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1. General Information

Unless otherwise noted, all reactions were carried out under an atmosphere of
nitrogen in flame-dried glassware. If reaction was not carried out at room temperature,
reaction temperatures are reported as the temperature of the bath surrounding the
vessel unless otherwise stated. The dry solvents used were purified by distillation over
the drying agents indicated in parentheses and were transferred under nitrogen.
Commercially available chemicals were obtained from commercial suppliers and used

without further purification unless otherwise stated.

Proton NMR ('H) were recorded at 300/400/500/600 MHz, and Carbon NMR (°C) at
75/101/126/151 MHz NMR spectrometer unless otherwise stated. The following
abbreviations are used for the multiplicities: s: singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br s: broad singlet for proton spectra. Coupling constants (J)

are reported in Hertz (Hz).

High-resolution mass spectra (HRMS, LCMS-IT-TOF) were recorded on a Bruker
VPEXII spectrometer with EI and ESI mode unless otherwise stated.

Analytical thin layer chromatography was performed on Polygram SIL G/UV254
plates. Visualization was accomplished with short wave UV light, or KMnOy, staining
solutions followed by heating. Flash column chromatography was performed using

silica gel (300-400 mesh) with solvents distilled prior to use.
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2. Optimization Data

Table S1. Reaction of Benzoic acid SI-2-1 with carbonyl sulfoxonium ylides
glycogen anomeric SI-1-10.

N\, _—

O\}_//S\ [Ru(p-cymene)Cl,l, (5 mol% )

0
0.0 Ag,CO3 (20 mol%)
o * LIK Li,CO; (1 equi
50 i,CO3 (1 equiv)
o]

TFE (0.1 M), 120 °C, Ny, 16 h

Sl-2-5 SI-1-10
Entry Deviation from standard conditions Yield of 1(%)°
1 None 78
2 RuCl;-H,0 instead of [Ru(p-cymene)Cl,], 0
3 AgOTf instead of Ag,CO; 76
4 AgSbF instead of Ag,COs 52
5 NaOAc (1.0 equiv) instead of Li,COj3 (1.0 equiv) 67
6 NEt; (1.0 equiv) instead of Li,CO; (1.0 equiv) 56
7 K,CO; (1.0 equiv) instead of Li,CO5 (1.0 equiv) 60
8 DCM instead of TFE 61
9 1,4-dioxane instead of TFE 0
10 Without[Ru(p-cymene)Cl,], -
11 Without Ag,CO, 32
12 Without [Ru(p-cymene)Cl,], and AgSbF, -

Reaction conditions: * SI-2-1 (0.2 mmol, 1.0 equiv.), SI-1-10 (0.3 mmol, 1.5 equiv.), [Ru(p-cymene)Cl,], (5

mol %), Ag,CO; (20 mol %), Li,CO5 (0.2 mmol, 1.0 equiv.), TFE (0.1 M) 120 °C, N, 16 h. ® Isolated yields.

Table S2. Reaction of Salicylaldehyde SI-5-1 with carbonyl sulfoxonium ylides
glycogen anomeric SI-1-10.

o sT
0 \__7/ [Ru(p-cymene)Cl,], (5 mol% )
0. L0 Ag,CO3 (10 mol%)
+
©\)LH \~‘(Io>< KOPiv (2.0 equiv)
OH Q S TFE (0.1 M), 120 °C, Ny, 16 h
SI-5-1 SI1-1-10
Entry Deviation from standard conditions Yield of 23(%)b
1 None 84
2 RuCl;-H,0 instead of [Ru(p-cymene)Cl,], 0
3 AgOACc instead of Ag,CO; 70
4 AgOTf instead of Ag,CO; 36
5 PivOH (2.0 equiv) instead of KOPiv (2.0 equiv) 24
6 NaOAc (2.0 equiv) instead of KOPiv (2.0 equiv) 0
7 K,CO; (2.0 equiv) instead of KOPiv (2.0 equiv) <10
8 n-Hexane instead of TFE 37
9 DCE instead of TFE 24
10 Without[Ru(p-cymene)Cl,], -
11 Without Ag,CO; 79
12 Without [Ru(p-cymene)Cl,], and Ag,CO5 -

Reaction conditions: * SI-5-1 (0.2 mmol, 1.0 equiv.), SI-1-10 (0.3 mmol, 1.5 equiv.) [Ru(p-cymene)Cl], (5

mol %), Ag,CO; (10 mol %), KOPiv (0.4 mmol, 2.0 equiv.), TFE (0.1 M), 120 °C, N, 16 h. ® Isolated yields.
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3. Synthesis of Starting Materials

3.1 Synthesis of Carbonyl sulfoxonium ylides glycogen anomeric (General

procedure 1) il

Q
0 cocl o) —8r O o
D N SN i
R NOH DCM,DMF R~ >CI  tBuOK,THF R N

Step-1: To a stirred solution of a carboxylic acid (5 mmol) and DMF (2 drops) in
CH,Cl; (25 mL), (COCI); (10 mmol, 0.9 mL) was added dropwise. The reaction was
allowed to stir at room temperature 2 h. Evaporation of the reaction mixture gave a
residue which was dissolved in THF (20 mL). The resulting solution was used as acid

chloride solution in subsequent reactions.

Step-1I: To a stirred solution of potassium tert-butoxide (16.75 mmol, 2.1 g) in dry
THF (20 mL), trimethylsulfoxonium iodide (10.25 mmol, 5.5 g) was added and the
reaction was allowed to reflux for 2 h under N,. The reaction mixture was cooled to
0 °C and the solution of the acid chloride (obtained by step-I) was added dropwise to
it. Then, the reaction was allowed to stir at room temperature for additional 1-2 h.
Next, the solvent was evaporated, water and ethyl acetate were then added to the
resulting slurry. The layers were separated and the aqueous layer was extracted with
ethyl acetate and the organic layers were combined. The organic solution was dried
over anhydrous Na,SOy, filtered, and evaporated to dryness. The crude product was
purified by flash chromatography over silica gel using CH,Cl, and MeOH to afford

the corresponding carbonyl sulfoxonium ylides glycogen anomeric.
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O fal
W [e) O\ //S
S N L o >
—Oo= e)
’ )T Qg(
0N N
SI-1-1 54% SI-1-2 34% SI-1-3 53% .
[gram scale] [gram scale] [2-gram scale] S1-1-4 55%
[2-gram scale]
o O o o
§ 0 0 o g\ O fo)
_ S - .
/ / (@) 1) /9 O .“\/k/ //O 2 o\ ><
"o/% BnO =S— Bno/\Q =S~ g
o) R \ R o
XO BnO BnO ﬁ/o
SI-1-5 50% SI-1-6 41% SI-1-7 49% SI-1-8 42%
[2-gram scale] [gram scale] [gram scale] [gram scale]
o O o @ 9 0]
3 —Sx O._..OMe
BnO o) 7 S\\ o (0] 0\ Y - l .
BnO" 7AO\\‘ by "'0Bn
OBn O/% OBn
SI-1-9 66% SI-1-10 57% SI-1-11 40%
[2-gram scale] [7-gram scale] [gram scale]
: 2-3
Synthesis of compound SI-1-1 %!
O _o .
OH con. HCI, ACE /\Q‘ N TEMPO (0.3 equiv)
: —— > HO BAIB (2.4 equiv)
o < < —_—
o~ OH  MeOH, 757C o. o MeCN:H,0 1:1, rt.
OH OH 80% x 89%
D-Ribose
0] 0
0} 0 O“ 0.__o
\/ General procedure 1 \/

2-(dimethyl(oxo)-)f—sulfaneylidene)-1-((3aS,4S,6R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro|3,4-d][1,3]dioxol-4-yl)ethan-1-one (SI-1-1): 'H NMR (300
MHz, CDCl3) 0 5.11 (dd, J= 6.1, 1.6 Hz, 1H), 5.01 (s, 1H), 4.78 (s, 1H), 4.54 — 4.46
(m, 2H), 3.42 (s, 3H), 3.39 (s, 6H), 1.48 (s, 3H), 1.31 (s, 3H). Spectroscopic data in

accordance with literature.

Synthesis of compound SI-1-2 !
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o} 1) NaH (7.0 equiv)

HO 0 TrCl (1.2 equiv) DMF, 0 °C 10 min Ol .o  orHa0 (02 equi)
"'o)( Pyridine, 70 °C, 3.5 h TFO/\Q ) BnBr (4.0 equiv) TrO © rt2oh
HO )( 0, ty )( _— e
90% o) C-rt, overnlght BnO (o) 83%
D(+)-Xyl
(+)-Xylose T e
o TEMPO (0.3 equiv) o o @
10 BAIB (2.4 equiv) o) General procedure 1 i o)
HO S e o] _— —S= e
"'o)( MeCN:H,0 1:1, rt. 17h / ){ 34% / TS
BnO 95% BnG (o} BnO O
SI-1-2

1-((3aR,5S5,6R,6aR)-6-(benzyloxy)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-
5-yl)-2-(dimethyl(ox0)-A°-sulfaneylidene)ethan-1-one (SI-1-2): '"H NMR (500
MHz, CDCls) 6 7.33 — 7.28 (m, 4H), 7.27 — 7.25 (m, 1H), 6.01 (d, /= 3.6 Hz, 1H),
5.05 (s, 1H), 4.63 (s, 2H), 4.62 (d, J=3.2 Hz, 1H), 4.58 (d, J=3.6 Hz, 1H), 432 (d, J
=3.2 Hz, 1H), 3.36 (s, 3H), 3.32 (s, 3H), 1.47 (s, 3H), 1.31 (s, 3H). Spectroscopic

data in accordance with literature.

Synthesis of compound SI-1-4

OH O
N I on conHys0, HOTNTASTO 1EMPO (0.3 equiv)
HO Y : ) O/k‘ \

: CuSOy (4.0 equiv) BAIB (2.4 equiv)
: = ) /
OH OH acetone 0) 6 MeCN:H,0 1:1, r.t.
85% )( 85%
D-Psicose
0 N
N
HO/IKEO)Q‘\O General procedure 1~ 7 \/‘KEO)(‘\O
S Y O/% 55% S Y O/%
o b o :
2° 2

Si-1-4

2-(dimethyl(oxo)-A’-sulfaneylidene)-1-((3aR,4S,6S,6aR)-2,2,2',2'-
tetramethyldihydro-6H-spiro[furo[3,4-d][1,3]dioxole-4,4'-[1,3]dioxolan]-6-
yDethan-1-one (SI-1-4): '"H NMR (400 MHz, CDCl3) § 5.11 (dd, J= 6.0, 1.7 Hz,
1H), 4.95 (s, 1H), 4.56 (d, /= 5.9 Hz, 1H), 4.40 (d,J= 1.7 Hz, 1H), 435 (d,J=9.8
Hz, 1H), 4.07 (d, /= 9.8 Hz, 1H), 3.42 (s, 3H), 3.38 (s, 3H), 1.54 (s, 3H), 1.45 (s,
3H), 1.38 (s, 3H), 1.31 (s, 3H). Spectroscopic data in accordance with literature.’
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Synthesis of compound SI-1-5"!

OH OH
HO : con. HZSO4 TEMPO (0.3 equiv)
OH CuSO4 (4.0 equiv) /k\ BAIB g2 4 equiv)
OH O " acetone MeCN:H,0 1:1, r.t.

87% 85%
D-Tagatose

o P 0
SX
HO/j/\OP/\O General procedure 1 7 \/jiog/\o
o O/k‘ 50% o)( 1 O/K\

)(O

SI-1-5

2-(dimethyl(oxo)-)f-sulfaneylidene)-1-((3aS,4R,6S,6aS)-2,2,2',2'-
tetramethyldihydro-6H-spiro[furo[3.,4-d][1,3]dioxole-4,4'-[1,3]dioxolan]-6-
yl)ethan-1-one (SI-1-5): "H NMR (300 MHz, CDCl3) & 5.07 — 4.99 (m, 1H), 4.82 (s,
1H), 4.61 — 4.54 (m, 1H), 4.37 —4.25 (m, 2H), 4.11 (dd, J=9.7, 2.0 Hz, 1H), 3.45 (s,
3H), 3.40 (s, 3H), 1.47 (s, 3H), 1.39 (s, 6H), 1.29 (s, 3H). Spectroscopic data in

accordance with literature.

Synthesis of compound SI-1-6 and SI-1-7 **!

OH
O z OH con.HCl,MeOH ho o) 1) NaH (4.0 equiv), DMF, 0 °C 10 min
SN rt. overnight 0~ 2) BnBr (3.0 equiv), 0 °C-rt, overnight
OH 100% HO"

92%
2-Deoxy-D-Ribose °

BF3-OEt, (2.4 equiv.)

