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1. Experimental

General Methods. NMR spectra were recorded on a 400 or 500 MHz instrument with chemical
shifts reported in ppm (0) in reference to Me,Si if not specified otherwise. Coupling constants (J)
are reported in hertz (Hz). Optical rotations were determined using an Autopol III polarimeter.
High resolution mass spectra (HRMS) were obtained with a Waters Micromass-LCTPremier-XE
instrument, and MALDI-TOF MS were performed with a Bruker Ultraflex mass spectrometer.
Thin layer chromatography (TLC) was performed on silica gel GF254 plates with detection by
phosphomolybdic acid in EtOH or 1% H,SO4 in EtOH. Molecular sieves were dried under high
vacuum at 170-180 °C for 6-10 h immediately before use. Commercial anhydrous solvents and
other reagents were used without further purification.

Scheme S-1: Synthesis of Compound 4.
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Reagents and Conditions: i) Phthalic anhydride, NaOH, H,O-MeOH; ii) Ac,O, AcONa; iii) TolSH, BF 3+ Et,O, CH,Cl;
iv) MeONa, MeOH-CH,Cly; v) PhCH(OMe),, TsOH, DMF; vi) Ac,0, TEA, CH,Cl,

Compound 17. After the mixture of D-glucosamine hydrochloride (80.0 g, 0.37 mol), NaOH
(15.6 g, 0.39 mol), H,O (350 mL), and MeOH (150 mL) was stirred at rt for 1 h, phthalic
anhydride (63.2 g, 0.43 mol) was added, and the reaction was stirred at rt overnight. The solid
materials were filtered, washed with a small amount of H,O, and then dried to produce a solid
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intermediate (77.0 g). The mixture of this intermediate (20.0 g, 0.061 mol) and AcONa (13.5 g,
0.164 mol) in Ac;O (270 mL) was refluxed for 10 h. After removing most of Ac,O in vacuum,
the residue was poured into ice-water, and the mixture was extracted with DCM (300 mL). The
organic layer was washed with saturated NaHCO; solution and brine, dried over anhydrous

Na,SO,4 and evaporated in vacuum. The residue was recrystallized from EtOAc and hexane to
give 17 as a light yellow solid (14.9 g, 52%)).

Compound 18. To the stirred solution of 17 (26.7 g, 0.056 mol) and p-toluenethiol (9.0 g, 0.073
mol) in anhydrous DCM (90 mL) at 0 °C, BF;-Et,O (10.6 mL, 0.084 mol) was added dropwise.
When TLC showed the reaction was completed, the reaction mixture was washed with saturated
NaHCOj solution and brine, dried over anhydrous Na,SQO4, and concentrated. The residue was
then dissolved in DCM (50 mL) and treated with CH;0Na/CH3OH solution (20 mL, 0.4 M) at rt
for 1.5 h. After most of the solvent was removed, the mixture was put in the refrigerator for 2 h,
and the mixture was filtered to give 18 as a white solid (10.8 g, 66.7% for two steps). Ref. S. G.
Hansen, T. Skrydstrup. Eur. J. Org. Chem., 2007, 3392.

Compound 19. The solution of 18 (10.8 g, 26.0 mmol), benzaldehyde dimethyl acetal (5.9 mL,
39.0 mmol) and TsOH-H,O (0.29 g, 1.3 mmol) in anhydrous DMF (50 mL) was stirred at 50 °C
with occasional vacuum application until TLC showed the reaction was complete. The reaction
was quenched with triethylamine, and the mixture was diluted with DCM, washed with brine,
dried over anhydrous Na,SO4 and concentrated in vacuum. The residue was purified by flash
column chromatography to give 19 as a white solid (11.4 g, 87.0%). Ref. Y. Niu, N. Wang, X.
Cao, X. Ye. Synlett, 2007, 2116.

Compound 4. The mixture of 19 (13.0 g, 26.0 mmol), Ac,0 (3.7 mL, 39.0 mmol), triethylamine
(7.9 mL, 78.0 mmol) and DMAP (12 mg, catalytic amount) in DCM (30 mL) was stirred at rt for
5 h. The reaction mixture was washed with brine, dried over anhydrous Na,SO,4 and concentrated.
The residue was recrystallized from EtOAc and hexane to give 4 as a white solid (11.0 g, 78.0%).
'H NMR (CDCls, 400 MHz): & 7.86 (m, 2 H, aromatic H of Phth), 7.75 (m, 2 H, aromatic H of
Phth), 7.43 (m, 2 H, aromatic H), 7.35 (m, 3 H, aromatic H), 7.27 (d, J = 8.0 Hz, 2 H, aromatic
H), 7.07 (d, J=8.0 Hz, 2 H, aromatic H), 5.88 (t, J=9.6 Hz, 1 H, H-3), 5.76 (d,J=10.8 Hz, 1 H,
H-1), 5.52 (s, 1 H, PhCH), 4.42 (dd, J=10.4 and 4.8 Hz, 1 H, H-6), 4.33 (t, J=10.8 Hz, 1 H, H-
2), 3.85-3.71 (m, 3 H, H-4, H-5, H-6"), 2.32 (s, 3 H, CH3), 1.87 (s, 3 H, OAc). °C NMR (CDCl,
100 MHz): 6 136.9, 134.4, 133.7, 129.7, 128.2, 127.2, 123.7, 101.7, 84.0, 79.0, 70.7, 68.8, 54.4,
21.2,20.5.

Scheme S-2: Synthesis of Compound 5.
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Reagents and Conditions: i) 2-azidoethanol, BF3-Et,O, CH,Cls; ii) MeONa, MeOH; iii) PhCH(OMe),, TsOH, DMF;
iv) Ac,O, TEA, DMAP, CH,Cl,; v) BH3/ THF, TMSOTf

S-2



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

Compound 20. To the stirred mixture of 17 (13.5 g, 0.028 mol), 2-azidoethanol (10.0 g, 0.113
mol) and molecular sieve (4 A, 3.5 g) in anhydrous DCM (40 mL) under argon, BF;-Et,0 (5.4
mL, 0.042 mol) was added dropwise. After the mixture was stirred at rt for 2 days, the reaction
was quenched with saturated NaHCOj3 solution. The mixture was diluted with DCM and filtered
through a Celite pad. The filtrate and washings were combined and washed with brine, dried
over Na,SO,, and concentrated. The residue was then dissolved in MeOH, to which was added
CH3;ONa/CH30H solution (0.4 M) until pH = 9. After at rt for 20 min, the reaction mixture was
neutralized with Amberlite IR-120 (H") resin, concentrated in vacuum, and finally purified by
flash column chromatography to give 20 as syrup (9.0 g, 83.9% for two steps). 'H NMR (CD;0D,
500 MHz): 6 7.85 (m, 2 H, aromatic H), 7.80 (m, 2 H, aromatic H), 5.25 (d, J = 8.5 Hz, 1 H, H-
1),4.23 (dd, J=11.0 and 8.5 Hz, 1 H, H-2), 4.04-3.98 (m, 2 H, H-3, H-6), 3.94 (dd, J = 10.0 and
4.0 Hz, 1 H, H-6’), 3.74 (m, 1 H, OCH,CH;N3), 3.65-3.60 (m, 1 H, H-5), 3.47-3.38 (m, 2 H, H-4,
OCH,CH;N3), 3.21-3.17 (m, 1 H, CH,N3). *C NMR (CD;O0D, 125 MHz): & 134.2, 132.1, 98.6,
77.3,71.5,71.4,684,61.5,57.3,50.5, 8.5.

