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S1. General Information

Unless otherwise noted, all reactions were carried out in an oven-dried glassware sealed with rubber
septa, and under a positive pressure of inert gas, typically argon or nitrogen, and were stirred using
Teflon-coated magnetic stir bars. Elevated temperatures were maintained using thermostat-controlled
silicone oil baths. Analytical thin layer chromatography (TLC) was performed with 0.25 mm silica gel
G plates with a 254 nm fluorescent indicator, and visualized by ultraviolet light and/or treatment with
anisaldehyde followed by gentle heating. Flash chromatography on silica gel (200-300 mesh) was used
for purification of products. Organic solutions were concentrated using an IKA, Biichi or Eyela rotary
evaporator with a desktop vacuum pump. Chemicals were purchased from J&K, Energy, Acros, Aldrich
or similar suppliers, and were used as received unless otherwise indicated. Super-dry solvents (water <
30 ppm) were purchased from J&K. Tetrahydrofuran (THF) and toluene were distilled from
sodium/benzophenone prior to use.

NMR spectra were measured on Bruker ARX 400 ('H at 400 MHz, '3C at 101 MHz), AVANCE III 500
('H at 500 MHz, '3C at 126 MHz), and AVENCE NEO 600 ('H at 600 MHz, '3C at 151 MHz) nuclear
magnetic resonance spectrometers. Data for 'H NMR spectra are reported as follows: chemical shift (ppm,
referenced to residual solvent peak (CD,Cl,: 5.32 ppm, CDCls: 7.26 ppm); s = singlet, d = doublet, t =
triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, ddd = doublet of doublets, ddt =
doublet of doublet of triplets, dtd = doublet of triplet of doublets, dddd = doublet of doublet of doublet
of doublets, m = multiplet), coupling constant (Hz), and integration. Data for '*C NMR are reported in
terms of chemical shift (ppm) relative to residual solvent peak (CD>Cl,: 53.84 ppm, CDCls: 77.16 ppm).
High-resolution mass spectra (HRMS) were recorded on a Bruker Apex IV FTMS mass spectrometer
(m/z).

Abbreviations:

Ac = acetyl PDC = pyridinium dichromate

Bn = benzyl PE = petroleum ether

DCE = 1,2-dichloroethane r.t. = room temperature

DCM = dichloromethane TBAF = tetrabutylammonium fluoride

DIAD = diisopropyl azodiformate TBS = tertbutyldimethylsilyl

DMAP = 4-Dimethylaminopyridine TBSCI = tert-butyldimethylsilyl chloride
DMF = N, N-dimethylformamide TEMPO = 2,2,6,6-Tetramethylpiperidinyloxy
EA = ethyl acetate THF = tetrahydrofuran

LDA = lithium diisopropylamide Ts = tosyl

M.P. = melting point
MS = molecular sieve
PCC = pyridinium chlorochromate
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S2. Substrate Preparation

- Me

/——Me — N — Me _ Me
/TMQ — -BuLi /TMe /TMQ
TsN PCC, 4 AMS TsN BT N y Ac,0, EtN, DMAP  TeN y
S T oeme N T osc ./ ./
DCM, r.t. THF, -78 °C DCM, 0°C tor.t.
N
o o OH OAc
s1 s2 s3 1a

(E)-1-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)hept-2-en-5-yn-4-yl acetate (1a)

To a suspension of PCC (2.42 g, 11.2 mmol, 1.5 eq.) and 4 A MS (2.42 g) in CH2Cl, (40 mL) was
added a solution of S1' (2.15 g, 7.3 mmol, 1.0 eq. in 20 mL of DCM) at 0 °C. The mixture was
stirred at room temperature for 12 h. Then silica gel (10 g) was added to the reaction solution to
give turbid liquid, which was filtered through a pad of silica gel and washed with EA. The filtrate
was concentrated under reduced pressure to yield the crude S2 as a yellow viscous liquid for the next
step without purification.

To a THF (10 mL) solution of 1-bromo-1-propene (950 pL, 11.2 mmol, 1.5 eq.) was added n-BuLi (2.4
M in hexane, 7.0 mL, 16.8 mmol, 2.2 eq.) under nitrogen atmosphere at -78 °C, and the mixture was
stirred for 2 hours. After that, the solution of the entire S2 (in 5 mL of THF) in the first step was added
and the resulting solution was stirred for 1 hour at room temperature. Ice-cold saturated NH4Cl aq. was
added to quench the reaction, followed by extraction with EA. The combined organic phase was washed
with brine, dried over anhydrous Na,SOs, filtered, and concentrated under vacuum. The crude product
was purified by flash column chromatography (PE/EA = 2:1) to yield S3 as a colorless viscous liquid
(1.19 g, 3.6 mmol, 48%).

To the solution of alcohol S3 (597 mg, 1.8 mmol in 15 mL of DCM), Et;N (727 mg, 7.2 mmol, 4.0 eq.)
and DMAP (22 mg, 0.18 mmol, 0.1 eq.) were added, followed by adding Ac,O (364 mg, 3.6 mmol, 2.0
eq.) carefully at 0 °C. The reaction was gradually allowed to warm to room temperature and stirred for
11.5 h. The solution was concentrated under vacuum to yield crude product, then purified by flash column

chromatography (PE/EA = 5:1) to yield 1a as a yellow viscous liquid (410 mg, 1.1 mmol, 61%).

—="Me Me
TSNL\\—/

1a

TLC (5:1 PE/EA, R)): 0.2.

'H NMR (400 MHz, CDCl3) 6 7.75 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 5.96 — 5.87 (m, 1H),
5.86 —5.81 (m, 1H), 5.77 (dd, J = 15.3, 5.3 Hz, 1H), 4.13 — 3.94 (m, 2H), 3.94 — 3.69 (m, 2H), 2.44 (s,
3H), 2.10 (s, 3H), 1.89 (s, 3H), 1.56 (s, 3H).

13C NMR (101 MHz, CDCls) 6 169.8, 143.5, 136.2, 130.3, 129.4, 128.8, 128.0, 84.0, 81.9, 74.5, 71.6,
63.8,47.5, 36.7,21.6, 21.2, 3.8, 3.4.

HRMS (m/z): [M + H]" calculated for Co0H24NO4S™: 374.1421, found: 374.1418.

—=—"Me o - Ph J— Ph
o] /——Me /——Me /——Me
PCC,4AMS O ——Ph, n-BulLi 0 / NEt;, DMAP, Ac,O o /
\ \ \ 7 \ 7
DCM, r.t. N THF, -78 °C DCM, 0°C tor.t.
OH @) OH OAc
S4 S5 S6 1b

(E)-6-(but-2-yn-1-yloxy)-1-phenylhex-4-en-1-yn-3-yl acetate (1b)
To a suspension of PCC (3.24 g, 15 mmol, 1.5 eq.) and 4 A MS (3.24 g) in CH>Cl, (15 mL) was
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added a solution of S4? (1.40 g, 10 mmol, 1.0 eq. in 35 mL of DCM) at 0 °C. The mixture was stirred
at room temperature for 12 h. Then silica gel (6.48 g) was added to the reaction solution to give
turbid liquid, which was filtered through a pad of silica gel and washed with EA. The filtrate was
concentrated under reduced pressure to yield the crude S5 as a yellow liquid for the next step without
purification.
To a THF (30 mL) solution of ethynylbenzene (1.3 mL, 12 mmol, 1.2 eq.), n-BuLi (2.4 M in hexane, 4.6
mL, 11 mmol, 1.1 eq.) was added under nitrogen atmosphere at -78 °C. The mixture was stirred for 30
min. After that, the solution of S5 (1.38 g, 10.0 mmol in 20 mL of THF) was added and the resulting
solution was stirred for 1 hour at room temperature. Ice-cold saturated NH4Cl aq. was added to quench
the reaction, followed by extraction with EA. The combined organic phase was washed with brine, dried
over anhydrous Na,SOg, filtered, and concentrated under vacuum. The crude product was purified by
flash column chromatography (PE/EA = 5:1) to yield S6 as a colorless viscous liquid (1.45 g, 6.0 mmol,
60%).
To the resolution of alcohol S6 (0.481 g, 2.0 mmol in 50 mL of DCM), EtsN (1.1 mL, 8.0 mmol, 4.0 eq.)
and DMAP (24.4 mg, 0.2 mmol, 0.1 eq.) were added, followed by adding Ac,O (0.38 mL, 4.0 mmol, 2.0
eq.) carefully at 0 °C. The reaction was gradually allowed to warm to room temperature and stirred for
14 h. The solution was concentrated under vacuum to yield crude product, then purified by flash column
chromatography (PE/EA = 10:1) to yield 1b as a yellow viscous liquid (323.2 mg, 1.1 mmol, 55%).

Me Ph

O/—:/
Ny

1b
TLC (5:1 PE/EA, R)): 0.4
'"H-NMR (400 MHz, CD,Cl,) § 7.46 (dd, J= 7.5, 2.2 Hz, 2H), 7.39 — 7.30 (m, 3H), 6.16 — 6.08 (m, 2H),
5.88 (ddt, J=15.5,5.9, 1.6 Hz, 1H), 4.11 (q, J=2.3 Hz, 2H), 4.08 (dt, /= 5.3, 1.4 Hz, 2H), 2.10 (s, 3H),
1.84 (t,J=2.4 Hz, 3H).
3C NMR (101 MHz, CD>Cl,) 6 169.9, 132.2, 131.8, 129.3, 128.8, 127.4, 122.4, 86.9, 85.0, 82.9, 75.3,
68.9, 64.3,58.4,21.2, 3.6.
HRMS (m/z): [M + H]J" calculated for CisH1905": 283.1329, found: 283.1327.

OBn OBn

— — BnO@l — .,

—Me __ /——Me /—=—"Me /—=—Me
o =—MgCl o // Pd(PPh,),Clp, Cul O, // NEt;, DMAP, Ac,O O //
7, ote, JNVIAT, AGY
\—\\_\\ THF, -78°C to r.t.\—\\_/ THF/NEty= 3/1, rit. \ DCM, 0°C to rt. \
o) OH OH OAc
s5 s7 s8 1c

(E)-1-(4-(benzyloxy)phenyl)-6-(but-2-yn-1-yloxy)hex-4-en-1-yn-3-yl acetate (1c)

To a THF (30 mL) solution of S5 (750 mg, 5.4 mmol, 1.2 eq.) was added the solution of
ethynylmagnesium chloride (0.5 M in THF, 16 mL, 8 mmol, 1.5 eq.) dropwise under nitrogen atmosphere
at -78 °C. The mixture was allowed to warm to r.t. and stirred for 65 min. Ice-cold saturated NH4Cl aq.
was added to quench the reaction, followed by extraction with EA. The combined organic phase was
washed with brine, dried over anhydrous Na,SOs, filtered, and concentrated under vacuum. The crude
product was purified by flash column chromatography (PE/EA = 3:1) to yield S7 as a yellow liquid (613.8
mg, 3.7 mmol, 69%).

To the mixture of 1-(benzyloxy)-4-iodobenzene (1.27 g, 4.1 mmol, 1.1 eq.), Pd(PPh;),Cl, (26.2 mg, 0.037
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mmol, 0.01 eq.) and Cul (14.2 mg, 0.074 mmol, 0.02 eq.) were added the solution of S7 (613.8 mg, 3.7
mmol) in THF (15 mL) under nitrogen atmosphere. Then the reaction mixture was added EtN (5 mL)
and stirred for 12 h at room temperature. Then the mixture was concentrated under vacuum and purified
by flash column chromatography (PE/EA = 5:1 to 3:1) to yield S8 as an orange viscous liquid (945.3 mg,
2.7 mmol, 71%).

To the solution of alcohol S8 (945.3 g, 2.6 mmol in 10 mL of DCM, 1.0 eq.), EtsN (1.43 mL, 10.3 mmol,
4.0 eq.) and DMAP (31.7 mg, 0.26 mmol, 0.1 eq.) were added, followed by adding Ac,O (491 pL, 5.2
mmol, 2.0 eq.) dropwise at 0 °C. The reaction was gradually allowed to warm to room temperature and
stirred for 18 h. The solution was concentrated under vacuum to yield crude product, then purified by
flash column chromatography (PE/EA = 20:1) to yield 1¢ as a red viscous liquid (819 mg, 2.1 mmol,
81%).

OBn

/—:Me
(6]
/
\ 7
OAc

TLC (5:1 PE/EA, R)): 0.6.

'"H-NMR (400 MHz, CD>Cly) § 7.44 — 7.31 (m, 7H), 6.97 — 6.88 (m, 2H), 6.11 (m, 2H), 5.87 (ddt, J =
15.4,5.9, 1.6 Hz, 1H), 5.06 (s, 2H), 4.10 (q, J = 2.3 Hz, 2H), 4.07 (dt, J= 5.3, 1.3 Hz, 2H), 2.09 (s, 3H),
1.84 (t,J = 2.3 Hz, 3H).

13C NMR (101 MHz, CD,Cl,) 6 169.9, 159.7, 137.1, 133.7, 131.6, 128.9, 128.5, 128.0, 127.7, 115.2,
114.6, 86.9, 83.8, 82.9, 75.3, 70.4, 68.9, 64.4, 58.4, 21.3, 3.6.

HRMS (m/z): [M + H]" calculated for C2sH2504": 389.1747, found: 389.1750.

S—="Me —="Me COEt —=—=Me COEt
o] Et0,C—,LDA O / / pyridine, DMAP, Ac,0 ¢ //
M THF, 78 °C \ DCM, 0°C to rt. \
o OH OAc
S5 9 1d

Ethyl (E)-4-acetoxy-7-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)hept-5-en-2-ynoate (1d)
To a stirred solution of diisopropylamine (475 pL, 3.4 mmol, 1.7 eq.) in THF (10 mL) was added a
solution of n-BuLi (2.4 M in hexanes, 1.42 mL, 3.4 mmol, 1.7 eq.) slowly at -78 °C. The mixture was
stirred at 0 °C for 35 min, then cooled to -78 °C, and ethyl propiolate (307 pL, 3.0 mmol, 1.5 eq.) was
added. After stirring for 40 min at -78 °C, a solution of aldehyde S5 (276 mg, 2.0 mmol) in THF (5 mL)
was added. After stirring at -78 °C for 3 h, the reaction mixture was added to an ice-cold saturated NH4Cl
aq. The aqueous phase was extracted with EA, and the combined organic layer was washed with brine,
dried over anhydrous Na,SOs, and concentrated under reduced pressure to yield crude S9 (yellow viscous
oil) for the next step without purification.

To a solution of the entire S9 (in 15 mL of DCM) in the first step was added pyridine (480 pL, 6.0 mmol,
3.0 eq.), DMAP (12.2 mg, 0.1 mmol, 0.05 eq.) and Ac,O (285 pL, 3 mmol, 1.5 eq.) at 0 °C. After stirring
for 13 h, the mixture was diluted with DCM and washed with a 10% copper sulfate aqueous solution,
brine, dried over Na;SO4, and concentrated under reduced pressure. The crude product was purified by
flash chromatography on silica gel (PE/EA = 10:1) to give 1d as a yellow viscous liquid (305 mg, 1.1
mmol, 55% yield).
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—=—="Me
° /
\ 7
OAc
1d

TLC (5:1 PE/EA, R)): 0.2.
!H NMR (400 MHz, CD,Cl,) 6 6.08 (dtd, J = 15.5, 5.1, 1.3 Hz, 1H), 5.99 — 5.93 (m, 1H), 5.81 (ddt, J =
15,5, 6.2, 1.7 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 4.10 (g, J = 2.3 Hz, 2H), 4.07 (dt, J = 5.1, 1.4 Hz, 2H),
2.09 (s, 3H), 1.85 (t, J = 2.4 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CD.Cl,) 6 169.6, 153.1, 133.2, 125.2, 83.0, 82.1, 78.2, 75.1, 68.7, 63.1, 62.7, 58.5,
21.0,14.1, 3.6.

HRMS (m/z): [M + H]" calculated for CisH1905": 279.1227, found: 279.1226.

FaC
— ,LDA =-Me CFs =Ve CFs
O/TMe Br>: O/— Me pyridine, DMAP, Ac,0 0/— Me
. 7 \ 7
\ THF, 78 °C DCM, 0°C torit.
o

OH OAc
S5 s10 1e

(E)-1-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)-7,7,7-trifluorohept-2-en-5-yn-4-yl acetate
(1)

To a stirred solution of diisopropylamine (1.12 mL, 8.0 mmol, 2.0 eq.) in THF (10 mL) was added a
solution of #-BuLi (2.4 M in hexanes, 3.33 mL, 8.0 mmol, 2.0 eq.) slowly at 0 °C. The mixture was
stirred at 0 °C for 30 min, then cooled to -78 °C and the solution of 2-bromo-3,3,3-trifluoroprop-1-ene
(0.56 mL, 4 mmol, 1.0 eq. in 10 mL of THF) was added. After stirring for 30 min at -78 °C, a solution of
aldehyde S5 (553 mg, 4 mmol in 10 mL of THF) was added. After stirring at -78 °C for 3 h, the reaction
mixture was added to an ice-cold saturated NH4Cl aq. The aqueous phase was extracted with EA. The
combined organic layer was washed with brine, dried over anhydrous Na,SOy, then purified by flash
column chromatography (PE/EA = 5:1) to yield S10 as a dark red viscous oil (8§21 mg, 3.5 mmol, 88%).
To a solution of the above oil (410 mg, 1.8 mmol, in 15 mL of DCM) was added pyridine (425 pL, 5.3
mmol, 3.0 eq.), DMAP (10.8 mg, 0.09 mmol, 0.05 eq.) and Ac,O (250 pL, 2.7 mmol, 1.5 eq.) at 0 °C.
After stirring overnight, the mixture was diluted with DCM and washed with a 10% copper sulfate
aqueous solution, brine, dried over Na,SO4, and concentrated under reduced pressure. The crude product

was purified by flash chromatography on silica gel (PE/EA =20:1) to give 1e as an orange viscous liquid

(284 mg, 1.0 mmol, 59% yield).
S—="Me CF3
R /
V

1e
TLC (10:1 PE/EA, Ry): 0.4.
'H-NMR (400 MHz, CD,Cl,) 6 6.08 (dtd, J = 15.5, 5.0, 1.2 Hz, 1H), 5.99 — 5.93 (m, 1H), 5.81 (ddt, J =
15.5, 6.3, 1.8 Hz, 1H), 4.11 (q, J = 2.4 Hz, 2H), 4.07 (dt, /= 5.1, 1.3 Hz, 2H), 2.10 (s, 3H), 1.85 (t, J =
2.4 Hz, 3H).
13C NMR (101 MHz, CD,Cly) J 169.5, 133.7, 124.5, 112.6 (q, J = 257.5 Hz), 83.7 (q, J = 6.4 Hz), 83.1,
75.1,73.2 (q, J = 53.1 Hz), 68.6, 62.5, 58.6, 20.9, 3.6.
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HRMS (m/z): [M + H]J" calculated for C13H14F303": 275.0890, found: 275.0889.

——Me
SO SO o} ToiN /= Me
i B H =
J/ Ac,0, DMAP, EtN /| TBAF-3H,0 Vi DIAD, PPh;  TsN y
\ —_— \ _— \ — L\\—/
: THF, 0°Cto rt THF, 0°Cto rt
oy DCM,0°Ctort oA or oA or. S
C
S11 s12 $13 1*

(E)-6-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)hex-4-en-1-yn-3-yl acetate (1f)
To the solution of S113(452 mg, 2.0 mmol in 5 mL of DCM), both Et;N (1.10 mL, 8.0 mmol, 4.0 eq.)
and DMAP (24.4 mg, 0.2 mmol, 0.1 eq.) were added, followed by adding Ac,O (380 pL, 4.0 mmol, 2.0
eq.) dropwise at 0 °C. The reaction was gradually allowed to warm to room temperature and stirred for
5 h. The solution was concentrated under vacuum to yield crude product, then purified by flash column
chromatography (PE/EA = 20:1) to yield S12 as a colorless liquid (485 mg, 1.8 mmol, 90%).
To the solution of S12 (485 mg, 1.8 mmol in 3 mL of THF), TBAF<3H,0 (631 mg, 2.0 mmol, 1.1 eq.)
was added at 0 °C. The reaction was gradually allowed to warm to room temperature and stirred for 6 h.
Then the reaction mixture was quenched with water. The aqueous phase was extracted with Et,O. The
combined organic layer was washed with brine, dried over anhydrous Na,SO4, and then purified by flash
column chromatography (PE/EA = 3:1) to yield S13 as a yellow oil (149 mg, 0.97 mmol, 54%).
DIAD (209 mg, 1.03 mmol, 1.2 eq.) was added into the mixture of alcohol S13 (146 mg, 0.95 mmol, 1.1
eq.), N-(but-2-yn-1-yl)-4-methylbenzenesulfonamide (192 mg, 0.86 mmol, 1.0 eq.), PPh3 (271 mg, 1.03
mmol, 1.2 eq.) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to
room temperature and stirred for 5 h 20 min. DIAD (149 mg, 0.74 mmol, 0.86 eq.) was added to the
reaction solution. Then the reaction was stirred for 18 h 40 min. After that, the solvent was removed
under vacuum. The residue was purified by flash column chromatography (PE/EA/DCM = 6:1:1) to yield
1f (90.4 mg, 0.25 mmol, 29%) as a yellow viscous oil.

—=Me

TsN
M

OAc
1f

TLC (3:1 PE/EA, R)): 0.4.

'"H NMR (400 MHz, CDCl3) § 7.73 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.94 (dt, J=15.3, 6.3
Hz, 1H), 5.86 — 5.83 (m, 1H), 5.77 (dd, J = 15.3, 5.5 Hz, 1H), 4.07 — 3.94 (m, 2H), 3.94 — 3.77 (m, 2H),
2.56 (d, J=2.2 Hz, 1H), 2.43 (s, 3H), 2.10 (s, 3H), 1.55 (t, /= 2.3 Hz, 3H).

3C NMR (101 MHz, CDCl3) 6 169.7, 143.5, 136.1, 129.7, 129.5, 129.1, 128.0, 82.0, 79.0, 75.5, 71.6,
63.0,47.4,36.8,21.6,21.0,3.4.

HRMS (m/z): [M + H]" calculated for C19H22NO4S™: 360.1264, found: 360.1266.

—=—Me S—="Me /= Me
g =Ml g /) NEts, DMAP, Ac,0 O Vi
\ \ THRO<Cort M DCM, 0°C to rt. w
Y OH OAc
S5 S7 19

(E)-6-(but-2-yn-1-yloxy)hex-4-en-1-yn-3-yl acetate (1g)
To the solution of S5 (829.2 mg, 6 mmol in 6 ml of THF) was added ethynylmagnesium chloride (0.5 M

in THF, 18 mL, 9 mmol, 1.5 eq.) dropwise under nitrogen atmosphere at 0 °C. The mixture was allowed
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to warm to r.t. and stirred for 3 h. Saturated NH4ClI aq. was added to quench the reaction, followed by
extraction with EA. The combined organic phase was washed with brine, dried over anhydrous Na,SOs,
filtered, and concentrated under a vacuum. The crude product was purified by flash column
chromatography (PE/EA = 10:1 to 5:1) to yield S7 as a yellow liquid (661.5 mg, 4.0 mmol, 67%).

To the solution of S7 (240.3 mg, 1.46 mmol), both EtsN (0.55 mL, 4 mmol, 2.7 eq.) and DMAP (12.2
mg, 0.1 mmol, 0.07 eq.) were added, followed by adding Ac,O (0.19 mL, 2.0 mmol, 1.4 eq.) dropwise
at 0 °C. The reaction was gradually allowed to warm to room temperature and stirred for 16 h. The
solution was concentrated under vacuum to yield crude product, then purified by flash column

chromatography (PE/EA = 10:1) to yield 1g as a yellow viscous oil (297.0 mg, 1.44 mmol, 98%).

TLC (3:1 PE/EA, R)): 0.7.

'H NMR (400 MHz, CDCl) 6 6.10 (dt, J = 15.2, 5.3 Hz, 1H), 5.90 — 5.86 (m, 1H), 5.82 (dt, J = 15.3,
5.9, 1H), 4.11 (q, J = 2.3 Hz, 2H), 4.08 (dt, J = 5.5, 1.3 Hz, 2H), 2.57 (d, /= 2.2 Hz, 1H), 2.09 (s, 3H),
1.85 (t,J=2.3 Hz, 3H).

3C NMR (101 MHz, CDCl;) 6 169.7, 131.7, 126.8, 82.9, 79.3, 75.3, 74.9, 68.7, 63.4, 58.3, 21.1, 3.7.
HRMS (m/z): [M + H]" calculated for C12H;505": 207.1016; found: 207.1016.

MeO

TBSO ome to’ ~—=-Me  OMe
TBSO \ y _ Eanowe T \_\_/// _TBAF:3H,0 \_\_// DIAD, PPy TsN Y
=T
DCM 0°Ctort. THF, 0°Ctort. THF, 0°Ctort. \_\\_/
OH
S11 1h

(E)-6-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-methoxybenzoate (1h)
To the solution of 8113 (1.13 g, 5.0 mmol in 30 mL of DCM), both Et;N (1.52 g, 15.0 mmol, 3.0 eq.) and
DMAP (61.0 mg, 0.5 mmol, 0.1 eq.) were added, followed by adding 4-methoxybenzoyl chloride (1.71
g, 10.0 mmol, 2.0 eq.) dropwise at 0 °C. The reaction was gradually allowed to warm to room temperature
and stirred for 4.5 h. Then the reaction mixture was quenched with saturated NaHCOs aq. The aqueous
phase was extracted with EA. The combined organic layer was washed with brine, dried over anhydrous
Na,SOy4, and then purified by flash column chromatography (PE/EA = 5:1) to yield S14 as a yellow liquid
(1.72 g, 4.8 mmol, 96%).

To the solution of S14 (1.72 g, 4.8 mmol in 15 mL of THF), the solution of TBAFe3H,0 (1.82 g, 5.8
mmol, 1.2 eq. in 15 mL of THF) was added at 0 °C. The reaction was gradually allowed to warm to room
temperature and stirred for 13 h. Then the reaction mixture was quenched with water. The aqueous phase
was extracted with Et,O. The combined organic layer was washed with brine, dried over anhydrous
NaSOys, then purified by flash column chromatography (PE/EA = 5:1 to 2:1) to yield S15 as a yellow
liquid (0.74 g, 3.0 mmol, 63%).

DIAD (1.12 g, 5.5 mmol, 2.05 eq.) was added into the mixture of S15 (0.74 g, 3.0 mmol, 1.1 eq.), N-
(but-2-yn-1-yl)-4-methylbenzenesulfonamide (0.61 g, 2.7 mmol, 1.0 eq.), PPh3 (0.87 g, 3.3 mmol, 1.2
eq.) and THF (15 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to room
temperature and stirred for 24 h. After that, the solvent was removed under vacuum. The residue was

purified by flash column chromatography (PE/EA = 7:1) to yield 1h as a yellow viscous oil (90.4 mg,
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0.25 mmol, 29%).

TLC (3:1 PE/EA, Ry): 0.3.

'H NMR (400 MHz, CDCl;) 6 8.00 (d, J = 8.9 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.1 Hz,
2H), 6.92 (d, J = 8.8 Hz, 2H), 6.11 — 6.05 (m, 1H), 6.01 (dtd, J = 13.7, 6.2, 1.2 Hz, 1H), 5.92 — 5.84 (m,
1H), 4.02 (t, J= 2.7 Hz, 2H), 3.90 — 3.84 (m, 5H), 2.59 (d, J = 2.2 Hz, 1H), 2.40 (s, 3H), 1.53 (t, J = 2.4
Hz, 3H).

13C NMR (101 MHz, CDCl;) ¢ 165.0, 163.9, 143.5, 136.2, 132.1, 129.45, 129.43, 129.4, 128.0, 121.9,
113.8, 82.0, 79.2, 75.5, 71.7, 63.2, 55.6, 47.6, 36.9, 21.6, 3.4.

HRMS (m/z): [M + H]" calculated for CosHxsNOsS™: 452.1526, found: 452.1526.

_ o
/— Me Me2N
TsN /——=—Me ——=—Me Cl /—Me NMe,
\ _PCC.4AMS TeN =MgCl TsN V. _EtN,DMAP Vi
DCM, 0 °C to rt. L\\j THF, 0°Ctorit. \ DCM.0°Ctort i/
OH % OH
s1 s2 $16

(E)-6-((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-(dimethylamino)
benzoate (1i)

To a mixture of PCC (2.0 g, 9.3 mmol, 1.5 eq.) and 4 A MS (0.30 g) was added a solution of S1 (1.80 g,
6.0 mmol, 1.0 eq. in 60 mL of DCM). The mixture was stirred at room temperature for 12 h. Then silica
gel was added to the reaction solution to give turbid liquid, which was filtered through a pad of silica gel
and washed with EA. The filtrate was concentrated under reduced pressure to yield the crude S2 for the
next step without purification.

To a THF (10 mL) solution of the entire crude S2 in the first step was added ethynylmagnesium chloride
(0.5M in THF, 18 mL, 9 mmol, 1.5 eq.) dropwise under nitrogen atmosphere at -78 °C. The mixture was
allowed to warm to r.t. and stirred for 1 h. Saturated NH4Cl aq. was added to quench the reaction,
followed by extraction with EA. The combined organic phase was washed with brine, dried over
anhydrous Na,SOs, filtered, and concentrated under a vacuum to yield the crude S16 for the next step
without purification.

To S16 (317 mg, 1.0 mmol in 10 mL of DCM), both Et;N (0.55 mL, 4.0 mmol, 4.0 eq.) and DMAP (11
mg, 0.1 mmol, 0.1 eq.) were added, followed by adding 4-(dimethylamino)benzoyl chloride (200 mg,
1.1 mmol, 1.1 eq.) carefully at 0 °C. The reaction was gradually allowed to warm to room temperature
and stirred for 12 h. The solution was quenched with 50 mg MeOH and concentrated under a vacuum.
The residue was purified by flash column chromatography (PE/EA = 10:1 to 5:1) to yield 1i (326.4 mg,

0.70 mmol, 70%) as a colorless oil.
/—— Me NMe,

TsN
L\\—//

(0]
6]
1i
TLC (2:1 PE/EA, Ry): 0.7.

TH NMR (400 MHz, CD,CL) § 7.87 (d, J = 9.1 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz,
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2H), 6.67 (d, J = 9.0 Hz, 2H), 6.05 (d, J = 5.2 Hz, 1H), 6.02 — 5.93 (m, 1H), 5.88 (dd, J = 15.3, 5.2 Hz,
1H), 4.00 (s, 2H), 3.86 (d, J = 5.6 Hz, 2H), 3.04 (s, 6H), 2.63 (d, J = 2.1 Hz, 1H), 2.41 (s, 3H), 1.54 (t, J
= 2.3 Hz, 3H).

13C NMR (101 MHz, CD,Cl,) § 165.5, 154.1, 144.0, 136.4, 131.7, 130.1, 129.8, 129.2, 128.1, 116.1,
111.1, 82.3, 80.0, 75.1, 71.8, 62.8, 47.9, 40.2, 37.1, 21.6, 3.3.

HRMS (m/z): [M + H]" calculated for C2H29N204S": 465.1843; found: 465.1838.

MezN NMe, NMe,

TBSO\_\\_// Et:N, DMAPCI TBS p TBAF \_\_//p TSHEIAD _ DIAD,PPhy TSN/\_T\_?/é:gMeZ
o DCM, 0 °Ctort. THF, 0°Ctort THF, 0 °Ctort 5

s11 K ?
(E)-6-((4-methyl-N-(pent-2-yn-1-yl)phenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-(dimethylamino)
benzoate (1j)
To the solution of alcohol S11° (9.53 g, 42 mmol in 150 mL of DCM), both Et;N (16.6 mL, 120 mmol,
2.9 eq.) and DMAP (0.51 g, 4.2 mmol, 0.1 eq.) were added, followed by adding the solution of 4-
(dimethylamino)benzoyl chloride (9.18 g, 50 mmol, 1.2 eq. in 60 mL of DCM ) carefully at 0 °C. The
reaction was gradually allowed to warm to room temperature and stirred for 5 h. The solution was
quenched by saturated NaHCO; aq. and extracted with EA. The combined organic layer was washed
with brine, dried over anhydrous Na;SOys, filtered, and concentrated under vacuum to yield the crude
ester S17 as yellow solid which was used for the next step without further purification.
To the solution of the entire S17 (in 50 mL of THF) in the first step, TBAF solution (1 M in THF, 50 mL,
50 mmol, 1.2 eq.) was added carefully at 0 °C. The reaction was gradually allowed to warm to room
temperature and stirred for 1 h. The solution was quenched with water and extracted with EA. The
combined organic layer was washed with brine, dried over anhydrous Na,SOs, filtered, and concentrated
under vacuum. The residue was purified by flash column chromatography (PE/EA/DCM =5:1:1 to 2:1:1)
to yield S18 (9.97 g, 38 mmol, 92% for 2 steps) as a yellow solid.
DIAD (0.24 mL, 1.2 mmol, 1.2 eq.) was added into the mixture of alcohol S18 (309 mg, 1.2 mmol, 1.2
eq.), 4-methyl-N-(pent-2-yn-1-yl)benzenesulfonamide (237.6 mg, 1 mmol), PPh; (331 mg, 1.2 mmol,
1.2 eq.) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to room
temperature and stirred for 22 h 50 min. After that, the solvent was removed under vacuum. The residue
was purified by flash column chromatography (PE/EA/DCM = 8/1/1) to yield 1j (419.7 mg, 0.88 mmol,
88%) as a colorless foam.

