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1. Initial approach via cross metathesis

OR? R OR? R

cM :

- Me,, ’
MEE\\\ . i o conditions Me Me o
Me " P 5 Xommooes > Me " 5

e e

Me' 5 = Me Z

6
s7 s6 S8
o Me ! 3
O)k/\/"‘/ " v
,,,,,,,,,,,,,,,, Me Me
) o = o

(2S, 7R, 9R)-laingolide A(1a)

Me
“"Me

S14

Scheme 1. Initial route towards laingolide A
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To a solution of MeNH: (2 M in THF, 2.6 mL, 5.2 mmol, 3.0 eq.) in dry DMAC (5 mL) was added
Yb(OTf)s (108 mg, 0.17 mmol, .0.1 eq.) and S1 [1] (500 mg, 1.7 mmol, 1.0 eq.) at room
temperature under argon atmosphere. The reaction mixture was allowed to stir at room
temperature for 8 h and then quenched with water (20 mL). The aqueous layer was extracted
with EtOAc (3 x 30 mL). The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. Purification of
the crude product was performed by flash column chromatography on silica gel
(Hexanes/EtOAc = 5:1) to afford amide S2 (194 mg, 81%) as a colorless oil.

TLC: Rr= 0.3 (Hexanes/EtOAc = 3:1), iodine & PMA stain.

[a]3t=+12.1 (c 1.4, CHCL).

1H NMR (300 MHz, CDCls) 6 6.25 (s, 1H), 5.70 (ddt, ] = 16.9, 10.1, 6.6 Hz, 1H), 5.04 — 4.78 (m,
2H), 2.72 (d, ] =4.7 Hz, 3H), 2.42 - 2.09 (m, 1H), 2.04 — 1.89 (m, 2H), 1.84 — 1.57 (m, 1H), 1.49 -
1.28 (m, 1H), 1.06 (d, ] = 6.8 Hz, 3H).

13C NMR (75 MHz, CDCls) 0 177.2, 138.2, 114.8, 40.5, 33.3, 31.6, 26.1, 17.9.

HRMS (ESI) calculated for CsHisNONa* [M+Na]* 164.1046, found 164.1049.
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Table S1. Optimization of Cu-mediated vinylation
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1 5 equiv.

S3 Cul Temperature yield

1.2 equiv. -20 °C trace
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2 5 equiv. 1.2 equiv. -20 oC-r.t. trace
3 5 equiv. 1.2 equiv. 0 oC-r.t. trace
4 3 equiv. 1.2 equiv. 0°C-r.t. trace
5 5 equiv. 0.6 equiv. 0 oC-r.t. 10%
6 5 equiv. 0.05 equiv. 0 oC-r.t. 20%
7 5 equiv. 0.1 equiv. 0 oC-r.t. 40%
8 5 equiv. 0.2 equiv. 0 oC-r.t. 35%

To a solution of cyclic sulfate 6 [2] (100 mg, 0.48 mmol, 1.0 eq.) and Cul in dry THF (1 mL) was
add vinylmagnesium bromide (1.0 M in THF) under argon atmosphere. The purple-colored
reaction mixture was allowed to stir until the cyclic sulfate 6 was consumed completely and
then concentrated in vacuo. The solid residue was redissolved in Et2O (5 mL) and treated with
20% aqueous H250s (1.5 mL) solution. The contents of the flask were then stirred vigorously
for another 12 h before the phases were separated. The aqueous layer was extracted with Et2O
(3 x 10 mL). The combined organic layers were dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. Purification of the crude product was performed by
flash column chromatography on silica gel (Hexanes/EtOAc = 20:1) to afford alcohol S4 as a
colorless oil.

TLC: Rf= 0.6 (Hexanes/EtOAc = 10:1), iodine & PMA stain.

[@]3t=+13.7 (c 1.0, CHCL).

H NMR (400 MHz, CDCl) 6 5.70 - 5.53 (m, 1H), 5.02 (dd, ] = 17.3, 1.8 Hz, 1H), 5.00 — 4.91 (m,
1H), 3.22 (dd, ] =10.3, 2.3 Hz, 1H), 2.79 — 2.28 (m, 1H), 1.51 (s, 1H), 1.40 — 1.27 (m, 2H), 1.03 (d,
] =6.8 Hz, 3H), 0.87 (s, 9H).

13C NMR (100 MHz, CDCls) d 144.2, 113.8, 77.3, 38.6, 35.3, 34.8, 25.8, 21.8.

