VAN O OO DAl o -0 o S o Vv — 0 NI al Al v
o o AmSRXTaRGNH T CS T=S T " SxEmen I Taed
[ 2 2] TN~ — D0 X N — o~~~ oo <t [ A == e e ol e B
262144

S-54




X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points =32768

Scans =16

Temp_Get =300.0141[K]
Solvent = CHLOROFORM-D

26.33

PhthN OTMS
oA CraHar
OTMS
12f

962
9.00

2 e : /3
I M L Jw

262144

X Domain =13C

Experiment = zgpg30

X Freq = 125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =128

Temp_Get = 300.0044[K]
Solvent = CHLOROFORM-D

N

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 70.0 600 500 400 300 200 10.0 0

A

~_
s
?;

55.8334 ——
08327
0.4743

) o a woo oo T A= OISR =T D
* oS o v A S0 — S0 n SO T 0D
< — o ® - @ —%oSno R AW N == AT O
0 ISESECN <+ © + =399 S QXTI me
=~ <+ < — e ] NN SRR RS T
o @ a = ~ o~~~ AN NANAQ A~

262144

S-55



X_Domain = 1H
Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points =32768

Scans =16

Temp_Get =300.162[K]

Solvent = CHLOROFORM-D
PhthN  OTES
X - Ci3Ha7
OTES
12g

Q)
1.99

il

1.00

1.02

1.00

1.00

A

)

X Domain =13C
Experiment = zgpg30

X _Freq  =125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =256

Temp_Get = 300.1856[K]

Solvent = CHLOROFORM-D
—— ——— ——" SR, > EPRRIFFRSRTRNLN] FSTFIRSPTPO Prmmmmmm——— wmewwwwwwmww
R R T L L L L B B R B R R R R R R
190.0 180.0 170.0 160.0 150.0 140.0 130.0 1200 110.0 100.0 90.0 800 700  60.0 500 400 300 200 100 0

2 g 3 8 RS g DERERZRA SR 2ERR

o - < [T 3 A o SLeRNRXN O TN — ST

5 g9 g o= EEgEE @ doagggagaasggicrn
32768

S-56




X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz] /
X_Offset = 3.08875[kHz]

X_Sweep =10.0[kHz]

X_Points =32768

Scans =16

Temp_Get =300.0082[K]

Solvent = CHLOROFORM-D

24.95

PhthN OTBS |
- ~_-C13H27

OTBS
12h

12.07

JU

YN
3.11
2.87

Q
1.97
2.00

.
1.00

o | | I

9.0 7.0 6.0 5.0 2.0

IS
b
[=]
=)

ORI - T TR ORATON AN ~FT DDA T ORI AN — — N O —o0Wnt ot T
TR FTENEANDOOINRSTAXTRNO=FTAS A FAOERX =M F =N PRE =0 DAON— A —ZOME AN >R
TOOAAN—-—OVIXEOVOOFTITARRAECERLONINNINDN -0V VA—=-0OROAND RN XX N — R NSRS~ 0wnt =2
RRLXXEEEEANANNAANNN— e = = = = SN RETT AT ETLTTN AN A —~ 30K R K~ — D —
EE N NN NN NN S 8 S0 e 0 I FFF TN~ A~~~ ——~~—~ —~ 0SS S S SSSSQ

262144

X Domain =13C

Experiment = zgpg30

X _Freq  =125.78042[MHz]
X Offset =12.57573[kHz]

X Sweep =29.7619[kHz]

X Points =32768

Scans =1024

Temp_Get =300.0031[K]
Solvent = CHLOROFORM-D

N | Rie b

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

oo oo — ~ (=3 v O <t 0O = O T FTO-XTFT NSOV OO T onwni~ oy
o~ S O © vy (=3 T S O C = DNV RXVODODWVM NN — O —>on —— O
o == [ =3 — O O v — = XN LC OO —Alt IO~ Ol o
* nas o & TR e = SSRXEEBnIAaR RS
[ <t <+ A [ag] o0 o~~~ O wn hal NI DO OO0t enon T <
o o N oen o — L e ) MmN A AN AN — == T

262144

S-57



X_Domain = 1H
Experiment = zg30

X _Freq  =1500.173[MHz]
X_Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points =32768

Scans =16

Temp_Get =299.9817[K]
Solvent = CHLOROFORM-D

NHBoc

TBDPSO\/Y\/C13H27

OH
S5

40

4.94

UL

=
)
S

9B /3

Y G,

2.03

2655

10.75

9.61

3.46

L J

8.0

o
o

7.0

262144

6.0 5.0

0.8702

X Domain =13C
Experiment = zgpg30

X _Freq  =125.78042[MHz]
X Offset =12.57628[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =65

Temp_ Get =299.9926[K]
Solvent = CHLOROFORM-D

e AN A

?

"

memmwmmwwwwwu

M

W

190.0 180.0 170.0 160.0 150.0 140.0

155.9966

32768

\

120.0 110.0 100.0  90.0 80.0

N

79.6151
774127
77.1600

76.9073

70.0

?

74.4811

64.2781

60.0

55.2016

50.0

40.0 30.0 20.0 10.0

A=

32.4850
32.0806
29.8494
29.8133
29.7772
29.6761
29.5100
29.4378
29.3223
28.5569
27.0189
26.7156
22.8452
19.3143
14.2742

130.0

0

S-58




X_Domain = 1H
Experiment = zg30

X _Freq  =1500.173[MHz]
X_Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points =32768

Scans =16

Temp_Get =300.0141[K]
Solvent

Boc[\l%

HO

= CHLOROFORM-D

2

22.94

. s b
(=3 = B
3 & <3
/ﬁj c — f:éfyo u}t
o Aoh o 1
A LA s B e aa a  LAma L a
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
S TSRS IR ISR TR 8 ERIIRASRD S QREEITIEICSNRE N8I EIR
& SR ERBARETLIIRRRBEBEIIRETLD BEEITBERITRNORIRLTI2RRS
~ I R R R R R R R R R R INIPNIPSIPNII RGN JE S i S S S S R e R R
262144
X Domain =13C
Experiment = zgpg30
X Freq = 125.78042[MHz]
X Offset =12.57628[kHz]
X_Sweep =29.7619[kHz]
X Points =32768
Scans =68
Temp_Get =300.0105[K]
Solvent = CHLOROFORM-D
| "
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
g g 7 > xadR& £ AR I=8S838EA2
N3 < = x© <+ =0 o = — QN NS == =00 =0 WV \C IO
bl 9 A S R NS XL inn3n e K oA
< o~ o [se] — [~ 0~ O O ool [ S =l e e e el s S B

32768

S-59




X_Domain = 1H

Experiment = zg30

X _Freq  =1500.17309[MHz]
X_Offset = 3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points =32768

Scans =16

Temp_Get =299.9863[K]
Solvent = CHLOROFORM-D

=

23.46

16.84

3.16

2.02

— L

9.0 8.

