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1. General Remarks

Unless otherwise noted, all of these reactions were carried out under an argon
atmosphere. Solvent was freshly distilled prior to use unless otherwise noted. For
column chromatography, silica gel (200-300 mesh) was employed. Analytical TLC was
performed with silica gel GF254 plates. Organic solutions were concentrated under
reduced pressure using a rotary evaporator. Room temperature (r.t.) is 15-23°C.
Materials. Unless otherwise noted below, all other compounds have been reported in
the literature or are commercially available. Commercial reagents were used without
further purification. 1,4-Dioxane were dried with CaH» and freshly distilled, and the
Ni(dppf)Clz> was purchased from Boka.

Instrumentation. Deuterated solvents were purchased from Cambridge Isotope
Laboratories. 'H NMR spectra were recorded on Bruker AVANCE III 400, 600 and
INOVA instruments with 400, 300 and 600 MHz frequencies, and '3*C NMR spectra
were recorded on Bruker AVANCE III 400 and 600 with 101 and 75 MHz frequencies.
F NMR spectra were recorded on a Bruker AVANCE 111 400 spectrometer with a '°F
operating frequency of 376 MHz. Chemical shifts (8) were reported in ppm relative to
the residual solvent signal (CDCl; & = 7.26 for 'H NMR and & = 77.0 for 3°C NMR).
Chemical shifts (ppm) were recorded with tetramethylsilane (TMS) as the internal
reference standard. Multiplicities are given as s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets), dt (doublet od triplet), dq (double of quartet) td
(triplet of doublets) or m (multiplet). HRMS was obtained using a Q-TOF instrument
equipped with an ESI source. Data collection for crystal structure was performed at
room temperature using Mo Ka radiation on a Bruker APEXII diffractometer.
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2. Optimization of reaction conditions

AQ
o)
i ><o 0, [Ni], base, solvent 8 (0
T R — - ><
N |- 140°C, Ar, 16h 0
Na fo) —
)( ° o7<>
1a 2a 1a

Table S1 Optimization of reaction conditions’

Entry la:2a Catalyst Solvent Base Yield® (%)
1 1:2 Ni,CO3 Dioxane KHCO3 n.r.¢
2 1:2 Ni(OTf), Dioxane KHCO3 trace
3 1:2 Ni(OAc), Dioxane KHCO; trace
4 1:2 Ni(DME)CI, Dioxane KHCO3 27
5 1:2 Ni(dppf)Cl, Dioxane KHCO3 38
6 1:2 - Dioxane KHCO3 n.r.
7 1:2 Ni(dppf)Cl, PhMe KHCO; 31
8 1:2 Ni(dppf)Cl, DMF KHCO;3 n.r.
9 1:2 Ni(dppf)Cl, DCE KHCO; 21
10 1:2 Ni(dppf)Cl, PhCI KHCO; 20
11 2:14 Ni(dppf)Cl2 Dioxane KHCO3 61
12 2:1 Ni(dppf)Cl, Dioxane K,CO4 48
13 2:1 Ni(dppf)Cl, Dioxane K3POy4 trace

14 2:1 Ni(dppf)Cl, Dioxane KOAc 52
15 2:1 Ni(dppf)Cl, Dioxane NEts nr.
16 2:1 Ni(dppf)Cl, Dioxane NaHCO3 47
17 2:1 Ni(dppf)Cl, Dioxane CsHCO; 53
18 2:1 Ni(dppf)Cl, Dioxane - n.r.

aReaction conditions: 1a (0.1mmol), 2a (0.2 mmol, 2.0 equiv.), catalyst (5mol%), base (0.2mmol, 2.0 equiv.), solvent
(0.5mL), 140°C, 16h and Ar. Plsolated yield. °n.r.: no reaction. “Reaction conditions: 1a (0.2mmol, 2.0 equiv.), 2a
(0.1 mmol).
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3. General Procedure

B
N
G ' _ HN
o : o. Ni(dppf)cl, (5mol%),
N :N =AQ: . o0 U\“ KHCO; (2.0 equiv.), 0
| ' ' T
RT _ 'H N I . Yo 1,4-dioxane, Ar O\
e e R 140°C, 16h A JOP
0,1
1 2 3-4

In an oven-dried 10 ml tube, starting amide 1 (0.2 mmol), 2 (0.1 mmol), KHCO3
(0.4 mmol, 20mg) and Ni(dppf)CL> (5 mol%, 3.4 mg) were added and charged with
argon more than five times (The tube was sealed with tipping plug). Dioxane (0.5 mL)
was injected into the tube. The resulting suspension was stirred vigorously at 140 °C
for 16 h. After the reaction was completed, the resulting mixture was filtered through a
celite pad and concentrated under reduced pressure. The residue was purified with

chromatography column on silica gel or preparative TLC (Petroleum ether/EtOAc =
8:1-3:1).
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4. General Procedure for the Preparation of Starting amides

All aromatic amides bearing an 8-aminoquinoline moiety were prepared by reacting the
corresponding acid or the corresponding acid chlorides with 8-aminoquinoline.!
Method 1: 8-Aminoquinoline (4.0 mmol) and triethylamine (6.0 mmol) were dissolved
in anhydrous dichloromethane (20 mL), and the mixture was cooled to 0 oC. After the
dropwise addition of the corresponding acid chloride in 5 mL of dichloromethane (4.4
mmol) via syringe pump, the reaction mixture was warmed to room temperature and
stirred overnight. Dichloromethane (20 mL) was added and the mixture was washed
with saturated aqueous sodium bicarbonate (20 mL), IN HCI (20 mL), and brine (30
mL), dried over MgSO4 and the solvent was removed in vacuo. The crude product was
purified by flash column chromatography (silica gel, EtOAc/hexanes, 1:20 to 1:4) to
give the corresponding quinoline amide product.

Method 2: To an oven-dried 100 mL three-necked flask, acid (15 mmol), DMF (5 drops)
and DCM (30 mL) were added under a N, atmosphere. Oxalyl chloride (1.5 mL, 18
mmol, 1.2 equiv.) was added dropwise at 0 °C resulting in vigorous bubbling. The
mixture was stirred for 5 h at room temperature, and the solvent was then removed in
vacuo. The resulting acid chloride was used immediately without further purification.
To another oven-dried 100 mL three-necked flask, 8-aminoquinoline (2.9 g, 20 mmol,
1.3 equiv.), EtsN (4.1 mL, 30 mmol, 2 equiv.) and DCM (30 mL) were added. A solution
of the acid chloride in DCM (10 mL) was added dropwise to the solution at 0 °C, and
the solution was then warmed to room temperature. After stirring overnight, the reaction
system was quenched with sat. ag. NaHCO3 (30 mL) and the organic layer was
separated. The aqueous layer was extracted with DCM (2 x 15mL). The combined
organic layers were washed with 1 M HCI aq. (30 mL) and brine (30 mL), dried over
MgSO04, filtered and evaporated in vacuo. The obtained crude amide was purified by
column chromatography on silica gel (hexane/EtOAc = 10/1) to afford the desired
amide.
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5. General Procedure for the Preparation of Glycosyl chlorides

D-mannofuranose D-mannose
>
(0] (@)
" O Cl (e} Cl
'Cl BnO o MeO o
o) N N
)(0 BnO OBn MeO" OMe
OBn OMe
2a 2b 2c
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Cl
O «Cl o
U BnO »
i B \* 7
H BnO “0 BnO OBn
OB OBn
2d 2e 2f

D-ribofuranose

TBDPSO AlIO
nCl wmCl wCl
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Olll
OII-
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The synthesis of sugars was based on the pervious literatures, and the spectra data are
consistent with those reported in literatures.

a) Synthesis of (3aS,4R,6R,6aS)-4-chloro-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxole (2a)*

>
HO O OH 1) HyS04 (cat.), Acetone 0 o]
> Cl
HO™ OH 2)triphosgene, pyridine, THF o
OH )ro
2a

D-mannose

Step 1: To an ice-water cooled solution of D-mannose (7.2 g, 40 mmol) in acetone (100
mL) was added H>SO4 (0.5ml), and the mixture was left to stir at 0 °C for 30 minutes.
The mixture was diluted with EtOAc (200 ml) and washed thoroughly with saturated
aqueous NaHCOj3 solution water and brine. The organic layer was dried over anhydrous
NazSO4 and the resulting solution was concentrated under reduced pressure. The crude
product was used for next step without further purification.
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Step 2: The relevant crude product (10 mmol) was dissolved in dry THF (50 ml),
triphosgene (1.2 g, 4 mmol) was added, and the mixture was stirred at room temperature
with exclusion of moisture. Pyridine (Iml) was added slowly and the mixture was
allowed to stir at room temperature for 2h while being monitored by TLC. After the
reaction was completed, pyridinium hydrochloride was filtered. The solid was washed
with THF, and the filtrate was concentrated under reduced pressure. The residue was
purified with chromatography column on silica gel to give desired product 2a in 95%
yield.

b) Synthesis of (2R,3R,4S,5S,6R)-3,4,5-tris(benzyloxy)-2-((benzyloxy)methyl)-6-
chlorotetrahydro-2H-pyran (2b)*

Ho O wOMeg o NaH DMF  Bno O wOMe ey DCM, 0°C o O Cl
_BnBr, NaH, DMF__|
HOW OH BnO™ OBn BnO™ OBn