HRMS (ESI) calculated for CioH200Na* [M+Na]*+ 179.1406, found 179.1410
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To a solution of alcohol S4 (180 mg, 1.15 mmol, 1.0 eq.) in dry DCM (5 mL, 0.23 M) was added

Et:N (2.3 mmol, 0.32 mL, 2.0 eq.) and TBSOTf (1.38 mmol, 0.32mL, 1.2 eq.) at 0 °C. The reaction

mixture was allowed to stir at 0 °C for 2 h before it was diluted with DCM (5 mL) and quenched

with saturated aqueous solution of NH4Cl (5 mL). The aqueous layer was extracted with DCM

(3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried over

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. Purification of

the crude product was performed by flash chromatography on silica gel (Hexanes) to afford

silyl ether S5 (295 mg, 95%) as a colorless oil.

TLC: Rf=0.95 (Hexanes), iodine & PMA stain.

[@]3=+8.6 (c 1.0, CHCIs).

H NMR (400 MHz, CDCls) 0 5.60 (ddd, ] =17.3, 10.3, 8.0 Hz, 1H), 5.02 - 4.97 (m, 1H), 4.95 (ddd,

J=10.4,1.9,0.8 Hz, 1H), 3.26 (dd, ] =7.5, 1.9 Hz, 1H), 2.38 - 2.27 (m, 1H), 1.50 (ddd, ] =14.3, 10.6,
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1.9 Hz, 1H), 1.28 (ddd, ] = 14.3, 7.5, 3.5 Hz, 1H), 1.00 (d, ] = 6.7 Hz, 3H), 0.90 (s, 9H), 0.84 (s, 9H),

0.08 (s, 3H), 0.05 (s, 3H).

1BC NMR (100 MHz, CDCls) 6 144.8, 113.3, 78.9, 41.0, 35.8, 35.3, 26.4, 26 4, 22.2, 18.7, -3.0, -3.6.

HRMS (ESI) calculated for CisH3:OSiNa* [M+Na]* 293.2271, found 293.2275.
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Table S2. Optimization of the Cross metathesis
Entry S7 S6  S7/S6 Condition Result
1 S7a S6a 5:1 G-I, benzoquinone, DCM, 40 °C trace
2 S7a S6a 5:1 G-1I, benzoquinone, DCM, 40 °C trace
3 S7a S6a 5:1 HG-II, benzoquinone, DCM, 40 °C trace
4 S7a S6a 10:1 G-I, benzoquinone, DCM, 40 °C trace
5 S7a S6a 10:1 G-1I, benzoquinone, DCM, 40 °C trace
6 S7a S6a 10:1 HG-II, benzoquinone, DCM, 40 °C trace
7 S7a S6a 10:1 G-I, benzoquinone, toluene, 40 °C trace
8 S7a S6a 10:1 G-1I, benzoquinone, toluene, 40 °C trace
9 S7a S6a 10:1  HG-II, benzoquinone, toluene, 40 °C  trace
10 S7a Sé6b 10:1 G-1I, benzoquinone, DCM, 40 °C trace
11 S7a Sé6b 10:1 G-I, benzoquinone, DCM, 40 °C trace
12 S7a Sé6b 10:1 HG-II, benzoquinone, DCM, 40 C trace
13 S7b Sé6b 10:1 G-IL, benzoquinone, DCM, 40 C trace
14 S7b Sé6b 10:1 G-I, benzoquinone, DCM, 40 C trace
15 S7b Sé6b 10:1 HG-II, benzoquinone, DCM, 40 C trace
2. synthesis of ent-8
TBSO\;\/O“ 2 Mereapiabensatiasole TBSO\;\/S\BT
s9 92% s10

To a solution of alcohol S9 [3] (3.3 g, 16.2 mmol, 1.0 eq.), PhsP (5.1 g, 19.4 mmol, 1.2 eq.) and 2-
mercaptobenzthiazol (3.25 g, 19.4 mmol, 1.2 eq.) in dry DCM (80 mL, 0.2 M) under argon
4



atmosphere, was added DIAD (3.83 mL, 19.4 mmol, 1.2 eq.) at 0 °C. The mixture was stirred for
2 h at the room temperature before it was diluted with DCM (20 mL) and then quenched with
saturated aqueous solution of NaHCOs (100 mL). The aqueous layer was separated and
extracted with DCM (3 x 100 mL). The combined organic layers were washed with brine, dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure.
Purification of the crude product was performed by flash column chromatography on silica gel
(Hexanes/ EtOAc = 10:1-5:1) to afford S10 (5.26 g, 92%) as a colorless oil.

TLC: Rr=0.6 (Hexanes/EtOAc = 4:1), UV & PMA stain.

[a]®=+2.8 (¢ 0.005, CHCls).