262144

X Domain =13C

Experiment = zgpg30

X Freq = 125.78042[MHz]
X Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]

X Points =32768

Scans =256

Temp_Get =299.9901[K]
Solvent = CHLOROFORM-D

| ‘l lj L |

L4 *

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

= o v Q= < — [ = S ] XTI NN — N> O OO —
=) © o a = a<o Wi S0t en OO A [ A AR A S = s g == = o B =]
vy o < < 0~ — <t < Lelial — O N = = O O W > O AN NN~ AN
3 anma T gq & % Q2SI =a%w TSRIEMIAAN S Q%
— o~ <t o0 < <+ o~ o~ sl S N WX~ O N [ I =A== e e e e el Rl U o T S B
Nal o enoen ol — N Ll e e e L =l o) Lagseli e B o B BN o BN o B o BN o Bl o) B o B o\ B o o B o Bl

262144

¢
D
(e}




X_Domain =1H
Experiment = zg30
X_Freq =500.17309[MHz] “
X_Offset =3.08875[kHz] &
X_Sweep =10.0[kHz]
X_Points  =32768
Scans =16
Temp_Get =300.0122[K]
Solvent = CHLOROFORM-D
12b Cy3Hy7;
o
)
e g
: o
ENECIE 2 2
—_ A= = S S
- (.
A A e o A B o o e LA e o L A L s o A A e
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
oD owMmtTo—~— oMb nNonNMOD NI 0NN TO~TAOOON—=QAT- AN TOOADOWM XN
S N R R A B e N N Rt e N o A R R N O e R e B B i < By L B N
NXRREE N RN EREITITLITLITITITITIT NN AANANANSSSN N NSO NnMmmmmdmaA N XK
SN wnnwnnmnnwnmwmnmwnmmnmnmwnmnmnnnmnunmEmn nmnmnnn sttt Ol OO O = o e e e e oo
262144
X_Domain =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768
Scans =128
Temp_Get =299.9999[K]
Solvent = CHLOROFORM-D
J |
, "
A B B LA aa o L B Raa e R A R B R A Ranmanseas
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 500 40.0 300 20.0 10.0 0 -10.0
— o en o 0 Qv o N o] Dl SR BN Sl =R o B sa)
=1 8 8 X3 2IZE IS QoI nIeEEg
“ o R a5 ST =3 I ASsnnT =wxna
= o o0 o o0 — 0~ 0~ O oo [ e e e e N
131072

S-61



X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get = 299.9936[K]
Solvent = CHLOROFORM-D

PhthN

\/Y\/Cn"'z?

OH
S7

205
2.07

UL

1.00

1.04

2.16

A

25.44

3.40

L

6.0

5.4128
5.4030

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset =12.57573[kHz]

X _Sweep =29.7619[kHz]

X_Points  =32768

Scans =256

Temp_Get =299.994[K]

Solvent = CHLOROFORM-D

oo T
190.0 180.0 170.0 160.0 150.0 140.0 130.0  120.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

& 28388 IERR S83%R & SESREI=ZTIED S
< S XA N n — 0 o =3 RO DN O N 0O
) %A SR e — + = X% Q NS R Qunn — 3w
0 wvit = — 00O o~~~ oo = Lo o == e e e e I

262144

S-62




X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

20.98

Scans =16
Temp_Get =299.9854[K]
Solvent = CHLOROFORM-D
PhthN =
X X C13Har B
OTES

12i

6.26

2.02

1.00

ALY —

==

6.0

5.2076
5.2046
5.2027

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset =12.57573[kHz]

X_Sweep =29.7619[kHz]

X_Points  =32768

Scans =256

Temp_Get =299.9949(K]

Solvent = CHLOROFORM-D

J
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

2 S23I8a8c S8RE ) EIRTREXIETS
[ SLe Ao nwn — o oa =) S Mo O —nmwvaad
S St efan TR % —O XX S LA
o TNl O on e S~ oo = NN T own

32768

S-63



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

16.38

Scans =128
Temp_Get = 300.0126[K]
Solvent = CHLOROFORM-D 5
PhthN
N e X C13Har
OTBS
12j

//%J w
1 — LM "

2.0

0.0190

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =128
Temp_Get = 300.0062[K]
Solvent = CHLOROFORM-D

u g ¥ i AT S ™ ¥ y ¥

190.0 180.0  170.0 160.0  150.0 140.0 130.0 120.0 110.0  100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
< oo WY WS S o «© VO N — A0 oo aln —- o
— 0 N — O\ v <t~ [ =0l ol =3 Do AL A~ — < V- O O O
2 fEaziss SE5k z SzifinSassics Ee
Z EEEERE FREER 2 SARRARKIRGNET Y

32768

S-64



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz] s

X_Offset =3.08875[kHz] &

X_Sweep =10.0[kHz]

X_Points  =32768

Scans =16

Temp_Get =300.0132[K]

Solvent = CHLOROFORM-D

PhthN
e X C13Hz7
OTIPS
D
12k 8
~
=~
<t
g2
[s Kol g g
I ; .