Compound 21. It was prepared from 20 (85.5%) following the same procedure described for 19.
'H NMR (CDCls, 400 MHz): 6 7.85 (m, 2 H, aromatic H of Phth), 7.73 (m, 2 H, aromatic H of
Phth), 7.46 (m, 2 H, aromatic H), 7.37 (m, 3 H, aromatic H), 5.55 (s, 1 H, PhCH), 5.32 (d, J =
8.5 Hz, 1 H, H-1), 4.61-4.56 (m, 1 H, H-3), 4.36 (dd, J =10.4 and 4.0 Hz, 1 H, H-6), 4.24 (dd, J
=10.4 and 8.8 Hz, 1 H, H-6"), 3.98-3.93 (m, 1 H, OCH,CH,N3), 3.83-3.79 (m, 1 H, H-2), 3.65-
3.57 (m, 3 H, H-4, H-5, OCH,CH;N3), 3.37-3.30 (m, 1 H, CH,N3), 3.23 (d, 1 H, OH), 3.19-3.13
(m, 1 H, CH,N3). °C NMR (CDCl;, 100 MHz): & 162.9, 137.3, 134.3, 132.0, 129.5, 128.6, 128.4,
126.6, 123.6, 102.1, 99.2, 82.3, 68.8, 68.7, 66.5, 56.8, 50.7, 36.7, 31.6. Ref. J. Xue, J. Zhu, R. E.
Marchant, Z. Guo. Org. Lett., 2005, 7, 3753.

Compound 22. It was prepared from 21 (77.4%) following the same procedure described for 4.
'H NMR (CDCls, 400 MHz): 6 7.85 (m, 2 H, aromatic H of Phth), 7.73 (m, 2 H, aromatic H of
Phth), 7.46 (m, 2 H, aromatic H), 7.37 (m, 3 H, aromatic H ), 5.85 (t, J=9.2 Hz, 1 H, H-3), 5.55
(s, 1 H, PhCH), 5.53 (d, J =8.4 Hz, 1 H, H-1), 4.41 (dd, J=10.4 and 4.8 Hz, 1 H, H-6), 4.32 (dd,
J=10.4 and 8.0 Hz, 1 H, H-6), 4.02-3.98 (m, 1 H, OCH,CH;N3), 3.88-3.74 (m, 3 H, H-2, H-4,
OCH,CH;N3), 3.68-3.63 (m, 1 H, H-5), 3.41-3.34 (m, 1 H, CH,N3), 3.19-3.13 (m, 1 H, CH,N3),
1.89 (s, 3 H, OAc). °C NMR (CDCls, 100 MHz): & 134.5, 129.4, 128.5, 126.5, 123.8, 101.9,
99.0, 79.5, 69.9, 69.1, 68.9, 66.6, 55.5, 50.6, 20.8.

Compound 5. To a stirred solution of 22 (3.0 g, 6.0 mmol) in BH;-THF at 0 °C, TMSOTTf (1.5
mL) was added dropwise. After the mixture was stirred at 0 °C for another hour, the reaction was
quenched by trietylamine and MeOH. The solution was then concentrated and purified by flash
column chromatography to give 5 as a white solid (2.0 g, 66.0%). '"H NMR (CDCls, 500 MHz): &
7.82 (m, 2 H, aromatic H of Phth), 7.70 (m, 2 H, aromatic H of Phth), 7.32 (m, 2 H, aromatic H),
7.26 (m, 3H, aromatic H), 5.77 (dd, J = 10.5 and 9.0 Hz, 1 H, H-3), 5.50 (d, J =9.6 Hz, 1 H, H-
1), 4.66 (d, J=11.0 Hz, 2 H, PhCH,), 4.20 (dd, J = 10.5 and 8.5 Hz, 1 H, H-2), 3.99-3.89 (m, 2
H, H-6, OCH,CH;N3), 3.82 (m, 2 H, H-5, H-6"), 3.67-3.62 (m, 2 H, H-4, OCH,CH;N3), 3.35-
3.30 (m, 1 H, CH,N3), 3.18-3.14 (m, 1 H, CH,N3), 1.76 (s, 3 H, OAc). °*C NMR (CDCls, 125
MHz): & 171.5, 134.4, 134.3, 128.8, 128.7, 128.2, 128.0, 123.7, 98.4, 79.2, 76.4, 75.7, 75.6, 75.0,
73.3,72.0, 69.0, 61.9, 56.9, 56.9, 55.3, 50.6, 20.8.
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Compound 6. After a mixture of 4 (1.6 g, 2.94 mmol), 5 (1.0 g, 1.96 mmol) and 4A molecular
sieves (4 g) was stirred at rt in anhydrous dichloromethane (DCM) for 2 h under an Argon
atmosphere, it was cooled to -50 °C, and then NIS (1.34 g, 5.88 mmol) and AgOTf (0.05 g, 0.2
mmol) were added. The mixture was stirred at rt for 2 days and then quenched by the addition of
triethylamine. The molecular sieves were filtered off with a Celite pad and washed with DCM.
The filtrate and washings were combined and washed with saturated Na,S,03 solution and brine,
dried over anhydrous Na,SO,4 and evaporated in vacuo. The residue was purified by flash column
chromatography (toluene and AcOEt 10:1) to give 6 as a white solid (0.98 g, 54%). R¢ = 0.40
(toluene and AcOEt 4:1). '"H NMR (CDCls, 400 MHz): §7.82-7.78 (m, 4 H), 7.70-7.66 (m, 4 H),
7.46 (m, 2 H), 7.37-7.35 (m, 3 H), 7.26-7.23 (m, 3 H), 7.06-7.03 (m, 2 H), 5.88 (t, J=8.8 Hz, 1
H, H-3’), 5.65 (dd, J = 10.4, 8.8 Hz, 1 H, H-3), 558 (d, J = 8.8 Hz, 1 H, H-1"), 5.56 (s, 1 H,
PhCH), 5.35 (d, J=8.8 Hz, 1 H, H-1), 4.46-4.36 (m, 4 H, H-6’, H-2’, PhCH,), 4.14-4.08 (m, 2 H,
H-6, H-2), 3.88 (d, J = 10.4 Hz, 1 H, H-4"), 3.84-3.73 (m, 4 H, H-6, H-6’, H-5’, OCH,CH,N3),
3.67-3.62 (m, 1 H, H-5), 3.58-3.51 (m, 2 H, H-4, OCH,CH,N3), 3.31-3.24 (m, 1 H, CH,N3),
3.08-3.03 (m, 1 H, CH,N3), 1.90 (s, 3 H, OAc), 1.71 (s, 3 H, OAc). °C NMR (CDCls, 100 MHz):
0 170.5,170.2, 137.6, 137.1, 134.5, 134.3, 129.4, 128.6, 128.5, 128.1, 127.7, 126.5, 123.8, 123.6,
101.9, 98.7, 98.1, 79.4, 77.6, 74.8, 73.2, 70.0, 68.9, 68.8, 68.2, 66.6, 55.5, 55.1, 50.1, 20.8, 20.7.
HR ESI MS (m/z) caled. for C43H4sN5O1sNa (M + Na)' 954.2810, found 954.2813.