OH OBn OBn
2b-1 2b-2 2b
Step 1: To a 0 °C cooled solution of 2b-1 (10mmol) in DMF (80 mL), was carefully
added NaH (64.40 mmol). Then, BnBr (64.40 mmol) was slowly added about 30 min.
After 16 h at room temperature, the reaction mixture was carefully quenched with water.
Then, the crude was diluted with water (50 mL) and extracted with CH>Cl> (3 x 100
mL). The combined organic layers were washed with brine, dried over Na,;SOs, filtered,
and concentrated in vacuo to give compound 2b-2.
Step 2: To a —78 °C cooled solution of 2b-2 in DCM, was added dropwise BCI3 (1.5
equiv, IM in DCM). The reaction was stirred at -78 °C overnight. The reaction mixture
was extracted with CH2Cl, and washed with brine. The organic layer was dried over
NaxSOyq, filtered, and concentrated in vacuo. The resulting residue was purified by silica
gel flash chromatography to give compound 2b.

c) Synthesis of (2R,3R,4S,5S,6R)-2-(acetoxymethyl)-6-chlorotetrahydro-2H-pyran-
3,4,5-triyl triacetate (2¢)’

HO O \\\OMG Mel, NaH, DME MeO O ‘\\OMe BC|3, DCM, OOC MeO O ‘\\C|
_— = R
HO™ OH MeO™ OMe MeO™ OMe

OH OMe OMe

2c-1 2c-2 2c
Step 1: To a 0 °C cooled solution of 2¢-1 (10mmol) in DMF (80 mL), was carefully
added NaH (64.40 mmol). Then, Mel (64.40 mmol) was slowly added about 30 min.
After 16 h at room temperature, the reaction mixture was carefully quenched with water.
Then, the crude was diluted with water (50 mL) and extracted with CH>Cl> (3 x 100
mL). The combined organic layers were washed with brine, dried over Na;SOs, filtered,
and concentrated in vacuo to give compound 2¢-2.
Step 2: To a —78 °C cooled solution of 2¢-2 in DCM, was added dropwise BCls (1.5
equiv, IM in DCM). The reaction was stirred at -78 °C overnight. The reaction mixture
was extracted with CH2Cl> and washed with brine. The organic layer was dried over
NaxSOqs, filtered, and concentrated in vacuo. The resulting residue was purified by silica
gel flash chromatography to give compound 2c.
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d) Synthesis of (2S,3R,4R,58S,6S5)-3,4,5-tris(benzyloxy)-2-chloro-6-methyltetrahydro-
2H-pyran (2d)**

", u,, O O
U OH \/\OH " OO BnBr, NaH, DMF U X
“OH H" (resin), 90°C HO “OH 0°Ctort.  BnO” Y~ “0Bn

OH OBn
2d-1 2d-2 2d-3
" ., O Cl
PdCl,, MeOH o1, ~ O~ O (COCI), (3.0 equiv.) "U
_—— _——
Bn0” Y~ “0Bn BnO” Y~ “0Bn
OBn OBn
2d-4 2d

Step 1: To a solution of 2d-1 (6.7 mmol) in allyl alcohol (8 mL), Amberlite IR 120 (H")
(0.6 g) was added, and the suspension was stirred at 90 °C for 4 h. The ion exchanger
was filtered off, and the excess of allyl alcohol was removed by vacuum distillation.
The crude product was purified by flash column chromatography (CH2Cl,/MeOH =
20:1) to give 2d-2.

Step 2: To a 0 °C cooled solution of 2d-2 (10mmol) in DMF (80 mL), was carefully
added NaH (40 mmol). Then, BnBr (40 mmol) was slowly added about 30 min. After
16 h at room temperature, the reaction mixture was carefully quenched with water. Then,
the crude was diluted with water (50 mL) and extracted with CH2Cl (3 x 100 mL). The
combined organic layers were washed with brine, dried over Na>SOs, filtered, and
concentrated in vacuo to give compound 2d-3.

Step 3: To a solution of compound 2d-3 (5 mmol) in anhydrous MeOH (35 mL) at room
temperature, PdCl, (1 mmol) was added. The mixture was was allowed to stir at room
temperature. Then, the reaction was diluted with Et2O (30 mL), filtered through Celite
pad, and concentrated under reduced pressure. The crude residue was purified by flash
column chromatography on silica gel to afford 2d-4.

Step 4: To a solution of compound 2d-4 (5.0 mmol) in DMF, (COCl), (15 mmol, 3.0
equiv.) was slowly added at 0 °C. The mixture was stirred at 0 °C. After the complete
consumption of compound 2d-4 monitored by TLC analysis, the reaction mixture was

diluted with CH>Cl>. The organic layer was washed with brine, dried over anhydrous
NaxSOs, the solvent was removed under reduced pressure. The resulting residue was
purified by silica gel flash chromatography to give compound 2d.

e) Synthesis of (2R,3S,4S,5R,6R)-3,4,5-tris(benzyloxy)-2-((benzyloxy)methyl)-6-
chlorotetrahydro-2H-pyran (2¢)**

HO" N ON"OMegBr NaH, DMF  Bno” N ONOMe BCl, DEM, 0°C g0 N O~
_BnBr, NaH, DMF__|
HO “'OH BnO “0Bn BnO “/0Bn

OH OBn OBn
2e-1 2e-2 2e

The compound 2e was synthesized following the same procedure as compound 2b.

f) Synthesis of (2R,3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-2-((benzyloxy)methyl)-6-
chlorotetrahydro-2H-pyran (2f)*
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Ho O wOMe g 5 NaH. DMF B O wOMe ey DCM, 0°C o O Cl
Ho™ “/OH BnO™ “/0Bn BnO™ “OBn

OH OBn OBn
2f-1 2f-2 2f

The compound 2f was synthesized following the same procedure as compound 2b.

) Synthesis of (3aR,4R,6R,6aR)-4-((benzyloxy)methyl)-6-chloro-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxole (2g)2’ 5

HO O BnO 0,
(0] 1)BnBr NaH, DMF TCT DMF, DBU mCl

o : 2) Dibal-H, -78°C o :
)(O DCM )(O
2g-1 Zg -2 2g

Step 1: To a 0 °C cooled solution of 2g-1 (10mmol) in DMF (80 mL), was carefully
added NaH (15 mmol). Then, BnBr (15 mmol) was slowly added about 30 min. After
16 h at room temperature, the reaction mixture was carefully quenched with water. Then,
the crude was diluted with water (50 mL) and extracted with CH2Cl (3 x 100 mL). The
combined organic layers were washed with brine, dried over Na>SOs, filtered, and
concentrated in vacuo to give a benzyl protected compound.

Step 2: 2,3,5-Tri-O-benzyl-D-lyxofuranolactone (2.1 g, 5 mmol) was dissolved in
DCM (25 ml) and cooled to -78 °C. Diisobutylaluminum hydride (7 ml, 7 mmol, 1M
in hexanes) was added slowly over 10-15 minutes and the reaction mixture kept at -
78 °C for 1h. Methanol (2 ml) was added dropwise to quench the reaction and the
solution allowed to warm to room temperature. The solution was diluted with DCM and
washed with brine. The solution was dried over anhydrous MgSOs, filtered and
concentrated under reduced pressure. The product was purified by flash
chromatography to give compound 2g-2.

Step 3: DMF (1.55ml, 20.0mmol) was added to 2,4,6-trichloro-[1,3,5]-triazine (TCT)
(1.0g, 5.5mmol) and the solution was stirred at room temperature for 15 minutes under
N>. Compound 2g-2 (5.0 mmol) in DCE was added to the TCT-DMF suspension, the
followed by addition of DBU (0.8ml, 5.5mmol). The mixture was stirred at 60 °C and
monitored by TLC. The temperature was brought to room temperature and Et,O was
added to the mixture for the precipitation of cyanuric salt. Cyanuric salt was removed
by filtration and the filtrate was concentrated in vacuo. The resulting residue was
purified by silica gel flash chromatography to give compound 2g.

h) Synthesis of tert-butyl(((3aR,4R,6R,6aR)-6-chloro-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)methoxy)diphenylsilane (2h)* ¢

TBDPSO 0 TBDPSO o)
HO/\EO>MOH1) Acetone, HZSO4 OH BTC, Py, THF, rt wcl
~ _— N
S . d H d K
HO' 5H 2) TBDPSCI, Imidazole, DMF )(O )(O

D-ribose 2h-1 2h

Step 1: To a stirred suspension of D-ribose (7.5 g, 50 mmol) in acetone (75 mL) was added dropwise
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H2S04 (conc., 0.25 mL) at room temperature and the reaction mixture was stirred at rt for 1h. Then,
excess solid NaHCO; was carefully added to the reaction mixture. The resulting mixture was stirred
until quenching of the reaction was complete. The mixture was filtered, and the filter cake was
washed with acetone (150 mL). The combined filtrates were concentrated under reduced pressure
to give a colorless oil, which was purified by flash column chromatography to give an anomeric
mixture of acetonide protected D-ribose.

Step 2: To a mixture of acetonide-protected D-ribose (12.0 g, 63.0 mmol, 1.0 equiv) were
sequentially added at 0 °C to a solution of imidazole (12.9 g, 189 mmol, 3.0 equiv) in DMF (65 mL)
and tertbutyl(chloro)diphenylsilane (18.0 mL, 69.3 mmol, 1.1 equiv). The mixture was stirred at
0 °C for 3 h and then poured into cold water (400 mL). The resulting mixture was extracted with
ethyl acetate (750 mL). The combined organic layers were washed with brine (200 mL), dried over
NaxS04, and concentrated under reduced pressure to give a colorless oil, which was purified by
flash column chromatography to give 2h-1.