—=——TFt NMe

TsN
M

(0]
(0]
1]
TLC (5:1 PE/EA, R)): 0.6.
TH NMR (400 MHz, CD,Cl,) 6 7.87 (d, J = 9.0 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.1 Hz,
2H), 6.66 (d, J = 9.0 Hz, 2H), 6.08 — 6.04 (m, 1H), 6.03 — 5.94 (m, 1H), 5.89 (dd, J = 15.3, 5.3 Hz, 1H),
4.03 (s, 2H), 3.87 (d, J = 6.0 Hz, 2H), 3.04 (s, 6H), 2.63 (d, J = 2.2 Hz, 1H), 2.40 (s, 3H), 1.92 (qt, J =
7.5, 2.2 Hz, 2H), 0.89 (t, J = 7.5 Hz, 3H).
13C NMR (101 MHz, CD,Cly) & 165.5, 154.1, 144.0, 136.5, 131.7, 130.1, 129.8, 129.2, 128.1, 116.1,
111.0, 88.2, 80.0, 75.1, 71.9, 62.8, 47.8, 40.2, 37.1, 21.6, 13.7, 12.4.

HRMS (m/z): [M + H]" calculated for C27H31N204S": 479.1999; found: 479.1996.
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NMe, /—=——n-Bu

TsHN /— n-Bu NMe,
// ToN
_ DIAD,PPhy /
THF, 0°Ctort

(E)-6-((N-(hept-2-yn-1-yl)-4-methylphenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-
(dimethylamino)benzoate (1k)
DIAD (0.24 mL, 1.2 mmol, 1.2 eq.) was added into the mixture of alcohol S18 (311 mg, 1.2 mmol, 1.2
eq.), N-(hept-2-yn-1-yl)-4-methylbenzenesulfonamide (265 mg, 1 mmol), PPhs (331 mg, 1.2 mmol, 1.2
eq.) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to room
temperature and stirred for 14 h. After that, the solvent was removed under vacuum. The residue was
purified by flash column chromatography (PE/EA/DCM = 5:1:1) to yield 1k (455 mg, 0.90 mmol, 90%)
as a colorless foam.

/— n-Bu NMe,

sN
—~/
o)
ik ©

TLC (2:1 PE/EA, R)): 0.7.

'H NMR (400 MHz, CD,Cl) 6 7.87 (d, J = 9.0 Hz, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.31 (d, J= 8.1 Hz,
2H), 6.67 (d, J= 9.0 Hz, 2H), 6.08 — 6.04 (m, 1H), 6.03 — 5.94 (m, 1H), 5.88 (dd, /= 15.3, 5.4 Hz, 1H),
4.04 (s, 2H), 3.87 (d, J= 6.1 Hz, 2H), 3.04 (s, 6H), 2.63 (d, J=2.2 Hz, 1H), 2.41 (s, 3H), 1.93 — 1.22 (m,
2H), 1.36 — 1.04 (m, 4H), 0.83 (t, J= 7.0 Hz, 3H).

13C NMR (101 MHz, CD>Cl) 6 165.5, 154.0, 144.0, 136.5, 131.7, 130.2, 129.8, 129.2, 128.1, 116.2,
111.1, 86.9, 80.0, 75.1, 72.4, 62.8, 47.8, 40.3, 37.1, 30.8, 22.2, 21.6, 18.4, 13.7.

HRMS (m/z): [M + H]J" calculated for C29H35N,04S": 507.2312; found: 507.2310.

NMe, _ / _/ e,

HO, // TsHN TsN
w DIAD, PPh, M

O o
o THF, 0°Ctort (0]

s18 1 0

(E)-6-((4-methyl-N-(pent-4-en-2-yn-1-yl)phenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-
(dimethylamino)benzoate (11)

DIAD (0.24 mL, 1.2 mmol, 1.2 eq.) was added into the mixture of alcohol S18 (311 mg, 1.2 mmol,
1.2eq.), 4-methyl-N-(pent-4-en-2-yn-1-yl)benzenesulfonamide (235 mg, 1 mmol), PPh; (314 mg, 1.2
mmol, 1.2 eq.) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to
room temperature and stirred for 12 h. After that, the solvent was removed under vacuum. The residue
was purified by flash column chromatography (PE/ EA/DCM = 20:1 to PE/ EA/DCM = 8:1:1) to yield
11 (365.1 mg, 0.77 mmol, 77%) as a colorless foam.
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TLC (2:1 PE/EA, R)): 0.5.

'H NMR (400 MHz, CD,CL) 6 7.83 (d, J = 9.1 Hz, 2H), 7.68 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.1 Hz,
2H), 6.63 (d, J = 9.1 Hz, 2H), 6.05 — 6.00 (m, 1H), 6.00 — 5.91 (m, 1H), 5.86 (dd, J = 15.3, 5.3 Hz, 1H),
5.55 — 5.44 (m, 1H), 5.36 — 5.32 (m, 1H), 5.30 — 5.26 (m, 1H), 4.14 (s, 2H), 3.84 (d, J = 6.1 Hz, 2H),
3.00 (s, 6H), 2.59 (d, J = 2.2 Hz, 1H), 2.36 (s, 3H).

13C NMR (101 MHz, CD,Cly) § 165.5, 154.1, 144.2, 136.2, 131.8, 130.4, 129.9, 129.0, 128.1, 127.7,
116.5, 116.1, 111.1, 84.7, 82.7, 80.0, 75.2, 62.8, 48.1, 40.2, 37.4, 21.6.

HRMS (m/z): [M + H]* calculated for C27H29N>04S™: 477.1843; found: 477.1857.

NMe —
: =Ph = pn NMe,

HO
Vi TsHN TN
L\\_/ DIAD, PPh, M

(0]
o) THF, 0 °C to r.t o)
s18 m ©

(E)-6-((4-methyl-N-(3-phenylprop-2-yn-1-yl)phenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-
(dimethylamino)benzoate (1m)
DIAD (0.24 mL, 1.2 mmol, 1.2 eq.) was added into the mixture of alcohol S18 (311 mg, 1.2 mmol,
1.2eq.), 4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide (285 mg, 1 mmol, 1.0 eq.), PPh; (314
mg, 1.2 mmol) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed to
room temperature and stirred for 17 h. After that, the solvent was removed under vacuum. The residue
was purified by flash column chromatography (PE/EA/DCM = 5:1:1) to yield 1m (485 mg, 0.92 mmol,
92%) as a white foam.

,—=——Ph NMe

TsN
—~/

o}

1m ©

TLC (2:1 PE/EA, R)): 0.5.

'H NMR (400 MHz, CD,Cl,) 6 7.87 (d, J = 9.0 Hz, 2H), 7.75 (d, J = 8.3 Hz, 2H), 7.34 — 7.19 (m, 5H),
7.10 — 7.06 (m, 2H), 6.65 (d, J=9.0 Hz, 2H), 6.12 — 6.00 (m, 2H), 5.95 (dd, /= 15.1, 5.6 Hz, 1H), 4.30
(s, 2H), 3.96 (d, J= 6.7 Hz, 2H), 3.04 (s, 6H), 2.63 (d, J=2.2 Hz, 1H), 2.33 (s, 3H).

13C NMR (101 MHz, CD>Cl,) 6 165.5, 154.1, 144.3, 136.3, 131.9, 131.8, 130.5, 130.0, 129.0, 128.8,
128.5, 128.1, 122.5, 116.1, 111.1, 86.0, 82.0, 80.0, 75.2, 62.8, 48.2,40.2, 37.5, 21.6.

HRMS (m/z): [M + H]" calculated for C3H3N204S*: 527.1999; found: 527.1999.

NMe,
y N /—;r NMe,
i/ _ DIAD, PPhs L\—/
THF, 0 °Ctor.t
Ar = 4-CgHyMe

(E)-6-((4-methyl-N-(3-(p-tolyl)prop-2-yn-1-yl)phenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-
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(dimethylamino)benzoate (1n)

DIAD (0.24 mL, 1.2 mmol, 1.2 eq.) was added into the mixture of alcohol S18 (310.7 mg, 1.2 mmol,
1.2eq.), 4-methyl-N-(3-(p-tolyl)prop-2-yn-1-yl)benzenesulfonamide (299.1 mg, 1 mmol), PPh; (322.8
mg, 1.2 mmol, 1.2 eq.) and THF (5 mL) at 0 °C under an inert atmosphere. Then the reaction was warmed
to room temperature and stirred for 21 h. After that, the solvent was removed under vacuum. The residue
was purified by flash column chromatography (PE/EA/DCM = 5:1:1) to yield 1n (426.1 mg, 0.79 mmol,
79%) as a white foam.

=" NMe,

sN
—~/

(0]
0]
Ar = 4-CgHyMe
1n

TLC (2:1 PE/EA, R)): 0.6.

'H NMR (400 MHz, CD,Cl,) 6 7.87 (d, J = 9.0 Hz, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.0 Hz,
2H), 7.05 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.2 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 6.11 — 5.99 (m, 2H),
5.94 (dd, J=15.2, 5.5 Hz, 1H), 4.29 (s, 2H), 3.95 (d, J = 6.4 Hz, 2H), 3.04 (s, 6H), 2.62 (d, /= 2.1 Hz,
1H), 2.32 (s, 3H), 2.31 (s, 3H).

13C NMR (101 MHz, CD,CL) J 165.5, 154.0, 144.2, 139.2, 136.3, 131.79, 131.76, 130.4, 130.0, 129.2,
129.0, 128.1, 119.4, 116.1, 111.1, 86.2, 81.3, 80.0, 75.2, 62.8, 48.2, 40.3, 37.5, 21.6, 21.5.

HRMS (m/z): [M + H]" calculated for C3;,H33N204S™: 541.2156; found: 541.2160.

NM = M
) ©2 Me0,C— =M NM
MeO,C — Ve ©2
/) / s20 COMe 2
i/ CBM PPhg V MeO,C //
DCM 0°Ctort Cs,CO3, acetone, reflux \
o
s1s 10 0

dimethyl (E)-2-(but-2-yn-1-yl)-2-(4-((4-(dimethylamino)benzoyl)oxy)hex-2-en-5-yn-1-yl)malonate
(1o)

To the alcohol S18 (1.04 g, 4.0 mmol, in 40 mL), both PPh; (1.26 g, 4.8 mmol, 1.2 eq.) and DCM (40
mL) were added, followed by adding CBr4 powder (1.59 g, 4.8 mmol, 1.2 eq.) in batches at 0 °C. Then
the reaction was warmed to room temperature, monitored by TLC, and stirred for 4 h. After that, the
solvent was removed under vacuum. The residue was purified by flash column chromatography (PE/EA=
10:1) to yield S19 (1.18 g, 3.7 mmol, 92%) as a colorless solid.

To a round-bottom flask, bromide S19 (708 mg, 2.2 mmol, 1.1 eq.), S20* (368 mg, 2.0 mmol, 1.0 eq.),
acetone (10 mL), and Cs>COs (717 mg, 2.2 mmol) were added. The reaction was then heated to 60 °C
under an inert atmosphere. After being stirred for 19 h. The solution was quenched with water and
extracted with EA. The combined organic layer was washed with brine, dried over anhydrous Na;SOs,
filtered, and concentrated under vacuum. The residue was purified by flash column chromatography
(PE/EA=10:1 to PE/EA/DCM = 5:1:1) to yield 10 (602.5 mg, 1.41 mmol, 71%) as a yellow oil.

MeO,C ——Me NMe,
MeO,C \ Vi

(]

10 0

TLC (3:1 PE/EA, Ry): 0.5.
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'H NMR (400 MHz, CD>Cl,) 6 7.86 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 6.07 — 5.94 (m, 1H),
5.95-5.86 (m, 1H), 5.78 (dd, /= 15.2, 6.1 Hz, 1H), 3.69 (s, 3H), 3.68 (s, 3H), 3.02 (s, 6H), 2.79 (d, J =
7.5 Hz, 2H), 2.71 (q, J = 2.6 Hz, 2H), 2.62 (d, J= 2.2 Hz, 1H), 1.74 (t, J = 2.6 Hz, 3H).

13C NMR (101 MHz, CDCl,) § 170.5, 165.5, 153.9, 131.7, 130.3, 129.7, 116.5, 111.2, 80.4, 79.5, 74.9,
73.4,63.3,57.6,53.0, 40.3, 35.3, 23.6, 3.5.

HRMS (m/z): [M + H]* calculated for C24HasNOg": 426.1911; found: 426.1908.

Ph
Br y NMe; HO>%MG NMe,
Y T i//
5 NaH, THF
0

S19

(E)-6-((1-phenylbut-2-yn-1-yl)oxy)hex-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (1p)

To a suspension of NaH (21 mg, 60% dispersion in mineral oil, 0.52 mmol, 1.3 eq. in 1.5 mL of THF)
was added 1-phenylbut-2-yn-1-ol (76.0 mg, 0.52 mmol, 1.3 eq.) under nitrogen atmosphere at 0 °C. The
resulting mixture was stirred for 30 min and then S19 (129.0 mg, 0.4 mmol, 1.0 eq.) was added. After
stirring for another 2 h at room temperature, the reaction solution was quenched by saturated NH4Cl aq.
and extracted with DCM. The combined organic layer was washed with brine, dried over anhydrous
Na,SOy, filtered, and concentrated under vacuum. The residue was purified by flash column

chromatography to yield 1p (120.8 mg, 0.31 mmol, 78%) as a brown oil.

Ph

—=——Me NMe,

(0]
\_\\_//
O
o

1p
TLC (4:1:2 PE/EA/DCM, Ry): 0.7.
'"H NMR (400 MHz, CDCl3) 6 7.94 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 7.0 Hz, 2H), 7.40 — 7.29 (m, 3H),
6.65 (d, J=9.0 Hz, 2H), 6.20 (ddt, J=15.5, 5.4, 1.6 Hz, 1H), 6.15 — 6.10 (m, 1H), 5.96 (dd, J=15.5,
5.4 Hz, 1H), 5.17 (s, 1H), 4.22 (dd, /= 13.0, 5.1 Hz, 1H), 4.17 — 4.04 (m, 1H), 3.04 (s, 6H), 2.57 (d, /=
2.1 Hz, 1H), 1.91 (s, 3H).
3C NMR (101 MHz, CDCls) § 165.6, 153.6, 139.1, 131.8, 131.3, 131.2, 128.6, 128.4, 127.5, 116.5,
110.9, 96.4, 84.2, 80.0, 74.9, 71.4, 67.4, 63.1, 40.3, 4 4.
HRMS (m/z): [M + H]" calculated for C2sH26NO3*: 388.1907; found: 388.1907.

S _=—Mgol RCOCI, Et,N, DMAP =
(o] / o] //
\—\\_\ THF, 0 °C to r.t. DCM, 0 °C to r.t. \
N
o on R =4-CeHsNMe, oCOR
s21 1q

(E)-6-(prop-2-yn-1-yloxy)hex-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (1q)

To a solution of S21° (0.765 g, 6.2 mmol, 1.0 eq. in 6.5 mL of THF) was added ethynylmagnesium
chloride (0.5 M in THF, 18.5 mL, 9.3 mmol, 1.5 eq.) dropwise under nitrogen atmosphere at 0 °C. The
mixture was allowed to warm to r.t. and stirred for 1 h. Saturated NH4Cl aq. (20 mL) was added to quench

the reaction, followed by extraction with EA. The combined organic phase was washed with brine, dried
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over anhydrous Na,SOs, filtered, and concentrated under a vacuum. The crude product was purified by
flash column chromatography (PE/EA = 6:1) to yield S22 as a colorless liquid (756.2 mg, 5.0 mmol,
81%).

To the solution of alcohol S22 (756.2 mg, 5.0 mmol in 12 mL of DCM), both Et;N (2.5 mL, 18.5 mmol,
3.7 eq.) and DMAP (76 mg, 0.617 mmol, 0.12 eq.) were added, followed by adding 4-
(dimethylamino)benzoyl chloride (1.38 g, 7.5 mmol, 1.5 eq.) dropwise at 0 °C. The reaction was
gradually allowed to warm to room temperature and stirred for 24 h. Saturated NaHCO3 aq. was added
to quench the reaction, followed by extraction with DCM. The combined organic phase was washed with
brine, dried over anhydrous Na>SOs, filtered, and concentrated under a vacuum to yield 1q as a white
solid (1.01 g, 3.4 mmol, 68%).

= NMe,

o
M

o)
0
1q

M.P. =68.3-70.5 °C

TLC (3:1 PE/EA, R)): 0.5.

'H NMR (400 MHz, CD,Cl,) J 7.88 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 6.14 (dtd, J = 15.7,
5.4,1.3 Hz, 1H), 6.10 — 6.07 (m, 1H), 5.93 (ddt, /= 15.7,5.6, 1.5 Hz, 1H), 4.16 (d, J=2.4 Hz, 2H), 4.12
(d, J=5.4 Hz, 2H), 3.04 (s, 6H), 2.65 (d, /= 2.2 Hz, 1H), 2.49 (t, J = 2.4 Hz, 1H).

3C NMR (101 MHz, CD>Cly) J 165.6, 154.0, 131.7, 131.0, 128.0, 116.2, 111.0, 80.2, 80.0, 75.0, 74.7,
69.2,63.1,57.8, 40.2.

HRMS (m/z): [M + H]" calculated for C1sH20NO3": 298.1438; found: 298.1437.

/%Me

0 CuBr, 2,2-bipyridine, ~/—==—Me S—=—Me _

N TEMPO,DMAP O =-MgCl O Vi RCOCI, Et;N, DMAP J ’\;e
—_—
0, (1 atm), MeCN, r.t. ¥\\j\ THF, 0°C tort. w DCM, 0°C to rt. V
OH R = 4-CgH,NMe
° OH o OCOR
sS4 §5 s7 1r

(E)-6-(but-2-yn-1-yloxy)hex-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (1r)

To the solution of alcohol S4 (1.22 g, 8.7 mmol in 15 mL of MeCN), the mixture of CuBr (12 mg, 0.1
mmol, 0.01 eq.), 2,2"-bipyridine (13 mg, 0.1 mmol 0.01 eq.), TEMPO (13 mg, 0.1 mmol, 0.1 eq.) and
DMAP (21 mg, 0.2 mmol, 0.2 eq.) was added, followed by switching the atmosphere to oxygen (balloon
pressure, around 1 atm). Then the reaction was stirred for 19 h at room temperature. After that, the solvent
was removed under vacuum. The residue was purified by flash column chromatography (PE/Et,O = 1:1)
to give aldehyde S5 and used in the next step.

To a solution of the entire S5 (in 15 mL of THF) in the first step, ethynylmagnesium chloride solution
(25 mL, 0.5 M in THF) was added dropwise at -78 °C. The reaction was gradually allowed to warm to
room temperature and stirred for 1 h. The solution was quenched with saturated NH4Cl aq. and extracted
with Et;O. The combined organic layer was washed with brine, dried over anhydrous Na>SOs, filtered,
and concentrated under vacuum. The residue was purified by flash column chromatography (PE/EA =
10:1 to 5:1) to yield S7 (1.30 g, 7.9 mmol, 91% for 2 steps) as a yellow oil.

To the solution of alcohol S7 (492 mg, 3.0 mmol in 15 mL of DCM), both Et;N (1.25 mL, 9 mmol, 3.0
eq.) and DMAP (36 mg, 0.3 mmol, 0.1 eq.) were added, followed by adding 4-(dimethylamino)benzoyl
chloride (661 mg, 3.6 mmol, 1.2 eq.) carefully at 0 °C. The reaction was gradually allowed to warm to
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room temperature and stirred for 12 h. The solution was quenched by saturated NaHCOs aq. and extracted
with EA. The combined organic layer was washed with brine, dried over anhydrous Na,SOs, filtered,
and concentrated under vacuum. The residue was purified by flash column chromatography (PE/EA=
10:1) to yield 1r (720.7 mg, 2.31 mmol, 77%) as a yellow oil.

0/%Me NMe;

M
° o}
r

TLC (5:1 PE/EA, R)): 0.6.
'H NMR (400 MHz, CD,Cl,) 6 7.87 (d, J = 9.2 Hz, 2H), 6.65 (d, J = 9.2 Hz, 2H), 6.13 (dtd, J = 15.5,
5.7,1.2 Hz, 1H), 6.11 — 6.05 (m, 1H), 5.91 (ddt, J=15.5, 5.7, 1.5 Hz, 1H), 4.09 (q, /= 2.3 Hz, 2H), 4.08
—4.06 (m, 2H), 3.02 (s, 6H), 2.64 (d, J=2.2 Hz, 1H), 1.83 (t, /= 2.3 Hz, 3H).
13C NMR (101 MHz, CD>Cl,) 6 165.6, 154.0, 131.7, 131.4, 127.6, 116.3, 111.0, 82.9, 80.3, 75.3, 75.0,
68.9, 63.1,58.4,40.2, 3.6.
HRMS (m/z): [M + H]" calculated for C19H2,NO3": 312.1594; found: 312.1591.

- - -
Qo CuBr, 2,2"-bipyridine, _ Br _ - _ Br
j TEMPO, DMAP - =—MgClI /—<— } =
i\ d d RCOCI, Et;N, DMAP d

0, (1 atm), MeCN, rt. \—\ THF, 0°C to rt. \ 7 DCM, 0°C to rt. 4
oH CHO !

OH R = 4-CgHsNMe, OCOR
s23 s24 s25 1s

(E)-6-((3-(4-bromophenyl)prop-2-yn-1-yl)oxy)hex-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (1s)
To the mixture of CuBr (4.3 mg, 0.03 mmol, 0.01 eq.), 2,2"-bipyridine (4.9 mg, 0.03 mmol, 0.1 eq.),
TEMPO (4.7 mg, 0.03 mmol, 0.01 eq.), DMAP (7.3 mg, 0.06 mmol, 0.02 eq.) and MeCN (1 mL) was
added alcohol S23? (845 mg, 3.0 mmol in 5 mL of MeCN), followed by switching the atmosphere to
oxygen (balloon pressure, around 1 atm). Then the reaction was stirred for 22 h at room temperature.
After that, the solvent was removed under vacuum. The residue was purified by flash column
chromatography (EA) to give aldehyde S24 and used directly in the next step.

To the solution of aldehyde S24 (in THF of 3 mL) prepared in the first step, ethynylmagnesium chloride
solution (9 mL, 0.5 M in THF, 4.5 mmol, 1.5 eq.) was added dropwise at 0 °C. The reaction was gradually
allowed to warm to room temperature and stirred for 1 h. The solution was quenched by saturated NH4C1
aq. and extracted with EA. The combined organic layer was washed with brine, dried over anhydrous
Na,SOs, filtered, and concentrated under vacuum. The residue was purified by flash column
chromatography (EA) to give S25 and used in the next step.

To the solution of the entire S25 (in 15 mL of DCM) in the second step, both Et;N (1.25 mL, 9 mmol,
3.0 eq.) and DMAP (37 mg, 0.3 mmol, 0.1 eq.) were added, followed by adding 4-
(dimethylamino)benzoyl chloride (661 mg, 3.6 mmol, 1.2 eq.) carefully at 0 °C. The reaction was
gradually allowed to warm to room temperature and stirred for 19 h. After that, both EtsN (0.4 mL, 3
mmol, 1.0 eq.) 4-(dimethylamino)benzoyl chloride (440.2 mg, 2.4 mmol, 0.8 eq.) were added to the
reaction solution for a complete transformation, stirred for another 5 h, and quenched by saturated
NaHCOj; aq. and extracted with EA. The combined organic layer was washed with brine, dried over
anhydrous Na,SOs, filtered, and concentrated under vacuum. The residue was purified by flash column
chromatography (PE/EA= 20:1 to 10:1) to yield 1s (932.2 mg, 2.06 mmol, 69% for 3 steps) as a white

solid.
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S — Ar NMe,

(o]
./
(o}
o

Ar = 4-CgH,Br
1s

M.P.=122.9-125°C

TLC (3:1 PE/EA, R)): 0.8.

'H NMR (400 MHz, CD,CL) 6 7.88 (d, J = 9.0 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz,
2H), 6.66 (d, J = 9.0 Hz, 2H), 6.18 (dtd, J = 15.5, 5.4, 1.2 Hz, 1H), 6.12 — 6.08 (m, 1H), 5.96 (ddt, J =
15.5,5.4,1.2 Hz, 1H), 4.37 (s, 2H), 4.17 (d, J = 5.4 Hz, 2H), 3.04 (s, 6H), 2.65 (d, J = 2.2 Hz, 1H).

13C NMR (101 MHz, CD,Cl,) § 165.6, 154.0, 133.6, 132.0, 131.7, 131.2, 128.0, 123.0, 122.0, 116.2,
111.1, 86.7, 85.4, 80.3, 75.0, 69.4, 63.1, 58.6, 40.3.

HRMS (m/z): [M + H]" calculated for C24H23BrNOs": 452.0851; found: 452.0856.

/%@cozm

o CuBr, 2,2"bipyridine, _ _ _
\ TEMPO,DMAP /" oM —=—wmga T COMe poocEN.oMAP coaMe
2 __TEMPO.DWAP

_— _ RCOCL ELN.DMAP
0O,(1 atm), MeCN, r.t. THF, 0°Cto rt. // //
oH \_\\*CHO \_\\_/ DCM, 0°C torrt. \

OH R =4-CgHysNMe, OCOR
$26 s27 s28 1t

(E)-6-((3-(4-(methoxycarbonyl)phenyl)prop-2-yn-1-yl)oxy)hex-4-en-1-yn-3-yl 4-
(dimethylamino)benzoate (1t)
To the solution of alcohol $26 (780 mg, 3.0 mmol, in 3 mL MeCN), the mixture of CuBr (4.3 mg, 0.03
mmol, 0.01 eq.), 2,2'-bipyridine (4.9 mg, 0.03 mmol, 0.1 eq.), TEMPO (4.7 mg, 0.03 mmol, 0.01 eq.),
DMAP (7.3 mg, 0.06 mmol, 0.02 eq.) and MeCN (1 mL) was added, followed by switching the
atmosphere to oxygen (balloon pressure, around 1 atm). Then the reaction was stirred for 12 h at room
temperature. After that, the solvent was removed under vacuum. The residue was purified by flash
column chromatography (EA) to give aldehyde S27 as a yellow solid and used in the next step.
To a solution of the entire aldehyde S27 (in THF of 10 mL) in the first step, ethynylmagnesium chloride
solution (6.6 mL, 0.5 M in THF, 3.3 mmol, 1.1 eq.) was added dropwise at -78 °C. The reaction was
gradually allowed to warm to room temperature and stirred for 1 h. The solution was quenched by
saturated NH4Cl aq. and extracted with EA. The combined organic layer was washed with brine, dried
over anhydrous Na»SOys, filtered, and concentrated under vacuum. The residue was purified by flash
column chromatography (EA) to give S28 and put into the next step.
To a solution of entire S28 (in 15 mL of DCM) in the second step, both EtsN (2.1 mL, 15 mmol, 5.0 eq.)
and DMAP (37 mg, 0.3 mmol, 0.1 eq.) were added, followed by adding 4-(dimethylamino)benzoyl
chloride (1.10 mg, 3.6 mmol, 2.0 eq.) carefully at 0 °C. The reaction was gradually allowed to warm to
room temperature and stirred for 12 h. The reaction was quenched by saturated NaHCOs3 aq. and extracted
with EA. The combined organic layer was washed with brine, dried over anhydrous Na,SOs, filtered,
and concentrated under vacuum. The residue was purified by flash column chromatography (PE/EA=
3:1) to yield 1t (647.4 mg, 1.5 mmol, 50% for 3 steps) as a brown solid.

S Ar NMe,

OM

(]
0]

Ar = 4-C6H4COQM9
1t

M.P.=69.9-72.1 °C
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TLC (2:1 PE/EA, R)): 0.8.

'H NMR (400 MHz, CD,CL) 6 7.96 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 8.4 Hz,
2H), 6.67 (d, J= 9.0 Hz, 2H), 6.19 (dtd, J = 15.4, 5.4, 1.2 Hz, 1H), 6.13 — 6.07 (m, 1H), 5.97 (ddt, J =
15.5,5.6, 1.5 Hz, 1H), 4.41 (s, 2H), 4.19 (d, J = 5.4 Hz, 2H), 3.89 (s, 3H), 3.04 (s, 6H), 2.65 (d, J=2.2
Hz, 1H).

13C NMR (101 MHz, CD,Cl,) § 166.6, 165.6, 154.0, 132.0, 131.8, 131.2, 130.4, 129.8, 128.1, 127.6,
116.3, 111.1, 88.5, 85.7, 80.3, 75.1, 69.5, 63.1, 58.6, 52.5, 40.3.

HRMS (m/z): [M + H]" calculated for C26H26NOs": 432.1805; found: 432.1808.

/

NMe, ﬁ/ /
TsHN / NMe,

HO
M DIAD, PPh;, TSNL\\—//

0 THF, 0°Ctort
o) (0]

s18 s-ene ©

(E)-6-((N-allyl-4-methylphenyl)sulfonamido)hex-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (S-
ene)

DIAD (0.29 mL, 1.5 mmol, 1.5 eq.) was added into the mixture of alcohol S18 (389 mg, 1.5 mmol), N-
allyl-4-methylbenzenesulfonamide (211 mg, 1 mmol), PPh3 (393 mg, 1.5 mmol) and THF (5 mL) at 0 °C
under an inert atmosphere. Then the reaction was warmed to room temperature and stirred for 14 h. After
that, the solvent was removed under vacuum. The residue was purified by flash column chromatography
(PE/EA/DCM = 8:1:1) to yield S-ene (387.5 mg, 0.86 mmol, 86%) as a yellow oil.

/

TsN L\\—//

(6]
o

NMe,

S-ene

TLC (2:1 PE/EA, R)): 0.5.

'H NMR (400 MHz, CDCl3) ¢ 7.90 (d, J = 9.0 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.2 Hz,
2H), 6.64 (d, J = 9.0 Hz, 2H), 6.02 — 5.99 (m, 1H), 5.88 — 5.68 (m, 2H), 5.68 — 5.53 (m, 1H), 5.15 (d, J
=17.2 Hz, 1H), 5.15 (d, J=11.1 Hz, 1H), 3.87 (d, J= 5.9 Hz, 2H), 3.81 (d, J= 6.4 Hz, 2H), 3.05 (s, 6H),
2.53 (d, J=2.1 Hz, 1H), 2.39 (s, 3H).

3C NMR (101 MHz, CDCls) § 165.5, 153.7, 143.4, 137.4, 132.7, 131.7, 129.9, 129.7, 129.1, 127.3,
119.5, 116.0, 110.8, 79.7, 75.0, 62.7, 49.8, 47.8, 40.2, 21.6.

HRMS (m/z): [M + H]* calculated for C25H290N204S™: 453.1842; found: 453.1839.

OH OCOR

RCOCI, Et;N, DMAP
/\/\)\ /\/\)\
X X

DCM,0°Ctor.t.
S29 R = 4-CgH,NMe, Tu

(E)-oct-4-en-1-yn-3-yl 4-(dimethylamino)benzoate (1u)

To a solution of $29° (659 mg, 5.3 mmol, in 20 mL of DCM), both Et;N (2.2 mL, 15.9 mmol, 3.0 eq.)
and DMAP (64 mg, 0.53 mmol, 0.1 eq.) were added, followed by adding 4-(dimethylamino)benzoyl
chloride (1.19 g, 6.5 mmol, 1.2 eq.) carefully at 0 °C. The reaction was gradually allowed to warm to
room temperature and stirred for 16 h 45min. The solution was quenched by saturated NaHCO; aq. and

extracted with EA. The combined organic layer was washed with brine, dried over anhydrous Na;SOs,
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filtered, and concentrated under vacuum. The residue was purified by flash column chromatography
(PE/EA=10:1) to yield 1u (1.26 g, 4.64 mmol, 88%) as a yellow oil.

TLC (5:1 PE/EA, Ry): 0.7.

'H NMR (400 MHz, CDCl3) 6 7.93 (d, J = 9.0 Hz, 2H), 6.62 (d, J = 8.9 Hz, 2H), 6.16 — 5.92 (m, 2H),
5.66 (dd, J=15.7, 5.9 Hz, 1H), 3.01 (s, 6H), 2.57 (d, /= 2.1 Hz, 1H), 2.20 — 1.95 (m, 2H), 1.53 — 1.36
(m, 2H), 0.92 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCls) J 165.7, 153.5, 136.2, 131.6, 125.2, 116.3, 110.7, 80.6, 74.4, 63.7, 40.1,
34.1,21.9,13.7.

HRMS (m/z): [M + H]" calculated for C17H22NO,": 272.1645; found: 272.1645.
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S3.[4 + 2 + 1] Cycloadditions

General procedure (used for the reactions in Figure 2A of the main text):

Me o
—_— 1
e ";eR [Rh(CO),ClI, (5 mol %), CO (1 atm) R
« _
L\\_/ DCE, 60 °C, 18 h or 24 h AC
OAc [4+2+1]
1 2

A solution of the substrate (1, 0.1 mmol in 4 mL of super-dried DCE) was added to [Rh(CO),Cl], (1.9
mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 min and the solution was stirred at
60 °C under the balloon pressure (around 1 atm) of CO (unless specially mentioned). After 18 h (for 1a)
or 24 h (1b-1c¢), the reaction mixture was concentrated and purified by flash column chromatography on
silica gel, affording the cycloaddition product 2. The yield reported for the [4 + 2 + 1] cycloaddition
reaction is the average of two runs (1a-1c¢). All these products were single isomer in terms of the external
double bond, based on '"H NMR (we did not detect the geometry of the external double bond of the final

products).
Me

o
ﬁ_ﬁm
TsN
Me
2a

1-(8-methyl-7-0x0-2-tosyl-2,3,3a,7-tetrahydrocycloheptalc]pyrrol-6(1H)-ylidene)ethyl acetate (2a)
1a on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 8:1 to 3:1) afforded the title compound 2a as a white solid.
Run 1: 1a (37.3 mg) was converted to the title compound 2a (23.0 mg, 57%).
Run 2: 1a (37.3 mg) was converted to the title compound 2a (22.7 mg, 57%).
The average yield of two runs was 57%.
M.P. =49.6-52.4°C
TLC (3:1 PE/EA, R)): 0.3.
'H NMR (400 MHz, CDCls) 6 7.73 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 6.43 (d, J = 9.2 Hz,
1H), 5.39 (dd, J=9.2, 4.6 Hz, 1H), 4.14 (d, J = 15.0 Hz, 1H), 3.79 (d, /= 9.5 Hz, 1H), 3.58 (d, /= 15.0
Hz, 1H), 3.23 (dd, J=9.5, 7.0 Hz, 1H), 2.45 (s, 3H), 2.32 (s, 3H), 2.31 —2.29 (m, 1H), 2.22 (s, 3H), 1.67
(s, 3H).
13C NMR (101 MHz, CDCls) J 200.0, 168.9, 152.3, 144.4, 137.5, 131.6, 131.5, 130.0, 128.2, 127.2,
122.5,121.0, 53.4,51.1, 41.3,30.4, 21.7, 20.9, 14.7.
HRMS (m/z): [M + H]* calculated for C21H24NOsS*: 402.1370; found: 402.1370.

o

OAc
O

Ph

2b

(8-methyl-7-0x0-1,3,3a,7-tetrahydro-6H-cyclohepta|c|furan-6-ylidene)(phenyl)methyl acetate (2b)
1b on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 5:1) afforded the title compound 2b as a yellow oil.
Run 1: 1b (28.2 mg) was converted to the title compound 2b (8.1 mg, 26%).
Run 2: 1b (28.2 mg) was converted to the title compound 2b (8.4 mg, 27%).