Compound 7. After a mixture of 6 (0.58 g, 0.63 mmol) and hydrazine monohydrate (5.5 mL) in
ethanol (30 mL) was refluxed for 2 h, it was concentrated in vacuo, and the residue was purified
by flash column chromatography (CH,Cl, and MeOH 15:1 to 10:1) to afford 7 as a white solid
(0.27 g, 73%). Ry = 0.65 (CH,Cl, and MeOH 7:1). '"H NMR (CD;0D, 400 MHz): §7.50-7.47 (m,
2 H), 7.40-7.28 (m, 8 H), 5.57 (s, 1 H, PhCH), 4.95 (d, J = 11.2 Hz, 1 H, PhCH>), 4.64 (d, J =
10.4 Hz, 1 H, PhCH>»), 4.37 (d,J=8.4 Hz, 1 H, H-1°), 4.27 (d, J = 8.0 Hz, 1 H, H-1), 4.24 (dd, J
= 104, 4.8 Hz, 1 H, H-6"), 4.09 (dd, J = 11.2 and 2.4 Hz, 1 H, H-6), 4.06-4.01 (m, 1 H,
OCH,CH;N3), 3.79-3.68 (m, 3 H, H-6, H-6’, OCH,CH,N3), 3.55-3.34 (m, 8 H, H-3, H-3’, H-4,
H-4’, H-5, H-5’, CH,N3), 2.73 (t, J = 8.8 Hz, 1 H, H-2"), 2.65 (dd, J = 10.4, 8.0 Hz, 1 H, H-2).
*C NMR (CD;OD, 100 MHz): & 138.0, 128.7, 128.2, 127.9, 127.8, 127.6, 126.3, 104.4, 103 .4,
101.9, 81.6, 78.7, 76.6, 74.8, 74.6, 72.9, 68.9, 68.7, 68.5, 66.9, 57.9, 57.4, 50.8. HR ESI MS
(m/2): caled for CysH3gNsOg (M + H)+, 588.2670; found, 588.2647.

Compound 9. After the solution of EDC-HCI (391 mg, 2.0 mmol) and 8 (260 mg, 0.6 mmol) in
anhydrous DCM (8 mL) and DMF (0.5 mL) was stirred at rt for 0.5 h, it was cooled to 0 °C, and
then a solution of 7 (120 mg, 0.2 mmol) in DMF (1.5 mL) was added. The mixture was stirred at
rt overnight and then diluted with DCM, washed with brine, dried over anhydrous Na,SO4 and
evaporated in vacuo. The residue was purified by flash column chromatography (CH,Cl, and
MeOH 40:1) to give 9 as a white solid (230 mg, 80%). R¢= 0.40 (CH,Cl, and MeOH 20:1). 'H
NMR (CDCl;, 400 MHz): & 7.50-7.47 (m, 2 H), 7.37-7.29 (m, 8 H), 6.19 (d, J = 4.8 Hz, 1 H,
NH’), 5.99 (d, J=6.8 Hz, 1 H, NH), 5.53 (s, 1 H, PhCH), 5.19-5.13 (m, 1 H, lipid), 5.11-5.05 (m,
1H, lipid), 4.98 (d, J=11.2 Hz, 1 H, PhCH>), 4.81 (d, J=8.8 Hz, 1 H, H-1), 4.64 (d,J=11.2 Hz,
1 H, PhCH>), 4.62 (d, J=3.2 Hz, 1 H, 3-OH), 4.58 (d, J=8.0 Hz, 1 H, H-1"), 4.30 (dd, J=10.8
and 4.0 Hz, 1 H, H-6), 4.17 (dt, =J 9.2 and 3.2 Hz, 1 H, H-3"), 4.09 (dd, J=11.2 and 2.4 Hz, 1
H, H-6’), 4.06-4.01 (m, 1 H, OCH>CH,N3), 3.99 (d, J = 3.2 Hz, 1 H, 3’-OH), 3.93 (dt, J=9.6
and 3.2 Hz, 1 H, H-3), 3.77-3.70 (m, 3 H, H-6, H-6’, OCH,CH,Nj3), 3.56-3.31 (m, 8 H, H-2, H-2",
H-4, H-4’, H-5, H-5’, OCH,CH,N3), 2.48 (d, J = 6.4 Hz, 2 H, lipid), 2.37-2.26 (m, 6 H, lipid),
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1.66-1.50 (m, 8 H, lipid), 1.25 (br, 68 H, 34 x CH,, lipid), 0.87 (t, J 6.4 Hz, 12 H, 4 x CHj3, lipid).
BC NMR (CDCls, 100 MHz): 6 174.6, 174.5, 172.1, 171.5, 138.5, 137.3, 129.3, 128.7, 128.5,
128.3, 128.1, 126.6, 102.1, 100.8, 100.3, 81.7, 78.5, 76.2, 74.9, 74.7, 71.7, 71.5, 71.1, 68.8, 68.2,
66.5, 59.1, 58.3, 50.9, 42.6, 36.7, 34.8, 32.1, 31.7, 29.9, 29.7, 29.6, 29.4, 25.5, 25.2, 22.9, 14.3.
HR ESI MS (m/z): caled for CgoH;33NsNaO;s (M + Na)+, 1426.9696; found, 1426.9696.

Compound 10. After the solution of EDC-HCI (205 mg, 1.07 mmol) and lauric acid (142 mg,
0.712 mmol) in anhydrous DCM (5 mL) was stirred at rt for 20 min, a solution of 9 (100 mg,
0.07 mmol) and N,N-dimethylaminopyridine (DMAP, 8.7 mg, 0.07 mmol) in DCM (5 mL) was
added. The mixture was stirred at 45 °C overnight, and it was then diluted with DCM, washed
with brine, dried over anhydrous Na,SO4 and evaporated in vacuo. The residue was purified by
flash column chromatography (CH,Cl, and acetone 30:1 to 20:1) to give 10 as a white solid (110
mg, 87.3%). Ry = 0.40 (CH,Cl,and acetone 20:1). '"H NMR (CDCls, 400 MHz): 6 7.43-7.40 (m,
2 H), 7.35-7.21 (m, 8 H), 5.97 (d, J = 7.2 Hz, 2 H, NH, NH’), 5.48 (s, 1 H, PhCH), 5.24 (t, J =
10.0 Hz, 1 H, H-3"), 5.17-5.00 (m, 3 H, H-3, 2 H lipid), 4.70 (d, J = 8.4 Hz, 1 H, H-1), 4.61-4.52
(m, 3 H, H-1°, PhCHy), 4.32 (dd, J=10.4, 4.8 Hz, 1 H, H-6"), 4.06-3.90 (m, 4 H, H-2, H-2", H-6,
OCH,CH;N3), 3.79-3.64 (m, 4 H, H-4’, H-6, H-6’, OCH,CH;N3), 3.61-3.42 (m, 4 H, H-4, H-5,
H-5°, CH;N3), 3.37-3.31 (m, 1 H, CH,N3), 2.47-2.40 (m, 2 H, lipid), 2.34-2.15 (m, 6 H, lipid),
1.64-1.48 (m, 12 H, lipid), 1.24 (br, 104 H, 52 x CH,, lipid), 0.87 (t, J = 6.4 Hz, 18 H, 6 x CH3,
lipid). *C NMR (CDCls;, 100 MHz): § 174.0, 173.9, 173.8, 169.9, 169.7, 137.8, 137.1, 129.3,
128.7, 128.4, 128.2, 127.9, 126.3, 102.2, 101.5, 100.7, 79.0, 76.4, 75.3, 74.6, 71.5, 71.3, 71.2,
68.8, 68.1, 67.1, 66.7, 54.7, 53.6, 51.0, 42.1, 41.8, 34.8, 34.7, 34.5, 34.3, 32.1, 29.9, 29.8, 29.7,
29.6, 29.5, 29.4, 29.3, 25.5, 25.3, 25.0, 22.9, 14.3. HR ESI MS (m/2): calcd for C;p4H177NsNaO7
(M +Na)", 1791.3037; found, 1791.3024.