The compound 2h was synthesized following the same procedure as compound 2a
(Step 2).

i)  Synthesis of (3aR,4R,6R,6aR)-4-chloro-2,2-dimethyl-6-((((E)-prop-1-en-1-
yl)oxy)methyl)tetrahydrofuro[3,4—d] [1,3]dioxole (2i)>°

HO AllO AllO 0,
O 1) AllBr, NaH, DMF _ _TCT, DMF, DBU WAl

H 2) Dibal-H, -78°C o)
)(O oCw X
2i

2i-1 2.-2

Om

Step 1: To a 0 °C cooled solution of 2g-1 (10mmol) in DMF (80 mL), was carefully
added NaH (12 mmol). Then, allyl bromide (12 mmol) was slowly added about 30 min.
After 16 h at room temperature, the reaction mixture was carefully quenched with water.
Then, the crude was diluted with water (50 mL) and extracted with CH>Cl> (3 x 100
mL). The combined organic layers were washed with brine, dried over Na;SOs, filtered,
and concentrated in vacuo to give a allyl protected compound.

The compound 2f was synthesized following the same procedure as compound 2b (Step
2 and 3).
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6. X-ray Single Crystal Diffraction Data of 3q

Bond precision:  C-C=0.0055 A Wavelength=1.54184

Cell: a=11.6830(1) b=11.6830(1) ¢=39.0801(3)
alpha=90 beta=90 gamma=90
Temperature: 301 K
Calculated Reported
Volume 5334.14(10) 5334.14(10)
Space group P43212 P43212
Hall group P 4nw 2abw P 4nw 2abw

Moiety formula
Sum formula
Mr

C28 H29 IN2 O6
C28 H29 IN2 O6
616.43

C28 H29 I N2 06
C28 H29 I N2 06
616.43

Dx,g cm™ 1.535 1.535

Z 8 8

Mu (mm-1) 9.809 9.809

FO000 2496.0 2496.0
F000’ 2500.69

h.k,Imax 14, 14, 49 14, 14, 49
Nref 5611 [ 3314] 5511

Tmin, Tmax 0.583, 0.675 0.388, 1.000
Tmin’ 0.435

Correction method= # Reported T Limits: Tmin=0.388 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.66 / 0.98 Theta(max)= 76.564

R(reflections)= 0.0248 ( 5145) wR2(reflections)= 0.0627 ( 5511)

S =1.047 Npar= 338

Thermal ellipsoids are shown at 30% probability
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7. Preliminary Mechanism Research and Hydrolysis experiment

a) Radical scavenger Experiments

0 HN
o >< Ni(dppf)cl,, KHCO;,

¢} (0] 1,4-dioxane, 140°C, Ar, 16h
©)LH | + el radical scavenger
N
X o)

O)V
2a

Olu
>< [oNe)
w .
B oV

1a
Radical scavenger ( 2.0 equiv. ) Yield of 3a
TEMPO 41%
BHT 49%
DPE 48%

In an oven-dried 10 ml tube, starting amide 1a (0.2 mmol), glycosyl chloride 2a
(0.1 mmol), KHCO;3 (0.4 mmol, 20mg), Ni(dppf)CL> (5 mol%, 3.4 mg) and radical
scavenger (0.2mmol) were added and charged with argon more than five times (The
tube was sealed with tipping plug). Dioxane (0.5 mL) was injected into the tube. The
resulting suspension was stirred vigorously at 140 °C for 16 h. After the reaction was
completed, the resulting mixture was filtered through a celite pad and concentrated
under reduced pressure. The residue was purified with chromatography column on
silica gel (Petroleum ether/EtOAc = 8:1 - 3:1).
b) Deuterium-Labeling Experiments’

D D O
D CD3 kMno4 (2.5 equiv) D oH
NaCO; (0.5 equiv.)
D o D
H,0, 120°C, 8h
D D
dg-PhMe ds-PhCO,H
D O b o
D 0 D
OH 1. (COCI),, DMF, 0°C to rt N
- H
D D 2. Et;N, RNH,, DCM, 0°C  p D NX
D D
d5-PhC02H d5-1a

A round-bottom flask equipped with a stir bar and a condenser was charged with
d8-toluene (99.9% atom D) (5 g, 50 mmol), KMnO4 (20g, 125 mmol), Na>COs (2.64g,
25 mmol), and water (150 mL). The reaction mixture was refluxed for 8 h and then
cooled to room temperature. The mixture was filtered through a pad of Celite, and the

filtrate was acidified with 12 M HCI and extracted with DCM (3 x 30 mL). The organic
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layer was washed with water and concentrated under vacuum. The crude product was
recrystallized from water to give C¢sDsCO2H as white needles (4g, 64%). Synthesis of

the amide [Ds]-1a from CsDsCO2H was performed using the general procedure given
for the synthesis of aromatic amides.

10% H
D O Ni(dppf)cl,, KHCO;, DH O
D _di 0
N 1,4-dioxane, 140°C Ar, 4h D N
Hoo | Ho| I
D D X without sugar D D/H X
D D 10% H
Ds-1a (> 99% D) D,-1b, 97%

In an oven-dried 10 ml tube, isotopically labeled compound Ds-1a (0.2 mmol),
KHCO3 (0.4 mmol, 20mg) and Ni(dppf)Clz (5 mol%, 3.4 mg) were added and charged
with argon more than five times (The tube was sealed with tipping plug). Dioxane (0.5
mL) was injected into the tube. The resulting suspension was stirred vigorously at 140 °C
for 4 h. After the reaction was completed, the resulting mixture was filtered through a
celite pad and concentrated under reduced pressure. The residue was purified with

chromatography column on silica gel to give the product [Dn]-1b (48.3mg, 97%)
(Petroleum ether/EtOAc = 8:1).

7.25 CDCI3

7.41

—10.72

—1.88 HDO
0.00

DH o]
D.
NH
‘ =oadyg
N o5 26 o6 5 o5
D DH —~
10%
Ds-1a 0.2
<2
e o
T T T T = T T
85 8.4 83 8.2 81 8.0 7.9
ppm
J J A~ 1L
T Y AN A
g g8 g8 B8
= P ==
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0

ppm

¢) Kinetic Isotope Effect (KIE)
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Ku/Kp = 3.7 07<

o)
o ><o 0 Ni(dppf)cl,, KHCO;, D4/H4:—: 8 ‘\‘\L’ O)<
- @)‘\H i mCl 14-dioxane, 140°C, Ar, 4h ] O
515 — N O)(O = —E)
1a/Dg-1a = 1:1 2a 3a/Dy-3a, 12%

In an oven-dried 10 ml tube, isotopically labeled compound Ds-1a (0.1 mmol),
amide 1a (0.1 mmol), KHCO3; (0.4 mmol, 20mg), glycosyl chloride 2a (0.1 mmol) and
Ni(dppf)Clz (5 mol%, 3.4 mg) were added and charged with argon more than five times
(The tube was sealed with tipping plug). Dioxane (0.5 mL) was injected into the tube.
The resulting suspension was stirred vigorously at 140 °C for 4 h. After the reaction
was completed, the resulting mixture was filtered through a celite pad and concentrated
under reduced pressure. The residue was purified with chromatography column on

silica gel to give the product 3a and [D4]-3a (10.9mg, 12%) (Petroleum ether/EtOAc =
3:1).

=

[&]

g
r?.l(‘l{\'—r":}G\C‘\O(:O:}O(:OO(XJOCCOCOOWIHM——OC\WI‘-\D'(‘.V\\DC'\(XJG\DOI‘*I‘-T“\DCU'\\C'FI\Q"‘Fr—'C\OO[“\’)V'—C‘O\D‘?g
el ki e L R R R R A s el o SO R R Rt e e o R R
—Looaaoﬁoossofwococ&:aocoomr-r-mr-r-mr-r-mr-z-t:rwz-rhrj-r:j:r-rjr:rvr:r:rv.r—r:r‘——rj:—rjrfmw‘m—'::—'?

== e, - —
\
©
(]
o #
| N
HID NH
HID,
o Q
CH;
] o
HID " o CH,
[ ' ! HID b 3
J I iz
= 2 & 6. O
S e ><
83 82 81 80 7.9 78 7.7 7.6 75 74 7.3 72 he o CHy
ppm
T o LS T ks L s ! I
(= == — = -3 —_ [ =N =l —_— NN
(=Y (==} (=] -~ (=] [=R=N=N-N-] — 0 O
=3 —— — o v —_ —— o —— enoenen ol
T T T r : - i T - : r
1 10 9 8 7 6 5 4 3 2 1 0
ppm
KIE=Ku/Kp=2.36/0.64=3.7
. .
d) Hydrolysis reaction
OH

AQ
o o} NaOH, EtOH 0 ( Q
O \\\[ >< > O R\ ><
o 130°C, air, 20h o

3a 5a, 71%

S14



In an oven-dried 10 ml tube, 3a (0.1 mmol, 49 mg) and NaOH (2.25mmol, 90 mg)
were added under air. Then EtOH (1 mL) was added with a syringe. The reaction
mixture was allowed to stir at 130 °C for 20 h. After completion of the reaction (TLC
monitored), the resulting mixture was filtered through a celite pad and concentrated
under reduced pressure. The residue was purified with chromatography column on
silica gel to give the product Sa (25.7 mg, 71%) as a white solid.
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9. Characterization Data

2-((3aR.,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (3a)
Colorless oil, 60% (29.5mg)