Bno«EO}wo/ TMSCN (1.2 equiv.) X}‘ «K)
. _DCM,0°C, 1:5h-

BnO'
77%
. (o]
BnO o] 1,4-dioxane, con. HCl g5 o] General procedure 1 o L
CN 80°C, 4 h COOH ——————>  BnO =
- = . 41% .
B B >
no 80% no BnO
SI-1-6
. (0]
BnO o] 1,4-dioxane, con. HCl g5 o] General procedure 1 ORI/ 0
“1CN 80°C, 4 h 1COOH _— Bno/\(J" /S\\
S _— o 49% A
B R
no 80% Bno BnO
SI-1-7

1-((2R,4S5,5R)-4-(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)-2-
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(dimethyl(oxo0)-A>-sulfaneylidene)ethan-1-one (SI-1-6): 'H NMR (300 MHz,
CDCl;) & 7.38 - 7.23 (m, 10H), 4.95 (s, 1H), 4.54 (d, J = 4.5 Hz, 3H), 4.50 — 4.40 (m,
2H), 4.21 (q, J = 4.5 Hz, 1H), 4.07 (dt, J = 6.2, 3.1 Hz, 1H), 3.64-3.49 (m, 2H), 3.36
(s, 3H), 3.24 (s, 3H), 2.42-2.32 (m, 1H), 2.10-1.98 (m, 1H). Spectroscopic data in

accordance with literature.

1-((25,4S5,5R)-4-(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)-2-

(dimethyl(oxo)-)f—sulfaneylidene)ethan-l-one (SI-1-7): 'H NMR (300 MHz,
CDCls) 6 7.33 — 7.27 (m, 10H), 4.98 (s, 1H), 4.56 (s, 2H), 4.47 (s, 1H), 4.40 (d, J =
11.1 Hz, 2H), 4.32 — 4.27 (m, 1H), 4.05 (q, J = 4.3 Hz, 1H), 3.55 — 3.48 (m, 2H), 3.31
(s, 3H), 3.20 (s, 3H), 2.36 (t, J = 6.0 Hz, 2H). Spectroscopic data in accordance with

literature.'
Synthesis of compound SI-1-8 [1-12)
(0] 0 i
HO o TEMPO (0.3 equiv)
con. H,S0,4 /j;J"'oK _BAIB (2.4 equiv)_
acetone o) MeCN:H,0 1:1, r.t.

87% %/o 6%

D-Galactopyranoside

I o
—Sx 0.0
>< General procedure 1 7 ' ><
o 42% o "0

2-(dimethyl(oxo0)-A%-sulfaneylidene)-1-((3aR,5S,5aR,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-SH-bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-5-yl)ethan-1-one
(SI-1-8): 'H NMR (500 MHz, CDCl5) § 5.60 (d, J = 5.0 Hz, 1H), 4.96 (s, 1H), 4.69 —
4.61 (m, 2H), 4.33 (dd, J = 5.0, 2.4 Hz, 1H), 4.15 (d, J = 2.2 Hz, 1H), 3.42 (s, 6H),
1.51 (s, 3H), 1.42 (s, 3H), 1.32 (s, 6H). Spectroscopic data in accordance with

literature.'

Synthesis of compound SI-1-9 '*15]

8/104



ACO 1) i) K,CO3 (2.4 equiv), MeOH, r.t., 12 h B0 0 PPh3.HBr (5 mol%)
c n :
1 I] i)y NaH (5.0 equiv), BnBr (4.0 equiv) L HOAc (1.5 equiv)
AcO" DME, 0 °C-rt, overnight BnO" CH,Cl,, r.t., overnight
OAc 81% OBn 81%
O .OAc BFj3-OEt; (2.4 equiv. O.__CN
BnO ¢ ¥ 2 ( d . ) BnO 1,4-dioxane, con. HCI
TMSCN (1.2 equiv.) 80°C. 4 h
BnO" DCM,0°C, 1.5h BnO" :
OBn 50% OBn 85%
0._.COOH Q9
B”O/\q General procedure 1 BnO 0 28
BnO T 66% BnO"
" OBn
SI-1-9

1-((2R,4R,5S,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2 H-pyran-
2-yl)-2-(dimethyl(oxo)-kﬁ-sulfaneylidene)ethan-1-one (SI1-1-9): 'H NMR (300
MHz, CDCls) 6 7.30 (dt, J=17.5,5.7 Hz, 13H), 7.20 (d, J = 6.6 Hz, 2H), 5.00 — 4.86
(m, 2H), 4.73 (d, J = 11.6 Hz, 1H), 4.64 — 4.51 (m, 4H), 3.80 — 3.64 (m, 4H), 3.47 (d,
J =709 Hz, 2H), 3.40 (d, /= 3.6 Hz, 6H), 1.48 (q, J = 12.0 Hz, 1H), 1.27 (d, /= 8.8

Hz, 1H). Spectroscopic data in accordance with literature.'
Synthesis of compound SI-1-11

1) NaH (7.0 equiv)

0. .0
MU
HO TrCl (1.2 equiv) TrO OO~ DMF, 0 °C 10 min
HO™ “OH  Pyridine, 70°C, 3.5 h . ., 2) BnBr (4.0 equiv)
HO' ‘OH

OH 97% ’ 0 °C-rt, overnight
Methyl a-D-glucopyranoside 0 80%
10 OO~ TsOH:H,0 (0.2 equiv) 4 0.0 TEMPO (0.3 equiv)
MeOH:DCM 1:1 BAIB (2.4 equiv)
BnO" “/0OBn rt. 22h BnO" “OBn  MeCN:H,0 1:1, r.t. 15h
OBn 95% OBn 80%
(0] 9 O
HO OO General procedure 1 -8 I 0O
BnO" “/OBn 80% “’OBn
OBn OBn

SI-1-11

1-((25,3R,45)-3,4-bis(benzyloxy)-2-methoxy-3,4-dihydro-2 H-pyran-6-yl)-2-

(dimethyl(oxo)—)f—sulfaneylidene)ethan—l-one (SI-1-11)
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Sw 0O

“'OBn
OBn

Prepared according to the general procedure 1. Purification by flash column
(DCM/MeOH = 100/1-100/3) afforded SI-1-11 (3.56 g, 80% yield) as yellow oil.
TLC: Rf=0.7 (DCM/MeOH = 20/1).

'H NMR (500 MHz, CDCly): § 7.33 (m, 9H), 7.30 — 7.28 (m, 1H), 5.94 (d, J = 3.1
Hz, 1H), 4.94 (s, 1H), 4.88 (d, J = 2.4 Hz, 1H), 4.80 (d, J = 12.2 Hz, 1H), 4.74 (d, J =
12.2 Hz, 1H), 4.67 (d, J= 11.7 Hz, 1H), 4.60 (d, J = 11.7 Hz, 1H), 4.28 (dd, J= 6.8,
3.1 Hz, 1H), 3.76 (dd, J = 6.8, 2.4 Hz, 1H), 3.51 (s, 3H), 3.4 (s, 6H).

BC NMR (126 MHz, CDCl3): & 175.80, 148.14, 138.40, 138.28, 128.54, 128.53,
128.20, 127.96, 127.92, 127.78, 101.90, 100.06, 75.91, 73.33, 73.27, 71.21, 69.32,
56.94, 42.30, 42.26.

HRMS (ESI): m/z calculated for C;,H37,04S - [M+H]+, 445.1679; found, 445.1680.

3.2 General procedure for the conversion of nitriles to 2-oxazoline tel,

O/>
CN

N TCCA (3 mol%) <
R_: + Ho\/\NH2

110 °C, 1-2 h RT

A mixture of a nitrile (I mmol), 2-aminoethanol (6 mmol) and TCCA (0.03 mmol)
was stirred at 110 <C for an appropriate time. The reaction was performed under
solvent-free conditions. After completion of the reaction, monitored by TLC (eluent:
n-hexane: Ethyl acetate, 2:1), the reaction mixture was cooled to room temperature
and the crude product was purified by column chromatography to afford the pure

products in high yields.
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Cl
SI-3-1 Sl1-3-2 SI1-3-3 SI-3-4
0] 0 (0] O
FsC MeO Ph
SI-3-5 SI-3-6 SI-3-7 SI-3-8

3.3 Synthesis of N-substituted iminopyridinium ylides '""';

i i @
.
o+ +NH2 409, NaOH NELRN
/ I- -

N-Aminopyridinium iodide (1.0 equiv) was added to an aqueous solution of 10% agq.
NaOH at 0 °C and stirred for 10 min. Acid chloride (2.0 equiv) was added at this
temperature and the mixture stirred overnight at room temperature. The resulting
suspension was then extracted with CH,Cl, (3 times) and the organic layer dried over
Na,SOs. Evaporation of the solvent under reduced pressure afforded the desired ylides

which, if necessary, were purified by recrystallisation.
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4. General procedure for the ruthenium-catalyzed C—H functionalization

4.1 Procedure for the annulation of Benzoic acid with carbonyl sulfoxonium

ylides glycogen anomeric (General procedure 2)

o 9 o [Ru(p-cymene)Cly], (5 mol%)
0,
OH . //S% A92C03 (20 mol /o)
7,9PC Li,CO3 (1 equiv)

TFE (0.1 M), 120 °C, N,, 16 h

1.0 equiv 1.5 equiv
A Schlenk tube (15 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with substituted Benzoic acid SI-2 (0.1 mmol), carbonyl
sulfoxonium ylides glycogen anomeric Sl-1 (0.15 mmol), [Ru(p-cymene)Cl,], (3.1
mg, 5 mol %), Ag,CO; (5.5 mg, 20 mol %), Li,COs (7.4 mg, 0.1 mmol, 1.0 equiv)
and TFE (1 mL, 0.1 M). The vial was then sealed and heated at 120 °C for 16 h under
N,. After that, the solvent was removed under reduced pressure and the residue was

purified by silica gel chromatography using PE/EA to afford the product.

4.2 Procedure for the annulation of oxazoline with carbonyl sulfoxonium ylides

glycogen anomeric (General procedure 3)

oN 0O o [Ru(p-cymene)Cly], (5 mol% )

4 AgNTF, (20 mol%)
. //S§)}\EO> NaOAc (50 mol%)
—OPG
@ 'n(1,2) MesCOOH (2 equiv)

DCE (0.1 M), 100 °C, N, 16 h

1.0 equiv 1.5 equiv

A Schlenk tube (15 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with substituted oxazoline SI-3 (0.1 mmol), carbonyl sulfoxonium
ylides glycogen anomeric Sl-1 (0.15 mmol), [Ru(p-cymene)ClL], (3.1 mg, 5 mol %),
AgNTT; (7.8 mg, 20 mol %), NaOAc (4.1 mg, 50 mol %), MesCOOH (32.8 mg, 0.2
mmol, 2.0 equiv) and DCE (1 mL, 0.1 M). The vial was then sealed and heated at

100 °C for 16 h under N,. After that, the solvent was removed under reduced pressure
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and the residue was purified by silica gel chromatography using PE/EA to afford the

product.

4.3 Procedure for the annulation of benzoyl(pyridin-1-ium-1-yl)amide with

carbonyl sulfoxonium ylides glycogen anomeric (General procedure 4)

0]

(o) =
) @ (IDI Q [Ru(p-cymene)Cl,], (5 mol%)
N/('j)\ + S o} o
/ lopG AcOH (2 equiv) =
n(1,2)

o
TFE (0.1 M), 100 °C, Ny, 12 h opa
'n(1,2)

1.0 equiv 1.5 equiv
A Schlenk tube (15 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with the benzoyl(pyridin-1-ium-1-yl)amide SI-4-1 (0.1 mmol),
carbonyl sulfoxonium ylides glycogen anomeric SI-1 (0.15 mmol), [Ru(p-
cymene)Clz], (3.1 mg, 5 mol %), CH3COOH (12 mg, 0.2 mmol, 2.0 equiv) in TFE (1
mL, 0.1 M) was stirred at 100 °C for 12 h under an ambient atmosphere of N, in an
oil bath. After the reaction was completed as indicated by TLC analysis, the solvent
was removed under reduced pressure and the residue was purified by silica gel
chromatography using petroleum ether/ethyl acetate 20:1 (v/v) to give the

corresponding product.