The average yield of two runs was 27%.
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TLC (3:1 PE/EA, R)): 0.3.

'H NMR (400 MHz, CD.Cl,) § 7.79 — 7.71 (m, 2H), 7.59 — 7.52 (m, 1H), 7.44 (dd, J = 8.3, 7.1 Hz, 2H),
6.46 (dd, J =9.2, 1.9 Hz, 1H), 5.40 (dd, J = 9.2, 4.4 Hz, 1H), 4.58 — 4.37 (m, 2H), 4.31 — 4.16 (m, 2H),
2.66 (s, 1H), 1.69 (g, J = 1.3 Hz, 3H), 1.55 (s, 3H).

13C NMR (101 MHz, CD.Cl,) § 196.7, 168.6, 152.2, 140.8, 138.2, 133.3, 130.0, 129.1, 128.9, 126.8,
123.8,119.4,74.8,70.3, 43.3, 19.9, 14.9.

HRMS (m/z): [M + H]" calculated for C19H19O4": 311.1278; found: 311.1275.

Me

o]
OAc
o] —

2¢

OBn
(4-(benzyloxy)phenyl)(8-methyl-7-0x0-1,3,3a,7-tetrahydro-6 H-cyclohepta|[c]furan-6-ylidene)
methyl acetate (2¢)
1c on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 5:1) afforded the title compound 2¢ as a yellow oil.
Run 1: 1c¢ (38.8 mg) was converted to the title compound 2¢ (14.0 mg, 34%).
Run 2: 1¢ (38.8 mg) was converted to the title compound 2¢ (12.8 mg, 31%).
The average yield of two runs was 33%.
TLC (3:1 PE/EA, R)): 0.4.
!H NMR (400 MHz, CDCls) 6 7.78 (d, J = 8.8 Hz, 2H), 7.50 — 7.30 (m, 5H), 7.08 — 6.82 (m, 2H), 6.42
(dd, J =9.3, 1.8 Hz, 1H), 5.37 (dd, J = 9.3, 4.4 Hz, 1H), 5.13 (s, 2H), 4.64 — 4.35 (m, 2H), 4.33 — 4.18
(m, 2H), 2.67 (s, 1H), 1.70 (s, 3H), 1.66 (s, 3H).
13C NMR (101 MHz, CDCls) 6 195.1, 168.7, 162.8, 151.0, 139.6, 136.2, 131.5, 130.6, 130.0, 128.8,
128.4,127.6, 126.4, 123.7, 119.0, 114.8, 74.7,70.3, 70.2, 42.9, 20.2, 14.9.
HRMS (m/z): [M + H]" calculated for C26H2505": 417.1697; found: 417.1696.
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S4. [5 + 2] Cycloadditions

General procedure (used for the reactions in Figure 2B of the main text):

Me
=——MeR’ R’
x/ - [Rh(CO),Cl], (5 mol %), CO (1 atm)
X OAc
M DCE, 60 °C, 24 h
OAc [5+2]
1 3

A solution of the substrate (1, 0.1 mmol in 4 mL of super-dried DCE) was added to [Rh(CO)>Cl], (1.9
mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 minutes and the solution was stirred
at 60 °C under the balloon pressure (around 1 atm) of CO. After 24 h, the reaction mixture was
concentrated and purified by flash column chromatography on silica gel, affording the cycloaddition
product 3. The yield reported for [5 + 2] cycloaddition reaction is the average of 2 runs.
Me  co,et
oﬂom
3d

ethyl 6-acetoxy-4-methyl-3,8a-dihydro-1H-cyclohepta|c]furan-5-carboxylate (3d)

1d on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA =10:1) afforded the title compound 3d as a yellow oil (some impurities cannot be removed with
many efforts).

Run 1: 1d (27.8 mg) was converted to the title compound 3d (6.8 mg, 24%).

Run 2: 1d (27.8 mg) was converted to the title compound 3d (7.7 mg, 28%).

The average yield of two runs was 26%.

TLC (3:1 PE/EA, R)): 0.4

!H NMR (400 MHz, CDCls) § 5.94 (dd, J = 9.6, 1.9 Hz, 1H), 5.55 (dd, J = 9.6, 4.7 Hz, 1H), 4.46 (d, J =
14.0 Hz, 1H), 4.38 —4.32 (m, 1H), 4.29 (td, J = 7.1, 1.4 Hz, 2H), 4.24 — 4.17 (m, 2H), 2.64 (s, 1H), 2.18
(s,3H), 1.81 (d, J=1.3 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H).

13C NMR (151 MHz, CD,Cl) 6 169.1, 166.8, 149.1, 138.8, 132.3, 130.3, 122.9, 118.1, 74.5, 70.2, 61.7,
42.9,21.0,17.0,14.4.

HRMS (m/z): [M + H]" calculated for C1sH19Os*: 279.1227; found: 279.1225.

3e
8-methyl-7-(trifluoromethyl)-3,3a-dihydro-1H-cyclohepta|c]furan-6-yl acetate (3e¢)
1e on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 10:1) afforded the title compound 3e as a yellow oil.
Run 1: 1e (27.4 mg) was converted to the title compound 3e (15.1 mg, 55%).
Run 2: 1e (27.4 mg) was converted to the title compound 3e (15.5 mg, 56%).
The average yield of two runs was 56%.
TLC (3:1 PE/EA, Ry): 0.5.
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'H NMR (400 MHz, CD.Cl) 6 5.88 (d, J=9.7 Hz, 1H), 5.80 (dd, J=9.7, 4.7 Hz, 1H), 4.43 (d, J= 14.1
Hz, 1H), 4.27 (d, J = 14.1 Hz, 1H), 4.22 (dd, J=9.2, 1.6 Hz, 1H), 4.06 (dd, J=9.2, 5.7 Hz, 1H), 2.59 —
2.49 (m, 1H), 2.20 (s, 3H), 1.85 (s, 1H).

13C NMR (101 MHz, CD,Cly) 6 169.1, 151.9 (q, J = 3.5 Hz), 140.9, 137.4, 126.0 (q, J = 28.6 Hz), 124.4
(9, J=276.0 Hz), 123.1, 116.9, 74.2, 69.7, 43.1, 20.8, 16.8 (q, J = 2.8 Hz).

HRMS (m/z): [M + H]* calculated for C13H;4F305": 275.0886; found: 275.0890.
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S5.[5 + 1 + 2] Cycloadditions

Table S1. Early Optimization of Reaction Conditions

. Me O _
o ";; Conditions Cij\ . o — Me
L\\—/ TsN one L{:yOAc
OAc HO
1f 4f, [5+ 1 + 2] 5f, [5 + 1]
entry catalyst (mol %) p(CO) solvent? temp. time [5+1+2] | [5+1]
1 [Rh(CO).Cl] (10) 1 atm DCE 60 °C 14 h 23% 10%
2 [Rh(CO):ClJ2 (10) | 1atm DCE 40 °C 18h 29% 11%
3 [Rh(CO).Cl] (10) 1 atm THF 40 °C 42 h 17% 7%
4 [Rh(CO).Cl]. (10) 1 atm Dioxane 40 °C 42 h 21% trace
5 [Rh(CO):Cl]2 (10) | 0.2 atm DCE 40 °C 18h 26% 28%
6 [Rh(CO):Cl]2 (10) 8 atm DCE 40 °C 48 h 27%
7 [Rh(CO):Cl]2 (120) 1 atm DCE 40 °C 12h 33%
8 Rh(COD).SbFs (5) 1 atm DCE 60 °C 3h messy
[Rh(COD)CI]2(5),
9 AgSbFs(10), 1 atm DCE 60 °C 24 h 17%
PPh,Cy(20)
10 Co02(CO)s (20) 1 atm DCE 80 °C 6h no reaction
11 Ir(CO)(PPhs).Cl (10) 1 atm DCE 80°C 6h decomp.

“The concentration is 0.05 M.

General procedure A (used for the reactions in Figure 2C of the main text):

R'" O

— 1
< R cat. [Rh(CO),Cll, CO (1 atm) ¥
\ 4 DCE, 60°Cord0°C, 12hor14h X * \_QOCOR
OCOR
OCOR HO
1 4 5

A solution of the substrate (1, 0.1 mmol in 2 mL of super-dried DCE) was added to [Rh(CO),Cl], (3.9
mg, 10 mol %; or 1.9 mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 minutes and
the solution was stirred at 40 °C or 60 °C under the balloon pressure (around 1 atm) of CO. After 12 or
14 h, the reaction mixture was concentrated and purified by flash column chromatography on silica gel,
affording the cycloaddition product 4 & 5. The yield reported for [5 + 1 + 2] & [5 + 1] cycloaddition
reaction is the average of 2 runs (1f-1h).

As mentioned, the [5 + 1 + 2] cycloaddition products 4 usually have low solubility in most solvents,

CHCIl; or DCM must be used to rinse or transfer the products.

_ Me (0] ——Me
/— Me [Rh(CO),CI], (10 mol %), CO (1 atm) TsN
TsN OAc
\ 4 DCE, 60 °C, 14 h TsN + :
OAc HO

1f 4f 5f
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1f on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA =5:1to 3:1 to 2:1) afforded the title compound 4f as a yellow solid and 5f as a yellow solid.
Run 1: 1f (35.6 mg) was converted to the title compound 4f (10.6 mg, 28%) and 5f (12.5 mg, 33%).
Run 2: 1f (36.1 mg) was converted to the title compound 4f (9.2 mg, 24%) and 5f (11.4 mg, 29%).

The average yield of four runs was 26% for 4f and 31% for 5f.

Me 0O

OAc

4f

(3aE,SE,9E)-9-methyl-8-o0x0-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c]pyrrol-6-yl acetate (4f)
M.P. =154.0-154.6 °C

TLC (3:1 PE/EA, R)): 0.2.

H NMR (400 MHz, CD,Cly) § 7.75 — 7.68 (m, 2H), 7.39 — 7.31 (m, 2H), 6.47 (d, J = 6.2 Hz, 1H), 6.12
(d, J=6.1 Hz, 1H), 4.28 — 4.26 (m, 2H), 4.25 (s, 2H), 2.86 (s, 2H), 2.41 (s, 3H), 2.16 (s, 3H), 1.95 (s,
3H).

13C NMR (101 MHz, CD-Cl,)) 6 186.0, 168.9, 145.1, 144.8, 144.3, 141.9, 133.5, 133.1, 130.3, 128.2,
126.3,117.7,57.8,55.9, 44.9, 21.7, 21.2, 17.0.

HRMS (m/z): [M + H]* calculated for C20H22NOsS*: 388.1213; found: 388.1213.

/%Me

TsN
L§:%0Ac

HO
5f

4-(((V-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)methyl)-3-hydroxyphenyl acetate (5f)

M.P. = 158.0-159.6 °C

TLC (3:1 PE/EA, Ry: 0.1.

!H NMR (400 MHz, CD-Cl,) 6 7.83 (d, J = 8.4 Hz, 2H), 7.44 — 7.27 (m, 2H), 7.16 (s, 1H), 7.07 (d, J =
8.2 Hz, 1H), 6.67 (d, J = 2.3 Hz, 1H), 6.59 (dd, J = 8.2, 2.3 Hz, 1H), 4.25 (s, 2H), 3.95 (d, J = 2.4 Hz,
2H), 2.46 (s, 3H), 2.25 (s, 3H), 1.59 (s, 3H).

13C NMR (101 MHz, CD:Cl,) 6 169.5, 157.3, 152.8, 144.8, 135.2, 131.7, 130.0, 128.4, 117.9, 113.6,
111.1,83.2,71.2,46.7, 36.6, 21.7, 21.3, 3.3.

HRMS (m/z): [M + H]" calculated for C20H22NOsS*: 388.1211; found: 388.1213.

— Me O _
O/T’VIe [Rh(CO),Cll, (5 mol %), CO (1 atm) O/ = Me
+
M DCE, 60 °C, 24 h o ﬁOAC
OAc
OAc HO
19 4g 59
1g on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA=10:1 to 5:1) afforded the title compound 4g as a yellow solid and 5¢g as a yellow oil.
Run 1: 1g (20.6 mg) was converted to the title compound 4¢g (11.3 mg, 48%) and 5¢g (5.6 mg, 24%).
Run 2: 1g (20.6 mg) was converted to the title compound 4¢g (12.0 mg, 51%) and 5g (5.1 mg, 22%).

The average yield of two runs was 50% for 4g and 23% for 5g.
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Me (0]

OAc

4g
(3aE,SE,9E)-9-methyl-8-0x0-1,3,7,8-tetrahydrocycloocta[c]furan-6-yl acetate (4g)
M.P. = 122.9-124.5 °C
TLC (3:1 PE/EA, Ry): 0.2.
TH NMR (400 MHz, CDCls) 6 6.55 (d, J= 6.3 Hz, 1H), 6.27 (d, J = 6.3 Hz, 1H), 4.81 (s, 2H), 4.76
(s, 2H), 3.07 (s, 2H), 2.22 (s, 3H), 2.00 (s, 3H).
13C NMR (101 MHz, CDCls) 6 186.0, 169.0, 147.1, 144.1, 139.8, 136.3, 124.0, 117.9, 75.2, 44.8,
29.8,21.2, 16.5.
HRMS (m/z): [M + NH4]" calculated for C13H;sNO4 *: 252.1230; found: 252.1230.

/%Me

o
L§:%0Ac

HO
59

4-((but-2-yn-1-yloxy)methyl)-3-hydroxyphenyl acetate (5g)

TLC (3:1 PE/EA, R)): 0.3.

'H NMR (400 MHz, CD,Cl) 6 7.29 (s, 1H), 7.10 — 7.03 (m, 1H), 6.62 — 6.55 (m, 2H), 4.74 (s, 2H), 4.21
(q,J=2.3 Hz, 2H), 2.25 (s, 3H), 1.88 (t, /= 2.4 Hz, 3H).

3C NMR (101 MHz, CD>Cl,) 6 169.6, 157.5, 152.3, 129.4, 120.2, 113.5, 110.4, 84.4, 74.2, 70.3, 58.7,
22.0,3.7.

HRMS (m/z): [M + H]" calculated for Ci3H;504": 235.0965; found: 235.0963.

OMe
/—=——Me OMe Me o] —
TN \_\—// [Rh(CO),Cll, (5 mol %), CO (1 atm) N = Me
\ DCE, 40 °C, 12 h TsN + 0
1h 4h 5h

1h on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA/DCM = 4:1:1) afforded the title compound 4h as yellow solid and 5h as a colorless oil.

Run 1: 1h (45.2 mg) was converted to the title compound 4h (20.3 mg, 42%) and 5h (11.1 mg, 23%)).
Run 2: 1h (45.2 mg) was converted to the title compound 4h (19.0 mg, 40%) and 5h (8.3 mg, 17%).

The average yield of four runs was 41% for 4h and 20% for Sh.

OMe

Me o]

TsN
o” "0

4h

(3aE,5E,9E)-9-methyl-8-o0x0-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c|pyrrol-6-yl 4-methoxy
benzoate (4h)

M.P. =155.0-158.3 °C

TLC (2:1 PE/EA, Ry): 0.3.
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'H NMR (400 MHz, CDCl;) 6 8.01 (d, J = 8.6 Hz, 2H), 7.74 (d, J = 7.9 Hz, 2H), 7.34 (d, J = 7.9 Hz,
2H), 6.92 (d, J = 8.6 Hz, 2H), 6.53 (d, J = 6.0 Hz, 1H), 6.30 (d, J = 6.0 Hz, 1H), 4.30 (s, 2H), 4.28 (s,
2H), 3.86 (s, 3H), 3.02 (s, 2H), 2.43 (s, 3H), 2.00 (s, 3H).

13C NMR (101 MHz, CDCl;) 6 185.9, 164.34, 164.28, 145.3, 144.4, 144.0, 141.8, 132.9, 132.8, 132.6,
130.1, 127.9, 126.4, 121.0, 117.5, 114.0, 57.6, 55.7, 55.6, 44.9, 21.7, 17.1.

HRMS (m/z): [M + H]" calculated for C26H26NOeS*: 480.1475; found: 480.1480.

/—=—"Me
TsN
o
HO (e}
5h

4-(((N-(but-2-yn-1-yl)-4-methylphenyl)sulfonamido)methyl)-3-hydroxyphenyl 4-methoxybenzoate
(Sh)

TLC (5:1 PE/EA, R)): 0.4

!H NMR (400 MHz, CD,Cl) ¢ 8.12 (d, J = 8.9 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.1 Hz,
2H), 7.19 (s, 1H), 7.13 (d, J = 8.2 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H), 6.80 (d, J = 2.3 Hz, 1H), 6.72 (dd,
J=8.2,2.3 Hz, 1H), 4.29 (s, 2H), 3.98 (q, J = 2.4 Hz, 2H), 3.89 (s, 3H), 2.47 (s, 3H), 1.60 (t, J = 2.4 Hz,
3H).

13C NMR (101 MHz, CD:Cl,) 6 164.9, 164.4, 157.3, 153.1, 144.8, 135.2, 132.5, 131.7, 130.0, 128.4,
122.1,117.9,114.2,113.8, 111.2, 83.2, 71.2, 56.0, 46.7, 36.6, 21.7, 3.4.

HRMS (m/z): [M + H]" calculated for C26H26NOeS*: 480.1475; found: 480.1476.

General procedure B (used for the reactions in Figure 3 of the main text):

R3 1
>;R1 R3 R (0]
Y [Rh(CO),Cl], (5 mol %), CO (1 atm)
\ // dioxane, 40 °C, 12 h X
OCOR
OCOR [5+1+2]
1 4

A solution of the substrate (1, 0.1 mmol in 4 mL of super-dried 1,4-dioxane) was added to [Rh(CO),Cl]»
(1.9 mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 minutes and the solution was
stirred at 40 °C under the balloon pressure (around 1 atm) of CO. After 12 h (unless otherwise specified),
the reaction mixture was concentrated and purified by flash column chromatography on silica gel,
affording the cycloaddition product 4. The yield reported for [5 + 1 + 2] cycloaddition reaction is the

average of two runs (1i-1t).
Substrate S-ene (with alkene as the 2w component) for the present reaction did not get the cycloadduct
under this standard conditions. A complex mixture was obtained when the reaction temperature was

elevated to 80 °C.

We pointed out that, the [5 + 1 + 2] cycloaddition products 4 with NTs tether usually have low solubility

in most solvents. In this case, CHCl; or DCM must be used to rinse or transfer the products.
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NMe,

Me o]

TsN
O (@]

4i
(3aE,SE,9E)-9-methyl-8-o0x0-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c|pyrrol-6-yl 4-
(dimethylamino) benzoate (4i)
1i on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(DCM/MeOH = 300:1) afforded the title compound 4i as a yellow solid.
Run 1: 1i (45.0 mg) was converted to the title compound 4i (29.5 mg, 60%).
Run 2: 1i (45.0 mg) was converted to the title compound 4i (29.2 mg, 59%).
The average yield of two runs was 60%.
M.P.=180.3-183.0 °C
TLC (2:1 PE/EA, Ry): 0.3.
'H NMR (400 MHz, CD,Cl») § 7.87 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 7.4 Hz, 2H), 7.36 (d, J = 7.4 Hz,
2H), 6.66 (d, J = 8.3 Hz, 2H), 6.53 (d, /=4.9 Hz, 1H), 6.27 (d, J = 5.4 Hz, 1H), 4.30 (s, 2H), 4.28 (s,
2H), 3.05 (s, 6H), 2.96 (s, 2H), 2.42 (s, 3H), 1.98 (s, 3H).
3C NMR (101 MHz, CD,Cl,) J 185.9, 164.8, 154.4, 146.1, 144.8, 144.3, 141.7, 133.1, 132.8, 132.2,
130.3, 128.2, 126.7, 117.4, 115.0, 111.1, 57.9, 56.0, 45.2, 40.2, 21.7, 17.0.
HRMS (m/z): [M + H]" calculated for C27H20N205S™: 493.1792; found: 493.1791.

NMe,
Et (0]
TsN
o O
4j

(3aE,SE,9E)-9-ethyl-8-0x0-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c]pyrrol-6-yl 4-
(dimethylamino)benzoate (4j)

1j on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/CHCI; = 1:1) afforded the title compound 4j as a yellow solid.

Run 1: 1j (47.9 mg) was converted to the title compound 4j (33.6 mg, 66%).

Run 2: 1j (47.8 mg) was converted to the title compound 4j (32.0 mg, 63%).

The average yield of two runs was 65%.

M.P.=168.0-171.3 °C

TLC (2:1 PE/EA, R)): 0.4

'TH NMR (400 MHz, CDCl3) 6 7.91 (d, J = 9.0 Hz, 2H), 7.75 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz,
2H), 6.64 (d, J= 9.0 Hz, 2H), 6.52 (d, J = 6.3 Hz, 1H), 6.29 (d, J = 6.3 Hz, 1H), 4.38 (s, 2H), 4.27 (s,
2H), 3.05 (s, 6H), 3.00 (s, 2H), 2.44 (s, 3H), 2.43 (q, J = 7.5 Hz, 2H), 1.01 (t, J= 7.5 Hz, 3H).

13C NMR (101 MHz, CDCls) § 185.0, 164.8, 154.0, 147.7, 146.1, 144.4, 143.2, 132.8, 132.3, 130.1,
128.0, 126.8, 117.1, 115.1, 110.9, 57.5, 54.7, 45.4, 40.2, 25.0, 21.7, 12.7.

HRMS (m/z): [M + H]" calculated for C2sH31N20sS*: 507.1948; found: 507.19438.
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NMe,

n-Bu O

TsN
O (6]

4k
(3aE,SE,9E)-9-butyl-8-o0x0-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c]pyrrol-6-yl 4-
(dimethylamino)benzoate (4k)
1k on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(CHCIs) afforded the title compound 4k as a yellow solid.
Run 1: 1k (50.7 mg) was converted to the title compound 4k (35.8 mg, 68%).
Run 2: 1k (50.7 mg) was converted to the title compound 4k (36.2 mg, 68%).
The average yield of two runs was 68%.
M.P. =166.0-168.5 °C
TLC (3:1 PE/EA, R)): 0.2.
'H NMR (400 MHz, CD,Cl,) § 7.87 (d, J = 9.0 Hz, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.2 Hz,
2H), 6.67 (d, J=9.0 Hz, 2H), 6.51 (d, /= 6.2 Hz, 1H), 6.25 (d, J = 6.2 Hz, 1H), 4.37 (s, 2H), 4.26 (s,
2H), 3.05 (s, 6H), 2.95 (s, 2H), 2.42 (s, 3H), 2.40 — 2.33 (m, 2H), 1.47 — 1.14 (m, 4H), 0.92 (t, /= 7.0
Hz, 3H).
13C NMR (101 MHz, CDCls) 6 185.2, 164.8, 154.0, 146.7, 146.1, 144.4, 143.3, 132.8, 132.31, 132.28,
130.1, 128.0, 126.7, 117.0, 115.0, 110.8, 57.6, 54.5, 45.3, 40.2, 31.6, 30.6, 23.3, 21.0, 14.1.
HRMS (m/z): [M + H]" calculated for C30H35N20sS™: 535.2261; found: 535.2254.

NMe,

e (0]
TsN
o O
41

(3aE,SE,9E)-8-0x0-2-tosyl-9-vinyl-2,3,7,8-tetrahydro-1H-cycloocta[c]pyrrol-6-yl 4-
(dimethylamino)benzoate (41)

11 on 0.10 mmol scale reacted under modified standard conditions (reaction time: 36 h). Purification by
flash column chromatography (DCM/MeOH = 300:1) afforded the title compound 41 as a yellow solid.
Run 1: 11 (47.0 mg) was converted to the title compound 41 (16.9 mg, 34%).

Run 2: 11 (48.6 mg) was converted to the title compound 41 (17.2 mg, 33%).

The average yield of two runs was 34%.

M.P. = 175.2-176.1°C

TLC (2:1 PE/EA, Ry): 0.4.

'H NMR (400 MHz, CD,Cl) 6 7.86 (d, J = 9.2 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.1 Hz,
2H), 6.66 (d, J=9.2 Hz, 2H), 6.57 — 6.47 (m, 2H), 6.32 (d, /= 6.2 Hz, 1H), 5.57 (dd, J=11.4, 1.5 Hz,
1H), 5.39 (dd, J=17.7, 1.5 Hz, 1H), 4.43 (s, 2H), 4.34 (s, 2H), 3.05 (s, 6H), 2.85 (s, 2H), 2.40 (s, 3H).
13C NMR (101 MHz, CD>Cl) 6 185.7, 164.7, 154.4, 146.8, 144.9, 144.6, 143.1, 134.1, 134.0, 133.5,
132.3,130.3, 128.1, 127.6, 123.0, 117.8, 115.0, 111.1, 57.0, 56.8, 45.7, 40.2, 21.6.

HRMS (m/z): [M + H]" calculated for C2sH290N,O0sS*: 505.1792; found: 505.1796.

s30



NMe,

Ph O

TsN
o O

4m
(3aE,SE,9E)-8-0x0-9-phenyl-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c|pyrrol-6-yl 4-
(dimethylamino)benzoate (4m)
1m on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(DCM/MeOH= 300:1) afforded the title compound 4m as a yellow solid.
Run 1: 1m (52.7 mg) was converted to the title compound 4m (34.8 mg, 63%).
Run 2: 1m (52.7 mg) was converted to the title compound 4m (34.4 mg, 62%).
The average yield of two runs was 63%.
M.P.=173.4-176.8 °C
TLC (2:1 PE/EA, Ry: 0.3.
'H NMR (400 MHz, CD,Cl,) § 7.86 (d, J = 8.7 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.48 — 7.37 (m, 3H),
7.35(d, J=8.0 Hz, 2H), 6.99 (d, J=7.2 Hz, 2H), 6.73 — 6.52 (m, 3H), 6.38 (d, J= 6.4 Hz, 1H), 4.37 (s,
2H), 3.98 (s, 2H), 3.03 (s, 6H), 3.01 (s, 2H), 2.43 (s, 3H).
3C NMR (101 MHz, CD,Cl,) J 185.7, 164.8, 154.4, 146.9, 146.8, 145.7, 144.8, 139.1, 133.6, 133.5,
132.3,131.4, 130.3, 129.3, 128.9, 128.5, 128.1, 117.7, 114.9, 111.0, 57.4, 57.0, 45.7, 40.2, 21.7.
HRMS (m/z): [M + H]* calculated for C3,H31N205S": 555.1948; found: 555.1952.

Me

O NMe,
[o]

TsN

o~ O

4n

(3aE,5E,9E)-8-0x0-9-(p-tolyl)-2-tosyl-2,3,7,8-tetrahydro-1H-cycloocta[c|pyrrol-6-yl 4-
(dimethylamino)benzoate (4n)

1n on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/CHCI;s = 1:1 to 2:3) afforded the title compound 4n as a yellow solid.

Run 1: 1n (54.0 mg) was converted to the title compound 4n (41.8 mg, 74%).

Run 2: 1n (54.0 mg) was converted to the title compound 4n (42.3 mg, 74%).

The average yield of two runs was 74%.

M.P.=171.6-173.6 °C

TLC (3:1 PE/EA, R)): 0.1.

'"H NMR (400 MHz, CDCl3) 6 7.87 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz,
2H), 7.20 (d, J = 7.3 Hz, 2H), 6.88 (d, J = 7.7 Hz, 2H), 6.60 — 6.54 (m, 3H), 6.40 (d, J = 6.1 Hz, 1H),
4.37 (s, 2H), 4.05 (s, 2H), 3.02 (s, 6H), 2.99 (s, 2H), 2.43 (s, 3H), 2.39 (s, 3H).

13C NMR (101 MHz, CDCls) § 185.5, 164.9, 154.0, 147.0, 146.7, 145.2, 144.4, 138.3, 135.3, 133.4,
133.3, 132.4, 130.0, 129.5, 129.0, 127.9, 127.6, 117.5, 114.9, 110.8, 57.0, 45.4, 40.1, 29.8, 21.7, 21 4.
HRMS (m/z): [M + H]* calculated for C33H33N205S™: 569.2105; found: 569.2106.
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NMe,

Me O

Meozc><:<j>\

MeO,C o Yo

40

dimethyl (3aZ,7E,97)-7-((4-(dimethylamino)benzoyl)oxy)-4-methyl-5-o0xo0-1,3,5,6-tetrahydro-2 H-
cyclopenta[8]annulene-2,2-dicarboxylate (40)
10 on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 5:1 to 3:1) afforded the title compound 40 as a yellow solid.
Run 1: 10 (41.9 mg) was converted to the title compound 40 (22.6 mg, 51%).
Run 2: 10 (42.3 mg) was converted to the title compound 40 (24.1 mg, 53%).
The average yield of two runs was 52%.
M.P. =120.0-122.0 °C
TLC (2:1 PE/EA, R)): 0.4
'H NMR (400 MHz, CD,Cl») J 7.89 (d, J = 9.0 Hz, 2H), 6.70 (d, J = 9.0 Hz, 2H), 6.53 (d, J = 5.8 Hz,
1H), 6.23 (d, J = 5.8 Hz, 1H), 3.75 (s, 6H), 3.42 (s, 2H), 3.30 (s, 2H), 3.14 (s, 2H), 3.06 (s, 6H), 2.05 (s,
3H).
3C NMR (101 MHz, CD,Cl,) § 187.8, 171.7, 164.9, 154.2, 148.0, 145.6, 141.1, 137.6, 132.2, 126.6,
117.3, 115.7, 111.3, 55.2, 53.4, 46.3, 45.4, 43.8, 40.3, 17.2.
HRMS (m/z): [M + H]" calculated for C,sH2sNO7": 454.1860; found: 454.1860.

NMe,

4p

(3aE,SE,9E)-9-(4-(methoxycarbonyl)phenyl)-8-o0xo0-1,3,7,8-tetrahydrocycloocta|c|furan-6-yl 4-
(dimethylamino)benzoate (4p)

1p on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 4:1) afforded the title compound 4p as a yellow solid.

Run 1: 1p (39.0 mg) was converted to the title compound 4p (23.7 mg, 57%).

Run 2: 1p (38.8 mg) was converted to the title compound 4p (24.5 mg, 59%).

The average yield of two runs was 58%.

M.P.=135.0-138.0 °C

TLC (3:1 PE/EA, R)): 0.3.

'H NMR (400 MHz, CDCls) § 7.97 (d, J = 9.0 Hz, 2H), 7.37 — 7.29 (m, 3H), 7.25 — 7.18 (m, 2H), 6.66
(d, J=9.0 Hz, 2H), 6.62 (d, J= 6.1 Hz, 1H), 6.52 (d, J= 6.1 Hz, 1H), 5.95 (s, 1H), 4.80 (s, 2H), 3.48 (d,
J=11.5Hz, 1H), 3.10 (d, J=11.5 Hz, 1H), 3.06 (s, 6H), 1.91 (s, 3H).

13C NMR (101 MHz, CDCls) § 186.6, 165.1, 154.0, 147.9, 145.8, 141.6, 139.5, 136.5, 132.3, 128.9,
128.5,127.8,124.2, 117.9, 115.4, 111.0, 86.4, 74.7, 45.4, 40.2, 17.3.

HRMS (m/z): [M + H]" calculated for C26H26NO4™: 416.1856; found: 416.1846.
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(4Z,6E,9E)-8-0x0-1,3,3a,8-tetrahydrocycloocta[c]furan-6-yl 4-(dimethylamino)benzoate (4q’)

1q on a 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(CHCI:/PE/EA = 8:1:1) afforded the mixture of 4q and 4q’. We could only separate 4q’ sufficient for
characterization by preparative TLC. The structure of 4q was proposed by the NMR spectra of the
mixture of 4q and 4q’ and the pure 4q’. The ratio of 4q/4q’ is about 1/5, determined by crude NMR
spectra.

Run 1: 1q (29.7 mg) was converted to the title compound 4q&4q’ (18.5 mg, 57%).

Run 2: 1q (29.7 mg) was converted to the title compound 4q&4q’ (19.6 mg, 60%).

The average yield of two runs was 59%.

The 'H NMR and *C NMR of the crude NMR of 4q&4q’:

'"H NMR (400 MHz, CD>Cl,) 6 7.90 (d, J = 9.0 Hz, 2H), 6.69 (d, J = 9.0 Hz, 2.5H), 6.42 (d, J = 6.5 Hz,
0.15H), 6.24 (s, 0.73H), 6.20 (s, 0.65H), 6.14 (dd, J = 10.5, 6.8 Hz, 0.75H), 6.07 (d, /= 10.6 Hz, 0.73H),
4.76 (d, J=3.8 Hz, 0.75H), 4.62 (d, J=15.5 Hz, 0.76H), 4.36 (dd, J=15.6, 1.7 Hz, 0.77H), 4.16 (d, J =
9.0 Hz, 0.77H), 4.10 — 4.03 (m, 0.77H), 4.00 (dd, /= 9.0, 5.1 Hz, 0.78H), 3.06 (s, 6H).