"H NMR (400 MHz, Chloroform-d) & 10.30 (s, 1H), 8.94 (d, J = 6.8 Hz, 1H), 8.78
(dd,J=4.2, 1.8 Hz, 1H), 8.18 (d, ] = 8.0 Hz, 1H), 7.77 (d, ] = 7.4 Hz, 1H), 7.61 —
7.43 (m, 6H), 5.79 (s, 1H), 4.98 (d, J = 5.6 Hz, 1H), 4.77 (dd, ] = 6.0, 3.9 Hz, 1H),
4.46 (q,J = 6.4 Hz, 1H), 4.20 — 4.14 (m, 1H), 4.12 — 4.07 (m, 1H), 3.96 (dd, J =7.7,
3.9 Hz, 1H), 1.50 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H), 1.24 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.4, 148.2, 138.6, 137.3, 136.3, 135.6,
134.4,130.5, 128.0, 128.0, 127.9, 127.3, 126.5, 121.9, 121.6, 116.8, 112.7, 109.1,
87.1, 84.0, 81.4, 80.8, 73.5, 66.9, 26.8, 26.2, 25.2, 24.6.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C23H30N20sNa 513.1996.1438; Found
513.1993.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-

dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-6-methyl-N-(quinolin-8-yl)benzamide

(3b)

Colorless oil, 56% (28.2mg)

"H NMR (400 MHz, Chloroform-d) & 9.98 (s, 1H), 8.97 (dd, J=7.3, 1.7 Hz, 1H),

8.75(dd,J=4.2,1.7 Hz, 1H), 8.18 (dd, J = 8.3, 1.7 Hz, 1H), 7.63 — 7.55 (m, 2H),

7.44 (dd, J=8.3,4.2 Hz, 1H), 7.35 (t, /= 7.7 Hz, 1H), 7.24 (d, J= 8.3, 1H), 7.15 (d, J
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=7.8 Hz, 1H), 5.38 (d, /= 1.8 Hz, 1H), 5.09 (dd, /= 6.0, 1.8 Hz, 1H), 4.84 (dd, J =
6.0, 4.0 Hz, 1H), 4.39 — 4.32 (m, 1H), 4.07 —4.03 (m, 1H), 3.97 — 3.92 (m, 2H), 2.46
(s, 3H), 1.37 (s, 3H), 1.35 (s, 3H), 1.32 (s, 3H), 1.21 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.9, 148.2, 138.5, 136.8, 136.3, 135.9,
135.6, 134.3,130.2, 129.0, 127.9, 127.3, 123.5, 122.0, 121.6, 116.9, 112.8, 109.1,
86.3, 84.1, 81.3, 81.1, 73.4, 66.9, 26.9, 26.2, 25.2, 24.6, 19.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H3:N2OgNa 527.2153; Found
527.2148.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-6-fluoro-N-(quinolin-8-yl)benzamide
(3¢)

Yellow oil, 26% (13.2mg)

"H NMR (400 MHz, Chloroform-d) § 10.23 (s, 1H), 8.95 (dd, J = 6.7, 2.2 Hz, 1H),
8.79 (dd, J=4.2, 1.7 Hz, 1H), 8.19 (dd, /= 8.3, 1.7 Hz, 1H), 7.63 — 7.57 (m, 2H),
7.46 (dd, J= 8.3, 4.5 Hz, 2H), 7.23 (d, J=7.8 Hz, 1H), 7.17 (t, J= 8.8 Hz, 1H), 5.56
(d,J=1.8 Hz, 1H), 5.02 (dd, /= 5.9, 2.0 Hz, 1H), 4.78 (dd, J = 6.0, 4.0 Hz, 1H), 4.43
—4.38 (m, 1H), 4.02 (t, /= 5.3 Hz, 2H), 3.96 (dd, /= 7.8, 4.0 Hz, 1H), 1.46 (s, 3H),
1.34 (s, 3H), 1.33 (s, 3H), 1.21 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 162.4, 159.5 (d, J = 248.5 Hz), 148.0, 139.5 (d,
J=2.3Hz), 138.1, 136.0, 133.8, 130.9 (d, /= 8.7 Hz), 127.6, 127.0, 123.5 (d, J =
17.7 Hz), 121.9, 121.7 (d, J= 3.0 Hz), 121.4, 116.7, 115.3 (d, J = 22.4 Hz), 112.7,
108.8, 86.4, 83.9 (d, J= 2.1 Hz), 81.4, 80.6, 73.1, 66.5, 26.5, 26.1, 24.9, 24 4.

F NMR (376 MHz, Chloroform-d) & -114.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C2sH20FN2O¢Na 531.1902; Found
531.1896.

S18



2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-5-methyl-N-(quinolin-8-yl)benzamide
(3d)

Light yellow oil, 42% (21.3mg)

"H NMR (400 MHz, Chloroform-d) § 10.25 (s, 1H), 8.93 (dd, J= 7.2, 1.8 Hz, 1H),
8.79 (dd,J=4.2,1.7 Hz, 1H), 8.18 (dd, /= 8.3, 1.7 Hz, 1H), 7.62 — 7.54 (m, 3H),
7.46 (dd, J= 8.3, 4.2 Hz, 1H), 7.35 - 7.29 (m, 2H), 5.71 (s, 1H), 4.98 (dd, /= 6.0, 1.4
Hz, 1H), 4.77 (dd, J= 6.0, 4.0 Hz, 1H), 4.47 — 4.40 (m, 1H), 4.15 (dd, /= 8.7, 4.5 Hz,
1H), 4.07 (dd, /= 8.7, 6.3 Hz, 1H), 3.92 (dd, /= 7.8, 3.9 Hz, 1H), 2.43 (s, 3H), 1.47
(s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.24 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 167.7, 148.2, 138.7, 138.0, 136.3, 135.9,
134.5,134.0, 131.1, 128.8, 127.9, 127.4, 126.5, 121.9, 121.6, 116.9, 112.6, 109.1,
86.9, 83.8, 81.3, 80.9, 73.5, 67.0, 26.9, 26.2, 25.2, 24.7, 21.0.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H3:N2OgNa 527.2153; Found
527.2148.
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2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxo0l-4-yl)-5-methoxy-N-(quinolin-8-
yl)benzamide (3e)

Colorless oil, 53% (27.3mg)

"H NMR (400 MHz, Chloroform-d) § 10.27 (s, 1H), 8.92 (dd, J= 7.1, 1.9 Hz, 1H),
8.78 (dd,J=4.2,1.7 Hz, 1H), 8.18 (dd, J= 8.3, 1.7 Hz, 1H), 7.61 — 7.55 (m, 2H),
7.46 (dd, J=8.3,4.2 Hz, 1H), 7.34 (d, /= 8.6 Hz, 1H), 7.28 (d, /= 2.7 Hz, 1H), 7.02
(dd, J=8.6, 2.7 Hz, 1H), 5.66 (d, J= 1.3 Hz, 1H), 4.98 (dd, J = 6.0, 1.4 Hz, 1H), 4.79
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(dd, J=6.0, 3.9 Hz, 1H), 4.43 (ddd, J=7.9, 6.3, 4.5 Hz, 1H), 4.14 (dd, J= 8.7, 4.5
Hz, 1H), 4.06 (dd, J=8.7, 6.3 Hz, 1H), 3.91 (dd, J = 7.8, 4.0 Hz, 1H), 3.87 (s, 3H),
1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.25 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.3, 159.1, 148.2, 138.6, 137.3, 136.3,
134.4,128.7, 128.0, 127.9, 127.3, 122.0, 121.6, 117.0, 115.4, 114.0, 112.6, 109.1,
86.7, 83.5, 81.2, 81.0, 73.5, 67.0, 55.5, 26.9, 26.2, 25.2, 24.6.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H32N>O7Na 543.2102; Found
543.2097.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-5-fluoro-N-(quinolin-8-yl)benzamide
3f) (:p=5:1)

White solid, 60% (30.3mg)

"H NMR (400 MHz, Chloroform-d) § 10.27 (s, 1H), 8.90 (dd, J = 6.3, 2.2 Hz, 2H),
8.80 (dd, J=4.3, 1.7 Hz, 1H), 8.19 (dd, /= 8.3, 1.7 Hz, 1H), 7.63 — 7.55 (m, 2H),
7.52 —7.39 (m, 3H), 7.20 (td, J= 8.3, 2.6 Hz, 1H), 5.69 (s, 1H), 4.95 (dd, J = 6.0, 1.7
Hz, 1H), 4.77 (dd, J= 6.0, 4.0 Hz, 1H), 4.44 (ddd, J=17.6, 6.3, 4.6 Hz, 1H), 4.20 —
4.03 (m, 2H), 4.00 — 3.86 (m, 1H), 1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.23 (s,
3H).

3C NMR (101 MHz, Chloroform-d) & 166.0 (d, J= 2.1 Hz), 161.9 (d, J = 249.1 Hz),
148.3, 138.6, 137.5 (d, J= 6.4 Hz), 136.3, 134.2, 133.1 (d, /J=3.4 Hz), 128.6 (d, J =
7.9 Hz), 127.9,127.3,122.2,121.7, 117.2 (d, J= 20.9 Hz), 117.0, 115.4 (d, J=23.0
Hz), 112.9, 109.1, 87.0, 83.7, 81.5, 80.9, 73.5, 66.8, 26.8, 26.3, 25.2, 24.7.