4.4 Procedure for the annulation of 2-hydroxybenzaldehyde with carbonyl

sulfoxonium ylides glycogen anomeric (General procedure 5)

o) O o [Ru(p-cymene)Cl,], (5 mol%)

Il Ag,CO3 (10 mol%)
H + —Sx (@)
/ D opG KOPiv (2 equiv)
OH 'n(1,2) TFE (0.1 M), 120 °C, N5, 16 h
1.0 equiv 1.5 equiv

A Schlenk tube (15 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with substituted salicylaldehyde SI-5 (0.2 mmol), carbonyl
sulfoxonium ylides glycogen anomeric SI-1 (0.3 mmol), [Ru(p-cymene)Cl,], (6.1 mg,
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5 mol %), Ag,CO; (5.6 mg, 10 mol %), KOPiv (56.1 mg, 0.4 mmol, 2.0 equiv) and
TFE (2 mL, 0.1 M). The vial was then sealed and heated at 120 °C for 16 h under N,.
After that, the solvent was removed under reduced pressure and the residue was

purified by silica gel chromatography using PE/EA to afford the product.
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5 Experimental procedure for scale-up reaction

5.1 Gram-Scale Preparation of 3

o s
N/ [Ru(p-cymene)Cll, (5 mol% )

o}
0.0 Ag,CO3 (20 mol%)
OH 7 (/\EK Li,CO3 (1 equi
5o i,CO; (1 equiv)
o

TFE (0.1 M), 120 °C, Ny, 16 h

S1-2-5 (2 mmol) S1-1-10 (3 mmol)

3,70%

A Schlenk tube (100 mL) equipped with a magnetic stir bar and a Teflon-lined
screwed cap was charged with substituted 1-naphthoic acid SI-2-5 (344.4 mg, 2.0
mmol, 1.0 equiv), carbonyl sulfoxonium ylides glycogen anomeric SI-1-10 (1045 mg,
3.0 mmol, 1.5 equiv), [Ru(p-cymene)Cl,], (61.2 mg, 5 mol %), Ag,CO; (55.2 mg, 20
mol %), Li,COs (147.8 mg, 2.0 mmol, 1.0 equiv) and TFE (20 mL, 0.1 M). The vial
was then sealed and heated at 120 °C for 16 h under N,. After that, the solvent was
removed under reduced pressure and the residue was purified by silica gel
chromatography using PE/EA to afford the product 3 (596.0 mg, 70% yield) as yellow

oil.

5.2 Gram-Scale Preparation of 7

0O O
o 7 s o
ﬁ/(@ // AN .\\O>< [Ru(p-cymene)Cl,], (5 mol%)
* o o] AcOH (2 equiv)

%»o TFE (0.1 M), 100 °C, Ny, 12 h

Sl1-4-1 (1 mmol) S1-1-8 (1.5 mmol) %’7, 69%
A Schlenk tube (100 mL) equipped with a magnetic stir bar and a Teflon-lined
screwed cap was charged with the benzoyl(pyridin-1-ium-1-yl)amide SI-4-1 (198.2
mg, 1.0 mmol, 1.0 equiv), carbonyl sulfoxonium ylides glycogen anomeric SI-1-8
(522.6 mg, 1.5 mmol, 1.5 equiv), [Ru(p-cymene)Cl;], (30.6 mg, 5 mol %),
CH3COOH (114 uL, 2 mmol, 2.0 equiv) in TFE (10 mL, 0.1 M) was stirred at 100 T
for 12 h under an ambient atmosphere of N, in an oil bath. After the reaction was
completed as indicated by TLC analysis, the solvent was removed under reduced

pressure and the residue was purified by silica gel chromatography using petroleum
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ether/ethyl acetate 20:1 (v/v) to give the corresponding product 7 (257 mg, 69% yield)

as yellow oil.

5.3 Gram-Scale Preparation of 23

N\

0 O\\_//S\ [Ru(p-cymene)Cl,], (5 mol%)
(OGN} Ag,CO3 (10 mol%)
SOINGES Cfi&
o o KOPiv (2.0 equiv) ><
OH }5 TFE (0.1 M), 120 °C, N, 16 h

SI-5-1 (2 mmol) S1-1-10 (3 mmol) 23 71%

A Schlenk tube (100 mL) equipped with a magnetic stir bar and a Teflon-lined
screwed cap was charged with substituted salicylaldehyde S1-5-1 (199 uL, 2.0 mmol,
1.0 equiv), carbonyl sulfoxonium ylides glycogen anomeric SI-1-10 (1045 mg, 3.0
mmol, 1.5 equiv), [Ru(p-cymene)Cl,], (61.2 mg, 5 mol %), Ag,CO; (55.2 mg, 10
mol %), KOPiv (560.9 mg, 4.0 mmol, 2.0 equiv) and TFE (20 mL, 0.1 M). The vial
was then sealed and heated at 120 °C for 16 h under N,. After that, the solvent was
removed under reduced pressure and the residue was purified by silica gel
chromatography using PE/EA to afford the product 23 (528.2 mg, 71% vyield) as

yellow oil.

5.4 Gram-Scale Preparation of 28

\\

[Ru(p-cymene)Cl,]l, (5 mol% )
Ag,CO3 (10 mol%)
(I K e oy
KOPiv (2.0 equiv) HO ><
TFE (

0.1 M), 120 °C, Np, 16 h
/>_O

S1-5-6 (2 mmol) SI 1-10 (3 mmol) 28, 63%

A Schlenk tube (100 mL) equipped with a magnetic stir bar and a Teflon-lined
screwed cap was charged with substituted salicylaldehyde SI-5-6 (276.2 mg, 2.0
mmol, 1.0 equiv), carbonyl sulfoxonium ylides glycogen anomeric SI-1-10 (1045 mg,
3.0 mmol, 1.5 equiv), [Ru(p-cymene)Cl,], (61.2 mg, 5 mol %), Ag,CO; (55.2 mg, 10
mol %), KOPiv (560.9 mg, 4.0 mmol, 2.0 equiv) and TFE (20 mL, 0.1 M). The vial
was then sealed and heated at 120 °C for 16 h under N,. After that, the solvent was

removed under reduced pressure and the residue was purified by silica gel

16/ 104



chromatography using PE/EA to afford the product 28 (489.4 mg, 63% yield) as

yellow solid.

17 /104



6 Late-stage modification of estron and proposed reaction mechanism

6.1 Transformations of 47 to 47-1 '8

MeO

NEt; (3.0 equiv)
PhNTf, (1.1 equiv)

DCM,5°Ctort,4 h
TfO

47-1, 92%

To a solution of estrone (2.7 g, 10.0 mmol, 1.0 equiv) and triethylamine (4.2 mL, 30.0
mmol, 3.0 equiv) in dichloromethane at 5 °C was charged dropwise a solution of
1,1,1-trifluoro-N-phenyl-N-((trifluoromethyl)sulfonyl)methanesulfonamide (3.9 g,
11.0 mmol, 1.1 equiv) in dichloromethane and the resulting mixture was stirred at rt
for 4 h and then concentrated. The residue was purified by silica gel column

chromatography to give pure product 47-1 (3.7 g, 92%) as white solid.

6.2 Transformations of 47-1 to 48 !

Pd(OAc), (5 mol%)
dppf (20 mol%)

KOACc (4 equiv), CO
dry DMSO, 60 °C, overtnight

48, 80%

47-1 (805 mg, 2.0 mmol, 1.0 equiv), Pd(OAc), (22.7 mg, 5 mol %), 1,1'-
bis(diphenylphosphino) ferrocene (222 mg, 20 mol %), and potassium acetate (0.79 g,
8.0 mmol, 4 equiv) were added to the crude compound in DMSO (20 mL). The
reaction mixture was stirred at 60 <C under a balloon of CO overnight. The mixture
was then cooled to room temperature, quenched with 1 M HCI (pH < 3), and extracted
with EtOAc (30 mLx 3). The combined organic phase was washed with brine, dried
over sodium sulfate, filtered, and evaporated under reduced pressure to afford the

corresponding crude carboxylic acid. The crude carboxylic acid was purified by
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column chromatography on silica gel to obtain the corresponding acid 48 as a yellow

oil (0.48 g, 80%).

6.3 Transformations of 48 to 49

MeO

S1-1-10 (0.3 mmol)
[Ru(p-cymene)Cl,], (5 mol%)
Ag,CO3 (20 mol%)
Li,CO3 (1 equiv)
TFE (0.1 M), 120 °C, N,, 16 h

48 (0.2 mmol) 49, 60%

A Schlenk tube (10 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with substituted 48 (59.7 mg, 0.2 mmol, 1.0 equiv), carbonyl
sulfoxonium ylides glycogen anomeric SI-1-10 (104.5 mg, 0.3 mmol, 1.5 equiv),
[Ru(p-cymene)Cl,], (6.1 mg, 5 mol %), Ag,COs (5.5 mg, 20 mol %), Li,COs (14.8
mg, 0.2 mmol, 1.0 equiv) and TFE (2 mL, 0.1 M). The vial was then sealed and
heated at 120 °C for 16 h under N,. After that, the solvent was removed under reduced
pressure and the residue was purified by silica gel chromatography using PE/EA to
afford the product 49 (65.7 mg, 60% yield) as white solid.

TLC: Rf = 0.20 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCly): 5 7.99 (s, 1H), 7.33 (s, 1H), 6.93 (s, 1H), 4.64 (d, J =
8.1 Hz, 2H), 4.30 (d, J = 7.7 Hz, 1H), 4.07 (dd, J = 13.1, 1.8 Hz, 1H), 3.96 (d, J =
13.0 Hz, 1H), 3.09 — 2.99 (m, 2H), 2.52 (dd, J = 19.0, 8.7 Hz, 1H), 2.49 — 2.43 (m,
1H), 2.41 — 2.35 (m, 1H), 2.20 — 2.14 (m, 1H), 2.11 — 2.05 (m, 2H), 2.01 (dt, J = 12.9,
3.2 Hz, 1H), 1.66 (s, 3H), 1.63 (t, J = 3.3 Hz, 2H), 1.60 (s, 3H), 1.56 — 1.47 (m, 4H),
1.38 (s, 3H), 1.31 (s, 3H), 0.93 (s, 3H).

BC NMR (126 MHz, CDCl): & 162.03, 151.63, 148.15, 138.34, 134.42, 129.57,
123.00, 118.87, 109.95, 109.27, 104.97, 99.95, 72.33, 70.48, 70.12, 61.31, 50.79,
47.96, 44.83, 37.67, 35.92, 31.60, 29.30, 26.75, 26.29, 25.87, 25.61, 25.41, 24.01,
21.74, 13.93.
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HRMS (ESI): m/z calculated for C3,H3¢NaOg [M+Na]+, 573.2459; found, 573.2459.

6.4 Transformations of 47 to 50 2"

Me o Me o
(CH,0)n, MgCl,
Et;N, CH;CN
125°C,12h H
HO HO
47 50, 50%

To a mixture of estrone (0.54 g, 2.0 mmol), paraformaldehyde (0.60 g, 20 mmol) and
magnesium chloride (0.50 g, 5.2 mmol) was added acetonitrile (8 mL), followed by
triethylamine (2.2 mL, 9.2 mmol) at room temperature. The sealed tube was heated at
125°C for 12 h. 6 N HCI (6 mL) was added slowly after cooling and the mixture
extracted with diethyl ether (60 mL, 2 x 30 mL). The extracts were combined, washed
with H,O (2 x 50 mL), brine (30 mL), then dried over Na;SO4. Column
chromatography (silica, PE : EA = 6:1) gave s as white solid (0.30 g, 50% yield).

6.5 Transformations of 50 to 51

SlI-1-11 (0.15 mmol)
[Ru(p-cymene)Cl,], (5 mol%)
Agch;:, (10 mol%)
KOPiv (2 equiv)

TFE (0.1 M), 120 °C, N,, 16 h

50 (0.1 mmol) 6Bn 51, 62%

A Schlenk tube (15 mL) equipped with a magnetic stir bar and a Teflon-lined screwed
cap was charged with substituted salicylaldehyde 50 (29.8 mg, 0.1 mmol), carbonyl
sulfoxonium ylides glycogen anomeric SI-1-11 (66.7 mg, 0.15 mmol), [Ru(p-
cymene)Clz], (3.1 mg, 5 mol %), Ag,COs (2.8 mg, 10 mol %), KOPiv (28.0 mg, 0.2
mmol, 2.0 equiv) and TFE (1 mL, 0.1 M). The vial was then sealed and heated at
120 °C for 16 h under N,. After that, the solvent was removed under reduced pressure

and the residue was purified by silica gel chromatography using PE/EA to afford the
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product 51 (40.3 mg, 62% yield) as yellow oil.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCly): § 8.06 (d, J = 1.3 Hz, 1H), 7.39 — 7.35 (m, 7H), 7.34 —
7.30 (m, 3H), 7.18 (s, 1H), 6.62 (s, 1H), 6.04 (d, J = 3.3 Hz, 1H), 5.00 (d, /= 2.3 Hz,
1H), 4.80 (d, J = 4.7 Hz, 2H), 4.72 (d, J = 1.8 Hz, 2H), 4.39 (dd, J= 6.9, 3.3 Hz, 1H),
3.88 (dd, J = 6.9, 2.4 Hz, 1H), 3.54 (s, 3H), 3.07 — 2.98 (m, 2H), 2.62 — 2.56 (m, 1H),
2.52 (dd, J = 18.8, 8.6 Hz, 1H), 2.39 — 2.29 (m, 1H), 2.20 — 2.11 (m, 1H), 2.08 — 1.98
(m, 3H), 1.70 — 1.62 (m, 2H), 1.58 — 1.45 (m, 4H), 0.92 (s, 3H).

