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1. Chemical Synthesis of 13C-Labeled 3

13C-Labeled D-glucose (512, 5.3 or 51.6) (500 mg, 2.75 mmol) was dissolved in
anhydrous methanol (50 mL), a heterogeneous acid catalyst (dry Dowex 50 x 8 (50-100
mesh) cation-exchange resin in the H* form; 1.0 g) was added, and the reaction mixture
was refluxed for 20 h.1 After cooling and filtration to remove the resin, the filtrate was
concentrated to a stiff syrup at 30 °C in vacuo and the syrup was dissolved in
distilled/deionized (DI) water (1.0 mL). The aqueous solution was applied to a 2.5 cm x 50
cm chromatographic column containing Dowex 1 x 8 (200—400 mesh) ion-exchange resin
in the OH~ form.2 The column was eluted with DI water, and fractions (15 mL) were
collected and analyzed by TH NMR. 13C-Labeled methyl a-D-glucopyranoside (6) eluted
in fractions 24—28. Fractions 35-39 containing 13C-labeled methyl p-D-glucopyranoside
(3) were pooled, concentrated at 30 °C in vacuo, and pure 13C-labeled 3 was crystallized
from a concentrated aqueous solution.
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2. Chemical Synthesis of Disaccharides 215 and 475 (Scheme S1)

A. 2,3,4,6-Tetra-O-acetyl-a-D-[1-13C]galactopyranosyl trichloroacetimidate (8).
D-[1-13C]Galactose (7) (1.00 g, 5.52 mmol) was dissolved in pyridine (20 mL) and acetic
anhydride (3.10 mL, 33.1 mmol) was added. The reaction mixture was stirred at rt
overnight and concentrated at 30 °C in vacuo to afford D-[1-13C]galactopyranose
pentaacetate. The pentaacetate was selectively deacetylated at C1 with benzylamine
(0.75 mL, 6.90 mmol) in THF (30 mL). After purification on a silica gel column, the
tetraacetate product (1.54 g, 4.42 mmol) was converted to the corresponding
trichloroacetimidate with trichloroacetonitrile (1.77 mL, 17.68 mnol) and 1,8-diazobicyclo
[5.4.0]-undec-7-ene (DBU, 60 uL) in DCM (30 mL), affording 8 as a white foam (1.66 g,

3.37 mmol, 61%).
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Scheme S1

B. Methyl 4,6-O-benzylidene-p-D-[5-13C]glucopyranoside (9). Methyl p-D-[5-
13C]glucopyranoside (3%) was prepared from D-[5-13C]glucose (55) using the same
procedure to prepare 13C-labeled 312 (see above). Compound 3% (0.97 g, 5.00 mmol)
was dissolved in dry N,N-dimethylformamide (DMF) (30 mL), and benzaldehyde
dimethylacetal (0.91 mL, 6.25 mmol) and a catalytic amount of p-toluenesulfonic acid were
added. The reaction mixture was stirred at 50 °C for 22 h and neutralized by adding one
drop of triethylamine. The DMF was removed at 30 °C in vacuo on a rotovap, the syrup
was dissolved in CH>Cl», and the resulting solution washed with water. The organic phase

was dried over NapSO4 and then concentrated at 30 °C in vacuo to a syrup. Methyl
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glycoside 9 was isolated by crystallization from hexanes/ethyl acetate (0.92 g, 3.25 mmol,
65%).

C. Methyl 2,3-di-O-benzyl-4,6-O-benzylidene-B-D-[5-13C]glucopyranoside (10).
Compound 9 (0.90 g, 3.24 mmol) was dissolved in DMF (30 mL) and NaH (60%, 0.52 g,
13.0 mmol) was added to the solution. After stirring at rt for 30 min, benzyl bromide (1.60
mL, 13.0 mmol) was added dropwise at 0 °C and the mixture was stirred at rt overnight.
The mixture was then diluted with CH>Cls (50 mL) and washed with water. The organic
phase was dried over anhydrous NasSQOy4, concentrated at 30 °C in vacuo to dryness, and
the residue purified by flash chromatography on a silica gel column (2.5 cm x 30 cm)
(solvent: hexanes/ethyl acetate 4:1) to afford 10 as a white solid (1.44 g, 3.11 mmol, 96%).

D. Methyl 2,3,6-tri-O-benzyl-B-D-[5-13C]glucopyranoside (11). Compound 10 (1.40
g, 3.02 mmol) was dissolved in anhydrous CH>Cl> (40 mL), and triethylsilane (4.85 mL,
30.2 mmol) and BF3-Et>0 (0.75 mL, 6.04 mmol) were added at 0 °C. The reaction mixture
was stirred at rt for 5 h. The mixture was diluted with CH>Cl> (40 mL) and the resulting
solution was washed with aqueous NaHCOg3 solution (1 N) (20 mL), followed by distilled
water (40 mL). The organic phase was dried over NapSO4 and concentrated at 30 °C in
vacuo to dryness. The residue was purified by flash chromatography on a silica gel column
(2.5 cm x 40 cm) (solvent: hexanes/ethyl acetate, 3:1) to afford 11 as a colorless syrup
(1.23 g, 2.65 mmol, 88%).