3C NMR (101 MHz, CD,Cl,) 6 188.4, 186.9, 165.1, 164.9, 163.9, 155.2, 154.4, 154.3, 151.1, 145.8,
141.5, 136.4, 132.3, 132.2, 132.1, 130.8, 126.6, 124.8, 124.1, 123.5, 118.2, 115.3, 111.2, 111.1, 77.1,
75.9,74.3,71.9,46.1, 44.2,40.3, 30.1.

The characterization data for 4q’ is given below:

M.P. =86.7-88.8 °C

TLC (2:1 PE/EA, Ry): 0.4.

'"H NMR (400 MHz, CD,Cl,) § 7.90 (d, J = 9.0 Hz, 2H), 6.68 (d, J = 9.0 Hz, 2H), 6.24 (s, 1H), 6.20 (s,
1H), 6.14 (dd, J = 10.6, 6.8 Hz, 1H), 6.07 (d, J = 10.6 Hz, 1H), 4.62 (d, J = 15.7 Hz, 1H), 4.36 (d, J =
15.7 Hz, 1H), 4.16 (d, J=9.0 Hz, 1H), 4.10 — 4.03 (m, 1H), 4.00 (dd, J=9.0, 5.0 Hz, 1H), 3.06 (s, 6H).
13C NMR (101 MHz, CD,Cl,) J 188.4, 165.1, 163.9, 155.2, 154.3, 141.5, 132.2, 124.8, 124.1, 123.5,
115.2,111.1,74.3,71.9, 44.2,40.2.

HRMS (m/z): [M + H]" calculated for C19H20NO4": 326.1387; found: 326.1387.

(3aE,5E,9E)-9-methyl-8-0x0-1,3,7,8-tetrahydrocycloocta[c]furan-6-yl 4-(dimethylamino)benzoate
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(4r)

1r on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 4:1) afforded the title compound 4r as a yellow solid.

Run 1: 1r (32.0 mg) was converted to the title compound 4r (23.2 mg, 67%).

Run 2: 1r (31.2 mg) was converted to the title compound 4r (22.8 mg, 67%).

The average yield of two runs was 67%.

M.P. =148.5-151.0 °C

TLC (3:1 PE/EA, R)): 0.2.

'H NMR (400 MHz, CD,Cl») § 7.91 (d, J = 9.0 Hz, 2H), 6.68 (d, J = 9.0 Hz, 2H), 6.61 (d, J = 6.3 Hz,
1H), 6.39 (d, J = 6.3 Hz, 1H), 4.81 (s, 2H), 4.76 (s, 2H), 3.14 (s, 2H), 3.06 (s, 6H), 1.99 (s, 3H).

3C NMR (101 MHz, CD>Cl,) § 186.1, 165.0, 154.4, 147.4, 145.4, 139.6, 136.1, 132.2, 124.4, 117.7,
115.2, 111.1, 77.8,75.4, 45.4, 40.2, 16 4.

HRMS (m/z): [M + H]" calculated for C20H22NO4": 340.1543; found: 340.1540.

4s
(3aE,SE,9E)-9-(4-bromophenyl)-8-o0xo0-1,3,7,8-tetrahydrocycloocta[c]furan-6-yl 4-
(dimethylamino)benzoate (4s)
1s on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 10:1) afforded the title compound 4s as a yellow solid.
Run 1: 1s (45.4 mg) was converted to the title compound 4s (34.3 mg, 71%).
Run 2: 1s (45.3 mg) was converted to the title compound 4s (32.0 mg, 67%).
The average yield of two runs was 69%.
M.P. =159.0-161.0 °C
TLC (3:1 PE/EA, Ry: 0.3.
'H NMR (400 MHz, CD,Cl») § 7.90 (d, J = 9.0 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.4 Hz,
2H), 6.73 (d, J = 6.4 Hz, 1H), 6.66 (d, J = 9.0 Hz, 2H), 6.53 (d, J = 6.4 Hz, 1H), 4.79 (s, 2H), 4.42 (s,
2H), 3.31 (s, 2H), 3.04 (s, 6H).
13C NMR (101 MHz, CD,Cl,) J 185.8, 164.9, 154.4, 149.3, 146.3, 143.9, 138.2, 136.5, 132.3, 131.9,
131.2,126.5, 122.3, 118.2, 115.1, 111.1, 77.0, 75.8, 46.0, 40.2.
HRMS (m/z): [M + H]" calculated for C,sH23BrNO4": 480.0805; found: 480.0795.

MeO,C

O NMe,
¢}
O O
o O

4t
(3aE,5E,9E)-9-(4-(methoxycarbonyl)phenyl)-8-o0xo-1,3,7,8-tetrahydrocycloocta[c]furan-6-yl 4-
(dimethylamino)benzoate (4t)
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1t on 0.10 mmol scale reacted under standard conditions. Purification by flash column chromatography
(PE/EA = 4:1) afforded the title compound 4t as a yellow solid.

Run 1: 1t (43.8 mg) was converted to the title compound 4t (23.6 mg, 51%).

Run 2: 1t (43.1 mg) was converted to the title compound 4t (24.5 mg, 53%).

The average yield of two runs was 52%.

M.P.=183.0-185.5 C

TLC (3:1 PE/EA, Ry): 0.2.

'H NMR (400 MHz, CD,Cl,) 6 8.04 (d, J = 8.3 Hz, 2H), 7.90 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 8.3 Hz,
2H), 6.75 (d, J = 6.4 Hz, 1H), 6.67 (d, J= 9.0 Hz, 2H), 6.54 (d, J = 6.4 Hz, 1H), 4.80 (s, 2H), 4.40 (s,
2H), 3.90 (s, 3H), 3.33 (s, 2H), 3.04 (s, 6H).

13C NMR (101 MHz, CD,Cl,) 6 185.4, 166.6, 164.5, 154.0, 148.9, 145.9, 143.7, 136.1, 131.9, 131.7,
129.7,129.5,129.2, 126.3, 117.8, 114.8, 110.8, 76.7, 75.3, 52.0, 45.7, 39.8.

HRMS (m/z): [M + H]" calculated for C27H26NO¢": 460.1755; found: 460.1763.

NMe, HO
4\_\\—// . e e [Rh(CO),Cl], (5 mol %), CO (1 atm) x@o
dioxane, 40 °C, 12 h }—QNMeZ
S 0
1u © 5u

OH

-P
n r\@\ 0}
O)K©\
Su NMe,

3-hydroxy-4-propylphenyl 4-(dimethylamino)benzoate (5u)

1u on a 0.10 mmol scale (27.1 mg, 1.0 eq.) and hex-3-yne on a 1.5 mmol scale (57 pL, 5 eq.) reacted
under standard conditions. Purification by flash column chromatography (PE/EA = 5:1) afforded the Su.
Run 1: 1u (27.1 mg) was converted to the title compound Su (4.4 mg, 13%).

Run 2: 1u (27.9 mg) was converted to the title compound Su (3.9 mg, 13%).

TLC (2:1 PE/EA, R)): 0.4.

'H NMR (400 MHz, CDCls) 6 8.04 (d, J = 9.0 Hz, 2H), 7.09 (d, J = 8.1 Hz, 1H), 6.69 (d, J = 9.0 Hz,
2H), 6.66 (dd, J=8.1, 2.2 Hz, 1H), 6.63 (d, J=2.2 Hz, 1H), 5.74 (brs, 1H), 3.07 (s, 6H), 2.57 — 2.45 (m,
2H), 1.67 — 1.52 (m, 2H), 0.96 (t, J= 7.3 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.3, 154.5, 153.9, 149.9, 132.2, 130.4, 126.2, 116.0, 113.4, 110.9,
109.4,40.2,31.8,22.9, 14.2.

HRMS (m/z): [M + H]" calculated for C1sH22NO3*: 300.1594; found: 300.1591.
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S6. Deuterium Labeling Experiment

S6.1. Synthesis of Deuterium Labeled Substrate 1r-d

—=—Me
D D e o D
Moo C)\(COZMG DIBAL-H, toluene HO\)ﬁ/\OH imidazole, TBSCI TBSo\)\/\ \ QTBS
2 0°Ctort DMF, 0°Cto rt. NaH, THF, 0°Cto rt.
D D D
S30 S31 S33

(E)-((4-(but-2-yn-1-yloxy)but-2-en-1-yl-2,3-d2)oxy)(tert-butyl)dimethylsilane (S33)

To a toluene (20 mL) solution of S30% (2.92 g, 20.0 mmol, 1.0 eq.) was added DIBAL-H (1.0 M in hexane,
88.0 mL, 88.0 mmol, 4.4 eq.) under nitrogen atmosphere at 0 °C. The mixture was stirred at room
temperature for 1 h. Then MeOH (10 mL) and toluene (16 mL) were added to the reaction solution at
0 °C. Adding water (6.7 mL) to the above solution got white precipitate, and the resulting precipitate and
solution together were dried over anhydrous MgSO, and filtered through a pad of silica gel and washed
with MeOH. The filtrate was concentrated under reduced pressure yield crude product, then purified by
flash column chromatography (EA) to yield S31 as a yellow liquid (1.37 g, 15.2 mmol, 76%).

To a DMF (50 mL) solution of S31 (1.37 g, 15.2 mmol, 1.0 eq.) was added imidazole (1.55 g, 22.8 mmol,
1.5 eq.) at room temperature, which was then stirred at room temperature for 0.5 h. After that, TBSCI
(2.52 g, 16.7 mmol, 1.1 eq.) was added at 0 °C. After stirring at room temperature for 2 h, the solution
was quenched by water. The aqueous phase was extracted with EA, and the combined organic layer was
washed with brine, dried over anhydrous Na,SOs, and concentrated under reduced pressure, then purified
by flash column chromatography (PE/EA = 10:1 to 2:1) to yield S32 as a pale yellow oil (1.13 g, 5.5
mmol, 36%).

To a suspension of NaH (264 mg, 60% dispersion in mineral oil, 6.6 mmol, 1.2 eq. in 20 mL of THF)
was added THF (5 mL) solution of S32 (1.13 g, 5.5 mmol, 1.0 eq.) under nitrogen atmosphere at 0 °C.
The resulting mixture was stirred for 30 min and then 1-bromobut-2-yne (1.10 g, 8.3 mmol, 1.5 eq.) was
added. After stirring for another 1 h at room temperature and then 3 h at 50 °C, the reaction solution was
quenched by saturated NH4Cl aq. and extracted with DCM. The combined organic layer was washed
with brine, dried over anhydrous Na,>SOs, filtered, and concentrated under vacuum. The residue was
purified by flash column chromatography (PE/EA = 15:1) to yield S33 as a pale yellow oil (1.00 g, 3.9
mmol, 71%).

/TMG
O D

\—g\_/OTBS

D
S33

TLC (10:1 PE/EA, Ry): 0.6.

H NMR (400 MHz, CDCls) 6 4.18 (s, 2H), 4.09 (q, J = 2.3 Hz, 2H), 4.04 (s, 2H), 1.85 (t, J = 2.3 Hz,
3H), 0.90 (s, 9H), 0.06 (s, 6H).

13C NMR (101 MHz, CDCl3) 6132.9 (t,J=23.3 Hz), 125.3 (t,J = 23.8 Hz), 82.6, 75.2, 69.6, 63.1, 57.8,
26.1,18.5,3.8,1.2,-5.1.

HRMS (m/z): [M + H]" calculated for C1sH25D,0,Si*: 257.1900; found: 257.1898.
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(E)-6-(but-2-yn-1-yloxy)hex-4-en-1-yn-3-yl-4,5-d: 4-(dimethylamino)benzoate (1r-d)

To the solution of S33 (1.00 g, 3.9 mmol in 10 mL of THF), the solution of TBAF3H,0 (1.47 g, 4.7
mmol, 1.2 eq. in 10 mL of THF) was added at 0 °C. The reaction was gradually allowed to warm to room
temperature and stirred for 0.5 h. Then the reaction mixture was quenched with water. The aqueous phase
was extracted with DCM. The combined organic layer was dried over anhydrous Na>SOs, then
concentrated under reduced pressure to obtain the crude alcohol product. After that, the crude product
was dissolved in DCM (20 mL), and the resulting solution was added into a suspension of PDC (2.18 g,
5.8 mmol, 1.5 eq.) and 4 A MS (2.18 g) in CH,Cl, (20 mL) at room temperature. The mixture was stirred
at room temperature for 1.5 h. Then silica gel (2.2 g) and Et,O (40 mL) were added to the reaction
solution to give turbid liquid, which was filtered through a pad of silica gel and washed with Et;O. The
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (PE/EA = 3:1) to yield S34 as a pale yellow oil (340 mg, 2.4 mmol, 62%).

To a THF (7 mL) solution of S34 (340 mg, 2.4 mmol, 1.0 eq.) was added the solution of
ethynylmagnesium chloride (0.5 M in THF, 7.2 mL, 3.6 mmol, 1.5 eq.) dropwise under nitrogen
atmosphere at 0 °C. The resulting mixture was allowed to warm to r.t. and stirred for 1 h. After that,
saturated NH4Cl aq. was added to quench the reaction, followed by extraction with DCM. The combined
organic phase was dried over anhydrous Na,SOs, filtered, and concentrated under vacuum. The crude
product was purified by flash column chromatography (PE/EA = 3:1) to yield S35 as a pale yellow oil
(379 mg, 2.3 mmol, 95%).

To S35 (379 mg, 2.3 mmol in 12 mL of DCM), both Et;N (698 mg, 6.9 mmol, 3.0 eq.) and DMAP (28.1
mg, 0.23 mmol, 0.1 eq.) were added, followed by adding 4-(dimethylamino)benzoyl chloride (514 mg,
2.8 mmol, 1.2 eq.) carefully at 0 °C. The reaction was gradually allowed to warm to room temperature
and stirred for 12 h. The solution was quenched with saturated NaHCO3 aq. and concentrated under
vacuum. The residue was purified by flash column chromatography (PE/EA = 6:1) to yield 1r-d (640 mg,

2.0 mmol, 89%) as a yellow oil.

S—="Me NMe,

0 D

D 0]
O

1r-d
TLC (3:1 PE/EA, Ry): 0.5.
'H NMR (400 MHz, CDCls) 6 7.97 — 7.87 (m, 2H), 6.68 — 6.57 (m, 2H), 6.16 — 6.08 (m, 1H), 4.12 (q, J
=2.3Hz, 2H), 4.11 - 4.08 (m, 2H), 3.03 (s, 6H), 2.57 (d, J = 2.3 Hz, 1H), 1.85 (t, J = 2.3 Hz, 3H).
13C NMR (101 MHz, CDCl3) 6 165.6, 153.6, 131.7, 130.5 (t,J = 23.9 Hz), 127.6, 127.3 (t, J = 24.7 Hz),
116.3, 110.8, 82.9, 80.0, 74.9, 68.7, 62.8, 58.2,40.2, 3.7.
HRMS (m/z): [M + H]" calculated for C19H20D,NO5": 331.1985; found: 331.1984.
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S6.2. [5 + 1 + 2] Cycloaddition of Deuterium Labeled Substrate 1r-d

L Me o] Me 0]
/TMe
o D / [Rh(CO),Cl]5 (5 mol %), CO (1 atm) D
\ / [¢] + 0
dioxane, 40 °C, 12 h OR OR

D OR o o

D
1r-d 4r-d 4r'-d
R=
Me,N

A solution of the 1r-d (31.3 mg, 0.1 mmol in 4 mL of super-dried dioxane) was added [Rh(CO),Cl]> (1.9
mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 minutes and the solution was stirred
at 40 °C under the balloon pressure (around 1 atm) of CO. After 12 h, the reaction mixture was
concentrated and purified by flash column chromatography on silica gel (PE/EA = 4:1), affording the
cycloaddition product 4r-d and 4r’-d (24.5 mg, 0.072 mmol, 72%, 4r-d:4r’-d = 1:5.9).

'"H NMR of 4r-d and 4r’-d mixture:

N I

T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

(3aE,SE,9E)-9-methyl-8-o0x0-1,3,7,8-tetrahydrocycloocta[c]furan-6-yl-4,7-d: 4-
(dimethylamino)benzoate (4r-d)

— M Me O
/T e
0 D // [Rh(CO),Cl], ( 5 mol %), CO (1 atm) D
o
\ dioxane, 80 °C, 12 h OR
D OR o g

ir-d 4r-d
R=
Me,N

A solution of the 1r-d (31.3 mg, 0.1 mmol in 4 mL of super-dried dioxane) was added [Rh(CO),Cl]> (1.9
mg, 5 mol %). Then CO (1 atm) was bubbled into the solution for 5 minutes and the solution was stirred

at 80 °C under the balloon pressure (around 1 atm) of CO. After 12 h, the reaction mixture was
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concentrated and purified by flash column chromatography on silica gel (PE/EA = 4:1), affording the
cycloaddition product 4r-d (23.1 mg, 0.068 mmol, 68%).

Me O
Do
(0]
O
D NM82
4r-d

TLC (3:1 PE/EA, Ry): 0.3.
'H NMR (400 MHz, CD,Cl,) 6 7.98 — 7.85 (m, 2H), 6.77 — 6.66 (m, 2H), 6.39 (s, 1H), 4.81 (d, J=1.4
Hz, 2H), 4.76 (s, 2H), 3.11 (s, 1H), 3.06 (s, 6H), 1.99 (s, 3H).
13C NMR (101 MHz, CD,Cl,) § 186.1, 165.0, 154.3, 147.4, 145.4,139.7, 136.1, 132.3, 124.1 (t, J= 24.0
Hz), 117.7,115.5, 111.3,77.8, 75.4, 45.1 (t, J= 20.1 Hz), 40.3, 16.4.
HRMS (m/z): [M + H]" calculated for C20H20D2NO4*: 342.1669; found: 342.1668.

Me fo) Me o Me O

D dioxane b
o) + 0 : 0
OR OR 80°C OR

o] D

D D
4r-d ar'-d 4r-d
R =
MezN

A solution of the 4r-d and 4r’-d with a ratio of 1:6.8 (25.3 mg, 0.1 mmol in 4 mL of super-dried dioxane)

was heated to 80 °C. After 12 hours of stirring, the solution was concentrated under reduced pressure. 'H

NMR showed the crude product was fully converted into 4r-d under this condition.
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S7. Visual Kinetic Analysis

Visual Kinetic Analysis’ Measurements. To a reaction tube was added 1r-d, 1,3,5-trimethoxybenzene
(internal standard), [Rh(CO),Cl],, and dioxane (4.0 mL). The reaction mixture was stirred at 30 °C under
balloon pressured gas of CO (about 1 atm). For each indicated time, about 0.4 mL reaction mixture was
taken from the reaction system by a syringe. After cooling, the solvent was removed with a rotary
evaporator. The residue was subsequently added to CD,Cl,, and the solution was measured by a Bruker

AVANCE 111 400 ('H at 400 MHz) NMR spectrometer (Table S2).

Table S2. Kinetic Data for Rh Catalyzed [5 + 1 + 2] Cycloaddition of 1r-d

[Cat]t/M [1r-d]o/M t/min [1r-dl¢yM
0 0.0250
20 0.0170
40 0.00992
0.00125 0.0250 60 0.00704
80 0.00500
100 0.00415
120 0.00322
0 0.0250
20 0.0217
0.000625 0.0250 40 00181
60 0.0170
80 0.0163
100 0.0158

Although many possible catalyst orders were envisaged, the two curves did not overlap well in any case
(Figure S1). We noted that, when the catalyst concentration was decreased, the reaction in the later stage

became slow, which may be caused by catalyst deactivation or product inhibition.
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Figure S1. Visual kinetic analysis.
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S8. Computational Details for Other Possible Pathways

S8.1. Discussion on Other Competing 1,2- and 1,3-Acyloxy Migration
Transition States

Except for 1,2-acyloxy and 1,3-acyloxy migration pathways shown in the main text, there are two kinds
of other migration pathways featuring alkene coordination in the corresponding transition states (Figure
S2). In 1,2-acyloxy migration, both TS1-S1 (with one CO coordination) and TS1-S2 (with two CO
coordination) are disfavored over TS2 by 2.2 and 1.2 kcal/mol, respectively, which indicates that 1,2-
acyloxy migration with alkene coordination can be ruled out. Similar results are also found for 1,3-
acyloxy migration. Both TS1’-S1 and TS1°-S2 are highly disfavored over TS1’. In all of the migration
transition states, the Rh atoms have anionic characteristics, suggesting that plane quadrilateral CO

coordination on Rh can stabilize the formal anionic charge better.

co

AGgq OC\R‘h/CI
in kcal/mol ST SZG \/
N " Cl
R= 4-CgHsNMe, co : Oy© oc—/ H
- oo . )
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G \C\*R}thO OYO ) R SN
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1/2 [Rh(CO),Cll, + \ G@
0.0 OCOR = OCOR
1r
[4+2+1] <@ 1,3-acyloxy migrati 1,2-acyloxy migrati @> [5+1+2]

Figure S2. Other competing 1,2-acyloxy and 1,3-acyloxy migration pathways. Computed at the DLPNO-
CCSD(T)/def2-TZVPP:SMD(1,4-dioxane)//SMD(1,4-dioxane)/BMK/def2-SVP level.

S$8.2. [5 + 1] Cycloaddition Pathway via 61 Cyclization

After CO insertion into Rh carbene and catalyst transfer, ketene intermediate IN4” is generated (Figure
S3). The process is exergonic by 24.8 kcal/mol. IN4” then undergoes 67 cyclization via TS4” to give
IN5”, which has an activation free energy of only 16.0 kcal/mol. After tautomerization of IN5”, final

product Sr is then generated.
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Figure S3. Gibbs energy profile of the [5 + 1] pathway via 6n cyclization. Computed at the DLPNO-
CCSD(T)/def2-TZVPP:SMD(1,4-dioxane)//SMD(1,4-dioxane)/BMK/def2-SVP level.

S$8.3. [6 + 1] Cycloaddition Pathway via Reductive Elimination

Except for 6z cyclization pathway to give [5 + 1] product, direct reductive elimination pathways were
also considered (Figure S4). Compared to alkyne insertion transition state TSS, both possible transition
states TS5-S1 and TS5-S2 are largely disfavored by 14.3 kcal/mol and 8.9 kcal/mol, respectively. Thus,

these two pathways can be safely ruled out.

oc /Cl reductive
N elimination forming R= 4-CgH4sNMe,

[o]
R;h\ six-membered ring

Me
SO e
-
OCOR M

e
T$5-51
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/0 7 I

o gL = et o A
ol ‘7 / 0 0 1
o Rr</CO OCOR OCOR OCOR
W) IN7 TS5 IN10
! (-14.0) (1.2) (-29.9)
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elimination forming
ketene intermediate

TS5-52
(10.1)

Figure S4. Gibbs energy profile of the [5 + 1] pathway via reductive elimination. Computed at the
DLPNO-CCSD(T)/def2-TZVPP:SMD(1,4-dioxane)//SMD(1,4-dioxane)/BMK/def2-SVP level.

S$8.4.[5 + 2] and [5 + 2 + 1] Pathways

In the main text, the [5 + 2] pathways are briefly discussed. Here, we give a full picture of both the [5 +
2] and [5 + 2 + 1] pathways (Figure S5). After ligand exchange between CO and alkyne of IN4, IN5’ is
then generated, which is endergonic by 8.8 kcal/mol. Subsequent exergonic alkyne coordination afford

IN6’, which then undergo alkyne insertion via TS4> with an activation free energy of 13.6 kcal/mol,
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affording an eight-membered rhodacycle IN7°. Then, there are two possible pathways. One is [5 + 2]
pathways via a reductive elimination transition state TS5, giving the Rh/[5 + 2] product complex IN8’,
requiring an activation free energy of only 3.9 kcal/mol. Another is the [5 + 2 + 1] pathway. After
exergonic coordination of two CO molecules to IN7’, intermediate IN9’ is formed. CO insertion via TS6’
has an activation free energy of 11.5 kcal/mol, affording IN10’. After that, the followed reductive
elimination of IN10’ is easy (almost a barrierless process), generating the Rh/[5 + 2 + 1] product complex
IN1Y’. The selectivity between [5 + 2] and [5 + 2 + 1] cycloaddition is determined by the relative energy
of TS5 and TS6’ and [5 + 2] pathway is favored by 4.2 kcal/mol. Thus, once alkyne insertion happens,
the [5 + 2] product could become favored. This is contrast to experimental observations. Therefore, this
pathway of [5 + 2 + 1] can be excluded.

Me

R= 4-CgH,NMe, \{ C,\ co 94 w
- ] —""0CoR

AGsol
in kealimol Me& /CO
i

h

Me
Cl >\ ,
7 ~Rh cl
|1 Me T co
o —~TOCOR e INTT
7 ¢ N CO Me cO
oc | me ©\ 0
° = OCoR 212 cn /R CO
IN8' "’/
OCOR OCI\\
15+2] o — " OCOR
[5+2+1]
diss:c(l?alion cn:::};.’;eﬁnn alkyne insertion CO coordination CO insertion reductive elimination
® ® ® ® @ @ @—>[5+2+1]

Figure S5. Gibbs energy profile for [5 + 2] and [5 + 2 + 1] pathways. Computed at the DLPNO-
CCSD(T)/def2-TZVPP:SMD(1,4-dioxane)//SMD(1,4-dioxane)/BMK/def2-SVP level.
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S9. Computed Energies of the Stationary Points

Table S3. Thermal Corrections to Gibbs Energies (TCGs) and Single-Point Energies (SPEs)

Stationary point |  solvent TCG?® (a.u.) SPE?2(a.u) | SPE®(a.u.) SPEY (a.u.)
ir dioxane 0.301907 -1015.511664 | -1015.497784 -1015.186337
[Rh(CO).Cl], dioxane -0.007894 -1592.917252 | -1592.916576 -1593.122371
co dioxane -0.013859 -113.167803 -113.172745 -113.158166
co DCE -0.013866 -113.167303 -113.172745 -113.158162
ar dioxane 0.323979 -1128.834437 | -1128.816726 -1128.459153
4r dioxane 0.323800 -1128.844672 | -1128.827072 -1128.466518

5r dioxane 0.317435 -1128.817274 | -1128.800084 -1128.444180
INL dioxane 0.307484 -1811.962860 | -1811.944353 -1811.741756
IN2 dioxane 0.312991 -1811.968465 | -1811.946979 -1811.735619
IN2' dioxane 0.312699 -1811.964868 | -1811.943885 -1811.732767
IN3 dioxane 0.318083 -1811.970723 | -1811.947044 -1811.733812
IN3' dioxane 0.307138 -1811.981049 | -1811.963152 -1811.752378
IN3" dioxane 0.307296 -1811.959835 | -1811.941067 -1811.729336
IN4 dioxane 0.314987 -1811.996684 | -1811.977413 -1811.762097
INg™ dioxane 0.308232 -1128.741066 | -1128.723850 -1128.376364
IN5 dioxane 0317521 -1812.004707 | -1811.987983 -1811.770984
IN5' dioxane 0.307795 -1698.791841 | -1698.771375 -1698.570736
IN5" dioxane 0.314314 -1128.788963 | -1128.771083 -1128.415659
IN6 dioxane 0.319605 -1812.002021 | -1811.981237 -1811.757667
IN6' dioxane 0.315599 -1698.813469 | -1698.795440 -1698.597530
IN7 dioxane 0.316451 -1812.023962 | -1812.000033 -1811.777174
IN7' dioxane 0.317570 -1698.844283 | -1698.823055 -1698.617579
IN8 dioxane 0.317109 -1812.017413 | -1811.993824 -1811.773306
INg' dioxane 0.318744 -1698.898127 | -1698.877582 -1698.672967
IN9 dioxane 0.326616 -1812.035479 | -1812.014844 -1811.793943
IN9' dioxane 0.329863 -1925.225164 | -1925.206204 -1924.975688
IN10 dioxane 0327231 -1812.064305 | -1812.042090 -1811.814920
IN10" dioxane 0.332170 -1925.227161 | -1925.205003 -1924.964296
IN11 dioxane 0.330191 -1812.096294 | -1812.073498 -1811.842912
IN11' dioxane 0.335702 -1925.266650 | -1925.245502 -1925.003296
TS1 dioxane 0.309655 -1811.946438 | -1811.926004 -1811.723736
TSt dioxane 0.308823 -1811.935411 | -1811.917729 -1811.713891
Ts1'-s1 dioxane 0.304241 -1698.735706 | -1698.713774 -1698.521906
TS1-S1 dioxane 0.310205 -1698.755584 | -1698.733814 -1698.542950
TS1'-S2 dioxane 0311521 -1811.922207 | -1811.902124 -1811.694680
TS1-S2 dioxane 0.313671 -1811.945147 | -1811.924002 -1811.717613
TS2 dioxane 0.317746 -1811.952526 | -1811.928063 -1811.720339
TS dioxane 0.308544 -1811.956396 | -1811.937811 -1811.727101
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TS2" dioxane 0.311503 -1811.947170 -1811.926578 -1811.717489
TS3 dioxane 0.318525 -1811.969681 -1811.947796 -1811.735243
TS3" dioxane 0.311930 -1925.126586 -1925.107964 -1924.882499
TS4 dioxane 0.317891 -1811.996082 -1811.977725 -1811.756223
TS4' dioxane 0.315920 -1698.792913 -1698.773914 -1698.575168
TS4™" dioxane 0.308627 -1128.718631 -1128.701516 -1128.351438
TS5 dioxane 0.325831 -1812.005539 -1811.983202 -1811.763908
TS5 dioxane 0.317157 -1698.833021 -1698.813906 -1698.613087
TS5-S1 dioxane 0.317219 -1811.980833 -1811.956404 -1811.730351
TS5-S2 dioxane 0.313687 -1811.980273 -1811.958885 -1811.738496
TS6 dioxane 0.325836 -1812.053220 -1812.031988 -1811.804769
TS6' dioxane 0.329163 -1925.213391 -1925.195023 -1924.957239
TS7 dioxane 0.318034 -1128.786960 -1128.769380 -1128.409424
TS dioxane 0.332099 -1925.230795 -1925.212858 -1924.968378
TS-1 (CF3) DCE 0.199707 -1823.386009 -1823.344580 -1823.271330
TS-11 (CFs) DCE 0.191316 -1823.354499 -1823.328668 -1823.258604
TS-1 (CO.Me) DCE 0.236552 -1714.306674 -1714.262293 -1714.142626
TS-11 (CO;Me) DCE 0.229815 -1714.283199 -1714.252555 -1714.134050
TS-1 (H) DCE 0.200470 -1486.707062 -1486.667783 -1486.592673
TS-11 (H) DCE 0.190476 -1486.692827 -1486.665297 -1486.593421
TS-1 (Me) DCE 0.225220 -1525.965286 -1525.926417 -1525.838428
TS-11 (Me) DCE 0.216992 -1525.963411 -1525.934157 -1525.848026
TS-1 (Ph) DCE 0.274841 -1717.438403 -1717.392525 -1717.218723
TS-11 (Ph) DCE 0.265459 -1717.432387 -1717.400509 -1717.228128
TS-1V (CF3) DCE 0.196326 -1710.229576 -1710.204681 -1710.139291
TS-111 (CF3) DCE 0.200520 -1823.411432 -1823.384486 -1823.294758
TS-1V (H) DCE 0.196568 -1373.548571 -1373.523094 -1373.457300
TS-111 (H) DCE 0.197355 -1486.750342 -1486.726987 -1486.637911
TS-V (Me)® DCE 0.200470 -1486.707062 -1486.667783 -1486.592673
TS-VI (Me) DCE 0.195133 -1599.883403 -1599.856902 -1599.764009
TSV (R)f DCE 0.317982 -1811.974412 -1811.926598 -1811.717872
TS-VI (R)f DCE 0.311576 -1925.142432 -1925.106923 -1924.881220

“Computed at the SMD(solvent)/BMK/def2-SVP level.
bA standard state at 1 atm and 298.15 K was used.

‘Computed at the BMK/def2-SVP//SMD(solvent)/BMK/def2-SVP level.
IComputed at the DLPNO-CCSD(T)/def2-TZVPP//SMD(solvent)/BMK/def2-SVP level.