BC NMR (75 MHz, CDCly): & 156.89, 154.30, 144.54, 142.67, 138.16, 138.07,
137.89, 128.67, 128.65, 128.26, 128.20, 128.00, 127.95, 122.06, 117.27, 107.48,
104.66, 100.08, 75.81, 73.45, 73.30, 72.07, 57.20, 50.60, 48.02, 44.19, 37.92, 35.94,
31.47,29.82,26.19, 25.86, 21.72, 13.90.
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6.6 Proposed reaction mechanism

1,21,22 . : :
“>7 we propose a plausible mechanism for these reactions.

Based on literature
Cyclometalation of A (or A") forms a Ru-cyclic intermediate II. Coordination of
sulfoxonium ylide glycol-reagents B occurs after subsequent a-elimination of DMSO,
resulting in the formation of Ru-carbene species III. This species is then proposed to
undergo migratory insertion of the Ru-C bond, leading to the formation of a six-
membered Ru-cyclic intermediate IV. Protonolysis releases the acylmethylated

intermediate V while regenerating the active catalyst. The intermediate V undergoes

cyclization and dehydration to generate product P.

3-C-glycosyl isocoumarins
o]

o
o (o] [e] =
iy o 3 L A0
‘é\g_m NS QN O
1l n(1,2)
JC O
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\—OPG [Ru(p-cy )Clal2
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7 Spectra Data of substrates and products

3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis(|1,3]dioxolo)[4,5-

b:4',5'-d|pyran-3a-yl)-1H-isochromen-1-one (1)

Prepared from SI-2-1 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 1 (29.2 mg, 78% yield) as yellow oil.

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 1 (19.5 mg, 52% yield) as yellow oil.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 1 (13.1 mg, 35% yield) as yellow oil.

TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCls): 5 8.27 (d, J = 7.9 Hz, 1H), 7.70 (td, J = 7.6, 1.4 Hz,
1H), 7.51 (t, J = 7.6 Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H), 6.99 (s, 1H), 4.67 — 4.63 (m,
2H), 4.33 — 4.29 (m, 1H), 4.07 (dd, J = 13.0, 1.8 Hz, 1H), 3.96 (d, J = 13.0 Hz, 1H),
1.66 (s, 3H), 1.60 (s, 3H), 1.39 (s, 3H), 1.31 (s, 3H).

BC NMR (126 MHz, CDCly): & 161.88, 152.49, 136.73, 134.98, 129.77, 128.81,
126.41, 121.08, 110.08, 109.27, 104.78, 99.85, 72.30, 70.43, 70.06, 61.30, 26.72,

25.77,25.37,23.97.
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HRMS (ESI): m/z calculated for C,oH,,NaO, * [M+Na]+, 397.1258; found, 397.1258.

1-ox0-3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-1H-isochromene-6-carbonitrile (2)

Prepared from SI-2-3 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 2 (10.3 mg, 26% yield) as white solid.

TLC: Rf = 0.48 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCly): 5 8.37 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 8.6 Hz, 2H),
7.00 (s, 1H), 4.65 (dd, J = 10.3, 2.3 Hz, 2H), 431 (d, J = 7.9 Hz, 1H), 4.07 (d, J =
13.0 Hz, 1H), 3.97 (d, J = 13.0 Hz, 1H), 1.65 (s, 3H), 1.61 (s, 3H), 1.39 (s, 3H), 1.32
(s, 3H).

BC NMR (126 MHz, CDCl): & 160.27, 154.82, 137.17, 131.08, 130.82, 130.42,
123.78, 118.60, 117.48, 110.44, 109.34, 103.49, 99.61, 72.39, 70.34, 69.97, 61.44,

26.70, 25.87, 25.30, 23.93.

HRMS (ESI): m/z calculated for C,H,NNaO; ~ [M+Na]", 422.1210; found,
422.1210.

3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis(|1,3]dioxolo)[4,5-
b:4',5'-d|pyran-3a-yl)-1H-benzo[h]isochromen-1-one (3)
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Prepared from SI-2-5 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 3 (33.2 mg, 78% yield) as yellow oil.

TLC: Rf = 0.65 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCL): §9.70 (dd, J=8.7, 1.1 Hz, 1H), 8.12 (d, J= 8.4 Hz,
1H), 7.91 (dd, J = 8.1, 1.4 Hz, 1H), 7.79 — 7.74 (m, 1H), 7.65 — 7.61 (m, 1H), 7.47 (d,
J=8.5Hz, 1H), 7.11 (s, 1H), 4.75 (d, J = 2.4 Hz, 1H), 4.67 (dd, J = 8.0, 2.5 Hz, 1H),
433 (dd, J = 8.0, 1.9 Hz, 1H), 4.10 (dd, J = 13.1, 1.8 Hz, 1H), 4.02 — 3.97 (m, 1H),
1.72 (s, 3H), 1.63 (s, 3H), 1.40 (s, 3H), 1.32 (s, 3H).

BC NMR (126 MHz, CDCl): & 161.16, 154.12, 139.48, 136.60, 133.38, 131.70,
129.64, 128.81, 127.11, 126.70, 124.21, 114.60, 110.21, 109.31, 105.57, 99.84, 72.51,
70.44, 70.08, 61.35, 26.73, 25.79, 25.39, 23.98.

HRMS (ESI): m/z calculated for C,4H,4NaO; * [M+Na]+, 447.1414; found, 447.1415.

8-hydroxy-3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-1H-isochromen-1-one (4)

OH O

Prepared from SI-2-6 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)

according to the general procedure 2. Purification by flash column (Ethyl
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acetate/Petroleum Ether = 1/10) afforded 4 (35.2 mg, 90% yield) as yellow oil.
TLC: Rf = 0.75 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (300 MHz, CDCl3): § 10.91 (s, 1H), 7.59 (t, J = 8.0 Hz, 1H), 6.99 (t, J =
4.3 Hz, 2H), 6.91 (d, J = 7.6 Hz, 1H), 4.64 (d, J = 8.6 Hz, 2H), 4.31 (d, J = 7.8 Hz,
1H), 4.07 (d, J = 13.0 Hz, 1H), 4.00 — 3.88 (m, 1H), 1.64 (s, 3H), 1.61 (s, 3H), 1.40 (s,
3H), 1.32 (s, 3H).

BC NMR (75 MHz, CDCly): § 165.93, 161.78, 151.92, 137.55, 137.09, 116.89,
116.07, 110.14, 109.35, 106.60, 106.10, 99.74, 72.40, 70.39, 70.05, 61.36, 26.72,
25.78,25.29,23.97.

HRMS (ESD): m/z calculated for C,0H2,NaOg * [M+Na]', 413.1207; found, 413.1219.
7-(3-(adamantan-1-yl)-4-methoxyphenyl)-3-((3aR,5aR,8aR,8bS)-2,2,7,7-

tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-1H-

benzo|g]isochromen-1-one (5)

Prepared from SI-2-4 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 5 (28.8 mg, 43% vyield) as yellow solid.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCL): § 8.89 (s, 1H), 8.08 — 8.02 (m, 2H), 7.91 (d, J = 8.0
Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.61 (d, J = 2.4 Hz, 1H), 7.59 — 7.54 (m, 1H), 7.11
(s, 1H), 7.01 (d, J = 8.5 Hz, 1H), 4.72 (d, J = 2.4 Hz, 1H), 4.68 (d, J = 8.1 Hz, 1H),
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434 (d,J=8.1 Hz, 1H), 4.11 (d, J = 13.0 Hz, 1H), 4.01 (d, J = 13.2 Hz, 1H), 3.91 (s,
3H), 2.18 (s, 6H), 2.11 (s, 3H), 1.81 (d, J = 3.1 Hz, 6H), 1.70 (s, 3H), 1.63 (s, 3H),
1.43 (s, 3H), 1.33 (s, 3H).

BC NMR (126 MHz, CDCly): § 162.23, 159.30, 150.84, 142.61, 139.25, 137.11,
132.30, 131.83, 131.62, 130.19, 126.98, 126.14, 125.96, 124.91, 124.59, 118.90,
112.28, 110.02, 109.33, 105.04, 100.01, 72.24, 70.55, 70.16, 61.37, 55.32, 40.75,
37.38, 37.26, 29.24, 26.79, 26.30, 25.87, 25.46, 24.04.

HRMS (ESI): m/z calculated for C4;H44NaOg * [M+Na]+, 687.2928; found, 687.2928.

1-oxo0-N,N-dipropyl-3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-1H-isochromene-6-sulfonamide (6)

g

Prepared from SI-2-2 (0.1 mmol, 1.0 equiv) and SI-1-10 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 6 (25.1 mg, 47% yield) as white solid.

TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCly): 5 8.38 (d, J = 8.2 Hz, 1H), 7.89 (d, J = 1.7 Hz, 1H),
7.86 (dd, J = 8.2, 2.0 Hz, 1H), 7.06 (s, 1H), 4.65 (d, J = 4.1 Hz, 2H), 4.31 (d, J = 8.1
Hz, 1H), 4.10 — 4.04 (m, 1H), 3.97 (d, J = 13.0 Hz, 1H), 3.18 — 3.05 (m, 4H), 1.65 (s,
3H), 1.61 (s, 3H), 1.53 (q, J = 7.5 Hz, 4H), 1.38 (s, 3H), 1.32 (s, 3H), 0.86 (t, J= 7.2
Hz, 6H).

BC NMR (126 MHz, CDCl): & 160.60, 154.36, 146.54, 137.34, 131.03, 126.26,

27/104



125.02, 123.37, 110.35, 109.36, 104.27, 99.68, 72.40, 70.38, 70.00, 61.45, 49.95,
26.72,25.84,25.33,23.98, 21.95, 11.27.

HRMS (ESI): m/z calculated for CosH36NOoS * [M+H]", 538.2105; found, 538.2105.

3-((3aR,58,5aR,8a8,8bR)-2,2,7,7-tetramethyltetrahydro-5SH-bis([1,3]dioxolo)[4,5-
b:4',5'-d|pyran-5-yl)-1H-isochromen-1-one (7)

Prepared from SI-2-1 (0.1 mmol, 1.0 equiv) and SI-1-8 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 7 (18.4 mg, 50% yield) as white solid.

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-8 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 7 (25.4 mg, 68% yield) as white solid.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-8 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 7 (23.6 mg, 63% yield) as white solid.

TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCLy): & 8.25 (d, J = 7.9 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H),
7.47 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 6.67 (s, 1H), 5.68 (d, J = 5.0 Hz,
1H), 4.72 (d, J = 6.4 Hz, 2H), 4.69 — 4.66 (m, 1H), 4.41 (dt, J= 4.5, 1.8 Hz, 1H), 1.59
(s, 3H), 1.41 (s, 3H), 1.37 (s, 3H), 1.32 (s, 3H).
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BC NMR (126 MHz, CDCls): & 162.37, 153.16, 137.37, 134.98, 129.73, 128.11,
125.98, 120.68, 109.87, 109.31, 103.40, 96.68, 71.27, 70.97, 70.81, 66.74, 26.25,
26.02, 25.00, 24.51.

HRMS (ESD): m/z calculated for C,0H2,NaO; " [M+Na]', 397.1258; found, 397.1255.

3-((2R,4R,55,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-
2-yl)-1H-isochromen-1-one (8)

0]

C
/’//,@\\OBH
Y "OBn
OBn
Prepared from SI-2-1 (0.1 mmol, 1.0 equiv) and SI-1-9 (0.15 mmol, 1.5 equiv)

according to the general procedure 2. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 8 (26.7 mg, 47% yield) as oil.

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-9 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 8 (15.3 mg, 27% yield) as oil.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-9 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 8 (20.3 mg, 36% yield) as oil.

TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCls): § 8.28 (d, J = 7.9 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H),
7.50 (t, J = 7.6 Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H), 7.39 — 7.29 (m, 13H), 7.22 (d, J =
7.0 Hz, 2H), 6.64 (s, 1H), 4.95 (d, J = 10.7 Hz, 1H), 4.76 (d, J = 11.5 Hz, 1H), 4.68 —

4.58 (m, 4H), 4.27 (d, J= 11.6 Hz, 1H), 3.84 — 3.76 (m, 3H), 3.59 (d, J = 5.1 Hz, 2H),
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2.71 (dt, J=12.8, 3.2 Hz, 1H), 1.70 (q, J = 11.9 Hz, 1H).