Compound 11. After the mixture of 10 (85 mg, 48 pmol), NaBH;CN (45 mg, 0.72 mmol) and
4A molecular sieves (1 g) in dry THF (10 mL) was stirred at rt for 2 h, it was cooled to 0 °C, and
then HCI1 (1 M in dry ether) was added dropwise until the pH = 2. After the reaction mixture was
stirred at 0 °C for 1 h and at rt for 3 h, triethylamine (0.5 mL) was added to terminate the reaction.
The molecular sieves were filtered off through a Celite pat and washed with DCM. The filtrate
and washings were combined and washed with saturated NaHCOj3 solution and brine, dried over
anhydrous Na,SO4 and finally evaporated in vacuo. The residue was purified by flash column
chromatography (CH,Cl, and acetone 15:1) to give 11 as a white solid (60 mg, 70.6%). R¢= 0.25
(CH,Cl, and acetone 15:1). [a]**p -15.0 (¢ 1.0, CHCls). "H NMR (CDCls, 400 MHz): & 7.36-7.19
(m, 10 H), 5.96-5.90 (m, 2 H, NH’, NH), 5.15-4.98 (m, 4 H, H-3’, H-3, and 2 H of lipid), 4.64 (d,
J=28.8 Hz, 1 H, H-1), 4.60-4.50 (m, 5 H, H-1", 2 x PhCH5), 4.04-3.85 (m, 4 H, H-2’, H-2, H-6’,
OCH,CH;N3), 3.79-3.63 (m, 5 H, H-4, 2 x H-6, H-6’, OCH,CH;N3), 3.60-3.48 (m, 3 H, H-4’, H-
5’, H-5), 3.46-3.38 (m, 1 H, CH»N3), 3.33-3.26 (m, 1 H, CH»N3), 2.46-2.12 (m, 8 H, lipid), 1.66-
1.46 (m, 12 H, lipid), 1.25 (br, 104 H, 52 x CHa, lipid), 0.87 (t, J = 6.4 Hz, 18 H, 6 X CH3, lipid).
C NMR (CDCls;, 100 MHz): & 174.8, 174.0, 173.9, 169.9, 169.8, 137.8, 128.7, 128.6, 128.1,
128.0, 127.9, 101.4, 100.8, 76.5, 75.2, 74.7, 74.2, 74.0, 71.3, 71.2, 70.7, 67.9, 67.3, 54.0, 53.7,
50.9, 42.0, 41.8, 34.7, 34.4, 34.3, 32.2, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 25.5, 25.3, 25.2, 25.0,
22.9, 14.3. MALDI-TOF MS (m/z): calcd for C104H179N5017, 17703, found, 1793.3 (M + Na)+.

Compound 3. To the stirred solution of 11 (38 mg, 21 pmol) in dry DCM (3 mL), dibenzyl
diisopropylphosphoramidite 12 (21 pL, 64 pmol) and 1H-tetrazole (~0.45 M in CH3CN, 0.24 mL,
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0.107 mmol) were added. After the mixture was stirred at rt for 2 h and then cooled to -20 °C, t-
BuOOH (~5.5 M in CH;CN, 39 pL, 0.214 mmol) was added, and the mixture was stirred at rt for
another 2 h. The solvent was removed in vacuo, and the residue was purified by flash column
chromatography (CH,Cl, and MeOH 60:1) to give 3 as syrup (36.5 mg, 84%). Ry= 0.45 (CH,Cl,
and MeOH 40:1). [0]**p -9.0 (¢ 0.5, CHCl3). '"H NMR (CDCls, 400 MHz): § 7.33-7.19 (m, 20 H),
5.87(d,J=8.8 Hz, 1 H,NH’), 5.80 (d, J=8.8 Hz, 1 H, NH), 5.31 (dd, J=10.4 and 8.8 Hz, 1 H,
H-3), 5.13-5.04 (m, 2 H, H-3 and 1 H of lipid), 5.02-4.95 (m, 1 H, lipid), 4.91-4.85 (m, 4 H,
(PhCH,0),P), 4.77 (d, J = 8.4 Hz, 1 H, H-1"), 4.54 (s, 2 H, PhCH>), 4.51 (d, J = 8.0 Hz, 1 H, H-
1), 4.48-4.41 (m, 3 H, H-4’, PhCH,), 4.05-3.88 (m, 3 H, H-2, H-6, OCH,CH,N3), 3.84-3.68 (m,
3 H, H-2’, H-6’, H-6), 3.67-3.47 (m, 5 H, OCH,CH;Nj3, H-6°, H-5°, H-5, H-4), 3.46-3.39 (m, 1 H,
CH>N3), 3.32-3.25 (m, 1 H, CH,N3), 2.45-2.35 (m, 2 H, lipid), 2.32-2.12 (m, 8 H, lipid), 1.64-
1.36 (m, 10 H, lipid), 1.34-1.08 (br, 104 H, 52 x CH,, lipid), 0.87 (t, J = 6.4 Hz, 18 H, 6 X CH3,
lipid). ®C NMR (CDCls, 100 MHz): & 128.8, 128.7, 128.6, 128.1, 128.0, 127.8, 101.0, 100.8,
76.5,75.2, 74.7, 74.6, 74.5, 74.3, 73.6, 72.6, 71.3, 71.1, 70.7, 69.8, 69.7, 68.9, 68.3, 67.3, 54.8,
53.7, 50.9, 42.0, 41.9, 34.7, 34.4, 34.1, 32.1, 29.9, 29.8, 29.7, 29.6, 29.4, 25.6, 25.2, 25.0, 24.8,
22.9, 14.4.*'P NMR (CDCls, 161 MHz): & -1.11. HR ESI MS (m/2): calcd for Ci15H9;NsNaOx,P
(M +Na)", 2053.3796; found, 2053.3835.