1H NMR (400 MHz, CDCls) 8 7.85 (ddd, ] = 8.2, 1.2, 0.6 Hz, 1H), 7.75 (ddd, ] = 8.0, 1.3, 0.6 Hz,
1H), 7.40 (ddd, ] = 8.3, 7.3, 1.3 Hz, 1H), 7.31 — 7.26 (m, 1H), 3.65 (dd, | = 10.0, 5.1 Hz, 1H), 3.56
(dd, J=10.0,5.9 Hz, 1H), 3.51 (dd, ] =12.9, 6.2 Hz, 1H), 3.23 (dd, ] =12.9, 7.1 Hz, 1H), 2.24 - 2.06
(m, 1H), 1.07 (d, ] = 6.8 Hz, 3H), 0.91 (s, 9H), 0.06 (s, 3H), 0.06 (s, 3H).

13C NMR (100 MHz, CDCls) 8 167.9, 153.5, 135.3, 126.1, 124.2, 121.6, 121.0, 66.6, 37.2, 36.1, 26.1,
18.5, 16.4,-5.2, -5.3.

HRMS (ESI) calculated for Ci7H2sNOS:Si+ [M+H]* 354.1376, found 354.1376.

E : o 0
: R\

TBSO_A_ S~y Ruci Nalo,  TBSON A S
s10 93% ent-8

To a solution of S10 (2.0 g, 5.66 mmol, 1.0 eq.) and NalOs (3.6 g, 17.0 mmol, 3.0 eq.) in CCl4 (11.0
mL), CHsCN (22.0 mL), and H20 (22.0 mL) was added RuCls-nH20 (0.6 mg, 2.8 umol, 0.05 eq.)
at room temperature. The reaction mixture was stirred for 1 h and diluted with Et2O (50 mL)
and quenched with saturated aqueous solution of NaHCO:s (30 mL). The aqueous layer was
extracted with Et2O (3 x 50 mL). The combined organic layers were washed with brine, dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure.
Purification of the crude product was performed by flash column chromatography on silica gel
(Hexanes/EtOAc = 8:1-4:1) to afford sulfone ent-8 (2.03 g, 93%) as a colorless oil.

TLC: Rr=0.5 (Hexanes/EtOAc = 4:1), UV & PMA stain.

[a]Z =+3.9 (¢ 0.01, CHCls).

1H NMR (400 MHz, CDCls) 8 8.21 (dd, | =8.2, 1.1 Hz, 1H), 8.10 - 7.91 (m, 1H), 7.63 (td, ] =7.7,
1.5Hz, 1H), 7.58 (td, J=7.6, 1.4 Hz, 1H), 3.83 (dd, | = 14.5, 4.5 Hz, 1H), 3.64 (dd, ] =10.0, 4.8 Hz,
1H), 3.43 (dd, ] =10.0, 6.2 Hz, 1H), 3.29 (dd, ] =14.5, 8.0 Hz, 1H), 2.53 - 2.32 (m, 1H), 1.12(d, ] =
6.8 Hz, 3H), 0.82 (s, 9H), -0.01 (s, 3H), -0.03 (s, 3H).

13C NMR (100 MHz, CDCls) 6 166.5, 152.8, 136.9, 128.1, 127.7, 125.6, 122.4, 66.4, 57.7, 31.7, 25.9,
18.3,16.9, -5.4, -5.4.

HRMS (ESI) calculated for CizH27NOsS2SiNa* [M+Na]+ 408.1094, found 408.1095.
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3. Comparison of 'TH NMR and *C NMR data of laingolide A

Table 1 Comparison of 'H NMR data of laingolide A
(Natural Product and Synthetic Sample)