BC NMR (126 MHz, CDCls): & 162.31, 155.53, 138.43, 138.33, 137.14, 135.08,
129.79, 128.61, 128.54, 128.52, 128.37, 128.15, 127.97, 127.87, 127.85, 127.82,
126.01, 120.71, 102.22, 80.65, 79.49, 77.97, 75.28, 73.59, 73.55, 71.52, 69.44, 35.32.

HRMS (ESD): m/z calculated for C3sH34KOs * [M+K]", 601.1987; found, 601.1987.

3-((25,4S5,5R)-4-(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)-1H-
isochromen-1-one (9)

O

TN

OBn
Prepared from SI-2-1 (0.1 mmol, 1.0 equiv) and SI-1-7 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 9 (16.5 mg, 37% yield) as yellow oil.

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-7 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 9 (27.8 mg, 63% yield) as yellow oil.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-7 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 9 (20.2 mg, 46% yield) as yellow oil.

TLC: Rf = 0.40 (Ethyl acetate/Petroleum Ether = 1/4)

"H NMR (600 MHz, CDCL): & 8.26 (d, J= 7.9 Hz, 1H), 7.69 (dd, J = 8.3, 6.9 Hz,
1H), 7.48 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.38 — 7.34 (m, 2H), 7.33 —
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7.29 (m, 3H), 7.21 — 7.17 (m, 3H), 7.17 — 7.14 (m, 2H), 6.66 (s, 1H), 4.99 — 4.95 (m,
1H), 4.62 — 4.55 (m, 2H), 4.48 (d, J= 11.9 Hz, 1H), 4.44 (s, 1H), 4.42 — 4.39 (m, 1H),
4.18 (dt, J= 6.9, 3.7 Hz, 1H), 3.62 — 3.57 (m, 2H), 2.58 — 2.52 (m, 1H), 2.39 (dt, J =
13.3, 4.6 Hz, 1H).

BC NMR (151 MHz, CDCl): § 162.60, 157.57, 138.12, 137.91, 137.40, 134.96,
129.75, 128.59, 128.45, 128.07, 127.88, 127.79, 127.77, 127.62, 125.90, 120.48,
101.67, 83.99, 80.22, 77.37, 77.16, 76.95, 76.69, 73.71, 71.48, 70.77, 36.67.

HRMS (ESI): m/z calculated for C,gH¢NaOs * [M+Na]+, 465.1672; found, 465.1682.

3-((3a8,3bR,7aS,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (10)

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 10 (26.8 mg, 72% yield) as yellow solid.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCl3): & 8.29 (d, J = 7.9 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H),
7.54 — 7.48 (m, 2H), 7.14 (s, 1H), 4.68 (s, 1H), 4.40 (d, J = 2.4 Hz, 1H), 4.27 (s, 1H),
4.23 - 4.13 (m, 2H), 1.63 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H), 1.23 (s, 3H).

BC NMR (126 MHz, CDCly): & 162.08, 151.33, 136.87, 134.95, 129.80, 128.75,
126.45, 121.15, 114.12, 110.78, 105.45, 97.56, 86.98, 73.45, 72.91, 60.35, 29.05,
27.64,26.40, 18.75.
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HRMS (ESI): m/z calculated for C,0H»304 * [M+H]+, 375.1438; found, 375.1438.

6-chloro-3-((3aS,3bR,7a8,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (11)

Prepared from SI-3-3 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 11 (19.9 mg, 49% vyield) as white solid.
TLC: Rf = 0.48 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCl3): & 8.21 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 1.4 Hz, 1H),
7.46 (dt, J= 8.6, 1.5 Hz, 1H), 7.08 (s, 1H), 4.66 (s, 1H), 4.40 (d, J = 2.4 Hz, 1H), 4.27
(s, 1H), 4.21 — 4.12 (m, 2H), 1.62 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H), 1.23 (s, 3H).

BC NMR (126 MHz, CDCl3): & 161.28, 152.80, 141.68, 138.26, 131.48, 129.26,
125.98, 119.42, 114.31, 110.60, 104.58, 97.59, 87.04, 73.56, 72.84, 60.33, 29.13,

27.62,26.35, 18.73.

HRMS (ESI): m/z calculated for CaoH, CINaO; © [M+Na]', 431.0868; found,
431.0868.

6-bromo-3-((3aS,3bR,7aS5,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (12)
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Prepared from SI-3-4 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 12 (19.7 mg, 43% yield) as white solid.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCls): 5 8.13 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 1.7 Hz, 1H),
7.62 (dt, J=18.5, 1.5 Hz, 1H), 7.07 (s, 1H), 4.66 (s, 1H), 4.40 (d, J = 2.4 Hz, 1H), 4.27
(s, 1H), 4.21 — 4.12 (m, 2H), 1.62 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H), 1.23 (s, 3H).

BC NMR (126 MHz, CDCly): & 161.44, 152.78, 138.34, 132.13, 131.43, 130.42,
129.07, 119.79, 114.31, 110.59, 104.44, 97.59, 87.04, 73.56, 72.84, 60.33, 29.14,
27.61,26.35, 18.73.

HRMS (ESI): m/z calculated for CyH, BrNaO; © [M+Na]’, 475.0363; found,
475.0363.

3-((3a8,3bR,7aS,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-6-(trifluoromethyl)-1H-

isochromen-1-one (13)

Prepared from SI-3-5 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)

according to the general procedure 3. Purification by flash column (Ethyl
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acetate/Petroleum Ether = 1/10) afforded 13 (26.4 mg, 60% yield) as white solid.
TLC: Rf = 0.55 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCL): § 8.41 (d, J= 8.3 Hz, 1H), 7.78 (s, 1H), 7.73 (d, J= 8.3
Hz, 1H), 7.21 (s, 1H), 4.68 (s, 1H), 4.42 (d, J = 2.4 Hz, 1H), 4.29 (s, 1H), 4.23 — 4.13
(m, 2H), 1.63 (s, 3H), 1.59 (s, 3H), 1.43 (s, 3H), 1.23 (s, 3H).

3C NMR (126 MHz, CDCl): & 160.92, 153.02, 137.23, 136.51 (q, J = 33.2 Hz),
130.81, 125.07 (q, J = 3.3 Hz), 123.46 (q, J = 282.3 Hz), 123.56(q, J = 4.0 Hz),
122.28, 114.40, 110.53, 104.89, 97.62, 87.10, 73.62, 72.86, 60.35, 29.13, 27.61,
26.34, 18.72.

YF NMR (376 MHz, CDCL): & -63.42.

HRMS (ESID): m/z calculated for C, H, F;NaO; © [M+Na]’, 465.1132; found,
465.1131.

6-methyl-3-((3a5,3bR,7a8,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (14)

Prepared from SI-3-6 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 14 (30.6 mg, 79% yield) as white solid.
TLC: Rf = 0.35 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCL): § 8.16 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.2 Hz, 1H),
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7.29 (s, 1H), 7.08 (s, 1H), 4.67 (s, 1H), 4.39 (d, J= 2.3 Hz, 1H), 4.27 (t, J = 1.9 Hz,
1H), 4.22 — 4.11 (m, 2H), 2.46 (s, 3H), 1.63 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H), 1.23 (s,
3H).

BC NMR (126 MHz, CDCls): & 162.16, 151.30, 146.05, 136.96, 130.11, 129.74,
126.48, 118.70, 114.05, 110.81, 105.42, 97.52, 86.93, 73.41, 72.89, 60.35, 29.07,
27.63,26.39,22.07, 18.74.

HRMS (ESI): m/z calculated for C,;HoyNaO; " [M+Na]’, 411.1414; found, 411.1414.

6-methoxy-3-((3aS,3bR,7a8,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (15)

MeO

Prepared from SI-3-7 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 15 (21.7 mg, 54% yield) as yellow oil.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/4)

"H NMR (600 MHz, CDCl): § 8.22 — 8.17 (m, 1H), 7.08 (s, 1H), 7.04 (dd, J = 8.8,
2.4 Hz, 1H), 6.88 (d, J = 2.3 Hz, 1H), 4.68 (s, 1H), 4.40 (d, J = 2.8 Hz, 1H), 4.27 (s,
1H), 4.20 (d, J = 13.6 Hz, 1H), 4.15 (dd, J = 13.6, 2.2 Hz, 1H), 3.90 (d, J = 1.9 Hz,
3H), 1.63 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H), 1.24 (s, 3H).

BC NMR (151 MHz, CDClL): & 164.87, 161.87, 151.92, 139.27, 131.98, 117.17,
114.24, 114.15, 110.81, 108.44, 105.47, 97.55, 86.95, 77.37, 77.16, 76.95, 73.43,
72.89, 60.41, 55.84, 29.11, 27.66, 26.42, 18.75.
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HRMS (ESI): m/z calculated for C,;H;,505 * [M+H]+, 405.1544; found, 405.1544.

6-phenyl-3-((3aS$,3bR,7aS,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (16)

Prepared from SI-3-8 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 16 (19.0 mg, 42% yield) as white solid.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (400 MHz, CDCLy): § 8.34 (d, J = 8.2 Hz, 1H), 7.75 (dd, J = 8.2, 1.8 Hz,
1H), 7.70 (d, J = 1.8 Hz, 1H), 7.68 — 7.63 (m, 2H), 7.52 — 7.47 (m, 2H), 7.46 — 7.40
(m, 1H), 7.21 (s, 1H), 4.70 (s, 1H), 4.42 (d, J= 2.5 Hz, 1H), 4.29 (q, J = 1.9 Hz, 1H),
422 (d, J=13.6 Hz, 1H), 4.16 (dd, J = 13.6, 2.1 Hz, 1H), 1.65 (s, 3H), 1.60 (s, 3H),
1.43 (s, 3H), 1.25 (s, 3H).

BC NMR (75 MHz, CDClL): & 162.01, 151.67, 147.75, 139.47, 137.35, 130.39,
129.20, 128.84, 127.73, 127.58, 124.61, 119.82, 114.15, 110.78, 105.62, 97.56, 86.97,
73.45,72.90, 60.37, 29.13, 27.65, 26.40, 18.74.

HRMS (ESD): m/z calculated for C,sH,¢NaO; * [M+Na]', 473.1571; found, 473.1576.

7-methyl-3-((3a8,3bR,7a8,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromen-1-one (17)
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Prepared from SI-3-2 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 17 (18.5 mg, 48% yield) as white solid.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/4)

"H NMR (500 MHz, CDCL): 5 8.09 (s, 1H), 7.52 (d, J= 7.7 Hz, 1H), 7.40 (t, J= 5.7
Hz, 1H), 7.11 (d, J= 3.3 Hz, 1H), 4.67 (d, J= 3.2 Hz, 1H), 4.39 (d, J = 2.8 Hz, 1H),
427 (s, 1H), 4.22 — 4.13 (m, 2H), 2.46 (s, 3H), 1.63 (s, 3H), 1.58 (s, 3H), 1.42 (s, 3H),
1.22 (s, 3H).

BC NMR (126 MHz, CDCly): § 162.29, 150.43, 139.09, 136.22, 134.39, 129.52,
126.38, 121.03, 114.02, 110.84, 105.39, 97.53, 86.90, 73.40, 72.91, 60.36, 29.03,
27.64,26.42,21.54, 18.75.

HRMS (ESI): m/z calculated for Co;HoyNaO; " [M+Na]’, 411.1414; found, 411.1414.
1-oxo0-N,N-dipropyl-3-((3aS,3bR,7aS,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-

[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-1H-isochromene-6-
sulfonamide (18)

Prepared from SI-3-9 (0.1 mmol, 1.0 equiv) and SI-1-3 (0.15 mmol, 1.5 equiv)

according to the general procedure 3. Purification by flash column (Ethyl
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acetate/Petroleum Ether = 1/10) afforded 18 (24.6 mg, 46% yield) as white solid.
TLC: Rf = 0.25 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCly): & 8.39 (d, J = 8.2 Hz, 1H), 7.96 (s, 1H), 7.89 — 7.83
(m, 1H), 7.22 (s, 1H), 4.67 (s, 1H), 4.42 (d, J= 2.3 Hz, 1H), 4.29 (s, 1H), 4.23 — 4.13
(m, 2H), 3.12 (td, J = 7.1, 2.0 Hz, 4H), 1.62 (s, 3H), 1.58 (s, 3H), 1.54 (q, J = 7.6 Hz,
4H), 1.43 (s, 3H), 1.22 (s, 3H), 0.86 (t, J = 7.4 Hz, 6H).

BC NMR (126 MHz, CDCly): & 160.84, 146.48, 137.45, 131.05, 126.23, 125.07,
123.40, 114.45, 110.52, 105.02, 97.64, 87.10, 73.64, 72.85, 60.33, 50.00, 29.10,
27.61,26.34,21.99, 18.73, 11.27, 1.17.