E. Methyl 2,3,4,6-tetra-O-acetyl-B-D-[1-13C]galactopyranosyl-(1—4)-2,3,6-tri-O-
benzyl-B-D-[5-13C]glucopyranoside (12). Donor 8 (1.61 g, 3.27 mmol) and acceptor 11
(1.20 g, 2.60 mmol) were dissolved in anhydrous CH2Cls (50 mL) after drying over high
vacuum, and the solution was treated with molecular sieves (4 A, 4.0 g). A catalytic amount
of trimethylsilyltriflate (50 uL, 0.26 mmol) was added at 0 °C. The reaction mixture was
stirred at rt for 2 h, neutralized with the addition of triethylamine (50 ulL), and filtered to
remove the molecular sieves. The filtrate was concentrated at 30 °C in vacuo and the

resulting syrup was purified by flash chromatography on a silica gel column (2.5 cm x 40
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cm) (solvent: hexanes/ethyl acetate, 2:1) to afford 12 as a white foam (1.74 g, 2.20 mmaol,
85%).

F. Methyl p-D-[1-13C]galactopyranosyl-(1—4)-p-D-[5-13C]glucopyranoside (21°°).
Disaccharide 12 (1.74 g, 2.20 mmol) was dissolved in methanol (50 mL) and treated with
Pd/C (10%, 400 mg) and Hs overnight. The Pd/C was removed by filtration and the filtrate
was saturated with NH3 (g). After 20 h, the reaction mixture was concentrated at 30 °C in
vacuo. The residue was dissolved in ~1 mL of distilled water and the solution was applied
to a column (2.5 x 100 cm) containing Bio-Gel P-2 resin. The column was eluted with DI
water at ~1.0 mL/min, and fractions (~15 mL) were collected and assayed by TH NMR.
Fractions (25—-29) containing the product were pooled and concentrated at 30 °C in vacuo
to give disaccharide 215 (0.72 g, 2.02 mmol, 92%). Disaccharide 215 was crystallized
from methanol for use in X-ray structure analysis and NMR J-coupling measurements.

G. Methyl B-D-[1-13C]galactopyranosyl-(1—4)-a-D-[5-13C]glucopyranoside (47°5).
Starting  with  methyl  a-D-[5-13C]glucopyranoside  (6°), methyl  p-D-[1-
13C]galactopyranosyl-(1—4)-a-D-[5-13C]glucopyranoside (41'5) was prepared by the

same procedure used to prepare compound 215 and was crystallized from methanol.
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Table S1. HRMS (ESI-TOF) Data? for 13C-Labeled 2—4.

compound
m/z value

21’5 31.2 31,3 31,6 415

calculated m/z[M + Na]Jt | 381.1216 | 219.0688 | 219.0688 | 219.0688 | 381.1216

found m/z [M + Na]* 381.1229 | 219.0748 | 219.0761 | 219.0735 | 381.1209

@Data were obtained on a BRUKER micrOTOF-Q Il instrument with an ESI source. The dry
heater was set at 180 °C and the nebulizer was set at 0.4 Bar. The capillary voltage was 4.5
kV and the end plate offset was —0.5 kV. Full MS scans were collected over a range of 50—
1650 m/z.
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Figure S1. Partial '3C{'H} NMR spectrum (150 MHz) of methyl -D-[1,2-13C5]glucopyranoside
(31 2), Signal assignments are shown for the 13C-labeled carbons and the weak signals (60—
80 ppm) arise from carbons at natural abundance. 1Jc1‘02 (46.8 Hz) was measured from the
splittings of the C1 and C2 signals.
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Figure S2. Partial '3C{'H} NMR spectrum (150 MHz) of methyl -D-[1,3-13C5]glucopyranoside
(3":3). Signal assignments shown are shown for the 13C-labeled carbons and the weak signals
(60—-80 ppm) arise from carbons at natural abundance. 2Jc1‘03 (+4.6 Hz) was measured from
the splittings (insets) of the C1 and C3 signals.
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Figure S3. Partial '3C{'H} NMR spectrum (150 MHz) of methyl -D-[1,6-13C5]glucopyranoside
(3:6). Signal assignments are shown for the 13C-labeled carbons and the weak signals (60—
80 ppm) arise from carbons at natural abundance. 3Jc1‘06 (4.1 Hz) was measured from the
splittings (insets) of the C1 and C6 signals.
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Figure S4. Partial 13C{'H} NMR spectrum (150 MHz) of methyl p-D-[1’,5-13C5]lactoside (21"5).
Signals labeled in red arise from the 13C-labeled carbons, and the weak signals arise from the
carbons at natural abundance. 3JC1‘,05 (2.0 Hz) was measured from the splitting of the C1’
and C5 signals (insets).