laingolide A
NO. Sample 1a Sample 1b Sample 1d
Natural (1) Sample 1c (04)
(02) (03) (05)
1 - - - - -
291, dt (134, 2.68, dqd
2 299, m 2.86-2.72, m 3.03-2.95, m
6.5) (12.9,6.6,4.4)
3a 1.56, m 1.80-1.63, m | 1.58-1.51, m | 1.60-1.52, m | 1.49-1.33,m
3b 1.40, m 1.59-1.52, m | 1.58-151, m | 147-1.34, m | 149-133,m
4a 1.24, m 1.40-1.33, m | 1.33-1.25,m | 1.30-1.17, m | 1.25-1.23,m
1.14,d
4b 1.04, m 1.25-1.17, m | 1.10-0.99, m | 1.17-1.12, m (6.4)
5a 1.26, m 1.40-1.33, m | 1.33-1.25,m | 1.30-1.17, m | 1.29-1.25,m
5b 1.12, m 1.25-1.17, m | 1.25-1.18, m | 1.17-1.12, m | 1.22-1.16,m
6a 1.32, m 146-140,m | 146-136,m | 1.35-1.27, m | 1.49-1.33,m
6b 1.23, m 1.32-1.27, m | 1.33-1.25,m | 1.30-1.17, m | 1.25-1.23,m
7 1.17, m 1.32-1.27, m | 1.25-1.18, m | 1.30-1.17, m | 1.22-1.16, m
8a 1.58, m 1.80-1.63, m | 1.65-1.61, m | 1.64-1.57, m | 1.63-1.50, m
8b 0.99, m 0.96-0.91, m | 0.85-0.79, m | 1.03-0.95,m | 1.14-1.05, m
9 4.81,dd (11.0, | 4.94,dd (11.1, | 4.92,dd (11.9, | 4.81, dd (11.3, | 4.86, dd (10.9,
<1.0) 2.5) 1.8) 1.3) 1.3)
10(O) - - - - -
11 - - - - -
3.06, ddd 3.05, ddd 3.07, ddd 3.2, ddd
12a 3.17-3.08, m
(12.0, 6.0, 1.5) (13.3,7.4,0.9) | (12.3,5.6,1.5) | (16.5,6.3,1.4)
19b 2.94, dd (12.0, 2.98, ddd 2.99, ddd 2.94,dd (12.3, 3.07, ddd
10.8) (16.0,9.5,0.8) | (13.3,6.9,1.4) 10.4) (16.5,8.7,1.0)
5.18, ddd 5.18, ddd
13 (140,108 5.21, ddd 5.16, dt (14.1, (136,103 5.21, ddd
T 1(13.8,9.4, 6.0) 7.2) T 1(13.8,8.6,6.3)
6.0) 5.7)
7.01, dd (14.0, 7.02,dd (13.7,
14 6.76,d (13.8) | 7.09,d (13.9) 6.74, d (13.9)
1.5) 1.4)
15(N) - - - - -




16 1.16,3H,d 1.15,3H,d 1.15,3H,d 1.15,3H,d 1.14,3H,d
(6.6) (6.5) (6.6) (6.5) (6.4)

0.83,3H, d 0.78,3H, d 0.84, 3H, d 0.85,3H, d

17 0.89,3H, s
(7.0) (6.4) (5.7) (5.8)
18 - - - - -
19 0.89,9H, s 0.88,9H, s 0.88,9H, s 0.89,9H, s 0.88, 9H, s
20 3.10,3H, s 3.11,3H, s 3.09,3H, s 3.10,3H, s 3.11, 3H, s
21 - - - - -
Table 2 Comparison of *C NMR data of laingolide A
(Natural Product and Synthetic Sample)
laingolide A
No. | Natural | Sample | Sample | Sample Sample
o 12 (&%) As=01-02 1b (&) As=01-03 1e (&) As=01-04 1d (59 As=01-05

1 176.4 176.3 0.1 176.5 -0.1 176.4 0 176.6 -0.2
2 36.2 35.4 0.8 35.4 0.8 36.2 0 35.6 0.6
3 36.6 35.7 0.9 35.7 0.9 36.6 0 36.2 0.4
4 26.2 26.7 -05 26.1 0.1 26.2 0 249 1.3
5 26.8 27.6 -0.8 26.7 0.1 26.8 0 26.6 0.2
6 36.8 37.1 -0.3 37.3 -0.5 36.8 0 37.5 -0.7
7 27.7 30.5 -2.8 26.7 1 27.7 0 26.9 0.8
8 35.5 34.3 1.2 35.3 0.2 5.5 0 35.0 0.5
9 79.7 77.9 1.8 78.5 1.2 79.7 0 80.5 -0.8
10
11 1725 173.3 -0.8 1721 0.4 172.5 0 171.9 0.6
12 37.6 37.7 -0.1 38.6 -1 37.6 0 38.7 -1.1
13 105.0 104.2 0.8 103.6 1.4 105.0 0 106.8 -1.8
14 133.6 1334 0.2 133.8 -0.2 133.5 0.1 132.6 1
15
16 18.5 17.2 1.3 18.0 0.5 18.5 0 16.6 1.9
17 21.2 20.1 1.1 20.9 0.3 21.2 0 18.9 2.3
18 35.1 34.2 0.9 34.1 1 35.1 0 33.7 1.4
19 26.7 27.4 -0.7 26.6 0.1 26.7 0 253 1.4
20 31.2 31.3 -0.1 31.4 -0.2 31.2 0 322 -1
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5. NMR spectra

"H NMR Spectrum of §2 (300 MHz, CDCls)
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"H NMR Spectrum of S4 (400 MHz, CDCls)