F NMR (376 MHz, Chloroform-d) & -113.3.
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Cl

5-chloro-2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (3g)
White solid, 59% (30.7mg)

"H NMR (400 MHz, Chloroform-d) § 10.26 (s, 1H), 8.90 (dd, J=5.9, 3.1 Hz, 1H),
8.81(dd,J=4.3,1.7 Hz, 1H), 8.20 (dd, J=8.3, 1.7 Hz, 1H), 7.73 (d, J= 2.1 Hz, 1H),
7.60 (d, J=2.9 Hz, 1H), 7.59 (s, 1H), 7.51 — 7.46 (m, 2H), 7.42 (d, /= 8.4 Hz, 1H),
5.69 (d,J=1.5Hz, 1H), 4.93 (dd, J=6.0, 1.6 Hz, 1H), 4.76 (dd, J = 6.0, 3.9 Hz, 1H),
4.44 (ddd, J=17.6,6.3,4.5 Hz, 1H), 4.13 — 4.05 (m, 2H), 3.92 (dd, /= 7.6, 3.9 Hz,
1H), 1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.22 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 166.0, 148.4, 138.5, 137.1, 136.4, 135.8,
134.1, 133.9, 130.4, 128.1, 127.9, 127.3, 122.3, 121.7, 117.0, 112.9, 109.1, 86.9, 83.7,
81.5, 80.8, 73.4, 66.8, 26.8, 26.3,25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H20CIN>OgNa 547.1606; Found
547.1602.

Br

5-bromo-2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (3h)
White solid, 60% (33.4mg)

"H NMR (400 MHz, Chloroform-d) § 10.24 (s, 1H), 8.89 (dd, J = 6.0, 3.0 Hz, 1H),
8.81(dd,J=4.3, 1.8 Hz, 1H), 8.20 (dd, J=8.3, 1.8 Hz, 1H), 7.87 (d, /= 2.1 Hz, 1H),
7.66 —7.57 (m, 3H), 7.48 (dd, J=8.3,4.2 Hz, 1H), 7.35 (d, /= 8.4 Hz, 1H), 5.65 (s,
1H), 4.93 (dd, /= 6.0, 1.8 Hz, 1H), 4.75 (dd, J= 6.0, 3.9 Hz, 1H), 4.47 — 4.39 (m,
1H), 4.13 — 4.04 (m, 2H), 3.92 (dd, J=17.6, 3.9 Hz, 1H), 1.46 (s, 3H), 1.38 (s, 3H),
1.35 (s, 3H), 1.22 (s, 3H).
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3C NMR (101 MHz, Chloroform-d) § 165.9, 148.4, 138.6, 137.5, 136.4, 136.4,
134.2,133.4,130.9, 128.3, 127.9, 127.3, 122.3, 121.8, 121.7, 117.0, 112.9, 109.1,
86.9, 83.8, 81.6, 80.9, 73.5, 66.8, 26.8, 26.3, 25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H20BrN2OgNa 591.1101; Found
591.1098.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-5-iodo-N-(quinolin-8-yl)benzamide
(3i)

Yellow solid, 50% (30.9mg)

"H NMR (400 MHz, Chloroform-d) § 10.23 (s, 1H), 8.89 (dd, J = 5.8, 3.2 Hz, 1H),
8.82 (dd,J=4.2, 1.6 Hz, 1H), 8.20 (dd, /= 8.3, 1.7 Hz, 1H), 8.05 (d, /= 1.8 Hz, 1H),
7.84 (dd, J=8.2, 1.8 Hz, 1H), 7.62 — 7.57 (m, 2H), 7.48 (dd, J = 8.3, 4.2 Hz, 1H),
7.21 (d, J= 8.3 Hz, 1H), 5.64 (s, 1H), 4.92 (dd, J= 6.0, 1.6 Hz, 1H), 4.75 (dd, J = 6.0,
3.9 Hz, 1H), 4.43 (ddd, J=17.6, 6.2, 4.5 Hz, 1H), 4.13 — 4.04 (m, 2H), 3.90 (dd, J =
7.6, 3.9 Hz, 1H), 1.46 (s, 3H), 1.38 (s, 3H), 1.35 (s, 3H), 1.21 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 165.8, 148.4, 139.4, 138.5, 137.6, 136.9,
136.6, 136.4, 134.1, 128.4, 127.9, 127.3, 122.2, 121.7, 117.0, 112.9, 109.1, 93.1, 86.8,
83.8, 81.5, 80.8, 73.4, 66.8, 26.8, 26.3, 25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H29IN2OsNa 639.0963; Found
639.0961.
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2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-4-methyl-N-(quinolin-8-yl)benzamide
Q)

Colorless oil, 47% (23.7mg)

'H NMR (400 MHz, Chloroform-d) & 10.27 (s, 1H), 8.93 (d, J = 6.1 Hz, 1H), 8.78
(dd,J=4.2,1.7 Hz, 1H), 8.18 (dd, /= 8.3, 1.7 Hz, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.61
—7.53 (m, 2H), 7.45 (dd, J=8.3,4.3 Hz, 1H), 7.24 (d, /= 6.6 Hz, 2H), 5.74 (d, J =
1.5 Hz, 1H), 4.98 (dd, J = 6.0, 1.6 Hz, 1H), 4.78 (dd, /= 6.0, 4.0 Hz, 1H), 4.45 (ddd,
J=17.7,6.3,4.7 Hz, 1H), 4.15 - 4.08 (m, 2H), 3.97 (dd, J = 7.6, 4.0 Hz, 1H), 2.44 (s,
3H), 1.50 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H), 1.25 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 167.6, 148.2, 140.7, 138.6, 137.4, 136.3,
134.6, 133.0, 128.5, 128.2, 127.9, 127.4, 127.3, 121.8, 121.6, 116.8, 112.7, 109.1,
87.1, 84.0, 81.5, 80.9, 73.6, 67.0, 26.8, 26.3, 25.2,24.7, 21.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H32N2OgNa 527.2153; Found
527.2148.

4-(tert-butyl)-2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyl tetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide. (3k)
Light yellow oil, 37% (20.1mg)

'H NMR (400 MHz, Chloroform-d) § 10.34 (s, 1H), 8.95 (dd, J = 7.3, 1.7 Hz, 1H),
8.79 (dd,J=4.2,1.7 Hz, 1H), 8.19 (dd, J= 8.3, 1.7 Hz, 1H), 7.75 (d, J= 8.0 Hz, 1H),
7.62 —7.54 (m, 3H), 7.49 — 7.44 (m, 2H), 5.84 (s, 1H), 4.93 (dd, J= 6.0, 1.3 Hz, 1H),
4.71 (dd, J= 6.0, 3.8 Hz, 1H), 4.50 (ddd, J=17.6, 6.2, 4.3 Hz, 1H), 4.23 (dd, J = 8.7,
4.3 Hz, 1H), 4.14 (dd, J=8.7, 6.2 Hz, 1H), 3.93 (dd, /= 7.6, 3.8 Hz, 1H), 1.51 (s,
3H), 1.40 — 1.37 (m, 15H), 1.23 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 167.4, 154.0, 148.2, 138.7, 137.1, 136.3,
134.6, 132.5, 128.0, 128.0, 127.4, 124.6, 123.8, 121.8, 121.6, 116.8, 112.7, 109.1,
87.6,84.4,81.4,80.7,73.5, 67.0, 35.0, 31.1, 26.9, 26.3, 25.3, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C32H33N20OgNa 569.2622; Found
569.2618.
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2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-4-methoxy-N-(quinolin-8-
yl)benzamide (31)

Yellow oil, 52% (27.0mg)

"H NMR (400 MHz, Chloroform-d) § 10.31 (s, 1H), 8.93 (dd, J = 7.4, 1.6 Hz, 1H),
8.80(dd,J=4.3,1.7 Hz, 1H), 8.19 (dd, J=8.3, 1.7 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H),
7.61 —7.53 (m, 2H), 7.47 (dd, J=8.2,4.2 Hz, 1H), 7.07 (d, /= 2.3 Hz, 1H), 6.93 (dd,
J=28.5,2.6 Hz, 1H), 5.85 (s, 1H), 4.91 (dd, /= 6.0, 1.3 Hz, 1H), 4.72 (dd, /= 6.0, 3.9
Hz, 1H), 4.48 (ddd, J=17.5, 6.3, 4.5 Hz, 1H), 4.20 (dd, /= 8.7, 4.5 Hz, 1H), 4.13 (dd,
J=28.8, 6.2 Hz, 1H), 3.97 (dd, J= 7.5, 3.9 Hz, 1H), 3.89 (s, 3H), 1.50 (s, 3H), 1.42 (s,
3H), 1.37 (s, 3H), 1.23 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.0, 161.4, 148.2, 140.0, 138.7, 136.3,
134.7, 130.1, 128.0, 127.7, 127.4, 121.7, 121.6, 116.7, 112.7, 112.3, 109.1, 87.4, 84.0,
81.5,80.7, 73.6, 67.0, 55.4, 26.9, 26.3, 25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C290H3:N207Na 543.2102; Found
543.2097.