Compound 13. A suspension of 3 (25 mg, 12 umol), active zinc dust (25.0 mg, 0.38 mmol), and
acetic acid (7 pL, 0.12 mmol) in DCM (2 mL) was stirred at rt for 24 h, and then solid materials
were removed by filtration and washed with DCM. The combined filtrates were neutralized with
DIPEA, washed with brine, dried over anhydrous Na,SO4, and then concentrated in vacuo. The
product [HR ESI MS (m/z): calcd for C;18H;9sN300P (M + H)+, 2005.4072, found, 2005.4142]
was used for the next step of reaction without further purification. The solution of the obtained
crude amine, succinic anhydride (5 mg, 49 umol), DIPEA (20 pL, 0.12 mmol) and a catalytic
amount of DMAP in DCM (2 mL) and DMF (0.5 mL) was stirred at rt overnight. The mixture
was concentrated in vacuo and co-evaporated with toluene a couple of times, and the residue was
purified by flash column chromatography (CH,Cl, and MeOH 30:1) to give 13 as a white solid
(18 mg, 70%). Ry = 0.3 (CH,Cl, and MeOH 20:1). [a]**p -12.0 (¢ 0.25, CHCl3). 'H NMR (CDCl;,
400 MHz): 6 7.34-7.16 (m, 20 H), 6.61 (m, 1 H, OCH,CH,;NH), 6.34 (d, J = 8.8 Hz, 1 H, NH),
594 (d,J=8.8Hz, 1 H, NH), 5.43 (t, J=9.6 Hz, 1 H, H-3"), 5.10-4.97 (m, 3 H, H-3 and 2 H of
lipid), 4.93-4.83 (m, 4 H, (PhCH,0),P), 4.78 (d, J=8.0 Hz, 1 H, H-1"), 4.57-4.43 (m, 5 H, H-4’,
2 x PhCH,), 4.34 (d, J = 8.0 Hz, 1 H, H-1), 4.06-3.95 (m, 2 H, H-2, H-6), 3.84-3.76 (m, 2 H, H-
2’, H-67), 3.74-3.61 (m, 5 H, OCH,CH,NH, H-5", H-6, H-6’), 3.60-3.45 (m, 3 H, OCH,CH,NH,
H-5, H-4), 3.28-3.20 (m, 1 H, OCH,CH,NH), 2.82-2.72 (m, 1 H, CH,CH,COOH), 2.64-2.46 (m,
3 H, CH,CH,COOH), 2.46-2.38 (m, 2 H, lipid), 2.34-2.10 (m, 8 H, lipid), 1.64-1.35 (m, 10 H,
lipid), 1.34-1.02 (br, 104 H, 52 x CH,, lipid), 0.87 (t, J = 5.4 Hz, 18 H, 6 x CHj, lipid). °C NMR
(CDCls, 125 MHz): 6 174.3, 174.3, 174.2, 173.9, 170.3, 170.3, 138.3, 137.8, 135.7, 128.8, 128.7,
128.6, 128.2, 128.1, 128.0, 127.9, 127.8, 101.4, 100.9, 75.0, 74.8, 74.7, 74.3, 73.6, 72.7, 71.5,
69.9, 69.8, 68.9, 68.3, 54.8, 54.0, 42.0, 41.6, 40.2, 34.8, 34.5, 34.3, 34.2, 32.2, 29.9, 29.8, 29.7,
29.6, 29.5, 29.4, 25.6, 25.5, 25.3, 25.0, 24.8, 22.9, 14.4. *'P NMR (CDCl;, 161 MHz): & -1.36.
HR ESI MS (m/z): caled for Ci22H;9sN3NaO»3P (M + Na)+, 2127.4051;, found, 2127.4089.

Compound 14. To a stirred solution of 13 (18 mg, 8 pmol) and p-nitrophenol (5.9 mg, 42 pumol)

in DCM (5 mL) was added EDC-HCI (8.2 mg, 42 pmol) in an ice bath. After the mixture was
stirred at rt for 5 h, it was diluted with DCM, washed with brine, dried over anhydrous Na;SOs,

S-6



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

and condensed in vacuo. The residue was purified on a TLC plate (CH,Cl, and MeOH 20:1) to
give 14 as a white solid (16 mg, 83.5%). Ry = 0.55 (CH,Cl, and MeOH 20:1). [a]**p -10.0 (c
0.65, CHCl3). '"H NMR (CDCl3, 400 MHz): & 8.24-8.19 (m, 2 H), 7.34-7.16 (m, 22 H), 6.73 (m,
1 H, OCH,CH,NH), 6.09 (d, J 8.8 Hz, 1 H, NH), 5.78 (d, J=9.2 Hz, 1 H, NH), 5.32 (t, J = 8.8
Hz, 1 H, H-3"), 5.08-5.03 (m, 1 H, lipid), 5.00-4.94 (m, 2 H, H-3 and 1 H of lipid), 4.92-4.83 (m,
4 H, (PhCH,0),P), 4.71 (d, J = 8.0 Hz, 1 H, H-1"), 4.57-4.49 (m, 2 H, PhCH,), 4.48-4.40 (m, 3
H, H-4’, PhCH,), 4.31 (d, J=8.0 Hz, 1 H, H-1), 4.06-3.88 (m, 2 H, H-6, H-2), 3.83-3.71 (m, 3 H,
H-2’, H-6’, OCH,CH,NH), 3.69-3.58 (m, 4 H, OCH,CH,NH, H-5’, H-6, H-6’), 3.55-3.34 (m, 4
H, H-5, H-4, OCH,CH,NH), 2.92 (t, J = 7.6 Hz, 2 H, CH,COOPhNO), 2.62 (t,J = 7.6 Hz, 2 H,
CH,CH,COOPhNO,), 2.44-2.35 (m, 2 H, lipid), 2.30-2.12 (m, 8 H, lipid), 1.70-1.36 (m, 10 H,
lipid), 1.34-1.02 (br, 104 H, 52 x CH,, lipid), 0.87 (t, J = 6.4 Hz, 18 H, 6 x CH3, lipid). °C NMR
(CDCls, 125 MHz): 6 174.2,174.1,173.9, 173.8, 171.7, 171.4, 170.4, 170.2, 155.7, 145.5, 138.2,
137.7, 135.6, 135.5, 128.9, 128.8, 128.7, 128.6, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 125.4,
122.7, 101.5, 101.0, 76.4, 74.8, 74.5, 74.4, 73.6, 72.5, 71.3, 71.2, 70.0, 69.9, 69.8, 68.9, 68.5,
68.0, 54.8, 54.3, 42.2, 41.9, 40.2, 34.8, 34.5, 34.4, 34.2, 32.2, 30.5, 29.9, 29.8, 29.7, 29.6, 29.5,
29.4,25.6,25.3,25.0,24.8,22.9, 14.4. *'P NMR (CDCls, 161 MHz): & -1.04. HR ESI MS (m/2):
calcd for Ci28H201N4NaO,sP (M + Na)', 2248.4215; found, 2248.4226.

Compound 16. To a stirred solution of 14 (12 mg, 5 pmol) and 15 (6 mg, 8 pmol) in DMF (1.5
mL), N-methylmorpholine (NMM, 6 HL, 54 pmol) was added at 0 °C. The reaction mixture was
stirred at rt overnight, and then DMF was removed in vacuo. The residue was purified on a TLC
plate (CH,Cl, and MeOH 3:1) to give 16 as a white solid (10 mg, 65%). R¢ = 0.2 (CH,Cl, and
MeOH 3:1). [a]*'b -4.5 (¢ 0.38, CHCl; and MeOH 4:1). '"H NMR (CDCl; and CD;0D 6:1, 500
MHz): 8 7.24-7.09 (m, 25 H), 5.30 (t, J = 10.0 Hz, 1 H, H-3"), 5.02-4.91 (m, 3 H, H-3, and 2 H
of lipid), 4.81-4.73 (m, 4 H, (PhCH,0),P), 4.68 (d, J = 8.0 Hz, 1 H, H-1"), 4.47-4.40 (m, 2 H,
PhCH,), 4.39-4.33 (m, 3 H, H-4’, PhCH,), 4.32 (d, J=8.0 Hz, 1 H, H-1"), 4.28 (d, J=9.0 Hz, 1
H, H-1),4.17 (d,J=7.5 Hz, 1 H, H-1"), 3.99-3.94 (m, 2 H, H-6), 3.94-3.40 (m, 31 H), 3.38-3.16
(m, 5 H), 2.40-2.32 (m, 4H), 2.29 (dd, J = 15.0 and 6.0 Hz, 1 H, H-3"e of GM3), 2.25-2.00 (m,
11 H, lipid and H-3"a of GMs), 1.67-1.34 (m, 10 H, lipid), 1.30-0.98 (br, 104 H, 52 x CHa, lipid),
0.84-0.70 (m, 18 H, 6 x CHj, lipid). °C NMR (CDCl; and CD;OD 6:1, 125 MHz): § 129.0,
128.8, 128.6, 128.5, 128.4, 128.0, 127.8, 127.7, 127.6, 127.1, 103.9, 102.9, 101.2, 100.5, 80.0,
77.5, 76.5, 76.1, 75.4, 74.9, 74.6, 74.2, 73.9, 73.7, 73.4, 73.3, 72.4, 72.3, 71.5, 71.2, 70.9, 69.9,
69.8, 69.2, 68.8, 68.5, 68.1, 67.5, 63.4, 61.7, 60.9, 54.4, 53.7, 52.7, 49.4, 49.2, 49.1, 48.9, 42.8,
41.1, 40.9, 39.6, 39.4, 34.5, 34.2, 34.0, 31.9, 31.0, 30.9, 29.7, 29.5, 29.4, 29.3, 25.4, 25.1, 24.8,
24.6,22.7,14.0.*'P NMR (CDCl; and CD;OD 6:1, 161 MHz): & -1.52. HR ESI MS (m/z): calcd
for C153H244N5Na2041P (M + 2Na)2+, 1442.3342; found, 1442.3287.