HRMS (ESI): m/z calculated for C,sH35NNaOgS - [M+Na]+, 560.1925; found,
560.1923.

3-((28,35,4S,5R,65)-3,4,5-tris(benzyloxy)-6-methoxytetrahydro-2 H-pyran-2-yl)-

1H-isochromen-1-one (19)

OBn
Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-11 (0.15 mmol, 1.5 equiv)

according to the general procedure 3. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 19 (19.2 mg, 41% yield) as yellow oil.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (500 MHz, CDCl): § 8.28 (d, J = 7.9 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H),
7.50 (t, J = 7.6 Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.36 (q, J = 5.6, 4.3 Hz, 8H), 7.31
(dd, J = 8.8, 4.6 Hz, 2H), 6.84 (s, 1H), 6.02 (d, J = 3.5 Hz, 1H), 4.98 (d, J = 2.3 Hz,
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1H), 4.83 (d, J = 12.3 Hz, 1H), 4.78 (d, J = 12.3 Hz, 1H), 4.74 — 4.70 (m, 1H), 4.64
(d, J = 11.6 Hz, 1H), 4.35 (dd, J = 6.6, 3.4 Hz, 1H), 3.85 (dd, J = 6.6, 2.3 Hz, 1H),
3.57 (s, 3H).

BC NMR (126 MHz, CDCly): § 161.63, 147.89, 142.26, 138.18, 138.16, 136.92,
135.05, 129.98, 128.75, 128.61, 128.22, 128.07, 127.97, 127.91, 127.12, 126.52,
121.36, 102.60, 101.98, 100.20, 77.41, 77.16, 76.91, 75.85, 73.44, 73.13, 71.52,
57.15.

HRMS (ESI): m/z calculated for C,9H,70¢ * [M+Na]+, 471.1802; found, 471.1804.

3-((3aR,4S8,65,6aR)-2,2,2',2'-tetramethyldihydro-6 H-spiro[furo[3,4-
d][1,3]dioxole-4,4'-[1,3]dioxolan]-6-yl)-1H-isochromen-1-one (20)

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-4 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 20 (13.0 mg, 35% yield) as white solid.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-4 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 20 (15.9 mg, 42% yield) as white solid.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (300 MHz, CDCL): § 8.27 (d, J = 8.0 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H),
7.50 (t, J = 7.6 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 6.78 (s, 1H), 5.12 (d, J = 5.8 Hz,

1H), 4.97 (s, 1H), 4.67 (d, J= 6.0 Hz, 1H), 4.42 (d, J=9.9 Hz, 1H), 4.17 (d, J = 10.0
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Hz, 1H), 1.58 (s, 3H), 1.51 (s, 3H), 1.40 (s, 3H), 1.36 (s, 3H).

B3C NMR (101 MHz, CDCl): & 162.05, 154.47, 136.91, 135.02, 129.87, 128.51,
125.97, 120.62, 114.90, 113.32, 112.25, 103.97, 85.33, 84.07, 83.30, 70.35, 26.68,
26.62,26.25,25.23.

HRMS (ESD): m/z calculated for C,0H2,NaO; " [M+Na]', 397.1258; found, 397.1268.

3-((3a8,4R,6S5,6a85)-2,2,2',2'-tetramethyldihydro-6 H-spiro[furo|3,4-d][1,3]dioxole-
4,4'-[1,3]dioxolan]-6-yl)-1H-isochromen-1-one (21)

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-5 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 21 (3.1 mg, 8% yield) as white solid.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-5 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 21 (15.9 mg, 42% yield) as white solid.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (600 MHz, CDCLy): § 8.27 (dd, J = 8.0, 1.4 Hz, 1H), 7.70 (td, J = 7.6, 1.3
Hz, 1H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 6.61 (s, 1H), 5.07
(dd, J=5.7, 4.0 Hz, 1H), 4.82 (dd, J = 4.0, 1.2 Hz, 1H), 4.70 (d, J= 5.7 Hz, 1H), 4.34
(d, J=9.8 Hz, 1H), 4.21 (d, J = 9.8 Hz, 1H), 1.50 (s, 3H), 1.43 (s, 3H), 1.32 (s, 3H),
1.27 (s, 3H).
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BC NMR (151 MHz, CDCly): § 162.23, 152.09, 137.15, 134.97, 129.82, 128.21,
125.81, 120.82, 113.45, 112.41, 112.00, 103.64, 85.04, 80.44, 77.65, 77.37, 77.16,
76.95, 69.58, 26.66, 26.51, 26.06, 25.08.

HRMS (ESD): m/z calculated for C,0H,,NaO; " [M+Na]', 397.1258; found, 397.1268.

3-((2R,45,5R)-4-(benzyloxy)-5-((benzyloxy)methyl)tetrahydrofuran-2-yl)-1H-
isochromen-1-one (22)

O

0]
% /1, O

OBn

vl

OBn

Prepared from SI-3-1 (0.1 mmol, 1.0 equiv) and SI-1-6 (0.15 mmol, 1.5 equiv)
according to the general procedure 3. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 22 (22.1 mg, 50% yield) as yellow oil.

Prepared from SI-4-1 (0.1 mmol, 1.0 equiv) and SI-1-6 (0.15 mmol, 1.5 equiv)
according to the general procedure 4. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 22 (14.3 mg, 32% yield) as yellow oil.
TLC: Rf = 0.45 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (300 MHz, CDCl;): § 8.26 (d, J = 8.0 Hz, 1H), 7.68 (t, J = 7.5 Hz, 1H),
7.49 (t, J= 7.7 Hz, 1H), 7.36 — 7.28 (m, 11H), 6.61 (s, 1H), 4.95 (dd, J=9.1, 6.3 Hz,
1H), 4.62 — 4.53 (m, 4H), 4.29 (d, J = 6.7 Hz, 1H), 4.23 — 4.15 (m, 1H), 3.68 — 3.57
(m, 2H), 2.48 — 2.38 (m, 1H), 2.28 —2.17 (m, 1H).

BC NMR (126 MHz, CDCly): & 162.47, 156.18, 138.18, 137.93, 137.07, 134.95,
129.76, 128.64, 128.61, 128.54, 128.35, 128.10, 128.06, 127.93, 127.86, 127.80,
125.91, 120.88, 118.28, 111.37, 103.07, 83.95, 80.52, 73.60, 71.41, 70.73, 64.23,
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36.82.

HRMS (ESD): m/z calculated for C,sH,¢NaOs * [M+Na]', 465.1672; found, 465.1672.

2-((3aR,5aR,8aR,8hbS)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-
b:4',5'-d]pyran-3a-yl)-4H-chromen-4-one (23)

Prepared from SI-5-1 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 23 (63.2 mg, 84% yield) as yellow oil.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/2)

"H NMR (300 MHz, Chloroform-d): ¢ 8.20 (d, J= 8.0 Hz, 1H), 7.67 (t, J = 7.8 Hz,
1H), 7.48 — 7.35 (m, 2H), 6.84 (s, 1H), 4.66 (d, J = 3.0 Hz, 2H), 4.31 (d, J = 8.2 Hz,
1H), 4.01 (q,J=13.1 Hz, 2H), 1.64 (s, 3H), 1.62 (s, 3H), 1.46 (s, 3H), 1.33 (s, 3H).

BC NMR (75 MHz, CDCl): & 178.58, 163.66, 156.40, 133.96, 126.04, 125.45,
124.15, 118.04, 110.55, 110.24, 109.57, 100.32, 72.77, 70.28, 70.02, 61.57, 26.60,
26.01, 25.18, 24.09.

HRMS (ESD): m/z calculated for C,0H,,NaO;" [M+Na]", 397.1258; found, 397.1267.

7-chloro-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d]|pyran-3a-yl)-4 H-chromen-4-one (24)
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Prepared from SI-5-2 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 24 (73.3 mg, 90% vyield) as yellow oil.
TLC: Rf = 0.55 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 8.12 (d, J = 8.5 Hz, 1H), 7.45 (d, J = 1.9 Hz, 1H),
7.37 (dd, J = 8.6, 1.9 Hz, 1H), 6.82 (s, 1H), 4.65 (dd, J = 8.0, 2.5 Hz, 1H), 4.62 (d, J =
2.5 Hz, 1H), 4.31 (d, J = 7.9 Hz, 1H), 4.04 (dd, J = 13.0, 1.9 Hz, 1H), 3.95 (dd, J =
13.1,0.9 Hz, 1H), 1.63 (s, 3H), 1.60 (s, 3H), 1.44 (s, 3H), 1.32 (s, 3H).

BC NMR (75 MHz, CDCly): & 177.64, 163.86, 156.47, 140.04, 127.43, 126.32,
122.69, 118.11, 110.86, 110.34, 109.58, 100.17, 72.76, 70.24, 69.97, 61.62, 26.58,
25.99, 25.21, 24.06.

HRMS (ESI): m/z calculated for CaH, CINaO; [M+Na]’, 431.0868; found,
431.0874.

7-bromo-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d]|pyran-3a-yl)-4 H-chromen-4-one (25)

Br

o"

#\d

Prepared from SI-5-3 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 25 (68.4 mg, 75% yield) as yellow oil.
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TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCl): § 8.05 (d, J = 8.5 Hz, 1H), 7.62 (d, J = 1.8 Hz, 1H),
7.52 (dt, J = 8.6, 1.3 Hz, 1H), 6.82 (s, 1H), 4.65 (dd, J = 8.0, 2.5 Hz, 1H), 4.61 (d, J =
2.4 Hz, 1H), 4.31 (d, J = 8.0 Hz, 1H), 4.04 (dd, J = 13.1, 1.9 Hz, 1H), 3.95 (d, J =
13.0 Hz, 1H), 1.63 (s, 3H), 1.61 (s, 3H), 1.44 (s, 3H), 1.32 (s, 3H).

BC NMR (75 MHz, CDClLy): & 177.77, 163.73, 156.37, 129.10, 128.20, 127.43,
123.00, 121.16, 110.86, 110.35, 109.54, 100.09, 72.69, 70.19, 69.89, 61.57, 26.57,
25.96, 25.21, 24.03.

HRMS (ESI): m/z calculated for CoH,,BrO;" [M+H]", 453.0543; found, 453.0553.

7-methyl-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4 H-chromen-4-one (26)

O\\‘ <
ﬁLo\
Prepared from SI-5-4 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 26 (73.7 mg, 95% yield) as yellow oil.
TLC: Rf = 0.40 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCl): § 8.06 (d, J = 8.0 Hz, 1H), 7.20 (d, J = 8.6 Hz, 2H),
6.79 (s, 1H), 4.64 (d, J = 6.6 Hz, 2H), 4.32 — 4.27 (m, 1H), 4.04 (dd, J = 13.0, 1.9 Hz,
1H), 3.95 (dd, J = 13.0, 1.0 Hz, 1H), 2.47 (s, 3H), 1.62 (s, 3H), 1.62 (s, 3H), 1.4 (s,
3H), 1.31 (s, 3H).
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BC NMR (75 MHz, CDCly): & 178.45, 163.32, 156.54, 145.29, 126.90, 125.76,
121.91, 117.74, 110.47, 110.16, 109.55, 100.31, 72.75, 70.30, 70.04, 61.56, 26.59,
25.98, 25.22,24.09, 21.91.

HRMS (ESI): m/z calculated for CyHy50," [M+H]+, 389.1595; found, 389.1605.

7-methoxy-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4H-chromen-4-one (27)

MeO
o"

#\d
Prepared from SI-5-5 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 27 (70.5 mg, 87% yield) as yellow oil.
TLC: Rf = 0.25 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL3): § 8.09 (d, J = 8.9 Hz, 1H), 6.96 (dd, J = 8.9, 2.4 Hz,
1H), 6.81 (d, J = 2.4 Hz, 1H), 6.75 (s, 1H), 4.64 (d, J = 8.5 Hz, 2H), 4.30 (d, J = 7.8
Hz, 1H), 4.03 (dd, J = 13.1, 1.8 Hz, 1H), 3.94 (d, J = 13.0 Hz, 1H), 3.88 (s, 3H), 1.62
(s, 3H), 1.59 (s, 3H), 1.45 (s, 3H), 1.32 (s, 3H).

BC NMR (75 MHz, CDCly): § 177.95, 164.30, 163.16, 158.07, 127.34, 117.96,
114.44, 110.37, 110.08, 109.48, 100.46, 100.26, 72.66, 70.21, 69.94, 61.47, 55.94,

26.54,25.95, 25.18, 24.04.