3-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)-[1,1'-biphenyl]-4-
carboxamide (3m)

White solid, 51% (29.1mg)

"H NMR (400 MHz, Chloroform-d) § 10.4 (s, 1H), 9.0 (d, J= 7.1 Hz, 1H), 8.8 (dd, J
=4.2,1.7Hz, 1H), 8.2 (dd, J=8.3, 1.7 Hz, 1H), 7.9 (d, J= 7.9 Hz, 1H), 7.7 (s, 1H),
7.7—7.6 (m, SH), 7.5 - 7.4 (m, 4H), 5.8 (s, 1H), 5.0 (dd, /= 6.0, 1.6 Hz, 1H), 4.8 (dd,
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J=6.0,3.9 Hz, 1H), 4.5 (ddd, J= 7.5, 6.3, 4.6 Hz, 1H), 4.2 (dd, J = 8.7, 4.6 Hz, 1H),
4.1(dd, J=8.7, 6.3 Hz, 1H), 4.0 (dd, J=7.5, 3.9 Hz, 1H), 1.5 (s, 3H), 1.4 (s, 3H), 1.4
(s, 3H), 1.3 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 167.3, 148.3, 143.3, 140.0, 138.6, 137.9,
136.4, 134.5, 134.3, 129.0, 128.7, 128.1, 127.9, 127.4, 127.1, 126.5, 125.5, 121.9,
121.7,116.9, 112.8, 109.1, 87.1, 84.1, 81.6, 80.9, 73.5, 66.9, 26.8, 26.3, 25.2, 24.8.
HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C34H34N206Na 589.2309; Found
589.2305.

2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-4-fluoro-N-(quinolin-8-yl)benzamide
(3n)

Yellow oil, 60% (30.5mg)

"H NMR (400 MHz, Chloroform-d) § 10.29 (s, 1H), 8.91 (dd, J= 6.8, 2.2 Hz, 1H),
8.80 (dd,J=4.2,1.7 Hz, 1H), 8.20 (dd, J=8.3, 1.7 Hz, 1H), 7.79 (dd, /= 8.5, 5.5
Hz, 1H), 7.63 — 7.56 (m, 2H), 7.48 (dd, J = 8.3, 4.2 Hz, 1H), 7.22 (ddd, J = 10.0, 2.7,
0.9 Hz, 1H), 7.13 (td, J= 8.1, 2.6 Hz, 1H), 5.79 (s, 1H), 4.91 (dd, /= 6.0, 1.6 Hz,
1H), 4.74 (dd, J = 6.0, 3.9 Hz, 1H), 4.46 (ddd, J= 7.4, 6.3, 4.7 Hz, 1H), 4.18 — 4.09
(m, 2H), 3.96 (dd, J = 7.4, 3.9 Hz, 1H), 1.48 (s, 3H), 1.42 (s, 3H), 1.37 (s, 3H), 1.22
(s, 3H).

3C NMR (101 MHz, Chloroform-d) § 166.4, 163.8 (d, J=251.3 Hz), 148.3, 141.1 (d,
J=7.1 Hz), 138.6, 136.4, 134.3, 131.5 (d, /= 3.3 Hz), 130.3 (d, /= 8.7 Hz), 127.9,
127.4,122.0, 121.7, 116.9, 114.7 (d, J=21.7 Hz), 114.0 (d, /= 23.4 Hz), 112.9,
109.1, 87.2, 83.7, 81.7, 80.7, 73.5, 66.8, 26.8, 26.2, 25.2, 24.7.

F NMR (376 MHz, Chloroform-d) & -108.3.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C2sH20FN2O¢Na 531.1902; Found
531.1897.
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4-chloro-2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (30)
White solid, 53% (27.8mg)

"H NMR (400 MHz, Chloroform-d) & 10.26 (s, 1H), 8.90 (d, J= 5.0 Hz, 1H), 8.85 —
8.77 (m, 1H), 8.19 (d, J= 7.5 Hz, 1H), 7.70 (d, /= 8.1 Hz, 1H), 7.64 — 7.55 (m, 2H),
7.50 —7.41 (m, 3H), 5.70 (s, 1H), 4.94 (dd, J/=5.9, 1.9 Hz, 1H), 4.78 (dd, /= 6.0, 4.0
Hz, 1H), 4.44 (q, J = 6.2 Hz, 1H), 4.15 - 4.06 (m, 2H), 3.97 (dd, /= 7.5, 4.0 Hz, 1H),
1.47 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H), 1.23 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 166.5, 148.3, 139.8, 138.6, 136.7, 136.4,
134.3, 134.0, 129.5, 128.1, 127.9, 127.3, 126.9, 122.1, 121.7, 116.9, 113.0, 109.1,
87.0, 83.7, 81.8, 80.9, 73.5, 66.9, 26.8, 26.3, 25.2, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H20CIN,OgNa 547.1606; Found
547.1602.

Br RG]

4-bromo-2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (3p)
White solid, 60% (34.2mg)

"H NMR (400 MHz, Chloroform-d) § 10.24 (s, 1H), 8.89 (dd, J = 6.5, 2.5 Hz, 1H),
8.79 (dd,J=4.2, 1.7 Hz, 1H), 8.19 (dd, J = 8.3, 1.7 Hz, 1H), 7.64 — 7.56 (m, SH),
7.47 (dd, J=8.3,4.2 Hz, 1H), 5.68 (s, 1H), 4.94 (dd, /= 6.0, 1.9 Hz, 1H), 4.78 (dd, J
=6.0,4.0 Hz, 1H), 4.43 (dt, /J=7.3,5.6 Hz, 1H), 4.07 (dd, J= 5.7, 1.6 Hz, 2H), 3.97
(dd, J=17.4,4.0 Hz, 1H), 1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.24 (s, 3H).
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3C NMR (101 MHz, Chloroform-d) § 166.6, 148.3, 139.8, 138.6, 136.4, 134.5,
134.3,131.1, 129.8, 129.6, 127.9, 127.3, 125.0, 122.1, 121.7, 116.9, 113.0, 109.1,
87.0, 83.7, 81.8, 80.9, 73.5, 66.9, 26.8, 26.4, 25.2, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H20BrN2OgNa 591.1101; Found
591.1099.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-4-iodo-N-(quinolin-8-yl)benzamide
(1))

Light yellow solid, 60% (36.5mg)

"H NMR (400 MHz, Chloroform-d) § 10.25 (s, 1H), 8.89 (dd, J = 6.4, 2.6 Hz, 1H),
8.78 (dd, J=4.3, 1.7 Hz, 1H), 8.19 (dd, /= 8.3, 1.7 Hz, 1H), 7.82 — 7.78 (m, 2H),
7.61 —7.56 (m, 2H), 7.47 (dd, J = 8.2, 3.1 Hz, 2H), 5.65 (s, 1H), 4.94 (dd, /= 6.0, 2.0
Hz, 1H), 4.78 (dd, J= 6.0, 3.9 Hz, 1H), 4.43 (dt, J="7.5, 5.6 Hz, 1H), 4.07 (d, /= 5.6
Hz, 2H), 3.95 (dd, J=7.6, 4.0 Hz, 1H), 1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s, 3H), 1.24
(s, 3H).

13C NMR (101 MHz, Chloroform-d) & 166.7, 148.3, 139.5, 138.5, 137.1, 136.4,
135.8,135.1, 134.2, 129.5, 127.9, 127.3, 122.1, 121.7, 116.9, 113.0, 109.1, 97.0, 86.9,
83.6, 81.8, 80.9, 73.4, 66.9, 26.7, 26.4, 25.2, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C23H29IN2OsNa 639.0963; Found
639.0959.
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2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)-4-
(trifluoromethyl)benzamide (3r)

Yellow oil, 44% (24.6mg)

"H NMR (400 MHz, Chloroform-d) & 10.29 (s, 1H), 8.91 (dd, J= 5.7, 3.2 Hz, 1H),
8.79 (dd,J=4.2,1.7 Hz, 1H), 8.21 (dd, J= 8.3, 1.7 Hz, 1H), 7.86 (d, /= 7.7 Hz, 1H),
7.75 —7.70 (m, 2H), 7.63 — 7.58 (m, 2H), 7.48 (dd, /= 8.3, 4.2 Hz, 1H), 5.70 (s, 1H),
4.97 (dd, J=5.9, 2.1 Hz, 1H), 4.79 (dd, J= 6.0, 3.9 Hz, 1H), 4.44 (dt, J="7.5, 5.5 Hz,
1H), 4.06 (d, J= 5.5 Hz, 2H), 3.96 (dd, J = 7.5, 3.9 Hz, 1H), 1.49 — 1.46 (m, 3H), 1.36
(s, 3H), 1.35 (s, 3H), 1.24 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 166.3, 148.4, 138.9, 138.7, 138.5, 136.4,
134.1, 132.3 (d, J=32.7 Hz), 128.5, 127.9, 127.3, 125.0 (d, J=4.0 Hz), 123.7 (d, J =
3.7Hz), 123.5 (d, J=272.8 Hz), 122.4, 121.8, 117.0, 113.2, 109.2, 86.9, 84.0, 81.9,
80.9, 73.4, 66.8, 26.7, 26.4, 25.3, 24.8.

F NMR (376 MHz, Chloroform-d) & -63.0.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H29F3N206Na 581.1870; Found
581.1867.