HO 0
HO “o o o 9 H HA o™} o/ 7nAPh
o= HN HO ORGP N~
:(>) o O N N O o7y0" o COHHO I “oH
10 o) H 0 HO OH 72" "Ho
o YO HO

({fo (O10 =0
(Q1o 23

Compound 23. A mixture of 16 (7.5 mg, 2.64 pmol) and 10% Pd-C (5.0 mg) in DCM-MeOH
(1:1, 4 mL) was stirred under an atmosphere of H, at rt for 1 day. Thereafter, the catalyst was
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removed by filtration through a Celite pad, and the Celite pad was subsequently washed with
DCM-MeOH (1:1) and MeOH. The combined filtrates were concentrated in vacuum, and the
residue was purified by a short silica gel column (eluent: DCM/MeOH 1:3) to give 23 as a white
solid (4.0 mg, 61.5%). Ry= 0.25 (CH,Cl,/MeOH 1:3). '"H NMR (CDCl3-CD;OD, 500 MHz): &
3'P_NMR(CDCl5-CD;0D, 161 MHz): & 2.875.

2. NMR and MS Spectra
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Single Mass Analysis
Tolerance = 5.0 PPM / DBE:
Element prediction: Off
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

min = -1.5, max = 500.0

PhthN  BnO
AcO
[=]

637 formula(e) evaluated with 7 results within limits (up to 50 closest resuits for each mass)

Elements Used:

C:0-50 H:0-50 N:0-6 O:0-20 Na:0-2
Q. Wang Qw0615

Shay 2008-07b.pro

2009_0108_0267 12 (0.246) Cm (10:12-1:5x2.000)

Q. Wang QWO0615 in MeOH Cone 20 ’ " 11-Jul-2008 10:53:12
0807114715 180 (3.327) Cm (177:184-3:31x1.500) Scan ES+
100+ 954.7 7.82e5
Ph/V
AcO
PhthN BnO o] |
\/\N3 |
PhthN
949.8| 9707
%_
971.7
991.8
?2.8
93.8 11319
/‘ ) il |-_,1 1489 12833 1405.9 1580.4 16198 1382.? 1952.5 -
200 400 600 800 1000 1200 | 1400 “Tde00 | 1800
ESI MS spectrum of 6
Elemental Composition Report Page 1

Ph—X-0 o
O o
AcO o
O\/\N3

hthN

LCT Premier 08-Jan-2009 11:48:17

1: TOF MS ES+

2.81e+004
100 954.2813
955.2845
Y%
956.2893
869.2516 879.7235 901.7317 927.2542 940.2997 949.3262 970.2542 991.3778 gg6 2709
908.7939 N . L : . ; de T miz
T T T T T T T T T T T T T T T T T T T
870 880 890 910 920 930 2940 950 960 970 980 990 1000
Minimum: -1.5
Maximum: 5.0 5.0 500.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
954.2813 954.2810 0.3 0.3 28.5 47.1 4.6 C48 H45 NS 015/%
Na
8954.2821 -0.8 -0.8 26.5 47.5 4.9 c49 H48 N 019
954.2796 1.7 1.8 23.5 45.3 2.7 C47 H49 N 019
Na
954.2834 -2.1 -2.2 31.5 49.1 6.6 C50 H44 NS ol15
954.2786 2.7 2.8 25.5 45.0 2.5 C46 H46 N5 015
Naz2
954.2845 -3.2 -3.4 16.5 49.6 7.1 C39 H50 N5 020
Na2
954.2772 4.1 4.3 20.5 42.7 0.2 c45 H50 N o019
Naz2

HR ESI MS spectrum of 6
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max =60.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1070 formula(e) evaluated with 7 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-113 H:0-116 N:0-5 O:0-13 23Na: 0-1

guo- Qwang QW0629 mw587 LCT0109 10pg/ul meoh 1ul 1ul stk

Shay 2008-07b.pro LCT Premier 22-Aug-2008 16:33:32
2008_0822_0109_26 12 (0.246) Cm (9:12-33:45x2.000) 1: TOF MS ES+
4.58e+003
10 Ph—%-0 588.2647
o o)
HO © o
HoN
% N B o\/\N?, 589.2694
H,oN
611.2510
109.6166 221.1697 267.0634 294.6346 351 2562 383.1899 g3 5417498.2160 563.4415 ( 664.8179
01 T T IRERSE SUERE RARRY T T T T T T ARRRSSAARS -t miz
100 150 200 250 300 350 400 450 500 550 600 650
Minimum: -1.5
Maximum: 8.0 5.0 60.0
Mass Calc. Mass mDa PPM DBE i-FIT i~-FIT (Norm) Formula
588.2647 588.2670 -2.3 -3.9 12.5 52.4 0.8 Cc28 H38 N5 09
588.2656 -0.9 -1.5 7.5 52.8 1.2 C27 H42 N 013
588.2645 0.2 0.3 9.5 53.1 1.5 Cc26 H39 N5 09
23Na
588.2632 1.5 2.5 4.5 56.1 4.5 C25 H43 N 013
23Na
588.2651 -0.4 -0.7 25.5 59.7 8.1 C40 H34 N3 O2
588.2627 2.0 3.4 22.5 60.2 8.6 Cc38 H35 N3 02
23Na
588.2667 -2.0 -3.4 26.5 61.3 9.7 Cc43 H35 N 23Na

HR ESI MS spectrum of 7

Narcury 400 spectremster
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'H NMR spectrum of 8 (CDCls, 400 MHz)
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proton spactrum Marcury 400 spsctromster
Pulses Sequence: gtacosy

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.
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'H-'"H COSY NMR spectrum of 9 (CDCls, 400 MHz)
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BC NMR spectrum of 9 (CDCls, 100 MHz)
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Elemental Composition Report Page 1

o]
Single Mass Analysis &\L
Tolerance = 5.0 PPM / DBE: min=-1.5, max =60.0 HN Bno%o\/\