¢TS-V (Me) and TS-1 (H) are the same transition state.

fR = 4-C6H4NM62.

s46




S10. Cartesian Coordinates of the Stationary Points
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H -3.954559
H -2.193940
H -2.974793

[Rh(CO):Cl]:
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CO (in dioxane)
C 0.000000
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-0.795099
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0.896504
0.896702
0.105253
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-0.794743
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-0.643286
0.482464

-0.643219
0.482414

0.040537
-0.250261
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3.364585
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0.678709
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-0.190934
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3.140086
3.637906
4.061903
5.001379
2.943643
5.427346
3.683961
5.942820
5.336851
6.099811
7.283273
8.213815
8.173713
9.236415
8.016097
7.779012
7.382814
8.874247
7.514088
-0.627332
-4.731098
-4.983169
-5.144636
-5.289854
-6.676050
-6.959736
-6.981923
-7.422537
-8.042735
-8.789731
-8.136191
-9.632545
-9.194229
-2.476365
-3.163968
-2.565663

-0.633395
-1.444396
-2.455227
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-1.264080
0.437667
-0.867344
1.473688
-1.132835
-1.689400
1.228197
2.490884
-0.090448
-2.160594
2.065266
-0.343617
0.733425
1.514502
0.333449
1.217143
-1.690807
-2.386365
-1.690086
-2.091395
-2.000452
-0.358336
-0.397035
0.599397
-1.445787
-1.545097
-2.522368
-1.548637
-0.478221
0.392631
1.441495
1.971666
1.010396
2.181678
0.640343
1.533617
2.184018

0.851559
1.243311
-1.685415

-0.036609
-0.168544
-0.369755
-0.094492
0.080742
-0.336807
0.017945
0.269771
-0.404180
-0.474107
-0.228590
0.159612
-0.594167
-0.294450
-0.559565
0.222526
-0.584170
-1.534319
-0.106565
-0.869903
-0.187798
0.889665
-0.977774
0.717193
1.799303
0.337353
0.044257
0.160636
-0.264243
1.228285
-0.544011
-1.116318
-1.815329
-2.528511
-2.381520
-1.104660
1.200699
1.939758
2.324539

-0.589825
-1.578338
0.541548
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4.124884
6.335251
4.896247
5.406083
3.263461
6.555801
7.176173
5.515349
7.817084
8.010376
7.525020
9.084651
7.608012
8.965642
9.018106
9.884391
8.953087
0.189015
-2.379841
-2.116713
-3.407549
-2.324509
-3.147803
-2.892278
-2.927960
-4.595104
-5.783369
-7.218771
-7.718525
-7.390664
-7.696099

0.681960
-2.366839
-3.214008
-1.431174
1.394999
-1.801774
-0.788215
0.021091
-0.367494
-1.720672
-1.778660
-0.282191
-1.023582
0.904649
-0.605581
-1.947116
1.338486
1.496335
0.594471
-1.215150
2.264010
1.013426
2.232320
2.181042
2.396051
3.115366
0.239436
0.148705
0.735484
-0.781387
-0.806328
2.413833
3.143024
2.059844
3.013809
4.132626
4.586594
4.887110
3.825217
3.583464
3.290420
3.823567
2.209419
3.594740

-2.521375
1.031235
1.698695
0.250513
0.360448
-1.462976
-0.851397
-0.420062
-0.704423
0.436904
0.340184
-0.488656
-0.887361
0.239692
-0.576172
-1.453596
0.561779
0.558988
0.163158
-0.907903
1.127820
0.476973
1.233882
2.226356
1.393587
0.703023
0.054766
-1.046163
0.395395
0.480175
-1.715147
-1.500455
-2.299533
-1.730773
-0.244580
-0.098436
0.873309
-0.882881
-0.124380
-0.147012
-0.168379
-0.994499
-0.305220
0.778257
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-2.443025
-2.410264
-2.494290

0.496723
1.665125
2.359981
2.004396
0.296423
-0.194830
-0.546336
0.149097
-1.966831
-2.536887
-1.738145
-0.353735
4.235856
5.336730
-3.948691
-4.789900
-4.530646
-6.153668
-4.352513
-5.893357
-3.892014
-6.756802
-6.767072
-6.303434
-8.090925
-8.683648
-8.299460
-9.771097
-8.484802
-8.948402
-8.902142
-9.987663
-8.670023
0.006308
2.619837
3.497473
2.153725
3.021389
4.021332

-0.724686
-0.147231
-2.852859

1.254586
1.707732
-2.017297
1.404982
-2.058663
-2.942565
-1.074955
1.504389
-1.167627
-0.094364
0.791050
0.299771
-1.997100
-1.970520
0.110404
-0.891494
1.317909
-0.698948
-1.828719
1.521716
2.097016
0.518519
-1.492982
2.463299
0.713289
1.951819
2.824639
1.909834
2.109107
-0.311486
-1.249401
0.041194
-0.534902
0.208943
2.544901
1.916825
2.877558
3.642880
4.420353

2.167441
3.146814
-1.521746

-0.198153
0.270106
0.045178
1.269655
-0.331033
-0.769515
-0.042484
-1.209953
-0.261446
0.146611
0.637724
0.585521
0.474664
0.761488
0.061841
-0.484449
0.522563
-0.571565
-0.839981
0.440680
0.948140
-0.111779
-0.997024
0.805281
-0.196255
0.278547
-0.278916
0.137400
1.353368
-0.766764
-0.185179
-0.760370
-1.811810
1.622033
-0.529469
-0.793704
-1.481243
0.241567
-0.344751
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3.714707
4.131098
5.331462
6.402163
7.694126
8.043137
8.460228
7.609729
2.602815
2.720236
1.997806

-1.006738
-1.530331
-2.607420
-1.433969
0.426076
0.397243
-0.591219
-1.129819
1.785683
2.083644
1.198974
-0.267467
3.466516
3.844776
4.472047
5.164698
3.081593
5.796112
4.198039
6.190756
5.412304
6.537139
7.484591
8.512818
8.350897
8.547442
9.492204
7.857725
7.323445
8.934419
7.644359

4.762452
5.319398
3.739609
3.176770
2.492071
2.442117
3.015609
1.460931
-2.505299
-2.802859
-1.353581

0.728997
1.804116
-2.253993
1.936393
-2.559597
-3.604656
-1.740582
0.552705
-2.138130
-0.906955
-0.028343
-0.335332
-0.505201
0.840595
-1.445073
1.236004
1.579059
-1.063646
-2.487676
0.295666
2.281452
-1.818576
0.677335
-0.298999
-0.759030
-1.104459
0.196500
2.067056
2.729326
2.181482
2.408776

-1.356251
0.284316

-0.449571
-0.536069
-0.627433
-1.672529
-0.031138
-0.244557
-1.716378
-2.816441
2.377988

0.068751
-0.531800
0.006271
-1.618477
-0.011403
0.295391
-0.270309
1.144119
-0.057979
-0.257642
-0.538918
-0.695708
-0.157947
-0.382979
0.175612
-0.278263
-0.641410
0.280331
0.356346
0.059977
-0.461571
0.542880
0.168578
0.480340
1.471848
-0.274612
0.490726
-0.024015
0.680010
0.156126
-1.053062



-0.436466
-2.268945
-2.522511
-1.613856
-3.423953
-4.216696
-5.155633
-4.482374
-3.603150
-3.113319
-2.529634
-3.315879
-1.992461
-1.817272
-2.681075
-2.690401
-4.451520
-5.536717
-2.416247
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-0.889499
-1.357926
-2.221318
-0.655329
-0.468125
-0.299291
0.549315
-1.249046
1.946197
2.494465
1.723045
0.363932
-2.483420
-3.825804
-4.746481
3.881577
4.685210
4.471708
6.022096
4.241444
5.807029
3.860038
6.632869
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-0.205191
2.895680
2.576224
3.790672
3.208173
4.200349
4.230164
3.936468
5.548595
6.658189
8.002312
8.766838
8.206806
8.114668
-2.757283
-3.068512
-2.662476
-2.886851
-1.619105

0.221607
0.853387
-1.042265
0.901358
-1.711536
-2.236728
-1.336316
0.603155
-1.355879
-0.421765
0.176569
-0.572147
-3.176238
-0.506077
-0.367388
-0.090841
-0.753553
0.905602
-0.437350
-1.525574
1.232022
1.420722
0.569549

-1.778552
0.187764
1.219428
0.269321
-0.540537
0.035872
-0.541641
1.081215
0.027280
0.028354
0.022881
-0.096625
0.964301
-0.811862
-1.767922
-2.870524
0.376746
0.630683
2.350973

-1.049426
0.181326
0.060713
1.023676
0.946050
1.894304
0.183013
-2.009946
0.447713
-0.265794
-1.092099
-1.084798
-1.236410
-0.993956
-1.635754
-0.113962
0.845975
-0.929029
0.989254
1.480761
-0.794600
-1.675021
0.171672
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6.606749
6.223600
7.941669
8.542770
8.056096
9.603719
8.478874
8.761061
8.801351
9.785529
8.381579
0.435704
-2.201113
-2.772717
-1.536994
-3.067642
-3.989697
-3.473905
-4.472733
-5.030082
-5.888138
-6.929830
-7.932586
-6.874545
-6.818329
-3.180654
-3.668921

-1.996538
-2.503561
-3.348862
-2.801600
-0.269817
-0.447573
-1.234660
-1.684431
1.034652
1.998629
1.733964
-1.809321
3.357649
4.461038
3.605229

-0.970315 1.738983
2.003743 -1.441591
0.882192 0.306604
1.903769 -0.532589
2.884826 -0.387832
2.008661 -0.271670
1.638459 -1.603002
0.198872 1.291703
-0.888448 1.101342
0.589580 1.244399
0.359052 2.316624
-1.178925 -2.003352
2.111241 0.120269
2.216045 1.064279
3.001810 0.039541
2.084041 -0.979985
3.131354 -1.027868
4.112041 -0.958768
3.084639 -2.018093
3.060299 0.022299
3.000266 0.877251
2.920943 1.904517
3.002883 1.452376
1.956204 2.436477
3.729155 2.646765
-1.456209 1.688176
-1.653393 2.696812
1.524490 -0.205181
2.567482 -0.889367
-1.263607 0.009698
2.436485 -1.939325
-1.630138 0.323273
-2.531085 0.916987
-0.874831 -0.178274
1.648511 0.840465
-1.315661 0.096571
-2.081591 0.676532
-3.014419 1.387910
0.197031 -0.813198
-1.619390 0.328355
-2.303296 0.874974
-0.525362 -0.523455
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5.763776
4.277381
4.902440
2.764377
6.026853
6.584873
5.045703
7.302932
7.539963
7.111998
7.108226
8.621689
8.425774
9.362187
8.414561
8.437838
-2.022481
-2.720791
-3.805768
-2.316090
-2.196047
-0.800338
-0.409596
-0.557935
-0.106179
0.473956
1.177563
0.472713
1.674565
1.945306
-3.143709
-3.008082
-4.875092
-5.718842
-3.682354

-0.288602
0.464456

-0.025550
-1.867541
-2.016577
-2.093830
-1.355563

-1.917480
-3.154666
-0.125478
0.018820
-0.810479
-2.478266
0.726419
-0.422716
0.703073
0.535701
1.638152
0.853449
-1.134841
-0.674742
-1.097402
-2.197651
0.108410
3.938563
4.136453
3.979371
4.966694
4.992021
4.038971
5.784799
5.274428
5.497781
5.779638
6.141432
4.874928
6.557420
-0.728658
-0.430613
-2.430710
-3.162530
-1.977968

1.279642

0.187211

-1.112307
-1.955220
-2.240178
-2.404653
-1.420449

0.590217
1.536663
-0.820575
-0.960117
-0.271335
1.037716
-1.485873
-0.558399
-1.437805
-2.443584
-1.034711
-1.552997
0.015600
-0.327420
1.120776
-0.289663
-1.887951
-0.298366
-0.238944
0.732668
-1.092841
-1.194427
-1.605844
-1.921229
0.081369
1.122804
2.376778
3.144292
2.765385
2.227203
1.812337
2.900445
0.394285
0.563609
-2.223229

-0.470266
-0.079088
0.186517
0.231186
-1.599971
-2.727398
2.542223
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-3.575212
-4.566962
0.278416
-1.710503
-2.285165
0.763408
-2.331392
-1.664564
-3.747480
-4.106223
-3.894106
-4.442963
-5.825984
-6.051985
-6.219156
-6.515678
-7.089804
-7.788026
-7.940881
-8.775191
-7.208263
1.813589
2.705323
2.355822
4.104709
5.138151
4.454824
6.471941
4.874568
5.784336
3.668917
6.838699
7.235584
6.008652
8.145700
8.486437
8.140393
9.577655
8.048446
9.196929
9.188979
9.109602
10.172556

-2.775539
-3.246934
2.203890
1.355992
2.525457
-1.780043
0.470706
3.418617
2.716975
3.505935
3.132590
1.529006
1.629080
2.042943
0.600068
2.443353
3.108460
3.896412
4.935877
3.456323
3.917016
0.456517
-0.282877
-1.144881
0.103316
-0.556332
1.101312
-0.236495
-1.335603
1.433710
1.621747
0.774774
-0.775083
2.209946
1.099263
2.132376
1.880051
2.250814
3.109289
0.411350
-0.675978
0.556896
0.805099

0.638419
0.926012
-0.642688
-0.641124
-1.016760
0.567395
-0.469246
-1.169425
-1.243440
-0.544060
-2.267477
-1.074248
-1.264989
-2.269905
-1.237148
-0.241619
0.594163
1.612753
1.277405
1.833045
2.550874
0.092014
-0.612424
-1.377324
-0.333520
-1.026225
0.596258
-0.810416
-1.747162
0.826901
1.149168
0.127337
-1.372183
1.559013
0.347055
1.302694
2.322281
1.337276
1.025467
-0.373394
-0.172217
-1.466234
-0.058029
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1.609998
2.192394
2.082226
1.498803
0.246284
-0.150936
-0.426604
2.210398
-1.739663
-2.681906
-2.431448
0.472025
-4.033672
-4.295572
-5.114142
-5.583693
-3.475687
-6.407212
-4.920040
-6.683736
-5.738053
-7.210339
-7.951889
-9.048378
-8.900244
-9.181203
-9.980712
-8.204846
-7.654411
-9.277357
-7.917911
0.173422
3.508845
3.946369
3.322753
4.394889
5.618826
6.265016
6.109848
5.509551
5.435636
5.351094
5.306211

0.836111
0.640324
-1.294064
0.633772
-1.403283
-2.033346
-0.544260
1.323301
-0.174227
-0.608607
-1.314753
0.124360
-0.104051
0.727209
-0.476112
1.172590
1.030529
-0.041494
-1.123518
0.800561
1.814353
-0.359054
1.232184
0.838378
1.183706
-0.259494
1.283662
2.077011
3.034402
2.307890
1.581547
0.164682
1.318002
0.867059
2.389682
1.200750
1.860628
1.548485
1.529681
3.334818
4.545203
6.007725
6.409884

0.559723
-0.754180
0.092040
-1.605311
-0.800009
-1.594980
-0.026970
1.337337
0.073759
-0.792031
-1.733200
0.959958
-0.446897
0.658340
-1.269248
0.935778
1.313529
-1.008595
-2.129119
0.108665
1.803835
-1.674326
0.375282
-0.484011
-1.524228
-0.505569
-0.111441
1.522872
1.459367
1.575565
2.469217
2.014550
-1.074422
-1.989229
-1.298983
0.003908
-0.168991
0.667816
-1.107401
-0.176799
-0.188851
-0.200634
0.825264

s53

H 6.231714
H 4.450410
C 2.845744
O 3.239256
C 3.771626
O  4.650846
Cl 1.614728
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C  3.042636
C 3.815066
H 3.368548
C 1.205971
H 2221326
C 0.807095
H 3.519124
O -0.519410
C -1.441918
O -1.139811
C 1.612455
C -2.809984
C -3.106444
C -3.869997
C -4.409110
H -2.302401
C -5.177371
H -3.647939
C -5.489374
H -4.591081
H -5.962747
N -6.770063
C -7.848611
H -8.794970
H -7.952902
H -7.700518
C -7.056013
H -8.132706
H -6.520023
H -6.777907
H 1.137106
C 5.287486
H 5.468903
H 5.629387
O  6.077929

6.442500

6.342491

-2.352187
-2.973788
-1.212440
-1.290271
-3.254660

-0.542272
-1.641649
-2.638310
1.903617
2.189276
0.506257
0.439946
0.327861
0.223393
0.295433
-0.576857
0.016260
-0.077179
-0.097404
-0.277779
0.007752
-0.297599
-0.025422
-0.395736
-0.343281
-0.379098
-0.595080
-0.705583
-0.864731
0.211433
-1.557871
-0.693520
-0.856596
-1.539142
0.229871
-1.554204
-1.605486
-2.104410
-0.555208
-2.308174

-0.702820
-0.742214
-1.320284
-2.178255
1.262634
1.962673
1.526060

-0.715012
-0.829627
-0.705857
-0.499601
-0.788194
-0.347585
-0.834025
-0.019573
-1.019239
-2.178134
-0.446343
-0.492989
0.880222
-1.412830
1.322429
1.615105
-0.990098
-2.481450
0.398713
2.395562
-1.742083
0.826646
-0.133107
0.400989
-0.742530
-0.822052
2.242567
2.385479
2.712391
2.784166
-0.311345
-1.152280
-2.120402
-1.249217
-0.225089



6.126391
5.110602
6.673367
6.809774
7.366429
8.050027
8.798047
8.574629
7.334746
0.350978
-0.375590
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-1.427318
-2.556342
-2.843558
-3.491906
-0.818596
-0.434191
0.084541
-1.591878
1.439280
2.127920
1.599407
-0.209620
3.572740
4.152410
4.406975
5.512564
3.524760
5.767736
3.963644
6.365698
5.917468
6.370825
7.701654
8.543366
8.222351
9.577363
8.543218
8.278323
8.152344
9.354958
7.826632
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-1.754629
-1.644828
-2.475509
-0.442520
0.633108
1.926634
1.921010
2.151359
2.742637
2.903224
3.783031

-0.787948
-0.207673
-0.897159
-0.251268
-0.926638
-0.889139
-0.933054
-0.979323
-0.916439
0.205184
1.191873
-1.047305
0.084836
-1.086316
1.194217
-1.151617
-1.960227
1.148209
2.108273
-0.032590
-2.079462
2.035237
-0.089224
1.063755
1.939564
0.825216
1.357753
-1.299087
-2.160368
-1.149990
-1.566821

1.057064
1.488137
1.687341
1.123300
1.189558
1.274480
2.085250
0.330414
1.472450
-0.289974
-0.115272

2.626101
1.836595
-0.114536
2.413908
-0.327833
-1.356645
0.672570
3.693741
0.361198
0.649192
1.098998
2.106538
0.339329
-0.183977
0.571932
-0.466112
-0.375052
0.296233
0.977373
-0.235565
-0.871307
0.492354
-0.514192
-0.273511
-0.868004
-0.556775
0.792712
-1.061365
-0.379013
-1.219641
-2.034879
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0.610065

-2.284299
-2.790788
-1.201924
-2.811718
-2.161399
-2.568834
-1.076224
-2.401076
-2.583263
-2.802173
-2.174750
-3.858295
-2.548505
-3.207425
-4.904811
-6.028403
-2.625207
-2.446138

1.482148
2.111708
2.130905
1.515384
0.428835
0.290109
-0.378704
2.008463
-1.700099
-2.541304
-2.162046
0.454119
-3.944057
-4.336848
-4.938083
-5.668669
-3.582550
-6.273587
-4.642178
-6.683150
-5.923906
-7.006774
-7.993825

-1.383793
1.234469
2.020895
1.444259
1.241411
2.079493
1.790959
1.861673
3.500967
4.677356
6.100069
6.444893
6.292687
6.701647
-1.064684
-0.823846
-0.786274
-2.736139
-3.836116

-1.178516
-1.167644
0.877896
-0.981955
1.139848
1.730641
0.378263
-1.673608
0.057100
0.600989
1.338899
-0.245703
0.179780
-0.682730
0.673293
-1.040700
-1.078320
0.327643
1.344300
-0.544045
-1.710536
0.737069
-0.887130

2.750688
1.344263
1.929586
1.302446
-0.004356
-0.949944
-1.932860
-0.947054
-0.669043
-0.440286
-0.171993
0.666842
0.080803
-1.061105
-2.556548
-0.053417
-0.100912
0.194147
0.381761

-0.965721
0.301344
-0.514261
1.203448
0.510226
1.415675
-0.230875
-1.790388
-0.198701
0.714271
1.584480
-1.308571
0.494623
-0.546641
1.361107
-0.721797
-1.231075
1.201546
2.172694
0.148919
-1.543434
1.897096
-0.018184



-9.002386
-8.819341
-9.047351
-9.987296
-8.383558
-7.893639
-9.469697
-8.134373
0.112017
3.389863
4.020126
3.156965
4.055861
5.239195
5.042194
5.579849
6.311221
7.175217
8.206083
8.464857
9.123970
7.843183
1.799654
1.568953
Cl 3.919325
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C 2.568949

C 3.273566

H 3.626466

C 0.926370

H 0.316186

C 0.395345

H 3.193273

O -0.916448
C -1.970006
O -1.844729
C 1.233456

C -3.260365
C -3.374470
C  -4.443707
C -4.616247
H -2.475307
C -5.692487

-0.357448
-0.655220
0.747030

-0.745027
-1.766768
-2.755155
-1.926454
-1.339018
-0.210118
-1.933974
-1.353440
-2.906857
-2.150926
-2.888132
-3.868091
-3.092761
-2.192847
-1.607428
-0.879049
-1.401463
-0.770839
0.130369

2.648407

3.683681

1.663210

0.414096
-0.905482
-0.982790
-1.956262
-2.853151
-0.701408
1.312789
-0.370760
-1.233418
-2.426346
0.505167
-0.510285
0.892295
-1.269521
1.515548
1.507465
-0.665016

0.875485
1.924576
0.837324
0.582673
-1.100064
-1.022610
-1.066078
-2.089273
-2.349445
0.543650
1.245948
1.031821
-0.666676
-0.554919
-0.071308
-1.583436
0.187236
0.804106
1.546808
2.483071
0.944968
1.804079
-1.277012
-1.666181
0.832176

0.344030
0.467715
1.518860
0.205325
0.137186
0.188366
0.371084
0.119240
0.036161
-0.005405
0.231183
0.003736
0.066620
-0.092069
0.036745
0.141723
-0.123914
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-4.366314
-5.819421
-4.654116
-6.576947
-7.040980
-8.246724
-8.350277
-9.121956
-8.271098
-7.137750
-6.623354
-8.194723
-6.703056
0.722499
4.532099
5.006125
4.246411
5.390499
6.563465
7.111690
6.326656
7.439007
8.176939
9.067300
8.924671
10.123147
8.870513
2.386130
2.889137

1.416258
2.520618
2.876741
3.418495
0.811146
0.452429
-0.062999
1.548754
-1.326801
-2.013820
-1.443276
0.212852
-0.619880

-2.359370
0.755061
2.603991
-1.298233
1.360920
0.563958
-0.128166
1.227351
-0.035295
2.804125
3.292521
3.100280
3.199939
1.469031
-0.985317
-1.973686
-0.912744
0.055260
0.077432
-0.883759
0.197832
1.177886
2.077883
3.165526
3.398436
2.883090
4.082023
-2.140567
-3.241179

-0.617839
-0.002146
-0.857598
0.078931

-1.692968
-1.853113
-1.149559
-0.731705
-0.937936
0.199585

1.162008

-0.985315
-1.223616

-0.141741
-0.058813
0.088964
-0.198910
-0.086017
-0.181262
0.674927
-0.185760
-1.110300
-0.015891
-0.864346
-0.047813
0.920706
0.162791
-0.409517
-0.256747
-1.481363
-0.052098
-0.813999
-0.714239
-1.893066
-0.386714
-0.049640
0.363563
1.432280
0.214505
-0.217654
0.251896
0.147003

-2.530330
-1.760723
0.131944

-2.389626
0.319002

1.341872

-0.602129
-3.614662
-0.175634
-0.530990
-0.967055
-2.019719
-2.691891



2.166646
2.455594
1.082446
2.891956
2.351191
2.920557
1.293630
2.442241
2.502611
2.580633
3.507062
2.581669
1.722194
3.175228
4.720416
5.797314
2.049346
2.162216
-3.456311
-4.277297
-4.060444
-5.645882
-3.816392
-5.429210
-3.446300
-6.269443
-6.238559
-5.854026
-7.612059
-8.216880
-7.807116
-9.298414
-8.064117
-8.442829
-8.144669
-8.398081
-9.487423
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C -4.148471
C -2.153174
C -1.633951
C -0.763335
C -3.856640

1.377073
2.223118
1.446402
1.444244
2.276916
2.057868
2.000836
3.707338
4.887638
6.315183
6.541120
6.916717
6.631672
-1.197478
-1.145891
-1.399268
-2.529684
-3.674603
0.081619
1.198688
-1.093667
1.154193
2.114930
-1.156227
-1.972092
-0.031315
2.043690
-2.085195
-0.086999
-1.303112
-1.584300
-1.151235
-2.153838
1.069935
1.939236
1.370109
0.830252

0.226777
-1.734502
-1.792298
-0.777892
1.406887

-1.151563
-1.801874
-0.944959
0.078700
1.081651
1.999712
1.267780
0.744773
0.474492
0.156713
-0.397598
1.081346
-0.459101
2.522698
-0.278189
-0.516795
-0.115459
-0.372689
-0.270253
-0.529044
0.221763
-0.311578
-0.909197
0.444372
0.434539
0.184889
-0.526377
0.825491
0.403087
0.908331
1.895875
1.022478
0.218902
0.135954
0.750525
-0.927186
0.375020

-1.333044
-0.699701
0.620550
1.113682
-1.107057

Cl

T DD oI aoaz@@ozozoooonooomoooao@mn@moao Iz aoaonooTaonxm @

-2.577709
-4.466113
-1.501822
-2.129163
0.007177
-0.864332
-0.661998
1.366802
2.183991
1.777133
-4.861645
-5.489228
-5.521995
-3.279069
-4.050832
-2.866174
-3.912039
-2.542575
-2.507132
-3.763283
-4.322098
-4.194812
-2.714161
-0.499874
3.614317
4.585598
4.053318
5.942339
4.253983
5.407112
3.320340
6.397957
6.654327
5.698944
7.729140
8.159870
7.752144
9.255708
7.852209
8.712872
8.638170
9.720729
8.607439

0.154552
-0.690639
-1.382097
-2.430479
0.084960
0.801341
1.509179
-0.051765
0.714772
1.556127
-1.018920
-1.314964
-0.758191
-2.645812
-2.064270
-3.574250
-2.912486
1.680298
2.527290
2.876593
3.263070
3.313318
3.203187
-0.798309
0.390463
1.123317
-0.615758
0.871201
1.906403
-0.884553
-1.199645
-0.147074
1.466462
-1.673431
-0.405976
-1.464586
-2.446736
-1.535267
-1.276888
0.370410
1.448270
0.035345
0.252545

0.359231
1.744310
-1.509341
1.361123
0.159826
-0.557844
-1.363202
0.191145
-0.564083
-1.322128
-1.729789
-0.866129
-2.573594
-1.133960
-2.152499
-1.564800
-0.264955
1.577545
2.325087
-1.139458
-2.007845
-0.223231
-1.223461
2.178101
-0.341652
-1.049639
0.539677
-0.891584
-1.737497
0.709572
1.101365
-0.002789
-1.463976
1.403565
0.158733
1.047158
0.743386
1.026160
2.092981
-0.566219
-0.330978
-0.286329
-1.661127
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-1.152679
-2.034212
-2.189933
-1.651303
0.004611
0.505220
0.602702
-1.444631
1.903917
2.891802
2.669471
-0.185623
0.325153
-3.210263
-3.950120
-2.877529
-3.777036
-4.846216
-5.089869
-4.539598
-6.052112
-7.045422
-8.248959
-8.215307
-9.152555
-8.343901
-1.974882
-4.039982
-5.081857
-1.432384
-2.125337
4.218008
4.426763
5.338267
5.699406
3.577025
6.616588
5.187276
6.839929
5.810728
7.449745
8.091743
8.288079

1.096764
1.040206
-0.762337
0.713029
-1.457532
-1.965941
-0.606432
1.734465
-0.266531
-0.700551
-1.384278
0.081597
0.147904
1.988911
1.583993
2.972923
2.151098
3.053865
3.186839
4.044059
2.597630
2.230211
1.780803
0.690838
2.007693
2.275974
-2.562359
-1.326417
-1.652695
-1.705195
-2.411171
-0.209417
0.595230
-0.567580
1.027105
0.886551
-0.146452
-1.192473
0.668341
1.646952
-0.451285
1.085686
1.914577

-0.479208
0.632825
-0.610273
1.607801
1.176240
1.997887
0.305328
-1.324240
0.235775
1.082485
2.042351
-0.757371
-1.724140
0.719454
1.438069
1.118340
-0.549112
-0.602677
-1.669546
-0.206345
0.119974
0.710706
1.414547
1.580295
0.824090
2.395391
-2.140074
-0.132766
0.147930
0.955859
1.630490
0.660238
-0.477572
1.437373
-0.828905
-1.098922
1.101198
2.322225
-0.049697
-1.718811
1.734800
-0.390848
-1.562545
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9.354818
7.965963
7.731946
9.233437
9.154490
9.348526
10.148003

3.044795
1.821471
1.627444
0.723208
3.554883
2.669210
4.373483
0.916329
2.158784
0.073219
0.963255
0.683545
-1.289760
-2.027647
-1.518110
3.582821
4.636216
3.539469
2.150346
2.743008
1.262625
2.850435
3.536445
4.025543
4.780477
5.232042
5.545756
4.536989
0.505346
-3.481066
-4.367397
-4.025195
-5.743180
-3.953041
-5.399847

2.155023
1.401533
2.867246
0.693561
1.066324
-0.405353
1.112456

1.647908
1.937490
0.947045
-0.082733
0.426539
-1.023114
-1.190552
1.945863
1.141830
-0.562159
-1.033507
-1.455790
-0.634246
0.484269
1.557494
3.004322
3.132838
3.151518
3.378030
3.954180
3.969649
3.363191
-2.358139
-3.188866
0.128645
1.060900
-0.397585
-0.500372
-0.610408
0.221530
1.301088
-1.056184
1.123196
2.297041
-1.253341

-1.663813
-2.487718
-1.488073
0.410338
1.448404
0.449462
-0.030096

-0.713770
0.138910
1.256336
1.242895
-0.893152
0.178927
1.925835
-0.493292
2.197093
-0.016350
-0.904206
-1.876298
-0.119267
0.098786
0.294585
-1.164514
-0.839937
-2.258184
0.580074
-0.552883
0.851464
1.443326
-0.846480
-1.435833
-1.717466
-2.099680
-1.120709
-2.592924
2.182938
0.044865
0.226306
-0.189356
0.176996
0.407418
-0.243660
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-3.357786
-6.305882
-6.388774
-5.774431
-7.656314
-8.200098
-7.924767
-9.296139
-7.850956
-8.552037
-8.412730
-9.591261
-8.408653

-1.335419
-2.087220
-2.473235
-1.678014
-0.110571
0.437373
0.407789
-1.644190
1.674928
2.740813
2.634454
-0.490013
3.977947
4.036189
5.164835
5.227223
3.130295
6.363434
5.130284
6.433194
5.224174
7.253678
7.603515
8.813315
9.088404
9.643433
8.710401
7.643650
6.966759

-1.909399
-0.166117
1.989796
-2.260631
-0.350420
-1.664955
-2.394812
-1.605451
-2.060135
0.769902
1.552361
0.419862
1.236727

0.478555
0.583989
-1.348179
0.213748
-2.030977
-2.471607
-1.225183
1.082788
-0.808639
-1.201506
-2.013533
-0.663432
-0.502555
0.464138
-0.808434
1.103911
0.720397
-0.180334
-1.556805
0.803645
1.846285
-0.450827
1.431771
1.105911
0.041570
1.713278
1.315916
2.433025
3.279805

-0.333308
-0.063764
0.321949
-0.427426
-0.120940
-0.391953
0.392191
-0.427629
-1.363844
0.079228
-0.690061
0.020308
1.071121

-0.599928
0.578252
-0.514569
1.527098
1.141722
1.972468
0.183751
-1.464706
0.027407
0.803561
1.678851
-0.872155
0.411787
-0.612375
1.108912
-0.929385
-1.166300
0.805271
1.905851
-0.227360
-1.727874
1.373570
-0.529041
0.198849
0.081216
-0.185522
1.279488
-1.575326
-1.357969
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8.664021

7.361355

-0.052485
-3.190204
-3.558570
-4.045516
-2.688178
-3.656918
-4.475009
-3.162878
-4.249503
-4.752985
-5.363142
-6.409862
-5.352191
-4.810814
-2.508893
-2.525319
-4.853443
-1.551000
-2.210422

-3.443679
-3.368255
-2.533470
-1.152046
-2.532689
-1.923241
-3.365249
-2.996239
-2.936664
-0.532197
-1.278341
-0.634313
0.816863

1.659701

1.246048

-4.817589
-5.382353
-4.774960
-4.872092
-5.462049
-5.116316

2.830273
2.011863
-0.696434
1.602478
1.920681
1.136849
2.690454
3.617022
3.117784
4.318075
4.381558
5.010327
5.775030
5.466846
6.854871
5.617830
-3.034718
-4.011778
-1.351415
-2.298016
-3.004013

1.572661
1.699371
0.702937
0.533387
1.013475
-1.147937
-2.684963
2.716043
0.458992
0.435510
0.364470
0.046149
0.188632
1.171589
2.205483
2.099893
1.322754
3.005101
1.675711
2.423538
2.147683

-1.659146
-2.557995
-1.877501
0.723447
-0.272876
1.252848
1.452015
1.841851
2.402466
2.535095
0.721204
-0.185391
-1.276180
-1.437407
-1.051263
-2.217984
-1.481081
-2.047213
-0.203463
0.994632
1.693925

0.796839
-0.708996
-1.489766
-1.362811
1.616959
-0.213616
-1.288237
-0.951953
-2.480528
-0.065835
1.154580
1.984222
0.003218
-0.426797
-0.878705
1.190286
1.746715
1.822615
-1.044753
-0.016552
-2.009362



-5.239599
-1.107203
-0.586409
-2.757425
-1.965025
-3.726177
-2.720301
-0.534841
3.080627
4.061474
3.506569
5.415214
3.739405
4.857511
2.766500
5.858954
6.135320
5.138885
7.186309
7.607683
7.254212
8.704785
7.236381
8.181585
8.111915
9.184131
8.084543
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-1.149573
-1.908928
-2.569414
-1.618799
-0.391473
0.082669
0.264356
-1.326046
1.591685
2.573184
2.336751
-0.497367
3.918061
4.144035
5.037417
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0.627040
-2.595108
-3.442970
0.904231
1.441632
1.321139
-0.151594
0.236630
0.804254
1.731241
-0.423750
1.453468
2.687583
-0.718847
-1.160659
0.212728
2.204068
-1.682913
-0.070734
-1.331195
-2.193775
-1.368741
-1.454205
0.888371
1.838023
0.471371
1.120516

-1.501477
-1.218473
-0.012781
-0.404512
1.648371
2.457868
0.632228
-2.453982
0.403997
1.241958
2.289839
-0.469390
0.684784
-0.557650
1.435621

-1.056903
0.754692
1.298115
3.110563
3.661964
3.422492
3.434016
-2.218011
-0.263492
-0.667727
0.279217
-0.540244
-1.089722
0.415709
0.600002
0.008731
-0.867015
0.840017
0.139261
0.715139
0.120250
0.744877
1.749441
-0.294252
0.268328
-0.129573
-1.370804