2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-4-nitro-N-(quinolin-8-yl)benzamide
(3s)

Yellow oil, 51% (27.4mg)

'H NMR (400 MHz, Chloroform-d) § 10.31 (s, 1H), 8.92 — 8.88 (m, 1H), 8.80 (dd, J
=4.2,1.8 Hz, 1H), 8.35 — 8.26 (m, 2H), 8.24 — 8.20 (m, 1H), 7.90 (d, J = 8.3 Hz, 1H),
7.62 (d, J=3.8 Hz, 2H), 7.50 (dd, J= 8.2, 4.2 Hz, 1H), 5.68 (s, 1H), 4.98 (dd, /= 6.0,
2.2 Hz, 1H), 4.82 (dd, J= 6.0, 3.9 Hz, 1H), 4.44 (dt, J=17.6, 5.6 Hz, 1H), 4.06 (d, J =
5.5 Hz, 2H), 3.98 (dd, J=7.5, 3.9 Hz, 1H), 1.47 (s, 3H), 1.37 (s, 3H), 1.35 (s, 3H),
1.25 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 165.5, 148.7, 148.4, 141.1, 140.0, 138.4,
136.5, 133.9, 129.2, 127.9, 127.3, 124.0, 123.1, 122.6, 121.9, 117.1, 113.4, 109.2,
86.7, 83.8, 82.0, 80.9, 73.3, 66.8, 26.7, 26.4, 25.2, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C2sH29N30sNa 558.1847; Found
558.1842.
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3-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)-2-naphthamide (3t)
White solid, 65% (34.9mg)

"H NMR (400 MHz, Chloroform-d) § 10.41 (s, 1H), 8.97 (dd, J = 7.3, 1.7 Hz, 1H),
8.79 (dd, J=4.2, 1.7 Hz, 1H), 8.26 (s, 1H), 8.19 (dd, /= 8.3, 1.7 Hz, 1H), 7.96 — 7.87
(m, 3H), 7.64 — 7.55 (m, 4H), 7.47 (dd, J= 8.3, 4.2 Hz, 1H), 5.92 (s, 1H), 5.14 (dd, J
=6.0, 1.6 Hz, 1H), 4.80 (dd, J = 6.0, 4.0 Hz, 1H), 4.47 (ddd, J=7.6, 6.3, 4.7 Hz, 1H),
4.15—-4.06 (m, 2H), 4.01 (dd, J=7.7,4.0 Hz, 1H), 1.53 (s, 3H), 1.37 (s, 3H), 1.35 (s,
3H), 1.26 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.6, 148.3, 138.6, 136.3, 134.6, 133.8,
133.8, 133.5, 132.0, 128.3, 128.2, 128.1, 128.0, 127.8, 127.4, 127.0, 126.0, 121.9,
121.6, 116.9, 112.8, 109.1, 86.5, 84.1, 81.5, 81.0, 73.5, 67.0, 26.8, 26.3, 25.2, 24.7.
HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C32H32N20OgNa 563.2153; Found
563.2148.
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5-chloro-3-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)thiophene-2-
carboxamide (3u)

Colorless oil, 26% (13.5mg)

"H NMR (400 MHz, Chloroform-d) § 10.42 (s, 1H), 8.87 — 8.78 (m, 2H), 8.18 (dd, J
=8.2, 1.7 Hz, 1H), 7.56 (d, J=4.7 Hz, 2H), 7.48 (dd, J= 8.3, 4.2 Hz, 1H), 6.93 (s,
1H), 5.69 (s, 1H), 4.97 (dd, J= 6.0, 1.1 Hz, 1H), 4.80 (dd, /= 6.1, 3.9 Hz, 1H), 4.51
(td, /J=6.7,4.6 Hz, 1H), 4.24 — 4.15 (m, 2H), 3.99 (dd, /= 7.2, 3.9 Hz, 1H), 1.57 (s,
3H), 1.48 (s, 3H), 1.41 (s, 3H), 1.35 (s, 3H).
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3C NMR (101 MHz, Chloroform-d) & 159.1, 148.3, 144.7, 138.6, 136.3, 134.1,
133.2,131.0, 127.9, 127.5, 127.3, 122.1, 121.7, 117.3, 112.9, 109.2, 87.3, 82.6, 82.0,
80.5, 73.5, 66.8, 26.9, 26.2, 25.2, 24.9.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C26H27CIN2O¢Na 553.1171; Found
553.1165.

N Cl

N-(5-chloroquinolin-8-yl)-2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-
yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)benzamide (3v)

Light yellow solid, 51% (26.7mg)

"H NMR (400 MHz, Chloroform-d) & 10.26 (s, 1H), 8.89 (d, J = 8.4 Hz, 1H), 8.84
(dd, J=4.2, 1.6 Hz, 1H), 8.59 (dd, /= 8.5, 1.6 Hz, 1H), 7.76 (dd, /= 7.5, 1.4 Hz,
1H), 7.66 (d, J = 8.4 Hz, 1H), 7.58 (dd, J = 8.5, 4.2 Hz, 1H), 7.56 — 7.44 (m, 3H), 5.76
(s, 1H), 4.96 (dd, J=6.0, 1.5 Hz, 1H), 4.76 (dd, J = 6.0, 3.9 Hz, 1H), 4.46 (ddd, J =
7.7,6.3,4.4 Hz, 1H), 4.16 (dd, J=8.7, 4.4 Hz, 1H), 4.09 (dd, /= 8.7, 6.3 Hz, 1H),
3.95(dd,J=7.7,4.0 Hz, 1H), 1.49 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H), 1.24 (s, 3H).
3C NMR (101 MHz, Chloroform-d) & 167.4, 148.7, 139.2, 137.4, 135.4, 133.7,
133.4, 130.7, 128.0, 128.0, 127.2, 126.6, 125.9, 124.7, 122.4, 116.8, 112.8, 109.1,
87.1, 84.0, 81.4, 80.8, 73.5, 66.9, 26.9, 26.3, 25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C2sH29CIN2O¢Na 547.1606; Found
547.1603.

2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(7-methoxyquinolin-8-
yl)benzamide (3w)
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Yellow oil, 33% (16.9mg)

"H NMR (400 MHz, Chloroform-d) & 10.25 (s, 1H), 8.67 (d, J=2.6 Hz, 1H), 8.61
(dd, J=4.2, 1.7 Hz, 1H), 8.06 (d, /=9.2 Hz, 1H), 7.75 (d, J= 7.3 Hz, 1H), 7.54 —
7.38 (m, 4H), 6.84 (d, J = 2.3 Hz, 1H), 5.74 (s, 1H), 4.98 (dd, /= 5.9, 1.6 Hz, 1H),
4.78 (dd, J=6.0, 3.9 Hz, 1H), 4.49 — 4.40 (m, 1H), 4.16 — 4.07 (m, 2H), 3.96 (s, 4H),
1.50 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H), 1.26 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 167.5, 158.5, 145.6, 137.3, 135.6, 135.4,
135.2, 135.0, 130.6, 128.9, 128.1, 128.0, 126.6, 122.1, 112.8, 109.4, 109.1, 100.0,
87.1, 84.0, 81.5, 80.9, 73.6, 67.0, 55.6, 26.9, 26.3, 25.2, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C20H3:N>0O7Na 543.2102; Found
543.2097.
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2-((3aR,4R,6R,6a5)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-4,5-dimethoxy-N-(quinolin-8-
yl)benzamide (3x)

Colorless oil, 60% (32.6mg)

'H NMR (400 MHz, Chloroform-d) § 10.30 (s, 1H), 8.91 (d, J = 6.0 Hz, 1H), 8.80
(dd,J=4.2, 1.7 Hz, 1H), 8.19 (dd, /= 8.3, 1.6 Hz, 1H), 7.63 — 7.54 (m, 2H), 7.47
(dd, J=8.3,4.2 Hz, 1H), 7.30 (s, 1H), 7.05 (s, 1H), 5.75 (s, 1H), 4.90 (dd, J= 6.0, 1.4
Hz, 1H), 4.72 (dd, J= 6.0, 3.8 Hz, 1H), 4.47 (td, /= 6.7, 4.4 Hz, 1H), 4.21 (dd, J=
8.7,4.4 Hz, 1H), 4.12 (dd, J=8.7, 6.3 Hz, 1H), 3.99 — 3.95 (m, 7H), 1.44 (s, 3H),
1.41 (s, 3H), 1.37 (s, 3H), 1.22 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 167.0, 150.6, 148.2, 148.0, 138.7, 136.3,
134.6, 130.6, 127.9, 127.8, 127.4, 121.8, 121.6, 116.8, 112.8, 111.7, 109.6, 109.1,
87.5, 83.9, 81.3, 80.7, 73.5, 66.8, 56.2, 56.0, 26.9, 26.2, 25.2, 24.8.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C30H34N20sNa 573.2207; Found
573.2204.
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2-((3a8,4S,6R,6aR)-6-((benzyloxy)methyl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (4a)

Yellow oil, 37% (18.7mg)

"H NMR (400 MHz, Chloroform-d) § 10.16 (s, 1H), 8.92 (dd, J = 7.4, 1.6 Hz, 1H),
8.73 (dd,J=4.2, 1.7 Hz, 1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.66 — 7.52 (m, 4H),
7.49 —7.39 (m, 3H), 7.24 — 7.14 (m, 3H), 7.04 (dd, J=7.2, 2.4 Hz, 2H), 5.24 (d, J =
4.7 Hz, 1H), 4.93 (dd, J= 6.9, 4.7 Hz, 1H), 4.68 (dd, /= 6.9, 5.2 Hz, 1H), 4.19 — 4.04
(m, 3H), 3.60 (dd, J=10.3, 3.8 Hz, 1H), 3.45 (dd, /= 10.3, 6.4 Hz, 1H), 1.47 (s, 3H),
1.27 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 168.4, 148.3, 138.5, 137.9, 137.7, 136.2,
136.2, 134.9, 130.1, 128.2, 128.1, 127.9, 127.6, 127.5, 127.4, 127.3, 127.3, 121.7,
121.6, 116.6, 115.0, 86.8, 85.1, 83.5, 81.9, 73.1, 70.3, 27.4, 25.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C31H30N2OsNa 533.2047; Found
533.2045.
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2-((3a8,4S,6R,6aR)-2,2-dimethyl-6-((((Z)-prop-1-en-1-
yl)oxy)methyl)tetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide
(4b)