X_Domain =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768
Scans =128
Temp_Get = 300.0025[K]
Solvent = CHLOROFORM-D
y ol » " I e Wit bt e ) g Voo v v A vty
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
o« DN X v 0 = fan) =S ANOoO QDN OO
o QO\CI\(\I\MO Sl < NT N0 O — 00—~
& =853 a3 Rm38 & GE8RBERTREETS
g ficndzde REEF a dogdalaadzexd
32768 T

S-65



X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X _Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get =299.9822[K]
Solvent = Acetone

3.95

|

o#
16ad-a

2.95

IEL:

26.42

6.0 5.0

3.0

2. 1.0
]

PPOOW—'ODO—\D—*O\O\O\V\\DNM?V\\G'—O‘!'1'—40'\!'1O?NOOOO\WV\?W\O\000\Oﬂ’-—'—'OOOOI\V\O\OOOMO\DN'—OMMV\OMMI\I\O\'—I\'—'?\ON??Om—

SO TN R TOX—=-AANLOOOLOLOONNORXTO =X =0T OANAANANANLDANLOOOXTON =XV~ O 00N OO 0

XX OO NN A~ —a -~~~ Yoo X U STIETACDSDE N NSO TN —~O OO CYg

BT T LT T NN NN AN AR XRXRXRLONNINTANN N ANNNN—-O000 RN ERRENOCCCCSS TN NN ANNNR— — ———— = =3O % %K

LonL ol Sl Sl el ol il ol el ol ol ol el o T i S s R 2 D R as o B s B o o B B B o B B o B o B o B o B0 B el B e B B B B B B e e e i Bl cocdg

262144

X_Domain =13C

Experimen} = zgpg30

X_Freq =125.78042[MHz]

X_Offset | =12.57573[kHz]

X_Sweep | =29.7619[kHz]

X_Points | =32768

Scans =256

Temp_Get| = 299.9884[K]

Solvent = Acetone
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 300 200 10.0 0
<t 0 fea) =3 oS = == «@ (=) TAOS— v v X TEEO—~—=F NN LOCANOD =D =D — OO
0 O O~ N3 o wmTA-oO DD ol = <+ O\ -~ 0 O 0 0 = 0o ATOn —=—nNnO —~—A>NO v -0
v O <+ v < -0 N0 O D fan) — 0~ O 0 — 00 < v 0 O T AL OTFT TN T A0 O 0t
a =% S = MRS * @ LR NS0T Aar NOANANAN=SRRRV X RN NN O
o o v f=a) < el A s = Nl g o) — S 0 XX NO VDD — N OO OO0 O N AT

32768

IR
o)
(o)}



X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X _Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =064

Temp_Get =299.9949[K]
Solvent = Acetone

35.12

X_Domain| = 13C
Experimenf = zgpg30
X_Freq =125.78042[MHz]
X_Offset || =12.57573[kHz]
X_Sweep || =29.7619[kHz]
X _Points | =32768
Scans =2048
Temp_Get| =299.9938[K]
Solvent = Acetone
i
210.0 200.0 190.0

o O —

e Xy

=%

O O v

SRS
32768

169.0641

160.0

150.0

154.2831

140.0

130.0

120.0

110.0

108.4600

100.0

101.7808

90.0  80.0 70.0

AN

€0 © 0 WYV O O
= - A N
XS A0
XY R TS o
—~ SR Genw
R N L R ]

60.0

50.0

40.0

30.0

20.0

10.0

umwwhwmwmmnmmwmmmwWIMWMWMWMMMWMMWmmﬂmwmmmmmmmmmmmmmwwmmwm o)t s ot
180.0

¢
[o)}
3




X_Domain =1H
Experiment = zg30

X_Freq =500.173[MHz]
X_Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points  =32768

ey
36

v

Scans =18
Temp_Get =299.9938[K]
Solvent = Acetone

1048

4.14

A

08676

X_Domain = 13C

Experimen} = zgpg30

X_Freq =125.78042[MHz]
X_Offset | =12.57628[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768

Scans =138
Temp_Get| =299.9954[K]
Solvent = Acetone

i o e it A mmm.m.mﬂwmmMIMMHMMMMMMMMMMMMMWMMWM i sl bl
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

AN
e
N

78.0749 ——

|

132.5486 —
124.0136
108.3445

S oo L) ) =) S0 Q= O T PN TNV OD = AT O AT XN T o
o =R — o =3 CoaYooT O AT ATON =D~ AT IE00—~—0ay
A= = Q =3 TooE T —0o I OFT TONT R0 A0 00\
[SRSECN S el 3 ERCECI BRG] LN A=S RS NS AmS M o
O 8 Iy = ) S 668G — NS OSSSRAARNRARNXE S EC Ol S
S8 ° s} s} A e SR S O ) R R R R R IS S IS RS IS IS IR R IR IS IS IR IS I IR

32768

S-68



X_Domain =1H
Experiment = zg30 -
X_Freq =500.17309[MHz] =
X Offset = 3.08875[kHz] B
X_Sweep =10.0[kHz]
X_Points  =32768
Scans =16
Temp_Get =300.0042[K]
Solvent = CHLOROFORM-D
"C7H1s
n,
C7H15JVO
o Q
° O,
S.__OEt
o T
S
11c-a
I
=
3
“a )
. \
N
=3 g
N \_J“Lw ]
A A e o A B o o e LA e o L A L s o A A e
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
262144

X_Domain = 13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]
X_Points  =32768

Scans =256
Temp_Get =300.0071[K]
Solvent = CHLOROFORM-D

| | |
R bt L A ottt sl e i bl mmmhmm«hlmmumlmm.mmw.mmm«m i s bl
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

0 o — AN N \O WV TN O Veeno =0 oWy =0 <t o0y
v o (s 0O N0 — S AN LOC OV TALCH T OO
< w (=) O 0 —= OO —~ <O —~ OO Oy 0t <
e < I AR N AR SRR BE QS RS SR
[y o [se} T A0 O —— O — X NN AN AN T N
8 el =1 i e e e e L Y=l (3l los i e B B o Bl BN o BN ot Mo Mo Bl o Ll

32768

S-69



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz] 4
X _Offset = 3.08875[kHz] e
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16
Temp_Get =299.9868[K]
Solvent = Acetone

9.70

4.0

.