-0.301937
-1.447612
0.382242

-2.122877
-0.810772
-1.363315
-0.205853
0.208961

-0.117301
-0.575040
-1.108428
0.466986

-0.324576
0.300634

-0.736837
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5.432042
3.295839
6.331015
4.873335
6.571423
5.554886
7.163529
7.838176
8.975450
9.012162
9.902075
8.959929
8.053032
7.597723
9.131438
7.633384
-0.055724
-2.804167
-2.321878
-2.943024
-4.042690
-4.918693
-5.918741
-4.962727
-4.625720
-4.754469
-5.206755
-6.171556
-5.347633
-4.474607
-2.597865
-2.567488
-3.451318
-1.869367
-2.579664

-2.983971
-1.505083
-0.858465
-0.084298
-3.559778
-0.966164
-1.041418

-1.035347
-1.161889
0.974853
2.401346
-0.282525
-2.002584
1.593055
-0.744763
0.041665
1.023720
-0.496673
0.220234
-2.022955
-2.853534
-2.216710
-2.040738
-0.802392
-2.280487
-2.688264
-3.110531
-1.778948
-1.473905
-1.352385
-2.289478
-0.218534
0.825418
2.081499
2.374447
1.961740
2.879528
1.047602
1.613011
-1.881386
1.595600
2.452182

2.076240
2.449191
2.224714
1.167030
0.863390
1.878901
2.989056

0.507687
0.629827
-0.538124
-1.223493
0.093830
0.995621
-0.875103
0.293113
-0.138960
0.368000
0.100651
-1.229968
0.939834
0.369100
1.014910
1.962668
1.414003
-2.051055
-2.955930
-1.330116
-2.468302
-1.432978
-1.881270
-0.683689
-0.690392
-0.047224
0.566730
0.119919
1.653867
0.368410
1.998579
2.976867
1.808288
-0.677397
-1.146197

-0.037794
0.044022

-1.297795
-1.591007
-0.048569
0.813772

-2.064346
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0.218128
-0.618876
-0.115696
1.583326
2.344970
1.878657
-3.728369
-4.407187
-4.329841
-1.603521
-2.739338
-1.722049
-0.731076
-5.076954
-5.554886
-5.385661
-5.526697
0.418579
3.790496
4.698036
4.301385
6.062979
4.309488
5.665228
3.617980
6.591688
6.724919
6.012839
7.932187
8.442338
8.204566
9.535603
8.033978
8.842707
8.604814
9.867287
8.826677
-2.649270
-2.546340
-2.436434
-2.456043
-2.323196
-2.007729
-4.472764

0.096175
-0.635736
-1.363522
-0.176933
0.661145
1.557375
3.417404
3.467208
3.603629
3.951014
4.395510
4.089421
4.535176
0.770745
1.756187
0.157078
0.314778
1.105518
0.334823
1.094637
-0.701096
0.837092
1.902382
-0.971086
-1.307664
-0.209856
1.452858
-1.784481
-0.473250
-1.536374
-1.367146
-1.583873
-2.523527
0.291713
0.193465
-0.073607
1.367772
-1.027794
-0.610219
-0.310130
-1.059171
-1.064835
-3.411281
-2.015110

-0.622800
0.129460
0.780507
-0.530479
0.202505
0.858239
-0.158616
-1.025982
0.758193
0.377045
-0.314884
1.472331
0.045570
-0.162422
-0.285475
-1.029052
0.739120
-2.564587
0.117759
0.879007
-0.686295
0.849519
1.505768
-0.732754
-1.285399
0.038159
1.459153
-1.370303
0.003376
-0.836181
-1.902826
-0.740848
-0.548663
0.828583
1.904388
0.676983
0.573689
0.126760
2.041591
3.120689
-1.827363
-2.944820
0.410695
0.184332
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-5.379735

-1.327401
-1.600261
-2.793099
-0.8380064
-0.701473
-0.252185
0.039625
-1.672390
1.386252
2.132314
1.623097
-0.577255
3.569566
4.087236
4.472715
5.450680
3.407663
5.837929
4.080349
6.373733
5.804528
6.495472
7.711914
8.628057
8.596132
9.653001
8.404941
8.227454
7.817358
9.319753
7.993026
-0.279297
-1.718479
-0.752613
-2.236645
-2.471700
-3.460783
-3.536551
-4.452103
-2.989283
-3.636684

-2.680279

0.935380
2.122973
-0.810463
2.189947
-0.707733
-0.879613
-0.337439
0.984898
-0.297378
0.668509
1.650042
-0.153421
0.351317
-0.839705
1.278114
-1.100640
-1.573015
1.033834
2.205821
-0.171033
-2.035340
1.781703
-0.424063
0.535499
1.506751
0.147354
0.717999
-1.653072
-2.544120
-1.674173
-1.736860
-0.882952
3.495916
3.997445
3.390998
4.260641
3.449198
3.720577
3.620799
2.017305
0.844239

0.215760

-1.118218
-0.244570
-0.386491
0.551368
1.655716
2.639211
0.592489
-2.161538
0.702574
0.079839
-0.389824
-0.754805
0.101563
0.650209
-0.457414
0.640417
1.091138
-0.476025
-0.883978
0.073082
1.075887
-0.919525
0.056103
-0.526575
0.001067
-0.457988
-1.593874
0.624747
0.114613
0.514699
1.702037
-1.518068
-0.933505
-1.096259
-1.911462
-0.027923
0.570414
1.639513
0.104547
0.346657
0.476877



-4.991762
-5.313619
-5.776887
-4.955521
-4.322396
-5.177323
-2.248531
-2.140146
-2.822270
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2.814887
1.341834
0.867124
0.062835
3.416914
0.677400
1.141785
-0.297540
0.581365
0.135405
-1.662215
-2.407112
-1.917313
3.576262
4.264235
4.180644
1.415485
2.601096
1.457009
0.570459
4.892922
5.500872
5.287044
5.014774
-0.362059
-3.859679
-4.760078
-4.384700
-6.132802
-4.359885
-5.755535
-3.702972
-6.676162
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0.756002
1.718869
0.424893
0.017458
-1.930701
-2.631817
-2.654223
-1.027988
-1.473699

1.980372
2.230850
1.660312
0.591186
1.135935
1.901329
2.232630
-0.277373
-0.905415
-1.483002
-0.473794
0.568315
1.606881
3.137579
2.804754
3.660209
3.770956
3.984962
4.250411
4.195655
1.266346
1.484232
0.345064
2.088190
0.339023
0.274885
1.273394
-0.957943
1.061606
2.233920
-1.190317
-1.747541
-0.183521

1.143761
1.577393
0.439477
1.965864
0.018725
0.236652
-1.915525
1.477436
2.359052

-0.184255
0.132966
1.455806
1.579996
-1.060919
-0.677734
2.351081
0.437845
-0.358609
-1.181725
0.264118
-0.162493
-0.528049
0.459366
1.257612
-0.311359
0.276512
0.999777
-0.722955
0.838927
-1.398302
-0.507557
-1.849917
-2.127990
2.561417
-0.135036
-0.551054
0.296014
-0.537171
-0.888219
0.313609
0.621785
-0.101717
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-6.789376
-6.115105
-8.024067
-8.547818
-8.259663
-9.644869
-8.195233
-8.935355
-8.759341
-9.967665
-8.848657
2.612302
2.367240
2.292306
2.758090
2.521018
4.985760
2.566750
2.565433
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IN11

3.220920
2.116686
1.407042
0.506014
3.100459
2.581551
1.934302
1.455152
1.557626
-0.097365
0.501194
-0.158683
-1.459338
-2.221556
-1.745433
4.520640
5.259806
4.986004
2.929343
4.131250
1.931157
2.173246
4.373557
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1.867441

-2.162149
-0.401958
-1.673648
-1.889055
-1.653526
-2.511461
0.641395

0.942513

0.274452

1.544523

-1.009466
-1.533149
-1.939000
-0.037719
-0.226292
-1.473434
-2.710263
-3.724290

-1.148932
-1.909569
-0.722785
0.036226

-0.529071
0.874563

2.746220

-2.513007
-0.493711
-0.379813
-0.781425
-1.056689
-0.261592
-0.938719
-1.770215
-1.573909
-0.770450
-2.386363
-2.743856
-2.043769
-0.759842
-0.907593
-0.205052

-0.866351
0.653209
-0.082451
0.369526
1.415439
0.319778
-0.260595
-0.503081
-1.552431
-0.426886
0.129822
-0.040551
2.062729
3.109165
-1.750561
-2.896905
0.463064
-0.836006
-1.332663

0.103707
-0.646504
-1.247655
-0.518225
1.370222
-0.222500
-1.523525
-0.005016
-2.309639
0.766710
1.909099
2.737649
0.804376
-0.104145
-0.829720
-0.580085
-0.712381
0.023271
-1.653363
-1.837294
2.313328
3.494162
2.141995



H 4.600065

H 5.239383

H 4.247268

H -0.048836
C -3.641221
C -4.556256
C -4.127465
C -5.904903
H -4.186759
C -5.474375
H -3.434915
C  -6.409535
H -6.574633
H -5.805205
N -7.732664
C -8.220608
H -7.763547
H -9.307986
H -8.015811
C -8.655691
H -8.709687
H -9.661838
H -8371552
C 4279213

O 5.244710

H 2431273

H 3.119601

IN1Y’
-3.477685
-3.203881
-1.901189
-0.730744
-3.309703
-3.994595
-1.925527
-0.420328
-0.923416
-0.220795
0.924360
1.902873
1.660734
-4.607402
-4.659013

T OO0 oI oD T o000 n

-1.023867
-0.073604
0.708479
0.818348
-0.543044
-1.188466
0.449955
-0.861935
-1.961163
0.788784
0.963722
0.142000
-1.389817
1.564709
0.469755
1.476543
2.465417
1.579276
1.202453
-0.186410
-1.275439
0.230323
-0.032998
1.810662
2.400565
-2.861744
-3.750444

0.550253
1.321041
2.012726
1.853353
0.962401
2.097265
2.709677
1.007794
1.286283
1.357941
0.579576
1.481826
2.624929
-0.387571
-1.303190

2.844771
1.476990
2.745643
-1.048424
-0.044701
-0.899698
0.828525
-0.892255
-1.580071
0.850938
1.499963
-0.011477
-1.571555
1.541739
0.005176
0.925282
0.734563
0.810336
1.976617
-0.897943
-0.712752
-0.756678
-1.955288
-0.090202
-0.100071
-2.627871
-1.228620

-0.467818
-1.756637
-2.025835
-1.397988
0.854907
-1.773810
-2.872095
-0.207931
1.128455
1.966796
-0.236156
0.033927
0.320697
-0.883602
-0.274724
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-5.578567
-3.560356
-4.327884
-4.123507
-2.644926
-4.301734
-4.872839
-3.804273
-4.993835
0.129062
3.257966
4.363943
3.500113
5.661502
4.185792
4.792077
2.662433
5.917569
6.484445
4.929349
7.187915
7.416268
7.069723
8.492003
6.901969
8.311732
8.253093
9.244163
8.376448
-1.655050
-2.248207
-2.480089
-1.824852
-1.810713
-0.164154
0.656453
-2.907882

-0.798749
-1.794244
-2.770450
-1.872609
-0.675302

0.147645
0.269524
-0.730360
0.728009
-0.185902
0.610227
-0.298279
0.479163
1.468266
2.423020
0.891540
1.702462
-0.439827
1.211351
2.739322
-0.949436
-1.088642
-0.138997
1.877367
-1.986317
-0.634613
-2.014064
-2.223278
-2.230758
-2.715692
0.215810
0.585889
-0.355325
1.092360
-0.572607
1.936630
2.886697
-1.884888
-2.712921
-1.500586
-2.059988
-2.341148

0.660586
1.060057
-1.924436
0.673979
-2.549099

-0.802499
-2.845114
-2.214980
-3.678227
-3.266192
1.940892
1.715398
2913612
2.029596
-1.768058
-0.057074
0.263891
-0.445862
0.211484
0.563220
-0.504895
-0.712094
-0.172037
0.472631
-0.812678
-0.218253
-0.594913
-1.624210
-0.551125
0.087701
0.115316
1.155852
0.012732
-0.555706
0.379682
1.335563
2.033355
-1.202082
-1.966919
1.214662
1.750502
1.617653

-0.435796
-1.233416
0.301127
-2.257868
0.412471
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-0.449355
0.025227
-0.726061
2.013452
2.412372
1.531025
0.213498
-4.634998
-5.754854
3.801574
4.190161
4.790930
5.515396
3.437999
6.119702
4.497450
6.527083
5.772658
6.851721
7.828341
8.838130
9.821703
8.648239
8.887898
8.215154
7.691716
9.294115
8.002547
0.122324
-2.895270
-2.904633
-3.866412
-2.743190
-3.730792
-4.741461
-3.580101
-3.684677
-3.659588
-3.625685
-2.591276
-4.229655
-4.025139
-2.627065
-2.509179

-3.537364
-1.647338
1.015180
-1.976280
-0.822288
0.131585
-0.364153
-1.602057
-1.433577
-0.392273
0.953766
-1.348082
1.336006
1.708105
-0.982271
-2.393762
0.378110
2.386226
-1.752957
0.745992
-0.249398
0.235517
-0.745213
-1.029784
2.134873
2.784704
2.232760
2.512430
-0.573241
1.984085
2.873137
1.462721
2.354945
3.220192
2.791147
3.297288
4.574806
5.686823
7.033726
7.325555
7.087275
7.771726
-1.195253
-0.755177

0.814925
-0.124051
0.597536
-0.245227
-0.358675
-0.627116
-0.870379
0.182329
0.077119
-0.213055
-0.378953
0.099229
-0.236275
-0.624276
0.243481
0.228602
0.081573
-0.374481
0.485628
0.224404
0.526475
0.581331
1.496169
-0.254620
0.073600
0.798294
0.251970
-0.943560
-1.952381
-0.807733
-1.474646
-0.966437
0.525765
1.004250
0.840671
2.093622
0.410284
-0.072937
-0.648761
-0.896804
-1.570073
0.067205
2.014722
3.061092
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-2.917940

-1.069442
-1.765918
-2.250865
-1.729379
0.210793
0.594034
-0.534889
-1.110010
1.956402
2.143300
1.155677
-0.210541
3.479021
3.677503
4.607887
4.950364
2.815685
5.887328
4.464670
6.101127
5.055544
6.729276
7.352981
8.505041
8.467489
8.586726
9.418844
7.539393
7.005464
8.608293
7.183986
-0.327383
-2.627168
-2.726794
-2.141828
-3.879928
-4.771846
-5.750824
-4.894174
-4.394877
-4.096688

-2.855565

0.844220
1.845160
-2.466238
2.021286
-2.523555
-3.527979
-1.549912
0.628761
-1.621907
-0.606450
0.171661
-0.082676
-0.148427
1.041551
-0.917970
1.449561
1.652539
-0.524280
-1.842608
0.677996
2.375657
-1.153697
1.073603
0.279683
-0.734213
0.174287
0.770820
2.289335
2.248464
2.426633
3.180156
0.133540
2.796844
2.458240
3.796697
2.879460
3.757044
3.604817
3.505237
5.184692
6.357306

-1.906219

-0.109496
-0.657910
0.205444
-1.741871
-1.030580
-1.155527
-0.736686
0.965318
-1.652889
-0.986289
-0.571505
-0.925497
-0.574120
0.155795
-0.921712
0.528335
0.435121
-0.558858
-1.487619
0.181873
1.093790
-0.847697
0.543054
0.165890
0.605510
-0.931488
0.525750
1.309398
2.276445
1.520429
0.759082
-2.003541
0.122100
1.173956
0.140185
-0.500363
0.117031
-0.367185
1.191668
0.003500
-0.080856
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-3.745012
-4.653369
-3.111223
-3.195381
-2.940222
-3.338730
-3.745390
-4.614939
-1.346943
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-0.828781
-1.293468
-2.338542
-0.739225
0.266309
-0.356024
-0.990427
2.265116
2.434852
1.500020
0.227629
3.689843
4.736291
3.894505
5.938572
4.590309
5.091405
3.100559
6.155520
6.718699
5.204623
7.331103
7.525283
6.788858
8.528620
7.443572
8.393680
8.736608
9.251655
8.076201
0.347131
-2.042325
-1.332973

7.775654
8.401590
8.093935
7.970945
-2.964725
-3.259641
-3.163315
-3.551737
-1.798161

-0.531444
0.488391
-1.311716
0.691282
-2.459362
-1.967685
-0.479961
-2.342187
-1.339875
-0.845937
-1.475525
-0.569157
-0.962743
0.547763
-0.272121
-1.830495
1.250237
0.868973
0.863539
-0.612541
2.107382
1.549569
2.700168
3.497609
3.113648
2.431832
1.134310
0.106635
1.809400
1.169995
-2.351497
1.683509
2.531395

-0.189192
-0.191622
0.655531
-1.125447
-1.455678
-2.483008
1.177611
1.794589
2.327077

-1.418768
-0.540761
-0.189695
0.386770
1.393119
0.421261
-2.501438
0.746637
0.060240
-0.743460
-0.891894
0.058457
0.917487
-0.777438
0.952703
1.566738
-0.755638
-1.455919
0.114432
1.634104
-1.419768
0.143435
-0.715543
-0.505144
-0.547559
-1.784953
1.036820
0.816353
0.919381
2.095183
-1.552336
-1.081574
-1.210923

H
o
C
H
H
C
C
C
H
H
H
H
C
O

Cl

-2.454616
-3.062801
-3.767691
-3.077820
-4.248970
-4.798844
-5.653261
-6.686115
-6.417878
-7.657526
-6.811026
0.525771

-3.909336
-4.853984
-3.680033

TS1-S1

C
C
Rh
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-0.777368
-1.284407
-2.335036
-0.743789
-0.781980
-0.915779
0.159654
-0.980506
2.023606
2.462623
1.679945
0.428056
-3.897044
-3.775580
-4.665475
3.793751
4.662691
4.245547
5.934550
4.320114
5.514668
3.586735
6.404072
6.571188
5.826025
7.648494
8.095819

1.454503
2.042757
3.178530
4.040335
3.004957
3.534258
3.839681
4.193568
5.113779
4.356099
3.381712
-2.906833
-0.711832
-0.393628
-2.926546

-0.642272
0.436696
-1.319199
0.733039
-1.881301
-2.129733
-1.792308
-0.672372
-1.821382
-1.053478
-0.730942
-1.435103
-2.675302
-0.920703
-0.721900
-0.458853
-0.736618
0.390383
-0.189999
-1.394178
0.945747
0.614428
0.674219
-0.430832
1.597283
1.218049
2.095685

-2.089186
-0.198293
-0.610235
-0.740402
-1.597087
0.373685
1.176508
2.153142
2.698853
1.656587
2.889437
2.343569
-1.075725
-1.619020
0.923613

-1.332636
-0.543167
-0.073247
0.365557
1.377673
2.427632
0.534944
-2.409634
0.943766
0.080545
-0.934460
-0.880933
1.121813
-1.255023
-1.932240
0.101967
1.178757
-0.930866
1.231232
1.982855
-0.892343
-1.773955
0.193436
2.082767
-1.708987
0.235267
-0.828677



H
H
H
C
H
H
H
H
C
H
H
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H
C
C
C
H
H
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7.447199
9.114378
8.115063
8.538250
8.755601
9.490029
8.113723
0.546570
-2.021443
-1.306609
-2.412393
-3.066622
-3.810069
-4.198857
-4.681790
-3.070157
-2.476596
-1.767588
-2.481489
-1.200755
-1.060273

TS1°-S2
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-0.675713
-1.119383
-2.198468
-0.492288
0.296887
0.558044
-0.242247
-0.784141
2.399530
2.581530
1.646769
0.363582
3.849978
4.906413
4.056966
6.122556
4.758355
5.267497
3.253080
6.343634
6.909968

2.985565
2.441985
1.578222
0.924490
-0.156726
1.450695
1.257047
-2.343075
1.577440
2.407707
1.262758
2.013231
3.072824
2.820147
3.202642
4.352601
5.407566
6.687456
7.516720
6.879688
6.698288

-0.463638
0.620368

-1.144078
0.891784

-2.183355
-2.583405
-1.740658
-0.434827
-2.205554
-1.244808
-0.769853
-1.377825
-0.492805
-0.867500
0.582016

-0.199683
-1.703652
1.261441

0.885804

0.891648

-0.527008

-0.922935
-0.609403
-1.805398
1.342067

1.415801

1.191423

2.306868

-1.498230
-1.206927
-1.391755
-2.199126
-0.386780
-0.909433
-1.918745
-0.247049
-0.991389
-1.066558
-1.146535
-1.286723
-0.219996
-1.992828

-1.357657
-0.500748
-0.085920
0.359210
1.631999
2.602683
0.595821
-2.447045
0.909505
0.176351
-0.644507
-0.756824
0.119428
0.973305
-0.768214
0.952523
1.662439
-0.803215
-1.443214
0.058813
1.631814

s65

H 5.381787
N 7.535199
C 7.735409
H 7.020513
H 8.750175
H 7.625909
C 8.613072
H 8.923224
H 9.484230
H 8.329284
H 0.459313
C -1.855214
H -1.157163
H -2.215702
O -2.933069
C  -3.596890
H -2.902032
H -3.975802
C -4.724849
C -5.659893
C -6.788762
H -7.748819
H -6.786362
H -6.732074
C -3.153884
O -3.627677
C -3.703755
O  -4.594341
Cl -2.782715
TS1-S2

C -1.079360
C -1.453022
Rh -2.649800
H -0.792479
C -1.088311
H -1.158513
C -0.209590
H -1.321439
O 1.739143
C 2.184130
O 1377689
C 0.067940
Cl -3.418513

2.085146
1.551889
2.651843
3.475270
3.051977
2.331145
1.148555
0.103147
1.794367
1.239638
-2.319673
1.794929
2.652613
1.533540
2.168645
3.308941
4.174801
3.147737
3.646372
3.933936
4.273742
4.124789
3.635966
5.325732
-1.015079
-0.886689
-0.623926
-0.379684
-3.476859

-0.419660
0.578733

-1.114129
0.712773

-1.988302
-2.357681
-1.868588
-0.262423
-2.118216
-1.289619
-0.776885
-1.362019
-3.373325

-1.508141
0.028495
-0.892801
-0.709957
-0.766062
-1.945396
0.908534
0.725319
0.735713
1.973223
-1.323767
-1.108216
-1.226175
-2.128037
-0.294404
-0.760356
-0.809058
-1.792985
0.118718
0.833728
1.703512
1.181374
2.603566
2.030157
1.657852
2.678647
-1.148854
-1.802433
-0.724433

-1.177841
-0.187292
0.087902
0.679399
1.350861
2.370592
0.450024
-2.234935
0.769762
-0.025186
-0.941147
-0.913719
-0.662904
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S2

-4.029486
-4.857358
3.563751
4.469886
4.024436
5.786478
4.121146
5.339007
3.336859
6.266752
6.451154
5.652545
7.557400
8.022204
7.462416
9.082615
7.927318
8.478908
8.601783
9.464183
8.142456
0.062388
-2.104624
-1.340605
-2.514503
-3.129672
-3.734074
-4.088363
-4.624601
-2.867860
-2.170746
-1.332524
-1.884994
-0.433601
-1.004925
-3.722225
-4.274424

-0.773032
-1.210399
-2.344214
-0.670167
-0.464106

-0.509412
-0.212556
-0.804887
-1.269842
0.113854
-0.837089
-1.983715
0.555504
0.482917
0.093673
-1.222603
1.264257
0.522460
1.462343
2.414550
1.685824
1.052341
0.037621
-1.059748
0.495965
0.298026
-2.192700
1.864417
2.667898
1.742250
2.235977
3.458939
3.473523
3.538855
4.637470
5.613014
6.792739
7.560529
6.522832
7.238813
-0.864658
-0.654914

0.587388
1.134090
-1.209296
0.955722
-1.849324

-1.108347
-1.820185
-0.034716
0.940958
-1.000851
0.960179
1.692648
-0.996508
-1.766372
-0.012452
1.733414
-1.762966
-0.002126
-1.003033
-0.961214
-0.826758
-2.025236
1.006600
0.954909
0.849080
2.026791
-1.641332
-0.650953
-0.703197
-1.677814
0.232268
-0.070068
-1.122519
0.575285
0.157110
0.339109
0.568402
1.135897
1.148020
-0.385689
1.718041
2.685394

-1.007147
0.157557
0.117696
1.093852
0.792334

s66

O o0 0o T O

a

o@D TCToocooco@p@DaooIr ooz T oZzIIon oD aoaooaononoan

-0.192066
0.515833
-1.267514
1.924201
2.497396
1.727554
0.392320
-1.978649
-4.056711
-5.053521
3.886343
4.685747
4.486157
6.026081
4.234646
5.825280
3.879679
6.646429
6.606219
6.249113
7.957816
8.568260
8.495659
8.095399
9.631620
8.773656
8.397393
8.804626
9.801074
0.363998
-2.302882
-2.929951
-1.831099
-3.066671
-4.121283
-3.742119
-4.563431
-5.170586
-6.033440
-7.084992
-8.012569
-7.310742
-6.780796
-2.982500

-2.506394
-1.281819
0.840248
-1.345731
-0.380347
0.303558
-0.357411
-2.259953
-0.717754
-0.520575
-0.080368
-0.826669
0.969636
-0.538782
-1.640568
1.267887
1.549158
0.522587
-1.136761
2.082616
0.809853
1.887181
1.707314
2.859834
1.957222
0.045296
0.129559
-1.024193
0.430422
-0.905366
2.165469
1.955376
3.161287
2.179648
3.097767
4.127671
3.071381
2.802633
2.560907
2.258984
2.800272
1.179440
2.553455
-1.432319

1.629498
0.102789
-1.947493
0.362801
-0.268496
-1.042759
-1.080991
-2.139974
-0.640228
-1.147730
-0.106173
0.795538
-0.845035
0.957198
1.369975
-0.690990
-1.546718
0.218410
1.659823
-1.277701
0.372921
-0.386693
-1.474058
-0.161920
-0.124439
1.300379
2.335412
1.026317
1.280265
-2.036524
0.244953
1.133586
0.413833
-0.919709
-0.914344
-0.744887
-1.923675
0.085247
0.902224
1.876413
1.624525
1.881894
2.894806
1.840742
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-3.338868

-1.130454
-1.321830
-3.224503
-1.358637
-0.208228
-0.380257
-1.158635
-1.111013
1.157557
1.701520
1.039073
-0.946992
3.169266
3.861681
3.921179
5.247142
3.289585
5.307757
3.406329
6.019371
5.738176
5.847804
7.379127
8.138084
7.927991
7.918881
9.211158
8.076238
9.158023
7.787635
7.876540
-1.109021
-1.457571
-1.775840
-0.453060
-2.363759
-2.565583
-3.388449
-2.900122
-1.378315
-0.412484

-1.615569

1.085946
2.267247
-1.919949
2.309333
-2.218195
-3.190216
-1.425267
1.008245
-1.963552
-0.979191
-0.134994
-0.139204
-0.976332
0.044554
-1.976431
0.072355
0.824467
-1.962920
-2.778615
-0.937847
0.880991
-2.758181
-0.926191
-1.961026
-1.980126
-2.964166
-1.768609
0.107734
-0.072112
0.111535
1.113462
-0.067526
3.581843
3.434017
4.061926
4.377669
5.646146
6.106815
5.568393
6.527344
7.259918

2.917936

0.400870
-0.218571
0.004461
-1.315508
0.716110
1.181821
0.215429
1.494698
0.693267
0.001068
-0.603029
-0.369732
0.005069
-0.678943
0.657149
-0.718727
-1.188896
0.628127
1.191314
-0.067259
-1.260582
1.142411
-0.109906
0.563830
1.648683
0.153610
0.432913
-0.848797
-0.793127
-1.915830
-0.435277
-1.452261
0.486302
1.539790
0.515357
-0.214497
0.335239
-0.235600
1.391140
0.274464
0.235151
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0.747115
0.462431
1.549002
1.152856
-3.279602
-3.276149
-5.064481
-6.146688
-3.088808
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TS2”
-1.305724
-1.953222
-2.329626
-1.562313
-0.272286
0.385135
0.424001
-1.691693
1.827214
2.334507
1.571035
-0.110967
-4.229672
-5.343655
3.777093
4.588849
4.388353
5.958128
4.133208
5.755275
3.766903
6.589205
6.548080
6.184732
7.931027
8.546412
8.129156
9.624378
8.411220
8.756765
8.682175
9.806948
8.477236
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8.153677
9.174165
7.805485
8.206659
-2.179621
-2.332679
-2.389633
-2.668642
-1.559133

0.789021
1.602830
-2.257283
1.745934
-1.996237
-2.774712
-1.034463
0.626830
-1.049957
0.174814
1.132649
0.106676
-2.576450
-2.766707
0.280927
-0.857713
1.552957
-0.735001
-1.851147
1.692492
2.440333
0.547668
-1.639852
2.694373
0.673544
1.986298
2.627923
1.881487
2.506169
-0.504180
-1.191863
-0.199453
-1.063258

0.179100
0.486467
0.851574
-0.845140
1.838150
2971161
-0.277634
-0.481166
-2.387693

-0.660609
-1.526480
0.301596
-2.542310
0.291063
0.716204
-0.348080
0.349079
-0.417436
-0.400520
-0.544766
-1.070476
0.175334
0.050132
-0.214847
-0.020681
-0.225115
0.154626
-0.007671
-0.048033
-0.375461
0.148205
0.301655
-0.063997
0.321933
0.327376
1.124579
0.507802
-0.638872
0.504748
-0.357108
0.603150
1.416551
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S3

0.221421

-3.220582
-3.061167
-3.987821
-3.630598
-4.841568
-5.645908
-5.112877
-4.775036
-4.735410
-4.688450
-5.113594
-5.261570
-3.648007
-2.290733
-2.244884
-2.327775

-0.918692
-1.437578
-2.196410
-0.732073
-0.424052
-0.233507
0.574112
-1.302252
1.958365
2.539328
1.816074
0.288197
-2.408890
-3.832430
-4.747750
3.953245
4.706574
4.609579
6.061865
4.212479
5.963233
4.035307
6.739924
6.605281
6.432325

0.262662
2.322584
3.409212
1.997255
2.075133
2.678020
2.390390
2.269959
4.153203
5.363160
6.823726
7.301070
7.168412
7.171192
-2.193584
-2.147082
-2.348399

0.463634
0.977208
-0.942414
1.021940
-1.567276
-2.142901
-1.130056
0.871452
-1.186955
-0.215284
0.467510
-0.337575
-3.064465
-0.444264
-0.329895
0.012393
-0.779204
1.038024
-0.562249
-1.575123
1.268660
1.654999
0.470847
-1.196824
2.069328

-2.103861
-1.216586
-1.400254
-1.956581
0.084958
0.442723
-0.265620
1.429876
0.525491
0.597565
0.701815
-0.196918
1.579032
0.817725
2.149206
3.292349
-2.129682

-1.045671
0.225901
0.012702
1.066077
0.868767
1.782780
0.108493
-1.985224
0.333510
-0.325703
-1.093881
-1.116149
-1.303621
-1.045645
-1.697880
-0.133072
0.764550
-0.851346
0.937728
1.328234
-0.684970
-1.548290
0.215083
1.637732
-1.256760
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8.068749
8.733043
8.313292
9.799149
8.650897
8.840424
8.803113
9.890015
8.477406
0.439494
-2.349554
-2.930118
-1.739043
-3.207924
-4.281060
-3.925107
-4.747367
-5.298279
-6.134456
-7.149486
-8.118544
-6.846583
-7.293168
-3.133983
-3.625538
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TS3”
-0.293669
0.465428
-0.038963
-1.651787
-1.296190
-1.094127
-2.222218
-2.982022
-3.729992
-0.691739
-1.234970
0.256132
-1.732437
-2.361667
0.737396
-2.324376
-1.780117
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0.685511
1.742916
2.735617
1.752757
1.590078
-0.141869
-1.207376
0.178682
-0.053281
-0.841556
2.187615
2.197935
3.118136
2.174254
3.065918
4.093295
3.090437
2.677480
2.346790
1.944877
1.761567
1.015524
2.725800
-1.412568
-1.648195

1.398740
0.399020
-0.848281
-2.005280
-1.633159
-1.405334
-2.453388
-3.357116
-4.184056
-0.107169
0.650279
2.275972
1.434829
2.473986
-1.430858
0.608564
3.313915

0.374943
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6.380548
6.514859
5.799797
7.719713
8.227745
7.818380
9.320669
7.986444
8.643481
8.596772
9.668439

-0.239455
0.691330
-0.867052
-2.347593
2.258594
0.793973
-0.221539
-0.281655
-0.302823
-0.273997
0.662164
1.636783
3.233026
3.172302
3.616344
3.317431
4.089957
3.889795
3.060363
-0.592273
-1.213994
0.655325
1.483614
0.747258
-0.282904
-1.005769
0.339385
1.247901
-0.836007
1.002377
2.163005
-1.098440
-1.555378
-0.185593
1.736138
-2.020468
-0.438292
-1.651702
-2.555759
-1.679269
-1.704812
0.508634
1.494375
0.127739

-0.772442
0.919155
-0.372224
-2.233268
0.221069
-2.269667
0.583066
1.693364
2.689847
0.669357
0.028327
-0.473520
0.534191
0.109140
1.567276
-1.168670
-0.216153
-1.538484
-2.027987
1.605433
2.501359
1.646651
2.372217
0.927734
2.207679
-1.474327
0.064573
-0.512786
0.651068
-0.510622
-0.969758
0.661930
1.106138
0.079336
-0.969306
1.127325
0.086629
0.693632
0.206411
0.590910
1.771538
-0.503906
-0.004961
-0.402158
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8.443745
-4.251896
-5.105606

3.028543
1.562818
0.945306
0.101341
3.606847
0.991291
1.195407
-0.265480
0.573752
0.082022
-1.626464
-2.469735
-2.081381
3.822345
4.557849
4.379282
1.700048
2.882808
1.774446
0.866983
5.125301
5.562584
5.473741
5.536601
-0.382467
-3.891274
-4.881903
-4.301126
-6.231306
-4.571711
-5.647170
-3.550087
-6.658263
-6.961419
-5.916522
-7.982483
-8.385977
-7.969268
-9.480979