Element prediction: Off Na
Number of isotope peaks used for i-FIT = 3

-.|o
Monoisotopic Mass, Even Electron lons % N.o
199 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass) o
Elements Used:
C:0-80 H:0-200 N:0-5 0:0-15 23Na:0-1
guo- Qwang QW0632 mw1403.9 LCT0110 10pg/ul meoh 1ul 1ul stk
Shay 2008-07b.pro LCT Premier 22-Aug-2008 16:49:23
2008_0822_0110_28 14 (0.300) Cm (10:14-1:6x2.000) 1/ TOF MS ES+
4.45e+002
100 1426.9696
%
1428.9750
1378.8530 1404.9070 1429.9954
. 13846776 14205449 |||/ 14480500 1456.0511400.2245 14855874 14978708
“'r""I""\""!""[""I""T"””"""\“'""’“""'I""l""f"'I""l"‘\"’!""I"'["" T CTTTTTTTTE
1370 1380 1390 1400 1410 1420 1430 1440 1450 1460 1470 14|80 ‘ 1490 1500
Minimum: -1.5
Maximum: 8.0 5.0 60.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
1426.9696 1426.969%6 0.0 0.0 16.5 94,1 0.0 C80 H133 N5 015
23Na
HR ESI MS spectrum of 9
Phr/%O (] Maroury 400 spectrometer
0
o]
0
HN BnO o
o &/ ~"N 5
o HN
0
10
O |IO
O
i'd
[
iI
1
|
|1
|| | —
i: ) —~ ||' | |
o - _:ﬁ; - .._._.:'___l.iLJu'I'J\.. ; _.u_,l' oA .._J.L’Lﬂmhr‘lh M _f'ﬁ DAY v, p— I\'—-—
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7 6 5 4 3 2 1 Pom

"H NMR spectrum of 10 (CDCl;, 400 MHz)
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r
proton spectrum Marcury 400 spectromster
Pulse Sequence: gtocosy
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'H-'"H COSY NMR spectrum of 10 (CDCls;, 400 MHz)
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BC NMR spectrum of 10 (CDCls, 100 MHz)
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ﬁe : Cursor

1791.4778
(o]
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HN BnO o}
o o &/ ~ N,

o HN
600 ile) o

0o 10

o}
4004
714.8506
2004 689.0458 1794.6353
1765.4847
6:38125“ 1763.4797
665.617¢ 1 8747500 1oesAT95 17434780
u_,‘,.. 5 -Lul-‘l. Jliu JI‘ ! PR Sd, " dd AAI“ LA‘ N - Al
600 800 1000 1200 1400 1800 1800 2000 2200 2400 miz
MALTI-TOF MS spectrum of 10
Elemental Composition Report Ph/\g&/ Page 1
Single Mass Analysis . O N OBnO o o
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 o o) \/\N3
Element prediction: Off ° 5 HN
Number of isotope peaks used for i-FIT = 3 o
.-IO

Monoisotopic Mass, Even Electron lons o) 0

426 formula(e) evaluated with 4 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-110 H:0-500 N:0-5 O:0-17 23Na: 0-1
26-Sep-200810:08:54Guo- quanli wang qwo640 mw1768.3 LCT0144 5ul. meoh 4x stk
Shay 2008-07b.pro

LCT Premier 26-Sep-2008 10:08:54

2008_0926_0144_02 16 (0.317) Cm (13:21-(3:8+38:43)x3.000) . TOF MS ES+
1.99e+003
100. 1792.3033
1791.3024
% 1793.3075
‘ 1794.3057
| 1795.3177
0117796519 1783.1506 17873419 [ ( 1801.6752 1807.9497 18096713 4545 6061 e
T T AP S SV B S SN B T T T T T LI N T
1780.0 1785.0 1790.0 1795.0 1800.0 1805.0 1810.0 1815.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
1791.3024 1791.3037 -1.3 -0.7 18.5 63.2 0.6 €104 H177 N5 017
23Na
1791.3061 -3.7 -2.1 21.5 64.2 1.6 C106 H176 N5 OL7
1791.2965 5.9 3.3 22.5 64.3 1.7 €110 H177 N 016
23Na
1791.3077 -5.3 -3.0 22.5 65.2 2.6 €109 H177 N3 015
23Na

HR ESI MS spectrum of 10
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'H NMR spectrum of 11 (CDCl;, 400 MHz)
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"H-"H COSY NMR spectrum of 11 (CDCls, 400 MHz)
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Marcury 400 spactromster
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"H NMR spectrum of 3 (CDCls, 400 MHz)

proton Spectrm Marcury 400 spectromster
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'H-"H COSY NMR spectrum of 3 (CDCls, 400 MHz)
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CH AND CH3 CARBONS
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o 3
o HN o
.||o
o) .0
(0]
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BC NMR (including DEPT-135) spectrum of 3 (CDCls, 100 MHz)

Marcury 400 spectrometer
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3'P NMR spectrum of 3 (CDCls, 161 MHz)
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I —— 5 UL T [ I
[gx m-;g:m 030.4 LOTO168 u LCT Premier 07-Oct-2008 4::0::0
. . +
2008_1007_0165_06 13 (0.300) Cm (11:17-34:44x2.000) 2054.3840 1: TOF M?.Ezsea
mc::1
BnO_ O OBn 2053.3835
Bn0 o O
HN BnO 0
o
o] o o HN \/\N3 2055.3867
alle) © 2+
o . [M+2Na]
o 1038.6846
*.
1038.18441039.1866
039.6863 ‘
[2056.3999
’ |
_2056.4106
1038.1737_ 1211.7460 2057.4053 |
0791 4631338 1038.2047] 2048.4138 5057.4170
313.0993???7[ . . ©055084gs57550 ||| p2137417 1607.3502 17953503 . . 2357.4336 WZJ
086 400 | 00 800 1000 1200 1400 1600 1800 2000 2200 2400
HR ESI MS spectrum of 3
Elemental Composition Report BnO_ L0  opn Page 1
4
‘ 7\
. . o}
Single Mass Analysis BnO of o
Tolerance = 7.0 PPM / DBE: min = -1.5, max = 50.0 o HN BnO 0 o~
Element prediction: Off 0 e N
Number of isotope peaks used for i-FIT = 3 0 o
ile]
Monoisotopic Mass, Even Electron lons o

629 formula(e) evaluated with 4 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-120 H:0-200 N: 06 0:0-22 Na:0-1 P:0-1

Guo- Q.Wang qwo644 mw2030.4 LCT0165 1uL meoh

Shay 2008-07b.pro T Premier
2008_1007_0165_06 13 (0.300) Cm (11:17-34:44x2.000)

1.820+003
100 20533835 2054.3840
2055.3867
%
S 12 2043.0457 20438827 20484138 2050.4624 Fabaid b W 2056i39‘-79? o409 sn0zas miz
20420 20440 20460 20480 20500 20520 20540 20560 20580  2060.0 = 2062.0
Minimum: -1.5
Maximum: 5.0 7.0 50.0
Mass Calc. Mass mDa PPM DBE - i-FIT i-FIT (Norm) Formula
2053.3835 2053.3796 3.9 1.9 25.5 82.9 0.9 €118 H192 N5 020
2053.3820 1.5 0.7 28.5 83.2 1.2 1200 HIS1 N5 020
2053.3878 -2.3 —2.1 25.5 83.6 1.6 Ci1s mio1 Ns o022
2053.3902 -6.7 -3.3 28.5 84.6 2.6 Cizo m1s0 NS o022