)

0.8646

X_Domain = 13C

Experimen} = zgpg30

X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768

Scans =256
Temp_Get| =299.9853[K]
Solvent = Acetone

W

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 300  20.0 10.0

o) T e

N
>

206.2440
206.0923
205.9407
169.0208 —
154.2687
1353719
132.5847 —
123.9919
108.4239
103.2538

D00~ A TND2AOAN ST NINOODTVANONT AW N A T g
TN ONFT N UNDOEDONENTATONN —~SR0ANEO AR =0 —
LAV VMOVATAXSTODOTNRIOATRATCOO T AT O 0
RGNNSO INNTITNNATSSRNRV NGNS R NN NMN
BXALCH AR AN -~ BANNNSTOOOTSTSARNRNRNRNR NGO T nen ol
I A N N =R R R R R R R IR IR IR IR IR IR SR SIS IR S IR S IR N I NI RS ISR S RS IR

S-70



X_Domain =1H
Experiment = zg30
X_Freq =500.17309[MHz] 4
X_Offset  =3.08875[kHz] 4
X_Sweep =10.0[kHz]
X_Points  =32768
Scans =16
Temp_Get =299.9853[K]
Solvent = Acetone
16be-a
Fs
S
N
= B /§

9.0 8.0 7.0 6. 5.0

(=]

\

VXA OOV TI =N OO0 TFT O —NONNO T XD NDXVLANN—~ODONN =0 —= OV N0ON DN TOLOANDN—U NN O T O N0~ — -l O
X0V O ANOODT-ULTFT XN ATTARXRLOCNOXRXAT-TLHATFT XN UL~ FTRXOoOAANAAANAANANAANANNRXTOWV =SOSR~ Xt O
NN — = — OOV ULWULTTADODDOAANNDSD XN OVLAOAAN =D TULTASDDXTTRNOVOLOCANXILC —="AN-TDANDULLSTTONRXO OO0 NN AT 0O
S, AN R RS S O e e N NN T T TS T MM R OOV ONIITITAAANRNRARXERNDNOOCCORXXXRXNMANANNN— O X ® R
LRIl o e N N O L o o N e L N S S R R RTo TR I S I R R R TR TR T A i e B B B o o B B o o B o B o o B o B S B R i i i I coccoc o
262144
X_Domain =13C
Experimen} = zgpg30
X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768
Scans =1024
Temp_Get| =299.9831[K]
Solvent = Acetone
e .
v W vy W
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 30.0 20.0 10.0 0
<t 0 0 N o - V=== = O O VO Al alen X oS- =T wUvw-DoQo oL ArS—unoay
00 \O > i \O o0 o 00~ 0~ Q00 AN \O W <t <f 0 O on— oS D VM= O ATOANRXSDXXLC>—DOs Al — O v
v O <+ v~ O o AR el s o B el o B =R e T -l en < St owmo TV TFTXAOANT- A0 WULA O Y
a =% = I TR MM — SR a Yoo~ NONNAN—=SRRONnnNE s no — Y o
N -3 a) 0 O O < VT TAOODODO RN T =l =™ NN OO OOCOCOAAA-w T neend O

32768

S-71




$658°0 859€71
LELS'O L015°0T
€488°0 80€0°€T
wmm.m e _ 17€€°€T
8LY6'ET
¥6L6'0 m 0816'ST
Jj 15860 - 88YE'LT
J 8S10'T = S T889°LT
120l W 6LLEGT
0LT0'1 L9€5°6T
$S€0°1 2 7889'6C
B 9680’1 Mx & =)/ oovsez
iz £y o | = 6866'6T
E - v\ o' ) LT60°0€
e -5 Wmmﬁ M a m%_.mm
= Py
y Wit E 120€0€
_\\ 2ozt 3 p 665€°0€
— \ €682l M = 096£°0€
= \ogoer =t L1Y9°TE
o B lesel E-o _ ceools
SN E 3
=\ oszoz 3
- MMW.M M P PrLL99
- (=3
00S0°C = ° \qu?
_ +$50°T 106TvL
8850°C m M “\ €P0S°SL
< 1290°C = \ 800S°9L

v

9990°7 = 316691
010 o £78008
L06LT S ]

1L08°T 6Lt

_swoLe

X\ 6T8L'€
S y £608°¢

€9L6°€
86L6°€
££86°¢
6166'¢
1966°¢
0200t
oy
[444\h4
wrey
SLSTY
w6sTY
YoLTY
196v'v
1867'%
66119
69C1°9
8LET9
8Yv1'9
00€t'L
SYvv'L
19v¥'L
CI9v'L
£E95°L
08LS'L
16LS°L
1685°L
L16S°L

J

PLET YT
SThe6tl
1¥296C1
ELIE0ET

\ 686S°0€1

1998°0¢1

% 1€ TEL
o PPI0PEL
> PSLEPEL

492337

BzO

16be-p

.0

6

5.0
[}
mwmd.ﬂdm.m.mmwmwwmwwuwnnnm«
110.0

— 6S0¥'¥S1T

7.0

\A 9€01°991
o 0€81°991

S O~ L68L'891
=

10.0[kHz]

500.17309[MHz]
32768

3.08875[kHz]

iy

X_Points
Scans

q
X_Offset

Experiment = zg30

X_Domain =1H
X_Fre
X_Swee

£16S°L
1209'L
009'L
L969°L
STILL
2006'L
6506'L
$806'L
vZI6L
8TT6'L
€5T6'L
1621°8
LIETS <
6SHT8
P8P8
(o'}

180.0

0
125.78042[MHz]
12.57573[kHz]
29.7619[kHz]
190.0

9
32768
1024

[ N

|
ol b i
1

Acetone
0 200.0

Acetone

6L16°S0T

\ 8901°90C
d N 9$9T°90T

P

q
X_Points
Scans

X_Offset

210,

16
Temp_Get = 299.9874[K]

Solvent
Temp_Get| =299.9924[K]

Experimenf = zgpg30
Solvent

X_Domain = 13C
X_Fre

X_Swee

iy

32768

S-72




X_Domain =1H
Experiment = zg30

X_Freq
X_Offset
X_Sweep
X_Points
Scans
Temp_Get
Solvent

=500.17309[MHz]

=3.08875[kHz]
=10.0[kHz]
=32768

=064
=300.164[K]

= Acetone

B

4.07

.