0.659938
-1.999632
-2.698737

2.107787
2.504738
2.021981
0.980698
0.946543
2.125559
2.602213
0.157113
-0.480475
-0.954064
0.175938
-0.492053
-1.162741
3.351924
3.162440
3.721449
4.044696
4.289130
4.421886
4.559119
0.875585
0.710305
0.044954
1.814736
0.749442
-0.302493
-0.971101
0.525782
-0.824834
-1.617047
0.686376
1.055358
0.015171
-1.365347
1.341336
0.170925
1.019670
0.670358
1.010820

-1.580777
0.103298
0.341687

-0.061521
0.051599
1.345775
1.444624
-0.442433
-0.807590
2.243474
0.269778
-0.560018
-1.422944
-0.032613
0.779586
1.702837
0.328552
1.129205
-0.561817
0.055309
0.767401
-0.986035
0.558251
-0.521393
0.478629
-1.150499
-0.930964
2.401263
0.402928
1.146421
-0.658822
0.850764
1.972895
-0.968831
-1.250069
-0.220163
1.453976
-1.798026
-0.515584
-1.616657
-2.579763
-1.701509
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-8.066119
-8.987076
-8.936289
-9.985419
-8.883978
2.560056
2.341434
2.324911
2.934415
3.010849
4.671197
1.975493
1.684100

4.572142
3.867325
2.939595
1.673016
4.054713
3.179723
1.124068
1.890331
1.283526
-0.228014
-1.088125
-0.710989
6.020421
6.325814
6.689333
5.035523
6.120586
5.256905
4.848770
4.834165
5.775511
4.234387
5.068182
1.007786
-2.497237
-3.510776
-2.877796
-4.853648
-3.223630

2.067983

-0.514157
-0.230471
-0.246527
-1.613573
-0.990710
-1.177146
-1.295286
-0.052259
0.314762

-2.228474
-2.820816
-3.869022

0.280478
-0.985796
-1.570992
-1.060270
1.527481
-2.553505
-0.139894
0.577234
0.902919
-0.012247
-1.075199
-2.208419
-0.105149
0.078753
0.489294
-1.867917
-1.477080
-1.701411
-2.943225
2.757083
2.501085
3.391756
3.374102
-1.575136
-0.633393
-1.608227
0.715894
-1.260989
-2.658103

-1.467384
0.270250
1.337843
-0.101221
0.204569
-0.279757
1.768132
2.886674
-1.884188
-2.974089
0.124223
-0.719971
-1.011994

-0.155521
0.224715
-0.706641
-0.948310
-0.164546
-1.133872
-0.035746
0.927318
1.784304
0.070964
0.128629
0.240212
-0.413373
-1.459673
0.243877
0.671633
-0.137721
1.746337
0.521260
-0.556604
-1.066353
-1.230304
0.328660
-1.643925
0.067371
0.149526
-0.071149
0.094721
0.258285
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-4.216961
-2.108796
-5.250931
-5.602316
-4.463648
-6.567462
-6.941605
-6.546135
-8.036436
-6.575700
-7.596121
-7.538617
-8.584053
-7.528033
2.733720

2.331162

2.936785

-2.984373
-1.926090
-1.051221
-0.001376
-3.034578
-1.268144
-1.232360
0.297846

-0.586408
-0.070394
1.630830

2.508183

2.137029

-4.285538
-4.722841
-5.051449
-2.860757
-3.934603
-3.189427
-2.404206
-4.260943
-5.115639
-4.087010
-4.507705
0.701348

1.081983
1.489766
0.102583
-2.050743
2.138552
0.455142
1.846751
2.283293
1.928422
2.460523
-0.560317
-1.120141
-0.083261
-1.289115
1.758927
2.881281
-0.399728

1.140893
2.260561
2.098893
1.258768
0.515445
2.327682
2.749416
0.282951
-0.490428
-1.225417
-0.004222
0.998214
2.101962
1.743489
1.127521
1.860168
3.476297
2.996965
3.816673
4.330396
0.409111
0.040115
-0.295971
1.396288
1.275698

-0.128183
-0.133485
-0.046582
0.162190
-0.235636
-0.100662
-0.245252
-1.181114
-0.271557
0.598737
-0.011527
0.940330
-0.062813
-0.840574
0.460896
0.685544
1.059719

0.143010
-0.086825
-1.296955
-1.322994
1.477235
0.794678
-2.161261
-0.269633
0.431726
1.063495
-0.109474
0.178432
0.474231
-0.441513
-1.239483
0.351488
-0.217122
-0.971491
0.788093
-0.741899
2.372979
1.786186
3.200596
2.801356
-2.165050
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3.914965
4.929938
4.293245
6.271349
4.644670
5.631241
3.524435
6.666780
7.020271
5.875253
7.982377
8.355651
7.986225
9.450446
7.963349
9.011188
8.908734
9.997668
8.990186
-2.565469
-1.826325
-1.248817
-2.234398
-2.102264
-2.395570
-2.364296
-4.904930
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TS-I (CF3)
-0.250081
0.345994
0.266127
-0.245782
-1.733059
-2.314202
0.329541
-3.568547
-3.594553
-2.593777
-1.715161
-0.510046
2.023076
3.011950
-1.926639
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0.550230
1.477304
-0.757585
1.124651
2.494617
-1.129406
-1.496648
-0.196608
1.878240
-2.154322
-0.552298
-1.896289
-2.146702
-1.981702
-2.653549
0.412675
0.784855
-0.061401
1.284555
-0.881097
0.091514
-0.239145
-1.006649
-1.055873
-2.861481
-3.962221
-1.502945

1.857582
1.508331
-0.696131
1.117202
-0.770243
0.421537
2.341315
0.838403
2.119857
2.701601
1.669084
-0.197491
-0.575404
-0.519625
1.748644

0.107499
0.414905
-0.252990
0.362963
0.697938
-0.309500
-0.491357
-0.004416
0.607708
-0.590247
-0.061528
-0.450846
-1.462470
-0.462277
0.253425
0.267370
1.303545
0.176812
-0.412675
-0.080919
2.061778
3.016940
-2.004740
-3.125930
0.408403
0.653039
-0.525747

0.315043
-0.855885
0.593840
-1.691767
-0.103926
-0.027941
1.104440
-0.558852
-0.583811
-0.060685
0.571511
2.938572
1.380327
1.934674
1.649614



1.787972
2.212995
1.825297
2.505355
3.855301
3.953678
4.253662
4.662344
5.332455
6.147789
7.220163
5.906859
5.974512
0.806868
1.168972
-4.727635
-4.422061
-5.102134
-5.531077
-2.421660
-3.720404
-1.839909
-2.348384
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TS-II (CF3)

C  -1302755
-2.456796
1.130306
-2.514942
2.360600
1.149419
-1.212174
2.320090
1.386022
0.245827
-0.048882
-0.205689
-3.733995
-3.550271
-4.444112
-4.272654
-5.472447
-5.690183
-5.359963

IIOOIIOIOOOOIOOI?O

1.786931
0.920317
2.651765
2.061768
2.375804
3.227267
2.703018
1.240878
0.316728
-0.798674
-0.584833
-1.726633
-0.973247
-2.016672
-2.844817
2.858209
3.885874
2.323890
2.882548
-1.955321
-1.781892
-2.303684
-3.021566

0.954707
0.890783
-1.547618
1.248882
0.908628
0.594780
0.585581
2.990584
3.394205
2.745544
1.520704
1.760110
0.356545
-0.098908
1.198592
-0.584623
-1.160381
-1.991769
-1.594162

-1.175121
-1.718964
-1.875355
-0.011758
-0.218061
-0.921980
0.756085

-0.719824
-1.132970
-1.623046
-1.477205
-1.077683
-2.698173
-0.605644
-1.311025
-1.169128
-1.407073
-2.054705
-0.408656
-0.710476
-0.983618
-1.867109
0.090485

0.274373
-0.399300
0.117209
-1.436652
-0.397021
-0.279331
1.303063
-0.448411
0.228505
0.359336
-0.331973
-1.399661
0.183588
1L.177717
0.329943
-0.707211
-0.278073
-0.968886
0.737030
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-6.620949
-7.568228
-8.717009
-9.016511
-9.580376
-8.476453
1.402617
1.570223
0.953849
0.827511
0.772059
1.427891
0.500162
1.495520
2.307902
3.851166
4.437705
4.291911
4.222309
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TS-I (CO:Me)
C 0221791
-0.333945
-0.244407
0.289974
1.779712
2.317754
-0.394214
3.576973
3.577370
2.556120
1.684553
0.424645
-2.033163
-3.043347
1.861855
-1.773627
-2.164520
-1.813266
-2.528112
-3.879167
-3.980635
-4.308683
-4.647613

OEEOOEEOEOOQOOOOEOOE?O

-0.223890
0.535464
1.446444
1.723175
0.968779
2.370583
-1.946995
-2.169857
-3.389933
-4.469571
-1.015427
4.664173
5.236748
4.396034
5.253735
0.831913
1.379211
1.447865
-0.439501

-1.934900
-1.326127
0.524364

-0.795063
0.683526

-0.522140
-2.553605
-0.845636
-2.091036
-2.748176
-1.851665
-0.487930
0.303332

0.171129

-2.168331
-1.497367
-0.531778
-2.212529
-1.969257
-2.200094
-2.897404
-2.697474
-0.968378

-0.271252
-0.257545
-0.240966
-1.265751
0.252452
0.311150
-1.690542
-2.795036
0.587186
0.913050
2.456821
1.025345
0.873847
2.094346
0.736752
-0.496543
0.554323
-1.578818
-0.564197

0.003750
-1.078949
0.756235
-1.807095
0.139111
0.014175
0.659950
-0.582640
-0.875511
-0.496809
0.327725
2.972663
1.446560
1.947327
1.367688
-1.479721
-1.856370
-2.332091
-0.405699
-0.694796
-1.551315
0.190054
-0.983892



-5.287775
-6.065113
-6.996822
-5.484717
-6.330884
-0.684533
-0.984820
4.703615
4.341062
5.204610
5.418225
2.555716
3.503962
2.046467
2.652050
2.096304
2.585890
3.711517
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TS-II (CO:Me)
C  -1.260908
-2.409590
0.989969
-2.444288
2.412382
1.192425
-1.192668
2.327545
1.455656
0.324247
0.012867
-0.132083
-3.710546
-3.555869
-4.396868
-4.264852
-5.504201
-5.732197
-5.450397
-6.609773
-7.526715
-8.636579
-8.895585
-9.532654

IIOOOIIOOIIOIOOOOIOOI?O

0.034656
1.245267
1.255589
2.145876
1.305531
2.109400
3.098047
-2.724417
-3.591130
-1.988606
-3.076984
1.909686
2.317467
2.546119
3.775311
4.145305
4.503211
3.627929

0.942678
0.943755
-1.595316
1.346156
0.858898
0.549135
0.531296
2.944095
3.341030
2.692943
1.502682
1.784010
0.427868
-0.069756
1.285588
-0.462220
-0.989240
-1.801425
-1.440224
-0.002451
0.793154
1.751146
2.033748
1.313326

-1.224539
-1.505898
-0.915542
-1.243501
-2.574618
-0.116234
-0.613793
-1.585827
-2.156323
-2.230122
-0.818466
-0.190020
0.433547

-1.241942
-1.609112
-2.480942
-0.784790
-1.873210

0.350371
-0.335652
0.142922
-1.357765
-0.372824
-0.208454
1.364634
-0.435118
0.321315
0.516615
-0.220812
-1.280787
0.209422
1.188125
0.377131
-0.723732
-0.348110
-1.058214
0.664228
-0.372784
-0.388747
-0.409035
-1.443221
0.062505

-8.372918
1.246471
1.421568
0.634567
0.398303
0.738383
1.569572
0.632968
1.735425
2.420353
3.850296
4.213294
4.621480
6.015210
6.487165
6.417305
6.191706
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2.667990
-1.948532
-2.140568
-3.420143
-4.493070
-1.123531
4.587956
5.163731
4.289445
5.187082
0.568006
-0.569982
1.622527
1.393661
2.383956
0.767391
0.899518

TS-I (H), TS-V (Me)

0.936396
0.212609
-0.025143
0.672956
1.870575
2.252875
2.660878
0.501493
3.950355
4.205126
3.363849
2.360049
0.920360
-1.720839
-2.676109
2.659703
-1.168792
-1.776743
-1.083436
-1.761064
-3.026592
-2.981658
-3.307908
-4.069057
-4.931663

OOEEOOEEOIOOQOOOOEOEOI?OO

1.129160
1.425690
-1.165391
1.386516
-1.193228
-1.770065
-0.271678
1.276002
0.155163
1.300205
1.733970
0.655545
-1.888747
-1.190456
-1.277656
0.239879
2.019140
1.571074
3.105438
1.825809
2.408711
3.495193
2.295533
1.791416
1.296633

0.144725
-1.672011
-2.781885
0.549964
0.838378
2.516314
1.147494
1.099170
2.197657
0.797412
-0.572536
-0.718508
-0.570623
-0.765372
-0.751627
0.046088
-1.733297

-0.746766
0.366000
0.086836
1.359847
0.988121
1.841558
0.456674
-1.737895
0.932573
0.430137
-0.422251
-0.692029
-2.143021
-0.849622
-1.457949
-1.667001
0.333130
1.143546
0.562409
-0.914600
-1.056314
-0.837348
-2.115964
-0.205428
0.490854



-5.978409
-5.730165
-6.943969
-6.103178
-0.735547
-1.125045
5411113
5.240012
5.679563
6.234797
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TS-I (H)

0.699550
1.873051
-1.900199
2.012406
-2.914104
-3.992536
-1.740349
0.525622
-2.698512
-1.771100
-0.690189
-0.471632
-0.234324
3.062974
2.796719
3.860397
3.518493
4.635618
4.770801
4.454853
5.884023
6.914797
8.161258
8.517865
8.007895
8.951677
-2.190043
-2.378880
-1.900799
-1.873037
-1.575989
-1.762821
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0.698943
0.793528
1.203385
-0.371679
-1.755221
-2.146954
2.065913
3.137043
1.859936
1.722219

1.068317
0.870689
-1.240010
1.180864
1.314120
1.343786
0.885851
0.744543
3.342829
3.707538
2.986844
1.713344
1.906932
0.233857
-0.140818
0.996974
-0.812577
-1.488685
-2.385186
-1.836219
-0.690260
-0.048902
0.722955
0.922412
1.691567
0.176390
-1.593793
-1.781240
-3.090182
-4.176986
-0.758537
5.008327

1.325274
2.395793
1.151296
1.091516
1.693388
2.700828
0.801075
0.625534
1.846906
0.147736

-0.222412
0.388599
0.019880
1.433675
0.625973
0.735664
0.441784
-1.256022
0.750441
0.042398
-0.169289
0.467433
1.529242
-0.271218
-1.280263
-0.398798
0.546844
0.047688
0.675494
-0.990524
0.072702
0.086920
0.106750
-0.917777
0.611972
0.648250
1.825157
2.934416
-0.456695
-0.785046
-2.345816
-0.706703

s78

H -0.791395
H -1.901131
H -2.583605

TS-I (Me)
-0.769777
-0.077752
0.076059
-0.572059
-1.850207
-2.567736
-0.298746
-3.864834
-4.074345
-3.190709
-2.202515
-0.852481
1.793743
2.762917
-2.470842
1.327244
1.888304
1.283462
1.950302
3.248374
3.253323
3.558121
4.228961
5.043085
6.029850
6.080064
7.032697
5.768345
0.753907
1.151866
-5.274463
-5.014001
-5.694071
-6.016808
-2.388793
-3.445162
-1.785655
-2.291248

IEEOEIEOOOEEIOOOEIOOIEOIOOQOOOOEOOE?OO

5.510816
4.787815
5.645698

1.409031
1.477104
-1.078019
1.261429
-1.193263
-0.140079
1.712310
0.241821
1.460069
2.009468
0.965253
-1.310606
-0.973143
-0.961326
0.733669
1.999523
1.375357
3.025042
2.016520
2.541566
3.567555
2.615771
1.714894
1.050103
0.243714
0.538199
0.371169
-0.826679
-1.994137
-2.603712
2.190954
3.243548
1.711803
2.154436
-2.219178
-2.057921
-2.220751
-3.230410

-0.583557
-1.779776
-0.352466

0.605146
-0.560241
0.197465
-1.514632
-0.660328
-0.278241
1.542719
-0.783977
-0.478893
0.258589
0.677752
2.534722
1.089548
1.682213
1.720604
-0.674013
-1.397380
-1.105422
0.573665
0.572314
0.150658
1.627471
-0.167157
-0.774569
-1.499300
-2.560978
-1.057768
-1.448822
-1.264154
-2.153868
-0.933425
-1.118788
-1.828081
-0.114613
-1.626756
-1.903446
-2.552737
-1.194057



TS-II (Me)

C  -0.780782
-1.952693
1.621729

-2.065589
2.860256

1.671635

-0.636829
2.678710

1.728291

0.629782

0.423406

0.211450

-3.177590
-2.938123
-3.935623
-3.682822
-4.846585
-5.028723
-4.702602
-6.041261
-7.022466
-8.211493
-8.529664
-8.002565
-9.050486
1.917401

2.119717

1.486730

1.389035

1.337364

1.732702

0.765087

1.876103

2.558820

4316962

4.588354

4.661881

4.813071
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TS-I (Ph)
C  0.410636
C  0.825222
Rh 0.389619

1.008585
0.865053
-1.368822
1.194537
1.208639
0.767279
0.665608
3.182919
3.594627
2.906545
1.625973
1.830880
0.272826
-0.138794
1.072758
-0.728763
-1.344180
-2.217441
-1.723507
-0.467265
0.247742
1.105524
1.360395
2.045102
0.600054
-1.652108
-1.793403
-3.228375
-4.326129
-0.961137
4.917813
5.424129
4.727300
5.536241
1.135390
0.065710
1.594892
1.623957

2.095470
1.457178
-0.448365

0.254346
-0.375087
0.015722
-1.417468
-0.493899
-0.341489
1.286274
-0.597215
0.059274
0.236484
-0.404728
-1.469766
0.261599
1.262977
0.403404
-0.583104
-0.112623
-0.760901
0.920187
-0.136109
-0.148007
-0.165688
0.859202
-0.704680
-0.672984
-1.794796
-2.910053
0.412089
0.690885
2.406329
0.765081
0.631291
1.843505
0.390017
-0.607819
-0.613222
-1.547834
0.246086

0.058820
-1.066097
0.735348

s79

0.099150
-1.644034
-1.919077
1.141861
-3.125310
-2.892860
-1.738264
-1.035728
-0.053437
2.197237
3.223564
-1.130790
2.263443
2.452965
2.428256
3.113070
4.477756
4.706451
5.014561
4.972753
5.388072
5.896960
6.977987
5.741840
5.385894
0.496050
0.542455
-3.908108
-3.412210
-4.580570
-4.496203
-2.619951
-2.643880
-3.515157
-3.550626
-1.936684
-4.406737
-3.502177
-4.435832
-3.556907
-5.082402
-5.136386
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a
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TS-II (Ph)

1.079003
-0.212744
1.090316
2.552619
1.707219
2.943330
3.358293
2.254950
0.560686
-0.608855
-0.696626
2.535322
1.360886
0.348854
2.077956
1.644911
1.604437
2.294047
1.973771
0.251851
-0.852226
-2.183950
-2.139167
-2.889210
-2.583617
-2.006185
-2.981696
3.841731
4.667364
3.276757
4.260075
-1.275486
-2.467940
-1.163478
-3.492490
-2.580715
-2.198626
-0.266904
-3.363735
-4.401390
-2.093409
-4.169978

-1.794902
0.126867
0.050062
0.729480
-0.437430
-0.652646
-0.311455
0.418886
3.007011
1.396166
1.875182
1.479876
-1.491111
-1.900297
-2.326791
-0.422490
-0.734984
-1.573140
0.154030
-1.077770
-1.364669
-1.706227
-1.921555
-0.872609
-2.598196
-0.271245
-0.874635
-1.236244
-1.765891
-1.896572
-0.397928
-0.229390
0.526933
-1.317505
0.233297
1.354973
-1.625019
-1.942639
-0.846278
0.843379
-2.480079
-1.085438



IIOIOIOOOOIIIOQOOOOIIIOOOIIOOIIOIOOOOIOOI?OO

1.524583
2.702629
-0.711857
2.789760
-2.130045
-0.907013
1.406242
-2.079204
-1.137658
0.005873
0.281943
0.472401
3.967081
3.761408
4.670378
4.533122
5.743839
5.979218
5.640644
6.873112
7.806891
8.935937
8.578534
9.629724
9.497200
-0.743401
-0.763678
-0.422990
-0.228118
-0.679728
-1.213235
-0.269717
-1.364232
-2.064816
-3.556574
-4.431791
-4.062324
-5.799735
-4.031965
-5.431917
-3.369961
-6.300144
-6.479913
-5.822684

0.970591
0.940220
-1.535860
1.331127
0.981228
0.606710
0.569008
2.950477
3.406720
2.787809
1.540385
1.793066
0.398830
-0.080845
1.239413
-0.519655
-1.071501
-1.897364
-1.508936
-0.111578
0.664338
1.599799
2.638369
1.391581
1.523631
-1.761356
-1.871444
-3.388539
-4.481606
-1.183702
4.708378
5.263998
4.479048
5.295721
0.757071
1.358480
-0.111352
1.084089
2.041799
-0.391607
-0.558259
0.205826
1.552409
-1.071825

-0.315555
0.318028
0.009229
1.341473
0.344431
0.270733
-1.329710
0.406819
-0.235993
-0.367643
0.315280
1.374327
-0.285144
-1.263462
-0.468135
0.613505
0.184550
0.876280
-0.829922
0.177474
0.166340
0.154180
0.257119
0.985941
-0.792338
1.854289
2.990563
-0.327406
-0.571735
-2.403336
-0.975565
-0.870830
-2.045592
-0.607278
0.287436
1.215468
-0.705036
1.153772
1.969325
-0.744680
-1.425979
0.179726
1.871462
-1.507392

s80

H -7.372358

TS-IV (CF3)
1.924486
0.523408
-0.054592
-1.136950
1.950689
0.830198
2.789684
-0.213253
0.433881
-1.829435
-0.959595
-3.191281
-3.944140
-3.461466
2.693425
3.651364
2.913554
1.402699
1.983231
0.770876
2.164330
0.848907
0.911615
2.491108
3.043725
3.168355
1.670514
-1.524568
-5.404152
-5.997005
-5.698646
-5.576356
-1.279077
-0.837493
-2.579533
0.681616
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TS-III (CF3)

C -1.210384
C 0.154045
Rh 0.816013

-0.010320

-0.469297
-1.783195
-1.858869
-1.105848
0.768996
0.172735
-0.492430
-1.549325
-2.518723
-0.147230
0.649753
-0.062063
-1.188104
-2.269707
-1.543580
-1.686073
-1.192814
-2.970251
-2.733378
-3.868752
-3.144434
1.814267
2.781780
2.110811
2.080946
2.457619
2.842464
-1.262881
-0.866456
-1.783190
-0.120660
-0.421681
1.760150
2.936951
1.914526
1.593610

-2.247228
-1.679588
-0.997603

0.140089

1.306229
0.487587
-0.871096
-1.300743
0.974828
-0.631598
-1.991607
1.268259
-1.596462
-0.392877
0.243619
-0.378795
-0.297005
-0.119264
2.031735
1.490053
3.053249
0.855448
2.098789
0.944323
0.068118
-1.622873
-2.205031
1.318853
2.271937
0.519527
1.402086
-2.315061
-0.450006
-0.335739
0.306139
-1.444454
1.185575
0.709574
1.436014
2.372858

-1.908451
-1.872886
-0.009688



0.869717
-1.170494
-2.219187
-1.376490
-3.395738
-3.441108
-2.478440
-2.287091
-3.296393
0.300625
0.640289
-0.647443
1.290078
1.131323
0.199804
1.024618
2.292300
3.240359
4.378370
5.245161
4.676574
4.109212
2.091446
2.475001
3.419018
-0.364138
-0.856677
-1.272771
-2.522281
-0.811895
-0.575843
-4.820332
-4.855596
-5.554430
-5.065052
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TS-IV (H)
C  -1.645867
C  -0.043160
C  0.574245

C 1.532537

C -1.872203
Rh -0.677979
Cl -2.488500

-2.384865
-0.346478
-0.595577
-3.152909
0.094346
1.408582
1.987004
-1.694095
-2.068345
-0.287510
-0.318941
0.274730
0.384664
1.800720
2.057038
2.144990
2.449403
3.016696
3.688884
3.727174
3.154149
4.722048
-0.004294
-2.038709
-2.654347
-1.928822
-2.684967
0.701888
1.113704
0.225881
1.799207
1.964629
2.998957
1.338934
1.932667

1.145078
1.582117
0.821871
-0.162394
-0.055290
-0.593302
-0.524704

-2.317622
0.512845
-0.349944
-2.506118
-0.299555
-0.650849
-1.064220
-1.298122
-1.500422
-2.518417
-3.569472
-2.461642
-1.720265
-1.708416
-1.165797
-2.754314
-1.094612
-0.594692
0.036321
-0.644262
0.953828
0.313778
1.865905
-0.176317
-0.200398
1.101662
1.819159
1.607609
1.864334
2.762553
1.316447
-0.454581
-0.820166
-0.987211
0.620335

1.038234

-0.237043
-1.347362
-1.166342
1.430024

-0.136121
-1.845462

T T T O @D T T @m moa0m T 00000 m a0 TmT

0.634728
0.226474
1.987909
0.979064
1.103174
3.326646
4.216899
3.889736
-2.231129
-3.153762
-2.506649
-0.723335
-1.339477
0.040580
-1.445555
-0.961506
-1.172773
-2.627308
-3.176613
-3.345138
-1.938588
1.982821
5.624718
6.325887
5.711890
5.856048

TS-III (H)

C
C
Rh
H
C
H
C
H
O
C
O
C
H
C
H
H

1.163168
-0.235965
-0.606925
-0.917580
1.291026
1.472994
2.235244
1.319467
3.351979
3.663012
2.932053
2.263238
3.248063
-0.699179
-1.256218
0.157778

1.727866
1.031971
-0.544698
-0.760043
-1.074816
-0.746699
0.220752
1.291587
2.531684
2.474514
2.845841
2.873713
3.450252
3.580317
2.676443
-2.483546
-3.594911
-0.899303
-0.279264
-1.537472
-1.565620
-0.633278
-0.231369
0.581977
-0.525526
-1.117657

-0.276875
-0.275405
-1.226633
-0.621120
-0.687210
-0.697274
-0.084409
-0.415423
0.419876
1.729214
2.501674
-0.076252
0.037473
1.092609
1.701644
1.675701

0.615399
-2.364774
0.198725
1.049995
2.093124
0.454390
0.152353
-0.278884
0.980806
0.366487
2.000902
-0.665201
0.444369
-1.027988
-1.483861
-0.074125
-0.023802
2.394380
3.121482
1.850775
2.940797
-2.049736
0.435963
0.207726
1.494805
-0.177868

2.347852
1.852110
0.020980
2.641964
-0.656548
-1.738843
0.125623
3.425632
-0.497594
-0.345133
0.207636
1.580083
2.046261
1.298013
2.031126
0.918498



-1.562981
-1.593147
-2.133096
-0.559758
-2.258464
-2.796247
-3.447722
-3.653915
-4.404619
-2.802469
-1.346150
-2.242685
-3.140523
0.814407
1.527415
4.993418
4.981425
5.199644
5.780309
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o =T X O O O O O

TS-VI (Me)
C  -0.752281
-1.833314
-1.873465
-0.914699
-1.261905
-1.461912
-0.359182
-0.287076
0.047114
-0.818985
0.090128
-0.888928
0.551140
1.541735
-2.795123
0.741853
1.360145
2.917056
3.639093
3.148898
3.033833
4308713
4.655633

IOOIIOIIIOOIOOOOQOO?OO

0.762036
1.679062
1.168629
1.877384
2.941157
3.991196
5.258901
5.307823
5.364333
6.112913
-1.771576
-2.148346
-2.725950
-2.434282
-3.336432
2.043044
1.743337
3.117378
1.458414

-2.189567
-1.553168
-0.176690
1.489360
0.841753
0.446329
2.366655
3.197134
4.223761
-0.386512
-0.820487
-3.247136
-1.620690
-2.357423
0.075432
-0.581543
-3.403490
-1.847266
-2.482148
-2.006433
-0.505586
0.040395
-0.143851

0.193061
-0.887106
-1.701284
-1.233770
-0.527494
-0.243490
0.095528
1.178070
-0.442537
-0.170467
-2.272921
0.718064
1.079618
-0.014926
0.003296
-0.970932
-2.031542
-0.879541
-0.466043

-0.340846
0.224400

0.622842

-0.115332
-1.826240
-2.877841
2.094409

-0.783894
-1.132530
2.616880

3.128017

-0.600791
-0.563495
-1.123166
1.168885

-0.275340
-1.403012
-1.396216
-0.835243
-2.473628
-1.046199
-1.244866
-2.282002

4.206960
5.326690
6.167644
7.182744
7.699200
6.716001
7.937149
-2.932653
-4.123490
-4.255558
-5.203184
-5.270604
-6.161493
-4.940983
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TS-V (R)
C  -0.782935
-1.160290
-2.335420
-0.585138
-0.452282
-0.169018
0.525574
-1.300096
1.924145
2.493741
1.708412
0.391595
-2.067405
-4.052535
-5.057562
3.867867
4.674428
4.456531
6.003715
4.235290
5.784510
3.848193
6.611593
6.587797
6.199139
7.907461
8.509302
8.448153

EOZIIOIOIOOOOOOQOOOOIOIOI?O

1.130526

-0.466046
-0.873119
-1.355881
-0.509858
-1.968120
-1.974154
-2.362161
-1.993705
-1.003312
-2.976000
-3.060060
-2.640736
-3.970413

0.490320
1.114493
-1.244028
0.978000
-1.899620
-2.525059
-1.351845
0.708248
-1.397600
-0.432576
0.221504
-0.448853
-2.340390
-0.688896
-0.449683
-0.108653
-0.822701
0.943396
-0.502998
-1.635662
1.273217
1.498904
0.562187
-1.074543
2.087203
0.882703
1.956937
1.751730

-1.118538
-0.296553
0.478528
1.419544
1.903477
2.209604
0.904694
0.478381
-0.041253
-0.706275
0.320272
1.417314
-0.097191
-0.077287

-1.041511
0.104782
0.150154
1.027972
0.799472
1.657719
0.088226
-1.978454
0.349860
-0.299112
-1.091065
-1.111805
-2.119180
-0.554343
-1.027778
-0.135152
0.792236
-0.887884
0.965695
1.377613
-0.722804
-1.607560
0.214518
1.687013
-1.317424
0.382643
-0.393174
-1.476057



8.013839
9.567803
8.728227
8.317448
8.801345
9.739644
0.356953
-2.239231
-2.832460
-1.751700
-3.047637
-4.051794
-3.615067
-4.512184
-5.100052
-5.966465
-7.019511
-7.982193
-7.149924
-6.773837
-2.954384
-3.297612

ooz T aoorT OO T DT Q@D T

TS-VI (R)
-0.282571
0.472341

-0.040542
-1.670273
-1.317521
-1.100681
-2.179860
-2.990404
-3.731317
-0.770484
-1.441545
0.266557

-1.719094
-2.350847
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2.923064
2.048110
0.161858
0.248527
-0.909327
0.586705
-1.014679
2.159569
2.005756
3.155873
2.118108
3.092738
4.107346
3.030470
2.916335
2.786318
2.622022
3.002171
1.556435
3.170238
-1.517086
-1.735766

1.392910
0.403100
-0.816503
-1.978558
-1.611792
-1.393137
-2.480899
-3.331907
-4.165528
-0.004506
0.775447
2.257880
1.428403
2.459572

-0.192693
-0.119408
1.344295
2.365218
1.087243
1.342899
-2.056650
0.179128
1.102116
0.276559
-0.956983
-0.995563
-0.892716
-1.995162
0.035181
0.875573
1.882242
1.500670
2.135752
2.807186
1.872938
2.948614

-0.625129
-0.039965
0.515745
0.030786
-1.759338
-2.858153
2.362738
-0.398820
-0.607081
2.497101
2.963878
-1.018521
-0.715355
-1.327101

s83

T T T O @D T O0zZzDnITToznaorzoocoocococoaocoozrznraoocooaozz oo O T T

0.729830
-2.305527
-1.769307
-3.831174
-4.167049
-4.065288
-4.473110
-5.866902
-6.153334
-6.217286
-6.543558
-7.107244
-7.794352
-7.696973
-8.868512
-7.373726
1.825509
2.695691
2.315972
4.104804
5.117578
4.490425
6.461176
4.830839
5.830119
3.726798
6.863714
7.209500
6.080646
8.177319
8.559831
8.200957
9.654897
8.159128
9.204444
9.148893
9.124262
10.192157

-1.384874
0.609347
3.290049
2.565168
3.508063
2.683698
1.453489
1.460391
1.609676
0.459351
2.482335
3.319175
4.321267
5.327660
4.082737
4.346430
0.675739
-0.232210
-1.243812
0.165857
-0.686338
1.362299
-0.367555
-1.617546
1.699260
2.041196
0.842395
-1.057138
2.634547
1.163837
2.400719
2.438641
2.479366
3.284013
0.272154
-0.724091
0.132743
0.699057

1.057890
-0.286702
-1.748590
-1.483893
-0.997130
-2.566113
-0.946728
-1.084960
-2.146027
-0.785210
-0.254435
0.420495
1.240708
0.800124
1.319943
2.260022
0.068476
-0.434736
-0.972748
-0.252080
-0.739288
0.387681
-0.599602
-1.237055
0.536912
0.775800
0.046935
-0.992213
1.038982
0.189245
0.843328
1.888215
0.856004
0.312893
-0.315014
0.160570
-1.408773
-0.097013



S11. NMR Spectra

Me Me

S

V4

TsN

OAc

©
~

om._\
681 —
orc—

vv.N/

6L°€
I8¢
£€8°¢
s8¢
98¢
68'¢
06'¢
96'¢
Wy
[4\ad
L0V

TIDTAD TES

vL'S
ﬁ.m/
8L+
ors
€8°s
88's
68'S
16's
€6's
S6's
€L~
ce’
YLL~
oL’

c0'€
6T
FE0'E

H\.vm.w

Feot

Isoz

6l

0.5 0.0

1.0

2.0

2.5

3.0

6.0 5.5 5.0 4.5
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

9e7€~
€8¢’

ARTAN
[t

€L9¢ —

8Y'Ly —

78'€9 —
19'1L
_m.ﬁﬂ
€10 91'LL~
0618~
v0'p8 —

66'LTI~
¥8'8T1 -F
ow.oﬁ\
LTOET

9T'9€]
oper1 7

Y8691 —

CH,

Vi

A\

HyC

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

210

s84



Ph

YA

OAc

e

=L6C

=L6C

L0

Freo
o'l

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

9 —

STIc—

2ozad vses /.
prss 7
09 —
€6'89 ~

8€CCl
SY'LTI /

16691 —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s85



OBn

Me

V4

OAc

1c

6T

adTAD TE'S
8’
8’
s8's
98’
88'
88'S
88'
68°S
68'
06's |
L0'9 1
809 1
609 §
o |
0191
ooy
1199
119
Ty

(-

6T

61
6°1

Fore

Fo60
Feon

00T

9.0

10.0 9.5

).5

f1 (ppm)

9 —

LTIT—

TIDTAD ¥8'€S
17'85 —
LA CAN
v6'89 \
0L —
LTSL~
6878
9L'€8
1898 ~

OB~
vosi

99°'LTI

co.rﬁ/
or'8CI &
¥6'8C1 \

om._m_\
Nw.mm_\
90°LETL

§9°6ST —

76'691 —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s86



w9e—
hN._/ STyl —

6T'1
gl /

€81
ww._w.
IS

86°0C —

1.5

d
Y 2
2.0

Me CO-Et
7
OAc

d

/—_

B

60'C

25

SOy TIOTAD ¥8'ES
¥S'8S
90t PLTON
ey~
$9'89 —
L0b PISLA

YT8LA
o 11728\
o1y = = Rt 20€8

3.0

=
<
<

T
3.5

0C

D
S
~
fl
4.0

T
4.5

5.0
f1 (ppm)

%
S
wy

-

T
5.5

6L°S = 60
6L'S WAW: L
6Ls 860 61'sTl —

6.0

LI'gEl —

T
6.5

T
7.0

0r'€stT —

7.5

8.0

79691 —

T
8.5

T
9.0

10.0 9.5

S
)5

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O -10
f1 (ppm)
s87

190

210 200




Van——

4

OAc

1e

8’1
mw._Wy
1

S

L

0r'e

90'%
LOY
LOY
80'%
80
80'%
ory
1y
Iy
[484

TTAD gfE
6L'S
%.mu
08°S ]
186

F00°¢
FE0'E

AO.N
0T

860
960
Foot

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

w9e—

16°0T —

TIDTdad v8'€s
N»p.mm/
om.mc/

689

99°TL %
10°€L
9E°EL
ILEL
90°SL—
80°€8

09°¢8
¥9°¢8
89°¢8

cTL'es

9L TIT
9P eI —
7

67691 —

|

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 -10 -30

-20

0

10

f1 (ppm)

s88



TsN

14!