HRMS (ESI): m/z calculated for C51H,s05" [M+H]", 405.1544; found, 405.1554.
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7-hydroxy-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4H-chromen-4-one (28)

HO
o

%\O\\
Prepared from SI-5-6 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/5) afforded 28 (54.4 mg, 70% vyield) as yellow solid.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/1)

'H NMR (300 MHz, CDCls): § 9.50 (s, 1H), 8.04 (d, J = 8.8 Hz, 1H), 7.00 (dd, J =
8.9,2.2 Hz, 1H), 6.92 (d, J = 2.2 Hz, 1H), 6.81 (s, 1H), 4.64 (d, J = 8.0 Hz, 2H), 4.30
(d, J= 7.8 Hz, 1H), 4.03 (d, J = 13.0 Hz, 1H), 3.94 (d, J = 13.0 Hz, 1H), 1.61 (s, 3H),
1.57 (s, 3H), 1.41 (s, 3H), 1.30 (s, 3H).

BC NMR (75 MHz, CD;0OD): & 180.09, 165.77, 165.17, 159.73, 128.02, 117.29,
116.71, 111.43, 110.36, 110.35, 103.29, 101.32, 74.08, 71.46, 71.13, 26.65, 26.14,
25.32, 24.03.

HRMS (ESI): m/z calculated for C,0H,305" [M+H]", 391.1387; found, 391.1396.

6-chloro-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d]|pyran-3a-yl)-4 H-chromen-4-one (29)

Cl

o

#\(5\
Prepared from SI-5-7 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
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according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 29 (64.1 mg, 78% yield) as yellow oil.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): 5 8.15 (d, ] = 2.5 Hz, 1H), 7.61 (dd, J = 8.9, 2.6 Hz,
1H), 7.40 (d, ] = 8.9 Hz, 1H), 6.83 (s, 1H), 4.65 (dd, J = 8.0, 2.5 Hz, 1H), 4.62 (d, J =
2.5 Hz, 1H), 431 (d, ] = 8.0 Hz, 1H), 4.07 — 4.01 (m, 1H), 3.96 (d, J = 13.0 Hz, 1H),
1.63 (s, 3H), 1.60 (s, 3H), 1.45 (s, 3H), 1.33 (s, 3H).

BC NMR (75 MHz, CDCly): & 177.33, 163.98, 154.68, 134.18, 131.46, 125.46,
125.06, 119.75, 110.49, 110.32, 109.54, 100.20, 72.76, 70.19, 69.91, 61.57, 26.56,
25.98, 25.15, 24.03.

HRMS (ESI): m/z calculated for Co0H,C10;" [M+H]", 409.1049; found, 409.1059.

6-bromo-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4 H-chromen-4-one (30)

Br

o
ﬁLo\‘

Prepared from SI-5-8 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)

according to the general procedure 5. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 30 (65.4 mg, 72% yield) as yellow oil.

TLC: Rf = 0.55 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): 6 8.31 (d, J = 2.4 Hz, 1H), 7.74 (dd, J = 8.9, 2.5 Hz,
1H), 7.34 (d, J = 8.9 Hz, 1H), 6.84 (s, 1H), 4.65 (dd, J= 7.9, 2.5 Hz, 1H), 4.62 (d, J =
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2.5 Hz, 1H), 4.31 (dd, J = 8.0, 1.7 Hz, 1H), 4.04 (dd, J = 13.1, 1.8 Hz, 1H), 3.96 (d, J
=13.0 Hz, 1H), 1.63 (s, 3H), 1.59 (s, 3H), 1.45 (s, 3H), 1.33 (s, 3H).

BC NMR (75 MHz, CDCly): § 177.16, 164.03, 155.17, 136.93, 128.72, 125.49,
119.97, 118.92, 110.63, 110.33, 109.58, 100.25, 72.81, 70.24, 69.98, 61.62, 26.58,
26.00, 25.18, 24.06.

HRMS (ESI): m/z calculated for CyH, BrNaO;  [M+Na]', 475.0363; found,
475.0370.

6-methoxy-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4H-chromen-4-one (31)

MeO

%\O\\

Prepared from SI-5-9 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)

according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 31 (60.6 mg, 75% yield) as yellow oil.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 7.54 (d, J = 3.1 Hz, 1H), 7.37 (d, J = 9.1 Hz, 1H),
7.24 (d, J = 3.0 Hz, 1H), 6.82 (s, 1H), 4.65 (d, J = 7.8 Hz, 2H), 4.31 (d, J = 7.8 Hz,
1H), 4.04 (dd, J = 13.0, 1.9 Hz, 1H), 3.95 (d, J = 13.1 Hz, 1H), 3.88 (s, 3H), 1.63 (s,
3H), 1.60 (s, 3H), 1.45 (s, 3H), 1.32 (s, 3H).

BC NMR (101 MHz, CDClLy): & 178.49, 163.42, 157.15, 151.18, 124.67, 124.10,
119.43, 110.17, 109.65, 109.50, 104.96, 100.32, 72.77, 70.22, 69.96, 61.51, 56.06,

48 /104



26.55,25.97,25.13, 24.05.

HRMS (ESI): m/z calculated for C51Has05" [M+H]", 405.1544; found, 405.1551.

6,8-dibromo-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4 H-chromen-4-one (32)

Br

Br ;"(5
Prepared from SI-5-10 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 32 (58.8 mg, 55% yield) as yellow oil.
TLC: Rf = 0.75 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 8.27 (d, J = 2.4 Hz, 1H), 8.01 (d, J = 2.4 Hz, 1H),
6.94 (s, 1H), 4.82 (d, J = 2.6 Hz, 1H), 4.68 (dd, J = 8.0, 2.6 Hz, 1H), 4.34 — 4.28 (m,
1H), 4.12 (dd, J = 13.0, 1.8 Hz, 1H), 3.99 (dd, J = 12.8, 0.9 Hz, 1H), 1.75 (s, 3H),
1.63 (s, 3H), 1.33 (s, 3H), 1.30 (s, 3H).

BC NMR (75 MHz, CDClLy): & 176.42, 164.11, 152.26, 139.82, 128.21, 126.44,
118.81, 112.90, 111.21, 111.18, 109.66, 99.35, 72.68, 70.37, 69.79, 61.88, 26.86,
26.25,25.83,24.03.

HRMS (ESI): m/z calculated for CyH,oBr;NaO;  [M+H]", 552.9468; found,
552.9478.

5-hydroxy-2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-
bis([1,3]dioxolo)[4,5-b:4',5'-d|pyran-3a-yl)-4H-chromen-4-one (33)
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Prepared from SI-5-11 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/4) afforded 33 (73.4 mg, 94% yield) as yellow oil.

TLC: Rf = 0.80 (Ethyl acetate/Petroleum Ether = 1/1)

"H NMR (400 MHz, CDCLy): § 12.40 (s, 1H), 7.51 (t, J = 8.3 Hz, 1H), 6.87 (dd, J =
8.4, 0.9 Hz, 1H), 6.79 (dd, J= 8.3, 0.8 Hz, 1H), 6.76 (s, 1H), 4.65 (dd, J= 8.0, 2.5 Hz,
1H), 4.62 (d, J = 2.5 Hz, 1H), 4.30 (dd, J = 8.0, 1.7 Hz, 1H), 4.03 (dd, J = 13.1, 1.9
Hz, 1H), 3.95 (d, J = 12.6 Hz, 1H), 1.62 (s, 3H), 1.60 (s, 3H), 1.45 (s, 3H), 1.32 (s,
3H).

3C NMR (75 MHz, CDCL): & 183.97, 164.96, 161.04, 156.59, 135.62, 111.65,
111.09, 110.44, 109.53, 109.27, 106.97, 100.06, 72.77, 70.19, 69.91, 61.57, 26.56,
25.96, 25.11, 24.02.

HRMS (ESD): m/z calculated for Co0H»305" [M+H]", 391.1387; found, 391.1394.

6-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-
b:4',5'-d|pyran-3a-yl)-8 H-[1,3]dioxolo[4,5-g]chromen-8-one (34)

Prepared from SI-5-12 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl

acetate/Petroleum Ether = 1/10) afforded 34 (80.2 mg, 96% vyield) as yellow oil.
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TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 7.48 (s, 1H), 6.81 (s, 1H), 6.75 (s, 1H), 6.08 (s, 2H),
4.64 (dd, J = 8.0, 2.5 Hz, 1H), 4.60 (d, J = 2.4 Hz, 1H), 4.30 (dd, J= 7.9, 1.9 Hz, 1H),
4.02 (dd, J = 13.0, 1.9 Hz, 1H), 3.94 (dd, J = 13.0, 0.9 Hz, 1H), 1.62 (s, 3H), 1.57 (s,
3H), 1.45 (s, 3H), 1.32 (s, 3H).

BC NMR (75 MHz, CDCly) & 177.47, 162.96, 153.64, 152.98, 146.42, 119.20,
110.09, 109.92, 109.54, 102.60, 102.55, 100.34, 97.94, 72.79, 70.27, 70.04, 61.55,
26.55,26.02, 25.15, 24.08.

HRMS (ESI): m/z calculated for C,;H»300 [M+H]", 419.1337; found, 419.1347.

3-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis(|1,3]dioxolo)[4,5-
b:4',5'-d|pyran-3a-yl)-1H-benzo[f]chromen-1-one (35)

#\O\\

Prepared from SI-5-13 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)

according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 35 (67.7 mg, 80% yield) as yellow oil.
TLC: Rf = 0.40 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCly): § 10.02 (d, J = 8.6 Hz, 1H), 8.08 (d, J = 9.1 Hz, 1H),
7.90 (d, J = 8.0 Hz, 1H), 7.75 (dd, J = 8.8, 6.9 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.49
(d, J=9.0 Hz, 1H), 6.97 (s, 1H), 4.68 (d, J = 7.8 Hz, 2H), 4.33 (d, J = 7.8 Hz, 1H),
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4.07 (dd, J=13.1, 1.8 Hz, 1H), 3.99 (d, J = 13.0 Hz, 1H), 1.66 (s, 6H), 1.49 (s, 3H),
1.34 (s, 3H).

BC NMR (101 MHz, CDCls): § 180.38, 161.03, 157.58, 135.71, 130.71, 130.58,
129.49, 128.28, 127.22, 126.83, 117.43, 113.52, 110.21, 109.55, 100.18, 72.78, 70.26,
69.98, 61.54, 26.59, 26.02, 25.22, 24.06.

HRMS (ESI): m/z calculated for C,4Hys07" [M+H]", 425.1595; found, 425.1604.

2-((3aR,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-3aH-bis(|1,3]dioxolo)[4,5-
b:4',5'-d|pyran-3a-yl)-4H-benzo[h]|chromen-4-one (36)

Prepared from SI-5-14 (0.2 mmol, 1.0 equiv) and SI-1-10 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 36 (80.7 mg, 95% yield) as yellow oil.
TLC: Rf = 0.35 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 8.61 (d, J = 8.1 Hz, 1H), 8.15 (d, J = 8.8 Hz, 1H),
7.93 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.7 Hz, 1H), 7.73 — 7.63 (m, 2H), 7.03 (s, 1H),
4.88 (s, 1H), 4.73 (d, J= 8.1 Hz, 1H), 4.35 (d, J = 8.0 Hz, 1H), 4.13 (d, J = 12.8 Hz,
1H), 4.00 (d, J = 13.0 Hz, 1H), 1.68 (s, 6H), 1.43 (s, 3H), 1.36 (s, 3H).

BC NMR (75 MHz, CDCly): & 178.34, 163.24, 154.08, 136.25, 129.40, 128.37,
127.16, 125.67, 124.33, 122.85, 120.98, 120.70, 112.22, 110.27, 109.66, 100.41,
77.58,77.16,76.74, 72.81, 70.25, 70.14, 61.87, 26.60, 26.04, 25.79, 24.15.

52 /104



HRMS (ESI): m/z calculated for C,4H,s0," [M+H]", 425.1595; found, 425.1604.

2-((3a8,3bR,7aS,8aR)-2,2,5,5-tetramethyltetrahydro-8aH-
[1,3]dioxolo[4',5':4,5]furo[3,2-d][1,3]dioxin-8a-yl)-4 H-chromen-4-one (37)

Prepared from SI-5-1 (0.2 mmol, 1.0 equiv) and SI-1-3 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 37 (43.0 mg, 57% yield) as yellow solid.
TLC: Rf = 0.30 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCL): § 8.21 (dd, J = 8.0, 1.6 Hz, 1H), 7.75 — 7.62 (m, 1H),
7.50 — 7.34 (m, 2H), 6.99 (s, 1H), 4.72 (s, 1H), 4.42 (d, J = 2.3 Hz, 1H), 429 (d, ] =
2.2 Hz, 1H), 4.23 — 4.09 (m, 2H), 1.62 (s, 3H), 1.60 (s, 3H), 1.43 (s, 3H), 1.33 (s, 3H).
3C NMR (101 MHz, CDCls): § 178.62, 162.62, 156.43, 133.88, 125.98, 125.36,
124.19, 118.16, 114.24, 111.06, 110.85, 97.76, 87.89, 73.92, 73.04, 60.11, 28.99,
27.47,26.24, 18.84.