10.87

9.02

4.06

10.10

9.77

o

X_Domain =13C

Experimen|]
X_Freq
X_Offset
X_Sweep
X_Points
Scans
Temp_Get
Solvent

=2gpg30
=125.78042[MHz]
=12.57573[kHz]
=29.7619[kHz]
=32768

=512
=300.1449[K]

= Acetone

W

30.0  20.0

210.0

N
>

200.0 190.0 180.0

206.1934
206.0418
205.8829

32768

170.0

168.9919

1543120 —
1354152 ——
132.5991 ——

120.0 110.0  100.0

123.9703 —

o

78.0893 ~—

80.7971
79.1941
77.7861 —_—
76.5008
75.3382
74.0962

70.0

7
f

70.6519
67.3737

S-73



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =064
Temp_Get =300.1647[K]
Solvent = Acetone

3.95

S
)

]
Rl

nis

~04

7.08

4.56

L

T N S

32768

O-—'O‘OO?PV?OO\N\DOODOPF*GWV\Omm'—'OWNG\MV\ﬂ‘V\ = o
SENRNE8ExRads83a33S333TLT2ITEe8LIRL A S 3
T = =330 0C00S AR X R OO N — ) g
Ll S e i s e S T e T T T T TN NN NN onon ol c|
262144
X_Domain =13C
Experimen} = zgpg30
X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768
Scans =512
Temp_Get| = 300.1446[K]
Solvent = Acetone
“
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 30.0 20.0 10.0 0
2e ¥ a o s BELe=28RE T 2SI ESEERRIBARCE IR Y
(=) [se) ey 0 < N TN Vv —A N T RO TV XN T XA OO vt g
a2 % o) = e 2 QAL NN = IR R Bl R R R R R B R s
o o v = < vl < T O~ 0w o N o oo cod A0 TN O T od

S-74



X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X _Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get =300.1062[K]
Solvent = Acetone

)

4.06

L

OTES

16bg-a

1.97

/3
n

23.11

loo
IS

N

o
)

o =

Vo (-]

X_Domainf = 13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768

Scans =256

Temp_Get| =300.1662[K]
Solvent = Acetone

\

LTV

50.0

210.0 200.0 190.0

N
>

206.1573
206.0057
205.8468

32768

180.0

170.0

168.9630

160.0

150.0

154.2831

140.0

130.0

135.4008 —

132.5919

120.0

123.9414

110.0

100.0

90.0

80.0

70.0

60.0

40.0

30.0

20.0

——

10.0 0

14.3875
7.4339
7.2678
5.9681
57009

S-75



X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X _Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get = 300.0957[K]
Solvent = Acetone

4.15

16bg-p

©

b S

J

S

2.05

v
S
P
(o]
<t
2
N
el
B
-
e |
k=
o
o~ =
a e
o o
q
idi
e L . —]

X_Domain =13C

Experimen} = zgpg30

X_Freq =125.78042[MHz]

X_Offset | =12.57573[kHz]

X_Sweep | =29.7619[kHz]

X_Points | =32768

Scans =256

Temp_Get| =300.1771[K]

Solvent = Acetone

| ! u
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 300 200 10.0 0

I3 ¥ S g2 2 2283 SRSEEEECT RS RIREH
I —d [se) < D = oA ooy N~ oA o v —d
as R o) = e o ©=o—nno MOEQaRaao Vo F Ao
O O v =] < wv ol o TOoO->~Oownvwn SISO T NN O~~~

32768

S-76



X_Domain =1H
Experiment = zg30 -
X_Freq =500.17309[MHz] 3
X_Offset =3.08875[kHz] “'
X_Sweep =10.0[kHz]
X_Points  =32768
Scans =32
Temp_Get =300.1154[K]
Solvent = Acetone
OTBS
16bh-a
°
o
B
2
<
.
=
e [ =N
S <=
— Lag] Ll
N
k= |
A A A e B B L o o A A o o L o B A e e
. 1.0 0

Nowl\m——ool\oowwmw——mmwvm-no»o-nmm<rm<r~o<rw-—mem-—<oooxvo»mvwoomoommmv——ow-—omomwwmcommcol\x

TN NSO~V XX—OoOunaoaaxXxnaAaAaAdXAET N ATATATULU AN —~0 A0 TOM—-0F LA~ FTOADVN—=——FTOXWVOSTAFT0NDN0 N —

DN N A~ XX T TN~ O NN =TT OO T T OO OV TTNA—~—O0O A TAADOD N A ANXONAND OO AN

NN N A ETTTamm MmN~~~ ==~ ALV OC NN NNAANSoSoSCCCConNNNINNIEITEIEITIT N NAAN————SSSBRRRRAND —

ST FTIFTT TSI TSI TSI STSTTITSITTTITSTSTTITT T TN NN AN N NN NN A OO O] O] e e e e e e e e e e e e e e e e e e e OCCOOCCC.

262144

X_Domainj =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset | =12.57573[kHz]

X_Sweep | =29.7619[kHz]

X_Points | =32768

Scans =512

Temp_Get| = 300.1436[K]

Solvent = Acetone
" p " ) e " J " "

R TR TR R TN R RN R T TR TR E R TR R R R SRR R R ERATREURRETRRTREY

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 400 30.0 200 10.0 0 -10.0
<+ o o =3 oo 0 T ANOTFTONLO =N =0 =LA LOCO TN TAL WY AIXWmoAA N
0 o o o v (=3 ANT - NV QAL AL ODANRXRANDDN DX =D O T OO NWVO O —G
o o =3 — — ) AN OSSOV NOXOANMDADNT XA T~ O TFTADAA 00T O W
S S “ 00 S COomNITAYTIO =T AAATSRR0 0NN TRon N =S T nS oMt nin g
o v foa) < v ol < SHX-OVOUVMWVNO-TAANSOSDODODODDANNA OO OO0 Alon T
gg 2 2 22 ﬁ e e e o B 2 I B s B BN BN BN BN o BN B o B B S B o B o B o B o B oS BN oS BN o B o B o B B o BN S B Bl ) ' L

32768




X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz] i
X _Offset =3.08875[kHz] a
X_Sweep =10.0[kHz]

X_Points  =32768

Scans =32

Temp_Get =300.1444[K]

Solvent = Acetone

16bh-

18

15.25

4.40

U

6.64

2.70
2.55

X_Domain| = 13C
Experimenf = zgpg30

X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]