HR ESI MS spectrum of 3 (expansion)
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Marcury 400 spectromster |_
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"H NMR spectrum of 13 (CDCls;, 400 MHz)
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'H-'"H COSY NMR spectrum of 13 (CDCls, 400 MHz)
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Varian 500 ME: [spectromster

o N - . JU.LHL R ¥ MJJ

L I A B B S e e e e e e e | LA T

1s0 140 120 100 80 60 40

3C NMR spectrum of 13 (CDCls, 100 MHz)

Marcury 400 spsctromster

P
Bno’ \O O o
o
0
o= HN Bno O\/\NMOH
o)
o HN H 5
o
le]
o "o
o
4
100 80 60 20 0 -20 -40 -60 -80 rpm

40
3'p NMR spectrum of 13 (CDCl;, 161 MHz)

S-30



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

S S l

Guo- Q.Wang qwo656 mw2104 LCT0210 0.5uL meoh LCT Promier 11-N w”m; 3‘;‘; soal
Shay 2008-07b.pro 1: TO + |
2008{1111__0210_‘;5 14 (0.283) Cm (12:17-(4:9+28:31)x2.000) 2128.4021 652/
100+ |
BnO\P//O OBn .
BnO’ ‘o Q
O 0 o o)
o HN Bno_ OV\N MOH
o)
o HN H 0
o
B
Q o 2129.4094
0 i
o)
2127.4089
9
aﬁ_
1075.1925
1076.1967 2127.3997
1064.6987 2127.3894 l2130.3850
h | 2130.4182
1064.1 2107.4128 | 2131.4377
10627202 (1076.6909 l 2144.3372
903.70421005.7560._ A087.1714 . 1458,1658 1583.1874 17552400 stsmsssmesnssmsvnsormobdirsmesion. 2
T T T T T T Y
HR ESI MS spectrum of 13
Elemental Composition Report Page 1
. BnO\P,/O OBn
Single Mass Analysis B0 0 °
9 o 0] lo)
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 o= M BoN"Q o~ S
Element prediction: Off ° 4 HN N I
Number of isotope peaks used for i-FIT = 3 0 o

Monoisotopic Mass, Even Electron lons

364 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each fma S)
Elements Used:

C:0-122 H:0-200 N:0-3 0:0-23 23Na:0-1 P:0-1 (R4 +

£
w0656 mw2104 LCT0210 0.5uL meoh ,vtf
iay 2008-07b.pro LCTP

ier/11-Nov-2008 10:41:08

2008_1111_0210_05 14 (0.283) Cm (12:17-(4:9+28:31)x2.000) 1: TOF MS ES+
6.52e+002
100 2128.4021
2129.4094
2127.4089
%
2127.3997. 2130.3850
o 2111.5098 2117.2214 21234766 | 21327756 21414331 543370 21404543
S S e o L= WOt R YN A A B b e e e et AN L e S
2110.0 2115.0 2120.0 2125.0 2130.0 2135.0 2140.0 2145.0 2150.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
2127.4089 2127.4051 3.8 1.8 25.5 67.6 0.0 Cl22 H198 N3 023

23Na P

HR ESI MS spectrum of 13 (expansion)

S-31



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009

Nezcwxy 408 spectromster
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'H-'"H COSY NMR spectrum of 14 (CDCls, 400 MHz)
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Varian 500 Wiz spectromster
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3'p NMR spectrum of 14 (CDCl;, 161 MHz)
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[Guo- Q.Wang qwo660 LCT0231 mw2225 0.5ul meoh ] ) ’ T

Shay 2008-07b.pro LCT Premier 02-Dec-2008 10:04:21
2008_1202_0231_04 15 (0.300) Crm (12:19-(4:7+28:34)x3.000) 1: TOF MS ES+ |
100- 2249.4133 1_5833‘
| BnO_ O OBn
N
BnO O % o o
BnO O
o HN o noz O\/\NM]/OCGHA,-FJ-NOZ 22504216
o HN H o)
o
"o 2248 4226
o 0 -
o
ES
2244 4731 2_251 4272
22274253
3
1136,2006 [
1133.7141[1136.6964 2128.4177
| 3912242 5715073 1133.22 ~1141.6820
1 | _617.5220 g13es5411124.7200[1142.1816 2127.410; 52.4041
| ol 307.0871 [ o 1144 1975 1426,8442 21054360 _2266.3604
| 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 ' 2400
HR ESI MS spectrum of 14
Elemental Composition Report
BnO_ O oy
R . YN e}
Single Mass Analysis BnO o7 o o o
Tolerance =5.0 PPM / DBE: min = -1.5, max = 100.0 o= M B—'&/O\/\NMO%HI&NOQ
Element prediction: Off O o= HN H 3
Number of isotope peaks used for i-FIT = 3 0 o
i} o
Monoisotopic Mass, Even Electron lons 0 o
468 formula(e) evaluated with 2 results within limits (up to 50 closest results for each’'mass)
Elements Used:
C:0-130 H:0-210 N:0-4 O0:0-25 23Na:0-1 P:0-1
Guo- Q.Wang qwo860 LCT0231 mw2225 0.5ul. meoh
Shay 2008-07b.pro LCT Premier 02-Dec-2008 10:04:21
2008_1202_0231_04 15 (0.300) Cm (12:19-(4:7+28:34)x3.000) 1: TOF MS ES+
1.58e+003
100 2249.4133
2250.4216
2248.4226
%
2251.4272
2244.4731
2243.4709 2248.4 2252.404
52.4041
o1 22408511 2243.42091 L1 Y 2254.8770  2257.7903 2264.42552265.3987 22663604
L N P A D | L D D A D B A
2240.0 2245.0 2250.0 2255.0 2260.0 2265.0
Minimum: -1.5
Maximum: 5.0 5.0 100.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
2248.4226 2248.4215 1.1 0.5 30.5 70.2 0.5 %128 H201 N4 025
23Na P
2248.4239 -1.3 -0.6 33.5 70.5 0.9 C130 H200 N4 025
P

HR ESI MS spectrum of 14 (expansion)
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Varian 300 ME: spectrometer
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'H-"*C HMQC NMR spectrum of 16 (CDCl;-CD;0D, 500/125 MHz)
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P.
Bno” O o 4
o o
o HN BnOJ O\/\NJ\/\WNHCH2CH20-NPhAcGM3
o o) HN H
o o)
..|O
o 0
o
Eiemental Composition Report Page 1

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd Electron lons

1512 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:153-153 H:0-1000 N:0-5 O:0-41 23Na:0-2 P:0-1
Guo- Q.Wang qwo663 LCT0232 mw2838 SuL meoh + Na

Shay 2008-07b.pro LCT Premier 02-Dec-2008 10:25:52
2008_1202_0232_08 16 (0.317) Cm (10:22-(1:7+31:41)x3.000) 1: TOF MS ES+
3.10e+003
100~ 1453.8217
1442.8280
] 1454.8270
) 1442.3287 1453.3225
1455.3306
1426.9875 1432.3243 1455.8303 1496.3038
1394.1758 1409.1305 R ‘ L O y 1483.2971.1487.8143 - 2
R e AR S LR EE A LS o ne ey s L R R R RS RS BARAN LN NN RN RARRERRRAN
1390 1400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500 1510
Minimum: -1.5
Maximum: 5.0 20.0 100.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
2884.6574 2884.6695 -12.1 -4.2 34.0 -1.$ n/a C153 H244 N5 041

23Na2 P

HR ESI MS spectrum of 16 (expansion)
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'H NMR spectrum of 23 (CDCl;-CD;0D, 400 MHz)
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3'P NMR spectrum of 23 (CDCl;-CD;0D, 161 MHz)
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