598°01 |7
8L0'} | =
GEO' 1 <
vog’1
pLE L 4°
62 11 — - mmm.mjw sg'12\
6€€ L . s 09'GZ~
ove’L = e e €81
266 L0 5e'Ge-
ziSL ] LS 85'8e”
8L
0LeL) ~ Lwom.n-m
Gee'e )
v6eC >
vov'e = =660
vLye Mo _—
oz . gL
602°€ =
622°C e
geze [<E
(R _ 90l =~
e v e O 8Ll
1967} ~ =00 | a)
zL6'Y] | = o
¥66'Y < N
8667} o =
ol <
LEO'S| S
L¥0'G = S 6L vvl-
995°G ] vl
G8S'S s »
885G = 5
765G LS g
L09°G g
019G o Q o
€19 W s & \
seo% r) 3 S e ) 3
o~ - o~
GE9'S - - Z —
659'G m\w .M ¥ m\w

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190

0 200



"H NMR Spectrum of S5 (400 MHz, CDCls)
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TH NMR Spectrum of §10 (400 MHz, CDCls)
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TH NMR Spectrum of ent-8 (400 MHz, CDCls)
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TH NMR Spectrum of S11 (500 MHz, CDCls)
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TH NMR Spectrum of 10 (500 MHz, CDCls)
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TH NMR Spectrum of 11 (400 MHz, CDCls)
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TH NMR Spectrum of 12 (500 MHz, CDCls)
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H NMR Spectrum of 7 (400 MHz, CDCls)
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TH NMR Spectrum of §12 (400 MHz, CDCls)
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TH NMR Spectrum of 13 (400 MHz, CDCls)
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H NMR Spectrum of 14 (400 MHz, CDCls)
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H NMR Spectrum of 15 (400 MHz, CDCls)
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H NMR Spectrum of 16 (400 MHz, CDCls)
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TH NMR Spectrum of 17 (500 MHz, CDCls)

¥.8°0;
1680
116701
cle'o
9260

106
009
€0l

0LL'L
0611
66117
BLTL
€T L]
82’1
LET L1
0cZ 1]
v L]
STl
6YC'1
0€E’L
vES'L
BYEL
ese'l
gse'l
8Ge’L
29’1
GoE'L
LIE)
18€°L
1861
€09'L
7191
191
z29'L
1291
897
WEA>
88z'c
z62°¢
AR
LEV'E
89¥'c
08¥'€

[,

—
=

20'l
10°d
662
6|
10°¢
100')
o)

2.0

3.0 2.5

1.0 3.5

f1 (ppm)

13C NMR Spectrum of 17 (125 MHz, CDCls)

6,91
9l’le
6.°G¢
0l°/¢
L€°/¢C
662\
1%
90°G¢
441>
06°G¢
Gv'6¢e

L1789~
€L.l1-

190 180 170 160 150 140 130 12 110 100 90 80
f1 (ppm)

200

10

23



TH NMR Spectrum of S14 (400 MHz, CDCls)
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TH NMR Spectrum of 18 (400 MHz, CDCls)
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TH NMR Spectrum of 19 (400 MHz, CDCls)
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TH NMR Spectrum of (25,7R,9R)-laingolide A (1a) (400 MHz, CDCls)
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TH NMR Spectrum of 20 (400 MHz, CDCls)
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TH NMR Spectrum of 21 (500 MHz, CDCls)
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TH NMR Spectrum of §16 (400 MHz, CDCls)
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H NMR Spectrum of 22 (400 MHz, CDCls)
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TH NMR Spectrum of 23 (400 MHz, CDCls)
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TH NMR Spectrum of (2R,7R,9R)-laingolide A (1b) (500 MHz, CDCls)
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TH NMR Spectrum of 24 (400 MHz, CDCls)
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H NMR Spectrum of 25 (400 MHz, CDCls)
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TH NMR Spectrum of S§18 (500 MHz, CDCls)
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TH NMR Spectrum of 26 (500 MHz, CDCls)
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TH NMR Spectrum of 27 (500 MHz, CDCls)
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TH NMR Spectrum of (25,75,9R)-laingolide A (1c) (500 MHz, CDCls)
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TH NMR Spectrum of 28 (400 MHz, CDCls)
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TH NMR Spectrum of 29 (400 MHz, CDCls)
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TH NMR Spectrum of §20 (500 MHz, CDCls)
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TH NMR Spectrum of 30 (400 MHz, CDCls)
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TH NMR Spectrum of 31 (400 MHz, CDCls)
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TH NMR Spectrum of (2R,75,9R)-laingolide A (1d) (400 MHz, CDCls)
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