Colorless oil, 27% (12.4mg)

"H NMR (400 MHz, Chloroform-d) § 10.17 (s, 1H), 8.92 (dd, J = 7.2, 1.6 Hz, 1H),
8.75(dd,J=4.3,1.6 Hz, 1H), 8.17 (dd, J = 8.3, 1.8 Hz, 1H), 7.70 — 7.53 (m, 4H),
7.51-7.39 (m, 3H), 5.64 (dt,J=5.6, 1.7 Hz, 1H), 5.32 (d, /= 4.8 Hz, 1H), 4.87 (dd,
J=6.7,4.8 Hz, 1H), 4.73 (dd, J = 6.8, 5.1 Hz, 1H), 4.18 — 4.07 (m, 2H), 3.90 (dd, J =
11.3,3.2 Hz, 1H), 3.75 (dd, J=11.3, 5.5 Hz, 1H), 1.46 — 1.43 (m, 6H), 1.26 (s, 3H).
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3C NMR (101 MHz, Chloroform-d) § 168.2, 148.2, 145.7, 138.6, 137.7, 136.2,
136.2, 134.8, 130.2, 128.1, 128.0, 127.2, 127.2, 121.8, 121.6, 116.6, 115.1, 114.8,
100.8, 86.9, 84.5, 83.3, 81.3, 71.6, 27.4, 25.5,9.1.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C24H23N204Na 483.1890; Found
483.1886.

[j o
PO N
" “"oTBDPS

2-((3a8,4S,6R,6aR)-6-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-yl)-N-(quinolin-8-yl)benzamide (4c)
Yellow oil, 49% (32.2mg)

"H NMR (400 MHz, Chloroform-d) § 10.20 (s, 1H), 8.91 (dd, J = 5.7, 3.3 Hz, 1H),
8.72 (dd,J=4.2,1.7 Hz, 1H), 8.14 (dd, J= 8.3, 1.7 Hz, 1H), 7.77 — 7.71 (m, 1H),
7.69 —7.62 (m, SH), 7.55 — 7.50 (m, 2H), 7.45 — 7.37 (m, 5H), 7.37 — 7.31 (m, 4H),
543 (d,J=4.9 Hz, 1H), 4.82 (dd, J= 6.6, 4.4 Hz, 1H), 4.75 (dd, J = 6.6, 5.0 Hz, 1H),
4.10 (q,J=4.0 Hz, 1H), 3.93 (dd, J=11.1, 3.8 Hz, 1H), 3.80 (dd, J=11.1, 4.0 Hz,
1H), 1.37 (s, 3H), 1.22 (s, 3H), 1.03 (s, 9H).

3C NMR (101 MHz, Chloroform-d) & 167.7, 148.1, 138.6, 138.1, 136.2, 135.6,
135.6, 134.8, 133.4, 133.2, 130.3, 129.6, 129.6, 128.0, 127.9, 127.6, 127.5, 127.3,
127.2,121.7, 121.5, 116.7, 114.4, 87.0, 84.3, 82.8, 81.5, 63.8, 27.4, 26.8, 25.6, 19.2.
HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C40H42N>05SiNa 681.2755; Found
681.2756.

I
N

HN

“"0Bn

BnO" OBn

5Bn
N-(quinolin-8-yl)-2-((2R,3R,4R,5R,6R)-3,4,5-tris(benzyloxy)-6-
((benzyloxy)methyl)tetrahydro-2 H-pyran-2-yl)benzamide (4d)
Yellow oil, 19% (14.8mg)
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'"H NMR (400 MHz, Chloroform-d) § 10.48 (s, 1H), 8.92 (dd, J = 7.6, 1.5 Hz, 1H),
8.63 (dd, J=4.2, 1.7 Hz, 1H), 8.10 (dd, /= 8.3, 1.7 Hz, 1H), 7.69 — 7.61 (m, 1H),
7.56 (t,J=17.9 Hz, 1H), 7.52 — 7.48 (m, 1H), 7.45 — 7.42 (m, 1H), 7.38 (ddd, J = 12.7,
7.1, 3.4 Hz, 3H), 7.30 — 7.20 (m, 7H), 7.16 — 7.10 (m, 7H), 7.09 — 7.03 (m, 4H), 6.90
—6.84 (m, 2H), 5.63 (d, J=7.5 Hz, 1H), 4.48 — 4.25 (m, 8H), 4.08 (dd, J=17.5, 2.6
Hz, 1H), 4.02 (dt, J= 6.1, 3.0 Hz, 1H), 3.84 — 3.73 (m, 3H), 3.67 (dd, J=10.2, 5.9
Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 168.3, 148.0, 139.0, 138.4, 138.2, 138.1,
138.0, 137.6, 136.8, 136.1, 135.0, 130.0, 128.3, 128.1, 128.1, 128.0, 127.9, 127.7,
127.7,127.7,127.5,127.5, 127.3, 127.3, 127.3, 127.2, 127.2, 121.8, 121.4, 117.5,
75.2,74.9,73.2,72.4,72.2,71.4,69.7, 68.5.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for CsoHssN2OsNa 793.3248; Found
793.3244.

BnO" > “OBn

OBn
N-(quinolin-8-yl)-2-((2R,3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-6-methyltetrahydro-2 H-
pyran-2-yl)benzamide (4e)
Yellow oil, 21% (13.9mg)
'H NMR (400 MHz, Chloroform-d) & 10.39 (s, 1H), 8.91 (d, J = 6.8 Hz, 1H), 8.65
(dd,J=4.2, 1.7 Hz, 1H), 8.11 (dd, J=8.3, 1.7 Hz, 1H), 7.63 (dd, J=7.5, 1.5 Hz,
1H), 7.57 - 7.48 (m, 2H), 7.40 — 7.25 (m, 6H), 7.22 — 7.11 (m, 11H), 7.03 — 6.97 (m,
2H), 5.68 (d, J= 6.0 Hz, 1H), 4.63 — 4.41 (m, 6H), 4.14 (dd, /= 6.0, 2.8 Hz, 1H), 3.82
—3.72 (m, 2H), 3.53 (dd, /= 6.3, 5.0 Hz, 1H), 1.22 (d, J= 6.7 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) 5 168.4, 148.0, 138.9, 138.3, 138.3, 138.1,
137.6, 136.7, 136.1, 134.8, 129.9, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9,
127.7,127.6, 127.4,127.4, 127.4, 127.3, 127.3, 121.8, 121.4, 117.4, 79.6, 76.5, 76 .4,
73.1,72.4,71.6,71.5,69.7, 17.2.
HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C43H40N20sNa 687.2829; Found
687.2828.
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2-((3aR,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3] dioxol-4-yl)benzoic acid (5a)

White solid, 70% (25.7mg)

1H NMR (400 MHz, Chloroform-d) 6 8.01 (d, J=7.7 Hz, 1H), 7.49 (d, J =4.0 Hz, 2H),
7.35—-7.31 (m, 1H), 5.85 (s, 1H), 4.76 (d, J = 6.0 Hz, 1H), 4.64 (dd, J = 6.1, 3.6 Hz,
1H), 4.50 (td, J = 6.7, 4.5 Hz, 1H), 4.27 (dd, J = 8.8, 4.4 Hz, 1H), 4.20 (dd, J = 8.8, 6.4
Hz, 1H), 3.95 (dd, J = 7.2, 3.6 Hz, 1H), 1.60 (s, 3H), 1.45 (s, 3H), 1.40 (s, 3H), 1.33 (s,
3H).

I13C NMR (101 MHz, Chloroform-d) 6 172.8,139.3, 131.8, 131.5, 130.9, 127.4, 125 .4,
112.6, 109.2, 88.9, 84.8, 81.4, 80.6, 73.5, 66.8, 26.9, 26.2, 25.1, 24.7.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C19H2407Na 387.1414; Found 387.1411.
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10. NMR Spectroscopic Data
"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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F NMR (376 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)

000707
SET T
PLETH
(1At
106714
988°€
156°¢
196°¢1
0L6°€7
086°¢
S0
1€
LETH
€STH
881°H
6611
60T
122H
LY+
P8 ¥
SOL ¥
FIL ¥
0TLF
0EL7F
906°F
606
126%
Yoot
LP8'Sy
9169+
70691
LEG9
€769
890°L
€L0LA

S10aD +9T'L
0S¥'L
09tL
0L¥'L
8L+
SE5L
658°L
0LSL]
886°L
¥oL L]
8017
PLI'8
8,18
ﬁ:.&
661°8
T6L°8
96L°8 1
7088
L08°81
0T6'8
768
8668

,

L
A

.

|
[/
[

x

Ng.ﬂ
60£°01

L

L0t
M..ME 3
FL6T
)me,m

o€
ot
260°T
201
S0
£
€01
2ot

=101

"

00'T
a0t
=£0'T
o0z
ot
ST

=101
=001

=001

wi

10

1

ppm
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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F NMR (376 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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“F NMR (376 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)

0L'vT

PIsT\
91'92-f
hm.ﬁ\

£€8'99—
E.mm/
jarelem) mo.E../
€10dD co.E.V
£10add eLL
w@.cw\
9E'18
88
6'88

61°60T—
19°CI1—

€Tl
£r EM
T6'0ET
1STET}
8LTET

67681 —

€8 TLT—

OH

20

40

60

ppm
S72

100

120

140

160

30



S73