S10



cr
C5

C5
cr

105.7 105.5 105.3 Tnl e 727

A . | NRY, S . ]
T T T T

T T T T T T 1
105 100 95 90 85 80 75 70 65 60 Pppm

Figure S5. Partial 13C{"H} NMR spectrum (150 MHz) of methyl a-D-[1’,5-13C,]lactoside (41"5).
Signals labeled in red arise from the 13C-labeled carbons, and the weak signals arise from the
carbons at natural abundance. 3JC1‘,C5 (2.0 Hz) was measured from the splitting of the C1’ and
C5 signals (insets).
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C1'-C2'-02'-H: Fixed 180°
C2'-C3'-03'-H: Fixed 180°
C3'-C4'-04'-H: Fixed 180°
C4'-C5'-C6'-06: Fixed 180°
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C4-C5-C6-06: Fixed 180°
C5-C6-06—-H: Fixed 180°
C2-C1-01-CHg: Initial 180°

phi (¢) (05'-C1'-01'-C4): 15° rotations
psi () (C1'-01'-C4-C3): 15° rotations
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BGal-(1—4)-aGlcOCH; (4%

C1'-C2'-02'-H: Fixed 180°
C2'-C3'-03'-H: Fixed 180°
C3'-C4'-04'-H: Fixed 180°
C4'-C5'-C6'-06: Fixed 180°
C5'-C6'-06'-H: Fixed 180°
C4-C3-03-H: Fixed 180°
C3-C2-02-H: Fixed 180°
C4-C5-C6-06: Fixed 180°
C5-C6-06-H: Fixed 180°
C2-C1-01-CHgj: Initial 180°

phi (¢) (05'-C1'-01'-C4): 15° rotations
psi () (C1'-01'-C4-C3): 15° rotations

Scheme S2. Torsional constraints applied to 2k and 4% during DFT calculations

of Jgg values.
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Table S2. 1H-TH Spin-Couplings? in Methyl -D-Glucopyranoside (3).

coupled nuclei

H1-H2

H2-H3

H3-H4

H4-H5

H5-He

H5-He’

He-He’

JHH

8.0

9.4

9.1

9.9

2.3

6.1

() 12.4

aln Hz + 0.1 Hz, in 2H,0, 22 °C. H6’ is defined as the more shielded H6 hydrogen. The sign of
the 2Jqn value is assumed to be negative.
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Table S3. Fitting Statistics? from Solid-State 13C NMR Determinations of
Jcc Values in Crystalline 215, 31,2, 31,3, 316 and 41'5.

cmpd  "Jec detected J-coupling standard adjusted reduced

spin (Hz) error (Hz) R2 chi2b

312 1Jsico C1 49.38 0.276 0.982 7.98
48.76 0.220 0.988 5.19

48.95 0.230 0.987 5.66

c2 49.05 0.233 0.987 5.81

49.19 0.245 0.986 6.43

49.22 0.252 0.985 6.88

313 2Js1c3 C1 5.20 0.035 0.996 0.506
5.22 0.032 0.997 0.442

5.21 0.036 0.996 0.536

C3 5.20 0.044 0.994 0.848

5.21 0.042 0.995 0.747

5.21 0.047 0.994 0.935

376 3Joycs  CH 3.87 0.031 1.000 0215
3.87 0.034 0.994 0.265

3.87 0.041 0.992 0.382

C6 3.93 0.033 0.995 0.261

3.98 0.031 1.000 0.239

3.93 0.041 0.992 0.406

215 3Jorc5  CH' 4.66 0.047 0992  0.731
4.80 0.048 0.992 0.795

4.69 0.055 0.990 1.01

C5 4.81 0.077 0.981 2.10

4.87 0.060 0.988 1.34

4.79 0.080 0.979 2.24

45 3Jsqycs Cc1' 4.08 0.055 0.987 0.760
4.06 0.049 0.989 0.603

3.99 0.038 0.993 0.345

C5 4.03 0.043 0.992 0.454

4.04 0.056 0.986 0.772

4.04 0.052 0.988 0.659

8Data were obtained from three experiments to measure the Jgc value in each
compound. PValue x 104.
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Figure S6. Contour plots of calculated 3JC1,CG values in 3K
showing a primary on dependence the C4-C5-C6-06
torsion angle and the effects on this dependency of rotating
the C2-02 (A), C3-03 (B), C4-04 (C) and C6-06 (D)
bonds in the structure.
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Figure S7. Plots of calculated 3Jg1: c5 values in 2K (A) and 4% (B) as a function of 1.
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Cartesian coordinates for DFT-optimized conformers of 2k — 4k
(¢ and vy are defined as O5-C1'-01’-C4 and C1’-0O1'-C4-C3, respectively;

Structure 2%: ¢ = 0°, y = 0°.
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[C2-C1-01-CH3 = C1-C2-02-H = C2-C3-03-H = C3-C4-04—-H = C4-C5-C6-06 =
C5-C6-06—-H = 180°]
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