X Points | =32768

Scans =674

Temp_Get|| = 299.9935[K]
Solvent = Acetone

‘ ‘ \
bl Mm.m,..h‘mmmm4u.u.mumuwmmnmmmwmmmummmmmmmdlm.m.mmnu.m‘mmuwm|.‘m.mmmlw.mwmuhmum..‘mm.um\‘,\.nmmummmmum.m‘u«mu.mumummmi‘

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0
S = 0 (=] 0 ool - WLV N AASMNXN O —~ < v l\c ST VO~ O
< v O =3 < — Y XA NTAOANT —~—ATOA =D A A
<t oA [ faal o O = TU—~FTAVXOOOVVNAXRXDDTNNAANT XA O N
agao o < e S XRANSLMIATR LT QA TS ARG IR T O
O O v o0 < v ol < TOAOC DOV ONANAS OO O -~

32768

I
A b kol b




X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =064
Temp_Get =298.1229[K]
Solvent = Acetone

3.99

L

10

5.51

6.46

W

Vb |

0.6308
06288

X_Domainy =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768

Scans =1024
Temp_Get| =298.1592[K]
Solvent = Acetone

\~

| N———

210.0 200.0 190.0 180.0

AN
>

206.2440
206.0923
205.9335

32768

170.0

169.1147
154.3481
57.5823
32.6489
32.6056
30.3671
30.3382
30.3021
30.2371
30.1433
30.0927

20.0

|

\\

29.9916
29.8400
29.6811

29.5295
29.3779
27.7243
27.3633
25.4281

0 -10.0

23.3413
23.0886




B6CL'S
N T 0790 6ELTL
T S0¥9°0 8S9€PT
F 7959°0 T5T5°0C
[ 02L9'0 - L650°€T
F L8980 = €1vEeT
br 87880 = £296'€T
[ 7968°0 M S 9T¥ELT
Fo SLL6O = 7889'LT
[ £666°0 = 6LLE6T
‘ 0L00'1 < )] sezs6t
r SIS0'T S 1189'6C
L99 [ 6v91°1 W 2 0078'6T
— t TSLUT — 9166'6T
9L IM [ €061°1 2 $580°0€
LEYT ey Lo PHOT'T @ £EP10€
ot [ Y ses ILET'0E
_— [ = r98T1 o 120€°0€
e r » 0€1€] g 1L9€°0€
mﬁ L= \iseel 096€0€
tE e 1165°C€
= [ =/ 9st0t W P 689°CE
Lo 0050 @ .
[ 50T - S
[ 8850°C E o
t $990°C E- 32 .
[ cevre £ C 881699
H ceert LLSTSL
[ _ . = T865°SL
[ seLee 8 /6oL
[o $68T°T =" L0
: . = vevi'LL
[ reIsT 9061°08
r 5089°€ F 2
L €L89°¢ = o 161848
H 5069°€
[ & st °
[ 9L68'€ S
P o = 1816 @
[ =)
r (=3
‘ S
a o
i =
L Hw -
n E: -
[48! L M S .
~. [ E - copsent
00'1 F M 1289°T€1
™~ r =S \ €1L9°TEL
[ =S/ so10sc1
L = 7 os61scl
- [
x - =
% [ W m
® [
[ M =
[ g C
r B C ISt
[ =
C M 2
f=3
H z
[ f o 8070691
. o
[ =
Lry uw [ W
[ E o
r s =
H . ]
Sy t N — 2
L N — =
Sy - i 2EE g2 E S
=N M L & &= S 3
QM = o>~ & —
S =N N r S D — IS o
AT a2 L RS~ 4~ 2 >
~ o~ 2 0 0 s = o8 O =3
— 0 =X - 2 L Oant= % 8 S .

S S 3SX2 5 © [ QFINAJS R Z Q LOY6'S0T
THESS S8+ X S SR =a - .
ZRAA =A< r O R T TR TR $660'90C
A T (A TR T A [ == = s 2 N Z1ST90C
== = 3 s m 5 & 2 3 = )
B - , 5} g ] IS
22_385g &, H EEEL2E, I £
SEEEZ52258 . B 8=008 5 £ 2 @
B 8=C9 g 82 F RS N =R
el e N e TR N )

S-80




(57400 8BSV

16¥1°0 8TV ¢

00L8°0 TELEYT

w880 116981

6L68°0 LO1S0T

£706°0 9£68°CC

LET60 8660°€C

e 0€€6'0 S8YEET
S0¥6°0 60Tt'ST

£9v6°0 LOEE9T

12560 ¥66€°LT

— W/, L9S6°0 SIEL’LT
6LLE6T
L9ES6T

=]

o8

1§94

o'l

9IfL
= ¥889°6C

VO 3T

30.0

00¥8°6C
68666C
LT60°0€
S0S1°0¢
444443
120g0¢
EVLE0E

40.0

0.0

5

9509°C¢
19¢9°C¢
< ELYO'LS
=

© LELE'LY
\SE.S

500.17309[MHz]
3.08875[kHz]

q
X_Offset

Experiment = zg30

X_Fre

X _Domain = 1H

S 7 wsbese
g K YSLY'SL
o - 8€01'8L
S T\ 8818708

I R
90.0

100.0

110.0

660

/
k

—98I8¢Tl

120.0

00°1 m

OTBS

_uesylel
—— TS9L'TEL
T €6ST°S¢El

130.0

16bj-a.
140.0

150.0

— ESSEPSI

160.0

—letrest

170.0

180.0

10.0[kHz]
32768
Acetone
125.78042[MHz]
12.57573[kHz]
29.7619[kHz]
32768
1024
Acetone

190.0

6L16°S0T

\ 8901°90C
q N ¥85T°90T

P
0 200.0

X_Points
Scans

iy

q
X_Points
Scans

X_Offset

210,

ik o o o Sttt ] e s mMMmmeMm

—
=)
®
Q
=
<

a3

o en

Il
-
7]
G_
o
g
S
o

Temp_Get| = 299.9873[K]

Experiment = zgpg30
Solvent

X_Swee

Solvent
X_Domain =13C
X_Fre

X_Swee

32768

S-81




X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =64
Temp_Get =300.0049[K] 3
Solvent = Acetone g