HRMS (ESI): m/z calculated for CroH,30," [M+H]+, 375.1438; found, 375.1448.

2-((3aR,58,6S,6aR)-6-(benzyloxy)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-
5-yl)-4H-chromen-4-one (38)
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Prepared from SI-5-1 (0.2 mmol, 1.0 equiv) and SI-1-2 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 38 (66.4 mg, 84% vyield) as yellow oil.
TLC: Rf = 0.38 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCl;): & 8.22 (dd, J = 8.0, 1.6 Hz, 1H), 7.65 (td, J = 7.9, 7.1,
1.6 Hz, 1H), 7.41 (t, J= 7.5 Hz, 1H), 7.17 (t, J = 7.3 Hz, 1H), 7.09 (t, J = 7.4 Hz, 2H),
7.00 (d, J = 7.5 Hz, 2H), 6.61 (s, 1H), 6.11 (d, J = 3.6 Hz, 1H), 5.08 (d, J = 3.4 Hz,
1H), 4.72 (d, J = 3.6 Hz, 1H), 4.57 (d, J = 12.3 Hz, 1H), 4.36 (d, J = 12.3 Hz, 1H),
430 (d, J=3.4 Hz, 1H), 1.54 (s, 3H), 1.37 (s, 3H).

BC NMR (75 MHz, CDCly): & 177.82, 163.73, 155.98, 136.73, 133.61, 128.52,
128.16, 127.91, 126.09, 125.28, 124.38, 117.99, 112.67, 110.30, 105.54, 82.56, 81.63,
78.90, 72.24, 27.10, 26.42.

HRMS (ESI): m/z calculated for Cy3Hy306" [M+H]+, 395.1489; found, 395.1499.

2-((25,3R,45)-3.,4-bis(benzyloxy)-2-methoxy-3,4-dihydro-2 H-pyran-6-yl)-4 H-

chromen-4-one (39)

“/OBn
OBn
Prepared from SI-5-1 (0.2 mmol, 1.0 equiv) and SI-1-11 (0.3 mmol, 1.5 equiv)
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according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 39 (71.0 mg, 75% yield) as yellow oil.
TLC: Rf = 0.40 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCLy): § 8.18 (d, J = 7.9 Hz, 1H), 7.70 — 7.64 (m, 1H), 7.45
(d, J = 8.4 Hz, 1H), 7.38 (d, J = 4.0 Hz, 8H), 7.33 (dd, J = 7.5, 3.5 Hz, 3H), 6.67 (s,
1H), 6.08 (d, J= 3.3 Hz, 1H), 5.01 (d, J = 2.3 Hz, 1H), 4.86 — 4.79 (m, 2H), 4.73 (d, J
= 4.7 Hz, 2H), 4.40 (dd, J = 7.0, 3.3 Hz, 1H), 3.89 (dd, J = 7.1, 2.4 Hz, 1H), 3.54 (s,
3H).

BC NMR (75 MHz, CDCly): & 178.64, 157.26, 156.01, 142.44, 138.17, 137.92,
134.08, 128.66, 128.64, 128.23, 128.17, 128.00, 127.96, 125.84, 125.30, 124.09,
118.04, 107.69, 105.18, 100.11, 75.91, 73.44, 73.36, 72.19, 57.15.

HRMS (ESI): m/z calculated for C20H706" [M+H]", 471.1802; found, 471.1812.

2-((3aR,58,5aR,8a8,8bR)-2,2,7,7-tetramethyltetrahydro-5SH-bis([1,3]dioxolo)[4,5-
b:4',5'-d|pyran-5-yl)-4H-chromen-4-one (40)

Prepared from SI-5-1 (0.2 mmol, 1.0 equiv) and SI-1-8 (0.3 mmol, 1.5 equiv)
according to the general procedure 5. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 40 (35.5 mg, 47% yield) as yellow oil.
TLC: Rf = 0.50 (Ethyl acetate/Petroleum Ether = 1/2)

'H NMR (400 MHz, CDCLy): § 8.19 (dd, J = 7.9, 1.6 Hz, 1H), 7.64 (dd, J = 8.7, 7.2
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Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.38 (t, J= 7.5 Hz, 1H), 6.55 (s, 1H), 5.69 (d, J =
4.9 Hz, 1H), 4.78 — 4.73 (m, 2H), 4.66 (dd, J = 7.8, 2.2 Hz, 1H), 4.45 (dd, J=5.1, 2.6
Hz, 1H), 1.57 (s, 3H), 1.39 (s, 3H), 1.38 (s, 3H), 1.31 (s, 3H).

BC NMR (101 MHz, CDCL): & 178.11, 164.71, 156.21, 133.58, 126.01, 125.17,
124.41, 118.04, 110.35, 109.95, 109.35, 96.70, 71.65, 70.98, 70.69, 67.34, 26.22,
26.03, 24.93, 24.82.

HRMS (ESI): m/z calculated for C0H,30," [M+H]", 375.1438; found, 375.1446.

3-((3aR,58,65,6aR)-6-(benzyloxy)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-
5-yl)-8-hydroxy-1H-isochromen-1-one (43)

OH O

Prepared from SI-2-6 (0.1 mmol, 1.0 equiv) and SI-1-2 (0.15 mmol, 1.5 equiv)
according to the general procedure 2. Purification by flash column (Ethyl
acetate/Petroleum Ether = 1/10) afforded 43 (26.1 mg, 64% yield) as yellow oil.
TLC: Rf = 0.65 (Ethyl acetate/Petroleum Ether = 1/4)

'H NMR (300 MHz, CDCly): 5 10.88 (d, J = 1.9 Hz, 1H), 7.60 (t, J = 8.2 Hz, 1H),
7.41 - 7.28 (m, 1H), 7.20 (d, J = 4.3 Hz, 2H), 7.12 — 7.07 (m, 1H), 6.98 (d, J = 8.3
Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.72 (d, J= 3.7 Hz, 1H), 6.08 (d, J = 4.0 Hz, 1H),
5.02 (s, 1H), 4.68 (d, J = 4.0 Hz, 1H), 4.59 (dd, J = 12.5, 5.5 Hz, 1H), 4.43 (dd, J =
12.1,3.3 Hz, 1H), 4.33 — 4.25 (m, 1H), 1.52 (s, 3H), 1.36 (s, 3H).

BC NMR (75 MHz, CDCl): & 165.79, 161.78, 151.41, 137.68, 137.44, 136.94,
128.60, 128.24, 127.83, 116.37, 115.41, 112.69, 106.24, 105.29, 105.27, 82.94, 81.93,

78.44,72.84, 27.08, 26.46.
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HRMS (ESI): m/z calculated for C,3H,,NaO, * [M+Na]+, 433.1258; found, 433.1269.
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9 NMR Spectra of Substrates and Products

"H NMR (500 MHz, CDCls) Spectra of compound SI-1-11
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'"H NMR (500 MHz, CDCl;) Spectra of compound 1
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"H NMR (500 MHz, CDCl;) Spectra of compound 2
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"H NMR (500 MHz, CDCl;) Spectra of compound 3
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"H NMR (300 MHz, CDCl;) Spectra of compound 4
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"H NMR (500 MHz, CDCl;) Spectra of compound 5
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"H NMR (500 MHz, CDCl;) Spectra of compound 6
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"H NMR (500 MHz, CDCl;) Spectra of compound 7
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"H NMR (500 MHz, CDCl;) Spectra of compound 8
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"H NMR (600 MHz, CDCl;) Spectra of compound 9

(ppm)
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"H NMR (500 MHz, CDCl;) Spectra of compound 10
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"H NMR (500 MHz, CDCl;) Spectra of compound 11
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"H NMR (500 MHz, CDCl;) Spectra of compound 12
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"H NMR (500 MHz, CDCl;) Spectra of compound 13
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st —
PE9OT
1920 —
croc”

$€09 —

98°TL

L V
069~
9I'LL N

I¥LL

018 —

T9°L6 —

68v01
£5°011 ~
0P PIT~L

18°0€1 ~

LTt A

mcﬁmﬁw

£€TLEL

T0°EST —

26091 —

1 (ppm)

73/104



F NMR (376 MHz, CDCl5) Spectra of compound 13
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BC NMR (126 MHz, CDCl;) Spectra of compound 14
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"H NMR (600 MHz, CDCl5) Spectra of compound 15
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BC NMR (151 MHz, CDCl;) Spectra of compound 15
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3C NMR (75 MHz, CDCl;) Spectra of compound 16
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"H NMR (500 MHz, CDCls) Spectra of compound 17
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BC NMR (126 MHz, CDCl;) Spectra of compound 17
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"H NMR (500 MHz, CDCl,) Spectra of compound 18
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3C NMR (126 MHz, CDCls) Spectra of compound 18
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"H NMR (500 MHz, CDCl;) Spectra of compound 19
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BC NMR (126 MHz, CDCl;) Spectra of compound 19
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"H NMR (300 MHz, CDCl,) Spectra of compound 20
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BC NMR (101 MHz, CDCl;) Spectra of compound 20
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"H NMR (600 MHz, CDCl;) Spectra of compound 21
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BC NMR (151 MHz, CDCl;) Spectra of compound 21
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'"H NMR (300 MHz, CDCl;) Spectra of compound 22
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BC NMR (126 MHz, CDCl;) Spectra of compound 22
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"H NMR (300 MHz, CDCls) Spectra of compound 23
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3C NMR (75 MHz, CDCl;) Spectra of compound 23
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"H NMR (400 MHz, CDCl5) Spectra of compound 24
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3C NMR (75 MHz, CDCl;) Spectra of compound 24
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"H NMR (400 MHz, CDCl;) Spectra of compound 25
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3C NMR (75 MHz, CDCl;) Spectra of compound 25
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"H NMR (400 MHz, CDCl;) Spectra of compound 26
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3C NMR (75 MHz, CDCl;) Spectra of compound 26
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"H NMR (400 MHz, CDCl;) Spectra of compound 27
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3C NMR (75 MHz, CDCl;) Spectra of compound 27
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"H NMR (300 MHz, CDCl;) Spectra of compound 28
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3C NMR (75 MHz, CD;0D) Spectra of compound 28
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"H NMR (400 MHz, CDCl,) Spectra of compound 29
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3C NMR (75 MHz, CDCl;) Spectra of compound 29
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"H NMR (400 MHz, CDCl;) Spectra of compound 30
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B3C NMR (75 MHz, CDCl;) Spectra of compound 30
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"H NMR (400 MHz, CDCl3) Spectra of compound 31
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BC NMR (101 MHz, CDCl;) Spectra of compound 31
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"H NMR (400 MHz, CDCl,) Spectra of compound 32
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BC NMR (101 MHz, CDCl;) Spectra of compound 32
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3C NMR (75 MHz, CDCl;) Spectra of compound 33
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"H NMR (400 MHz, CDCl,) Spectra of compound 34
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BC NMR (75 MHz, CDCl;) Spectra of compound 34
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"H NMR (400 MHz, CDCls) Spectra of compound 35
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3C NMR (101 MHz, CDCl;) Spectra of compound 35
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"H NMR (400 MHz, CDCl,) Spectra of compound 36
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B3C NMR (75 MHz, CDCL;) Spectra of compound 36
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"H NMR (400 MHz, CDCl,) Spectra of compound 37
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3C NMR (101 MHz, CDCI;) Spectra of compound 37
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"H NMR (400 MHz, CDCl,) Spectra of compound 38
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B3C NMR (75 MHz, CDCL;) Spectra of compound 38
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"H NMR (400 MHz, CDCl,) Spectra of compound 39
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3C NMR (75 MHz, CDCL;) Spectra of compound 39
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"H NMR (400 MHz, CDCl;) Spectra of compound 40
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3C NMR (101 MHz, CDCI;) Spectra of compound 40
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"H NMR (300 MHz, CDCl5) Spectra of compound 43
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3C NMR (75 MHz, CDCl;) Spectra of compound 43
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"H NMR (500 MHz, CDCl5) Spectra of compound 49

€607

91T
81T
0zT'e
S€T
LET
8€°T
T
T
9T
Ly'T
0s'T
1T
€8T
§S°T
00°€
10°¢
w0t
€0°e
Y0'e
S0'e
S0'e
6'E
L6'E
SOt
SOt
80t
80t
(a4
ey
(R4
(34
9t
9t
€69
9TL

€eL

66°L

=<0’L

€0’

=00°L

1 (ppm)

102/ 104



3C NMR (126 MHz, CDCI;) Spectra of compound 49
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"H NMR (400 MHz, CDCl5) Spectra of compound 51
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3C NMR (75 MHz, CDCl;) Spectra of compound 51
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