43
33

5.58

\
4.16

759

9.0 8.0 7.0 6.0 5.0 X . R 1.0 0

W »H/%—’J/Qw V§u\\

oo<r-—00—<o~(\llhl\lh\ol\<rl\0v—<<f—OWI\WNMG\O\WW [\
EECERE NI 2T TN IER2RTEACCRESEREERE S $8
BVHXORRBXXXRROXANN O OO NN ——— =000 C O — g
Lo ol o e ol el e L AT AT T s s i s s s R R E R A s ==

262144

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset | =12.57573[kHz]

X_Sweep || =29.7619[kHz]

X _Points | =32768

Scans =9000

Temp_Get| =299.9911[K]

Solvent = Acetone

it ol bt i i L b mmmw.‘.wmmm.lmnwmM‘.hum.um.m‘u‘.uw.ILuhu‘Wumm m.m.m.m.mmxmmmmﬂmmu.mxmm& TR uwlﬂm‘m (i

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 70.0 60.0 50.0 40.0 30.0 200 10.0 0 -10.0

0o — o~ [ o — o MPORV—=VAAE =~ 0O =TV VN TVAOTITOO =100 DX
v I n =N v A LoV IITITTOVL—AlATOA "SR AETAVDIIOR DS M N T o
o = = x — % O 0 ATV T AUV EVNAFTRIOTNRAANTRACOSANS T O 00X
= =3 < NSO o K= OAR—CNENAA =S RRNRENASTnmenSinomS 7
O S cn = non ol = TOE U USHEAANS S S SIS SARARNANRARNE SO r i S o6 en
S8 ° s} e ona VIXEEEEONmamamamaAAdNANANANNQANNQ——

S-82



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

27.68

Scans =064 -
Temp_Get =298.1613[K] 3
Solvent = Acetone o
[N
e
ad
=012
o [
%
=
B &
A A e o A B o o e LA e o L A L s o A A e
9.0 8.0 7.0 6.0 5.0

o 00
o <
aE
[ =}
X_Domainy =13C
Experiment = zgpg30
X_Freq =125.78042[MHz]
X_Offset | =12.57573[kHz]
X_Sweep | =29.7619[kHz]
X_Points | =32768
Scans =1024
Temp_Get| =298.1634[K]
Solvent = Acetone
T T T T T [ e e
210.0 200.0 190.0 180.0 170.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 40.0 0
SR8 g ES N 2 P = o8s g 4
EE S 3 S8 S = € S a8 9
O O v foa) < v ol lag] =3 (=) oo — |
S8 2 4] oo g « o aaa

32768

S-83




X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get =299.9918[K]
Solvent = CHLOROFORM-D

‘Bu

oL

23.97

18.56

12.03

9.0 8.0 7.0 6.0

/ﬂf’ﬂﬂﬂﬂ’ﬂﬂﬂf,ﬂJ

QO RORNIE-NOCAT-NANN AT X MO OO
SAAAALCONY == =F—=OFTHXRIANERX—=RDD
DO NSTRRE-LON—00REONFOn—= R0 — —
AS QS 2ARRARRRRET 000N NN nY
N FFA A ARG A A A Ao enenenededededdnn

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =128
Temp_Get =299.9866[K]
Solvent = CHLOROFORM-D

o

m

i

32768

ot o o e e o e ; LR R
R
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

=N~ NI-FT— U NO LA —~FTOAOTANRODS—=XODODDND — OV

N ANt —~All— 0O XN ONO X0 VO~ \O

MM —~ 00—V OO0 —FTX0NNT —0— N0 nOOoO~S NN

N-EI—RNCXIALTAS—CSHREING = RBS A~ ¢

XD VYOwn Sttt aoc oo VANOS TS NN
oo e e e L el e NN T SRS S S AN AR I e BN o B B o Bo Bl o B o\ ot B o I SN I

S-84

L r——




X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]

X_Offset = 3.08875[kHz]

X_Sweep = 10.0[kHz] tBlu

X Points =32768 _Si~ O. C
Scans =32 Bu ‘OO Y
Temp_Get = 300.0108[K] Ho

Solvent = CHLOROFORM-D

\Jl

75.64

12.61

L

X_Domain =13C
Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =1024

Temp_Get = 300.0103[K]

Solvent = CHLOROFORM-D
| J

R L R B B B L L L IR I I I B I L L L L R

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

o™ XAV =l =0 == mnaonmXoao —~
S SFIIEKSREE=ER L8 AR aRES IR eS RSy
@ Qova—sanRT =2 muS-xxeelbging—axxcaay
o WO~~~ 0wV <t — = — oo~V — O <~ v
& [ S A L S0 L S SNy Py AN NN A —~

32768

S-85



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

71.95

Scans =512
Temp_Get =299.9878[K]
Solvent =CD30ODNEW

l MJLJ_A

5.0

0.8447

X_Domain = 13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X_Sweep =29.7619[kHz]
X_Points  =32768

Scans =8747
Temp_Get =299.9937[K]
Solvent =CD30ODNEW

] | I ‘ | Ll |
‘ \ \ !
il Lt i sl Jm.h“MLMMWL‘I\m‘mﬂ J m it hd‘dumﬁn Lol Ll lHMM.|.u|h|hh‘u\\.hﬂ‘l‘llMU.lJlh.]M‘M\mhthHJNwL\Iu‘U\“ ol I bl O L IMMJMM mml m u‘,Mle ‘.LHN‘JA kit .hmmw.hu‘u“\mJlJLHlmlmm

190.0 180.0 170.0 160.0  150.0 140.0 130.0 120.0 110.0  100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
= S e e g S L R PR T
wy TRXAWVLA—=FTOULRXOWVMAODOHLOOANULXDANLODNT = NO =WV T ANl
" MASCRELEENIS S — 0N —SXCIT RN ad =SSR eI oA -0
vy VXX O TN AN XXVXV-NAODODODCODODODODNDNY O o
I: L =B AR e e e s s S R R e B B IR BN S B B o B B o B o B o RSN BN oN B o B o B o Rl
32768




X_Domain =1H
Experiment = zg30
X_Freq =500.17309[MHz] =
X_Offset  =3.08875[kHz] Pe
X_Sweep =10.0[kHz]
X_Points  =32768 Bu
Scans =16
Temp_Get =299.9874[K]
Solvent = CHLOROFORM-D
S
s
%
o
W;
&
o %
@

Y

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset =12.57573[kHz]

X _Sweep =29.7619[kHz]

X_Points  =32768

Scans =128

Temp_Get =299.9954[K]

Solvent = CHLOROFORM-D

u _— It. i
s  a e R R A e B i A M m s aa a o o A o S RASRRasEaREARE SRR
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

FEEERERSNISTENINREISS820TE82S
HISET =847 358A8 3R a3 ER8823n
SOAXCTTT-ONTALTTAOSDTINNRXSSNAO ST~ n N

S-87



X_Domain =1H

Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

79.92

Scans =16
Temp_Get =299.9902[K]
Solvent = CHLOROFORM-D

=3
<

1.08
1.95

i

9.0 8.0 7.0 6.0

/

e

OSNONRXOAMMNVNNATSONANRDNVT RSO T A
SO XXX RINDAANTOIVAROSAXRS AT AN RO ®
VOLTNA =S =V LA =ZNXDE =S 0 N® S0
ALY oogVYonnhinnnind anoann
Nt A A A A A A A e eed e

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =128
Temp_Get = 299.9866[K]
Solvent = CHLOROFORM-D

b/ W SR E—

190.0  180.0 170.0 160.0  150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

=1 A E T ONO TIOIC OOV X-XNRXDI-I-n —=0A v A <+ oo
ol Ao ANTFTONT OV TOAS- Ol om0 o A0 T o g
0 AV —=—0OVOWVNAD —— AT RX—=OADNDOAANDSO =0 X0 O g
= RXEITA=F MR A ANRS T RRLBNINAT =R xS A=~
- AN NN NS FAS—~ T naSAARNTAAN N NVH NS <+ Ny
~ L e el e e e L = e B e st B e B T o B o B o B o I Mo B B B e I I B B

32768

S-88



X_Domain =1H
Experiment = zg30

X_Freq =500.173[MHz]
X _Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points  =32768

Scans =064

Temp_Get =299.9804[K]
Solvent =CD30ODNEW

73.16

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset =12.57628[kHz]

X _Sweep =29.7619[kHz]

X_Points  =32768

Scans =8674

Temp_Get =300.0151[K]

Solvent = CD30ODNEW

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

vy XTI TATOIAS =T NN OOLO T ORI O OO OO0 —
wy NSO N OO NODN OISO T NN WV O MMV — o 0
— XN = NN —=F N —=Cl—=ONI>0O X000 XRY —=00n ot OO
in fna—m—xIIeTnmneinIin=-SxgIonTInadad—SRaXalnad—=a
vy SO XX T A~ NNV NANODODODOSDONND X OO T en <t
: e e e o e L R A e i e i s s i B e B e B e B S IS BN o NS o BN S Bl o B B o B o I o B S I S I S

32768




X_Domain =1H
Experiment = zg30

X_Freq =500.173[MHz]
X_Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points  =32768

Scans =16
Temp_Get =299.9941[K]
Solvent = CHLOROFORM-D

NH, OTES
: ~-C13Har

OTES

$10

5.76

19.13

12.29

X_Domain =13C

Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =810
Temp_Get =299.9928[K]
Solvent = CHLOROFORM-D

!

32768

190.0  180.0  170.0  160.0

90.0

N
e
f

80.6910
77.4199
77.3694
77.1600
76.9073
75.2176
73.3258
71.5494
69.6720
67.8668
67.6358
55.0788 7
33.8930
32.0878
30.1743
30.1310
29.8566
29.8205
29.7916

&

30.0 20.0
[ s Bl
<+ O 9 o
AR DA %
ne o
QS e
A aaa

22.8525
21.6755
209101

10.0
gag
a8
A

140.0  130.0 120.0 110.0  100.0

0

S-90

0.5773




X_Domain =1H
Experiment = zg30

X_Freq =500.17309[MHz]
X_Offset =3.08875[kHz]
X_Sweep =10.0[kHz]
X_Points  =32768

Scans =16

Temp_Get = 300.0072[K]
Solvent = CHLOROFORM-D

L)

1.00

(=3

n

oo

EJ

i1

"
]
o

L

13.02

l

X_Domain =13C
Experiment = zgpg30

X_Freq =125.78042[MHz]
X_Offset =12.57573[kHz]
X _Sweep =29.7619[kHz]
X_Points  =32768

Scans =128

Temp_Get =300.0102[K]

Solvent = CHLOROFORM-D
‘““‘“‘\““““‘\‘“““"\“‘““"\“"“"‘\“"“"‘\“"‘“"\“"“"‘\“"‘“"\““““‘\““““‘\““““‘\‘“"‘“‘\"“"“‘\‘“"‘“‘\"“"“‘\““"“‘\"“““‘\“““‘“\““““‘\““““‘
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
3 CRESARTNSIITRACRSRERIaNATanedadInId Ry
=3 S—= 0O TO MO AAXONOADNOO =IO AT 00 N e
=) BT — N AN N=S0OS O — 000000 OO TS 00O — <ff
g EER N rgEEr nadEa2223a8R8808gds883
32768

S-91




X_Domain =1H
Experiment = zg30

X_Freq =500.173[MHz]
X _Offset =3.00102[kHz]
X_Sweep =8.01282[kHz]
X_Points  =32768

Scans =51

Temp_Get =299.9925[K]
Solvent =CD30ODNEW

L

72.30

6.29

0.8398

X_Domain =13C
Experiment = zgpg30

X_Freq =125.78042[MHz]

X_Offset =12.57573[kHz]

X _Sweep =29.7619[kHz]

X_Points  =32768

Scans = 10000

Temp_Get =299.9866[K]

Solvent = CD30ODNEW

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

o CaaTFOFT N = AN TAST OO ONOANXDANO WV —— OO —
g R R R =R R i R R A B SRR R - S B R R S - i ==
bl el R e R D R =R A A D D R R B = R R R R AR Rl
wy VX0 AN DDA RXXXT-NANSD OO0 O — <
: Lol e Ll ol ol Y=Y IR SR S T e e i i B R B KA B IR BN BN BN o B o B o B o BN BN oV B oS B o B o B o L]

32768