16°S Y
°6°S
°6°S
¥6°S
¥6°S
¥6°S
96'S 7
96°s
86'S %
86'S
€10AD 9T'L
6T'L
el
LN
vrLs

o

CH,

=20'¢

Roo¢

7660

0T
ko

m\.vc. 1

001

10°1

1.0 0.5 0.0 -(

1.5

2.0

2.5

3.0

6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

)5

9€°¢€ —

RN
€917

£€8°9¢ —

YriLy —

50°€9 —
091
6v'SLA
€10adD 9 LL~
96'8L
6187

66°LTT~
L0621
Q.OEN
99'621
€1°9¢€1
eser1 7

L9691 —

Hy,C

CHy

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

210

s89



19

vg ;
sg'1
mM._g
.
aw 2
95z |
L5
B.L
Lot
80
80
60'F
60
ory
ory
ey

N—.ﬂ#
6L°S
6L'
08'S
08'S
18°S
18°S
€8s ]
€8'
_\x.mg
)
vs's
58S |
58
L85
85
S.f
88'S 1
88°S
88° |

88°S —

88°S ]
68°s
68'S
685 4
06'S ;
909 4
1094
80'9 4
809 4
60'9 ;
6094
() \;
or'9
zr9
9
€19
€1'9
€pan ozs

f
|

9T'L J

= =¥0'¢

o

ECT6°0

—

\ MM?_
60

0.0

0.5

2.0

2.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

10.0

2.5

°we —

2012 —

6T°8S ~_
8E'€9

6989 N
€6'VL /
8¢ wn/

€10AD 9TLL ~Z
1€°6L
v6'zg

18'9T71 —

TLTET —

89691 —

-10

10

20

30

50

60

70

80

90

100
(ppm)
s90

£1

110

120

130

140

190 180 170 160

200




OMe

\
1h

TsN

1091
109 1
€0'9 1
€091
709 1
9091
L0'9
L0°9
L0'9 Y
809

809
wo.i
609

169
e69L

T0TAd 9T'L
(L
6z
[TAN
€LL”
66'L~
1087

=16'T

=£0'€
=160

E6'Y
o'l

€01

01

0°1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

8€'¢ —

€91 —

88°9¢ —

65'LYy —
09°56 —
TTE9 —
69 1L~
8L
€IDAD 9T'LL —
YL,
36187

o—cH;

HC

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O -10
f1 (ppm)

190

210 200

s91



NMe2

Me
Vi

1i

TsN

€51
¢m.~W.
14!

T~

w9T v.

£€9°C

70

s8¢
&.m/
00
T0Tad Nm.f/
$8°5 |
L85
685 |
06°S
¥6°S
S6's ;
96°S
L6
L6°S
66°S
109+
mc.c\
90'9
S99~
8997

0L~
L’

H,C

FL0'¢

Hle
60

=819

11T

90T

0T
96°1

0.0

0.5

1.0

2.0

25

4.0 3.0

4.5

6.0

6.5

7.0

8.0

9.0

10.0 9.5

2.5

£1 (ppm)

e —

w9 —

E.RM

sTor

€6'Lh ~
210TAD K8'ES

18°C9 —

0S°S91 —

H;G

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210

s92



NMe2

\
1

TsN

-9
o &
—_
—

2I0TAD TE'S 7
98°s |
88°S |
06's 1
167
$65
165
165
86°S 1
86 k
109
$0°91
90°9 )W
9079
L097

$9°9~
1997

0€L~
L

e
=00'¢
Feo

g9

F90°C
Bre

J10°1
16°0

E80°C

60T
B0

f1 (ppm)

Tl
mw.m_\
19°'1C~

:.rm“

YT or

€8°LY —
TIDTAD ¥87ES

8T —
88 IL—

s
2008 —

07’88 —

YO ITT —
11911 —

T8l
c_.om_/

°ee91 —

H,C

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

210

s93



o~
(]

=

P4

TsN

1k

m@.N)
€97
$0°€
98¢
88°¢
Y0t
TDTAD Te's
cw.mg
\.w.mg
oo.mg
16'S 1
S6'S
L6'S
L6°S
86°S 1
86°S
66°S
_o.c;
209
S0°9
mo.c)w

—

90°9 3
90°9 ~
/

6’1

F00'€
Foeo

=009

6’1
Hoc

4860
00T
10°1

FLoc

Feoc
F66°1

0.0

0.5

25 2.0

3.0

4.0

4.5

5.0
f1 (ppm)

7.0 6.0

9.5 9.0 8.5 8.0

10.0

2.5

69°€1 ~
0v'81~
€912~
veee

egoe !
orLe
6z0r 7
9L Lt~
T0TAD ¥8'ES

7879 —
WL,
:.mh\

0008 7
7698~

I —
TTol1 —

[1'8C1
m_.ow_/

~

67°S9T —

™

CHy

Hy

N— CH,

-~

-10

130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

140

200 190 180 170 160

210

s94



NMez

TsN

11

[dlordete]

Tes

)
o
%)

©
N
w

)
%
w

88°C 1
£6'
76°S |
76°S |
96
86'S |
86°S
S.fW
20'9-¥

€097

199~
v997

9TL~

Fo0°¢
60

=19

61

o'l

80T
286°0
60
00l
0’1
60

0T

F86'1
86°1

0.0

0.5

25 2.0 1.5 1.0

3.0

4.5 4.0

5.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

2.5

oWl —

LELE—
Yooy —
sy —

TIDTAD v8'€S —

8L°C9 —

91I'sL—
L6'6L~.
LT
0L'P8 ~

90° 11T —
607911
€911 V
€L°LTT
01'8CI
96'8C1 —

£€6°6C1 N
8€0¢l \

LOPST —

167691 —

N

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

190

s95



€T~
9T
£€9'C

o€ —

&' S6'¢ 1
= L6E~N
= 0g't

TDTAD TE'S
w6's
o v6'S
c A 96
o o L6'S
£ 209
- ¥0'9
= S0'9
90'9
809

Z

T

J

=0'¢
Fce0

=0T

201
beoec
60T

F00'C
Foo's

2€0°T
®oc

0.0

0.5

1.0

2.0

25

3.0

4.0

4.5

6.0 5.0
f1 (ppm)

6.5

9.0 8.0 7.0

9.5

10.0

9 1c—

TIDTAD ¥8°€S

18779 —

61°SL~
L6'6L~
0078 —
0798 —

SO°IIT
60911
1s°zen
€1°8C1
758zl
78821
L68T1
10°0€1
TSOET E
9L 1€l
06'1¢€1
STOET
8THYI —

90¥ST —

891 —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s96



NM62

4

TsN

Ar = 4-CGH4Me

1n

udTad

1€T
vETT

(x4
€9°C V.

v0'€ —

Pe'EN
96°¢ ~
6T\
s
16
€6°s
s6's
L6°S
209
€09
509
509
L09~¥
8097/
§9°9
199
969
869

90°L
NN.F\
6T’ L
vw.hx
9L’L

98°L
88°L

- 6'C

k60

uu Hoz
- 661

00T
61
761
266'1

161
5561

H;C

0.5 0.0 ~

1.0

3.0 2.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0
£1 (ppm)

2.5

€5°1¢C
9¢'1¢C

m:mw

szor

L8 ~
7107AD ¥8'ES

7879 —

8I°SL~
86°6L ~
sTis
8198 —

16691 —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s97



NMez

©)

Me
4

\
10

MeO,C
MeO,C

TIDTAD Te's

€Ll
YL W.

SL'T

wT
N@.N/

0L'c

1Lc

wb,N\
OM.N\
°0'e
89°¢
89°¢

SLs
9L
6L
08°S 1
L85
L85 1
%.m;
68°S
16°6
1676
w6's T
£6'S
66' ]
66'S
ooi
009

599

£99

S8
L8L”

|

N

_ /8870

Wmo.o

%Mo.m
0'¢

-2 p360
101
L10'1

|

—— 70C

0.5 0.0 -(

1.0

2.0

25

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35
f1 (ppm)

)5

g€ —

6S°€C —

8T SE—
0gor —

L6TS ~

20zad ww.mmw
v9°LS
SE'e9 —
WEL
S8'PL—
SP6L~
vro8 /.

9T 11T —
8Y'OIl —

0L'6Tl \
9T0¢€l —
89°1¢€1 s

€6°€ST —

1S°691 —
TSOLT —

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

210

s98



Ph

NMez

[}
=

(o}

€10dd0

o
3]
<+

==

J

60
60

Fe60

L6'0

01

0.0

0.5

1.0

2.0

25

3.0

4.0

4.5

6.0

6.5

7.0

8.0

9.0

10.0 9.5

2.5

£1 (ppm)

9€Y —

9T0r —

90°€9 ~.
0F'L9
TAVAN
S6HL~
€1DaD 91'LL —
€008~
yTp8

6€°96 —
€6°01T —

911 —

ssLTl
8Tl /

T9°S91 —

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

s99



NMe2

0

[dierdete]

©
)
w

N_.wjﬁ

LS'L~
68°L”

F26°0
Ez60

=<9

Sz
Lo

10°1
Z0'1

=0T

1.0

2.0

25

4.0 35

4.5

5.0
£l (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

2.5

vYTor —

TIDTAD ¥8'E€S ~
18°L5 ~
80'€9
0769
69'vL
€0°SL
L6'6L~
sz08

YOI —
°ToI1 —

66°LTI
0TEl
vrier s

YOPST —

LSS9T —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s100



NM92

\

vy C
v9°C
20'€
L0V
80t
80t
60t
60t
o1y
o1y
TIOTAD TE'S
88°S
68°S
06°s
06's
T6'S
T6'S ﬁ
T6'S
€6'S ]
€6'S
v6's
L0°9
L0°9
L0°9
80°9 ﬁ
809
8091
609 1
609
0191
0191
:.o;
1199
[AX°E
[4X°E
SR\

SI'9—=

199~
9997

98°L~
88°L 7

F00°€

Foso

=609

860
60
0'1

Feoz

5.5

6.0

1 (ppm)

¥9'€ —

€Ty —

TIDTAD ¥8°ES —
8€'85 —
PI'E9 ~
£6'89 \
66'7L
8TSL
TE08
98'78 ~

€OIIT —
STOIl —

LSLTI~
SEIEL~
eLer”

oSt —

LSSOT —

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

s101



o~
(4]
=
P4

Ar =4-CgH,Br

1s

vy C
$9°C
0'€
L'y
81y
LEY

caoTdad te's
€6°S
€6°S
¥6'S
S6°S

0T
=80'C

»T0°1
Aot
=£6'1
00T
00T

10T

1 (ppm)

STor —

TI0TAD ¥8'€S
9585 7
ey~
6€769 ~
PO'SLA
908

658
NEwV

90111
YToT1

10°€T1
66°LTI

0
1)

YLIEL
L6'TIEL
09°€el

3
d
B

€0PST —

LSSOT —

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

210

s102



Ar = 4-C¢gH4CO,Me

1t

mo.mg
mo.Ng
v0°¢
68°¢
61
0Ty
vy
caADTAD TE'S
S6°S
S6°S
96°S
96°S
66's 4
66°S
0094
009
019
019
19
19 ﬁ
18]
N_.og
S1°9
9191
L1°91
L9
f.o;
8191
619
6179
129
1294

I

79
o’
99'9 <
8997

0s'L
WL V
L8'L
06'L V

S6'L \

L6'L

O—CH,

e o,

Foeo

6T
00T
0T

7860
6'0
01

FI1e

Fs6'1

W.Mo._
0'C

0.5 0.0

1.0

5.0 4.5 4.0 35 3.0 2.5 2.0
f1 (ppm)

55

9.5 9.0 8.5 8.0 7.5 7.0

10.0

6T 0Y —

0s'zs
TDTAD +8°€S
9585
ereo’
97°69
90°SL ~
LTOS~
pLSS N\
7588~

PUTIL—
SE9I1—
65°LTI
8@2/
SL6TIAE
seoel f
Srigl
9L 1€l
$0'TEL

OPsST —

857591~
¥9°991

O— CHy

CH

N\

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s103



NMe,

4

TsN

S-ene

6€°C
€5°C
ST
SO'€
08¢
18°¢
L8'E
88°¢
€rs
91's
LTS
LTS
9¢°¢
8¢S
6S°S 7r

65°S
09°s
s
€9°s
v9'S
mo,mF
99°s 1
1Ls |
s |
SLs
9L
6L°S
%.Eﬁ
18°6 4
T8 |
786

686~
009
_c.@*
109

€99~
5997

€1DAD 9T L —

H,C

FL6'C
560

266'1
61

0T

=0T

10T
F$6'1

f1 (ppm)

Y91 —

oTor —
8LV
9L 6y ~

9979 —

66'FL~\
€I0AD 91'LL —
99°6L 7

8011
20911
Sy6ll
1€°LT1
sreclt
L9°6T1

€LIel
99°Cel

~
“@
~
)

5
a
R

rrevl

)
©
-
“

I

167691 —

T
100
f1 (ppm)

140

80 70 60 50 40 30 20 10 0 -10

90

120 110

130

200 190 180 170 160 150

210

s104



NMez

1u

060

86T
10°¢ —

96
$9°s
99°¢
89°¢
69°¢
€09
09
90°9
809
809
019
099~
€997

€1DAD 9T L —

TO'L~
ve'L

v

H;C

Lot

60

209

Too'1

61

1.0 0.5 0.0

1.5

2.0

2.5

3.0

6.0 5.5 5.0 4.5
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

cLer —

€6'1C—

0r've —
90°0 —

89°¢9 —

YL~
€DAd 9I'LL—
€9°08

99°01T —
SE9IT —

1zser
09'1€1 ~
LT9ET ~

05°¢sT —

L9°S91 —

4

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

s105



Me

OAc

TsN

Me

2a

L9] —

T~

1Te

LES
6€°S

'S

9~
o/

€10dD 9T L~
9€°L~
8€L /
TLL~
vLL /

CHy

—(

6'C
%w.o
10°¢
e

Foot

Fore

10T

1.0 0.5 0.0 -(

1.5

2.0

2.5

3.0

6.0 5.5 5.0 4.5
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

SLvl~
98°0T~\
oLl

LE0E—

-
“a
=

I

60°1S ~
P es

€0Ad9I'LL—

€011\
6v'TTl —
81°LT1 ~
0T8Tl 7
€0°0€1

I 1el
el
PSLET

o'l
€eCst /7

€6'891 —

00°00C —

CHy

o—(

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

210

s106



O

Me

OAc

Ph

el
N

6€°S

or'S —¢
:u.m\
s

€10dd Nm.m/

CH,

o

FHO'E
Bere

Fore
Fore

F96°0

00T
B60'1
61

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

8Pl —
v6'61 —

LTEY —

€10dD ¥8°¢S —

€€°0L —
S8 YL —

€9°891 —

vL96T —

CHy

o

HiC

7

o

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s107



99T~
oLt

€10a0 97'L /) ﬂ
veL
seL
seL ]
9¢°L
LEL
LE'L

—

6'C
8T

Fsoz
Feoz

R4
FL60

FL6'0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

L8Pl —
SI'oc—

o'y —

sroL
sToL>
89'pL
ead oL’

LLYIL

Y0611
SLETI
1791
19°LT1

I+°8C1
€881~

soo€l -f
No,om_\
ov._m_\
Nm,o:\
LS 6€E1

oIS —

18291 —
TL'891 —

80°S61 —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

190

210 200

s108



CO,Et

Me

OAc

3d

TE
€€
PET
9¢1 1
18°1
;L
81T
v9°C
99°C

)
<
-

€10ad 9TL —

H,C

=T9'¢

o

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

Prvl~
§6'91
96'0T

98y —

€10dD ¥8°¢S /
9919 —

h-dw/

'vL \

s
98°7T1
€E°0E1 .
0€TEl —
6L8ET ~

soevl —

187991 ~
Y1691 -

/T CHy
Jen

H,C

-30

-20

-10

70 60 50 40 30 20 10 O

80

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

s109



CF3

Me

OAc

3e

S8l
oN.N/
Nm.m/
w$T
€6°C
ST
ST

o'y
SOy
90'%
801

0Ty
5.*/

€Y
€Y
STy
6Tt
wy
SY'y
adTAd TE'S —
8L'S
08'S
18°¢
439
L8'S
68°S

0'¢

>L0'1
01

1
Bor

6°0
6°0

9.0

10.0 9.5

.5

f1 (ppm)

9,91
8L°91
18°91
qwo_\

80T

crey —

2IDTAD P8€S
s

89°69 —
SI'vL —

9¢°sTl
YL STI
¥8'STI
€1°9C1
_v.cm_*
8¥'8CI
IPLET —
1601 —

L8IST
06'151
Y6’ 15T

L6IST

90°691 —

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s110



Me

OAc
4f

TsN

coTas

S6'1
orc—
T~

98'C—

STy /

LTY
wN..«N

s —

HyC o
o
N
o Crs

o]

| MM

I
\:\57
o

Hy,C

ez
B00€
JSre

L6'1
€0°C

F96°0

=101

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

9.0

10.0 9.5

).5

10T~
0T 1T~
so1c

06'v¥ —

PLLITN

8T9TI /
91’8zl

0€°0€1 M
LOEET

oseer

L8891 —

S6'S81 —

C

(o]
N
o CHy

o

l
r

o

LI

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s111



Me

TsN

OAc

8¢'1
om._W.

651

STT—
T —

m@.mw

6’
STy —

HO
5f

cadTdd Te's —

H,C

HO

CH,

.

F650°¢
=10°¢

80T

90T

7660
260

20°1
M/aa.o

661

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

7.0

7.5

85 8.0

9.0

10.0 9.5

).5

TIDTAd v8'€S —

se€e— —

6T 1T~
wic”

86°9¢ — I—

S99 — —

61 1L — I—

81°€8 — —

LOTTT ~
09°€1T
€6°LIT —

8E8TI
96621 —

o
cLﬁo
891617

w_.mm_\

HB
CHy

P8yl —

HO

6L°TST — B
[€°LST —

05691 — E—

[¢]

210 200

70 60 50

80

180 170 160 150 140 130 120 110 100 90

190

f1 (ppm)

s112



Me

OAc

49

00—
we—

L0°€ —

9P~
187"

979~
879~
PS9~
959"

€10AdD 9T L —

HyC

CHy

Froe
Feoe

%_O.N

Feeo
Foot

9.0

10.0 9.5

).5

f1 (ppm)

991 —
wie—

€867 —

€8y —

SISL~
€10Ad9I'LL —

06°L1T —

10¢C1 —

ceoel —
£€8°6€1 —
Tlvrl ~
60°LYT ~

96891 —

66°S81 —

|

L

e

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O -10
f1 (ppm)

190

210 200

s113



L81
881 W.
881

STT—

Ty
0Ty
1Ty
wy

YLy —

Me
OAc

59

cadTad Te's —

HO

859
wméw
099
SO'L
SO'L
90°L

LOL
80°L
80°L

6T'L

I

CHy

o

i

Ho¢

00'¢

0T

Feg'n

501
Foo'1

<
rel

T
9.0

10.0 9.5

f1 (ppm)

L9°€ —

96°'1T—

—

98¢ —

€€°0L —
61vL—

9€¥8 —

8E0IT —
O el —
vToTr —

s€6Tl —

8TTST —
LY’ LST —

09691 —

CHy

[e)

e

HO

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

210 200

f1 (ppm)

s114



OMe

Me

TsN

4h

00CT—

&T—

98¢ —

8TH
oy

€10dD 9T L~
€ELT
SEL \
€L’L—F
SL'L /
008
0’8

_CHy

HC

18T

w_w;

Ed

61
61

Foot
HO'T

1T

00T
Froc

0.5 0.0 -(

1.0

2.0

2.5

3.0

6.0 5.5 5.0 4.5
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

LOLT—
oL 1c—

S6'vy —

19°s¢
99°6¢
8S°LS /

€0Ad9I'LL—

8TYI1
YEYOL

S8°681 —

Hy

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

210

s115



[
<
<
\n
=}
9€°€ —
<
65°1 Lo €L1T—
oo,_w. - 80°€
19°1 -
e
19°9¢ —
LrT— =ore |3
L9y —
o TIOTAD ¥8°ES
e 96'SS ~
\n
[ en
o} 68°€ -
W E.m/ =L0'€ S
86'¢ =961 <
66°€ 681 - 81°€8 —
66°€ )
[ <
o:\ 2
<E
v
T ° €10dD TE'S 8 m\
[N} - N ~o
= < L9 Lo %
7 7 ° e PRI
€L°9 LT~
e vL9 o L8LIT
T F e 60721 ~
089 0P'8TI N
= 089 " 96°6T1 ~
. 669 [ o 69°1€1 \
10°L e} o PSTET
et g | 2 1T°s€l
I.»% =~ 8 Prl —
6L~
6eL> : L SIEst —
~
e/ 2 €€°LS1 —
€8°L 61 £V P91
- (=
8L z F o 68791 A
18 00T
€I oHnrHo “
[~ o0
e
o
‘N
A.wv o
I
<
-t
wvy
L =

50

CHy

130 120 110 100 90 80 70 60
f1 (ppm)
s116

CH; O
140

Hac—< :}—
190 180 170 160 150

210 200




NMe,

Me

TsN

4i

861 —
we—

96'CT~
S0°€

8TH .

oy’

TDTad Tte's —

98'LT
ww.n\

HyC

S8'1
81

60
$00'1
FLOT

H/mo.N

61
%O.N

£1 (ppm)

€0°LT —
99'1C —

€Tor —
YoSy —

SELIT
0L'9z1
91'8T1
om.oi/
vTTel
s8Tel A\§
Loger /.
[TRTIEN
9T HPI
orvit
80°9%1
wyst

60111
mo.m:/

6L V9T —

68°S81 —

10 0 -10

20

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210

s117



NMe,

Et

TsN

LTV~
8€Y

L

FL6'T

40T
2809

>L61
861

F00'1
#00'1
0T

20T

=0T
Foc

0.5 0.0 -(

1.0

2.0

2.5

3.0

6.0 55 5.0 4.5
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

vLTI —
69°'1C ~
L6'YT —

LTOY —
8€Sy —

ILYS ~
LS —

€DAD 9T'LL —

Y0°S81 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

s118



2

NMe
(o) O

TsN

4k

9Ty~
LEY

adTan te's —

HaC_ - CH,

CHy

Hy

|

0'¢

&o._
0°¢

P8l
IS

=V6'1

6’1

=160

10T

=0T
061

2.0 1.5 1.0 0.5 0.0

2.5

3.0

4.5

5.0
1 (ppm)

7.0 6.0

9.5 9.0 8.5 8.0

10.0

)5

90%1
86'0T
9T €T~
79°0¢

mwﬁmw

STor—
reSy —

6v'PS ~
8S°LS —

€DAD9T'LL—

17681 —

WO O

CHy

Ll

|

I

L “.l ln‘

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s119



NMe,

TsN

41

or'c—

S8T—
s0'€—

¢m.vg
£y
eS|
€S
TI0Tdad Te's
Tesy
9€°S
LES
1S
1S o
mwm/ﬁ
[
8¢°¢
8¢°¢
€9
€€'9
679~
(4
€59
$$°9
969
$9°9
L9°9
1eL
€€°L
99°L
89°L
S8°L
L8L

——

HsC\N/CHa
ol o}
N
o

Hy,C

=161
=009

91T
2€0T

01
F60°1

f1 (ppm)

[0

Yooy —
sy —
TIDTAD P87€S
8L9S
00°LS

1L°681 —

HyC—

Ll IMH“

-10

30 20 10

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

200 190 180 170 160

210

s120



NMe,

Ph

TsN

4m

&T—

1076~
g0’

TAdTAd Te's —

LE9
6£9
099
99
S99
L99
86'9
00°L V

veL

1 (ppm)

99°'1C—

810V —
oL'Sy —
TIDTAD ¥87€S

PO'LS ~
6cLs”

LS8 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

210

s121



Me

NMe,

TsN

4n

6£T~
[Aa4d

66T~
[

SOy —

LEY —

or'9
%9

LS9
om.c/
L8°9
88°9
61'L
1TL

€10AD 9TL f
o:\
TeL
09°L
T9°L
98°L
88°L

H;C

c0'€
0°€

WMN.N
09

1T

IR

Aoz
2061
91T
__J yoot

H\S,N

0.5 0.0 -(

1.0

2.0

2.5

3.0

6.0 5.5 5.0 4.5
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

At
69177

w6t —

€roy—
oSy —

L69S —

€0Ad9I'LL—

6L°011
16'%11
Ov'LTT
19°LT1
16°LT1
L6'8C1
6t°6CI1
L6'6C1
9¢€Cel
wN.mmﬂWr
8€Eel =
[esel
Ye8EL /7
9€ Yl N
8ISt
99°9t1
00°LY1 \
[V %9
98 %91 —

16681 —

H,C

o
I
s
I
o

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

210

s122



2

NMe
o O

Me

MeOZC
MGOZC

S0'CT—

40

adTad te's —

w9
€T9
[4
¥$'9 V
69'9-T
L9 \

88°L~
6.7

)

860

z01'C

96'1

2.0 1.5 1.0 0.5 0.0

25

4.5 4.0

5.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

€TLT —

seor
ss'er \
9€7st L
ey
8€°€ES~

0TAd %.&\
yTss

6T I~
89°CTI ~
STLITT

8s79z1 7
1Teer —
6SLET ~
LOTHT ~
T9SHT ~
96°LYT —
1THST~

€691 —

ILTLT —

08°L81 —

o

Hy

Hy!

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s123



NMe,

Me

Ph

ap

€10dd

16'r—

08y —

S6'S
[ /

199
mc.o/

86'L

=lo¢

Woo.o

FS6'0

=01l
01
% 6°0
e

200°T
AN

=0T

1.0

2.0

25

3.0

4.0

4.5

5.0
£l (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

2.5

€ELL —

cor —
sy —

89'VL ~
€0AD9T'LL

9€'98 —

LS981 —

O O

H;C

-10

0

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

s124



5

1

4q' =

4q

2

NMe

NMe,

e

4q'

4q

90°€ 1
86°€ 1
66'€ 1
00 |
0
YOt
90t 1
LOY
ST
LT
vey 1
rer
€Y
set -+
197~
vor /7
ﬁ,w\
oLy
TADTAD TE'S —
909
609
19
€1°9
v19
919
0T9
vT9
179
€79
899
0L9

68°L~
167

f1 (ppm)

L0°0E —

9T 0¥
61ty 7
6091 s
TI0TdD v87€S ~

6811
E.ﬁw
L8°SL—
i’
SITI
€T
6T°S11
91°811 1
05°€T1 1
80T 1
el
95921
Lrog1
rrzel %
81°T€1
grzer
0roET
8t 11
ey syl

o_._m_
_32 W
LEPST
crss1/
68°€91
691

<0591

167981 ~
LE8ST

T T
200 190

210

1 (ppm)

s125



NMe2

90'¢
86'€
66'¢
00
10t
w0r
YOy
90t
Lot
8%
naw\
wwv&
8€h
R 09y
-2 vo'y
< zocadces —
90'9
60'9
19
€19
vI'9
91'9
07’9
vT'9
L99
0L9

68°L~
6.7

‘ ) |

)60
01
60
160
=L0'C

1.0 0.5 0.0 -(

1.5

2.0

3.5

0

"

.0

6.0 55
f1 (ppm)

T
6.5

7.0

8.0

9.5

10.0

).5

€Tor —
6l'vy —

7IDTAD ¥8'eS —

687 1L~
1€vL—

I —
€TSI—
6V €T~
Lovel T
LLYTI

sreer

SV IVl —

EEHST
€Tss1

06'€91 ~
90°591 7

LEB8T —

5
.

d

*

|

f1 (ppm)

s126



66’1 —

90°€ —

2

NMe

\/H/\ g
o 9LV~

e
o 187

4r

caoTad Tte's —

Me

06'L~
L’

Ha O

H;C

|

8.0

19
10°C

0°C
0°C

¥86°0
ZSO'1
3L0°C

0.0

0.5

2.0

25

4.0

4.5

7.0

10.0 9.5 9.0 8.5

2.5

791 —

€0y —
or'Sy —

TIDTdd v8'€S —

8E€CL~
SLLLT

f1 (ppm)

60111
crstt
s

vz
STTEI
ST9ET ~
PO'6ET ~
8E'SPI A
€LY~
BETST\

86'¥91 —

S0°981 —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s127



Br

NMe,

4s

r0'€ —
1ee—

Wy —

6Ly —

aDTdd ce's —
(49
$9°9
mc.o/

00°L
[4RN

16L7

Br

=079
FL6'1

FL0T

F01'C

25 2.0 1.5 1.0 0.5 0.0

3.0

4.0

4.5

6.0 5.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

2.5

oy s
86'SY
cI0TAD P87ES N\

18°SL~
soLL”

€8°681 —

Br

HyC_ = CH,

-10

T T
200 190

210

1 (ppm)

s128



o€ —

€ee —

NMe,

o'y —

0]

-
(@] < 08t —

adTdd ce's —

¥$9
$5°9

$9°9

xc.c%
vL9 7
or07
ST°L~
ozL”

68°L
16°L V

£0°8 N

SO0'8

MeO,C
o}

=919
Eso6'1

=70'C
BL6'1

25 2.0 1.5 1.0 0.5 0.0

3.0

4.0

4.5

6.0 5.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

2.5

v8'65 7
LSt —
0TS~

TESL~
89'9L 7

SLOIT ~
SLYIT ~
€8°LIT—
sTotl
61°6CI1 M
LY'6T1

L9°6TI
cLiel
€6°1¢l
mc.cm_\
:.mv_\
Y6’ Syl
N@.w:\
10°%ST

S5 P91 w
85991

SPS81 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

210

s129



OH

n-Pr

NMe2

S5u

wm.o/

961
8¢°1 V

vLS
299 \
€99
$99
$99
199
899
o9
80°L
oL’

coad oz’

€0°8~\
5087

OH

o

CHy

F0'¢

Frre

=LT9

0T

0.0

25 2.0 1.5 1.0

3.0

6.0 5.0 4.5
£1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

2.5

LT'Pl—
v6'CC —
181¢€ —

€Tor —

€DAD9T'LL —

PP601 N
6011 —
SrEN 7,
testi”

YToTl ~
SP0ET ~
1ceer

687671~
88°€ST
eIl

LT991 —

OH

- CH,
\
CHy

o
|

-10

130 120 110100 90 80 70 60 50 40 30 20 10
£l (ppm)

140

200 190 180 170 160

210

s130



OTBS

S33

900 — —0T'9

[AESEd
- FIREN
Fs 9L E~

060

06°0 Fe6 1o
ps81 —
[
. - 8097 —
o W. - Feo'e

e
98°1 Fei
‘o
Fei
e
Ls ’
6L°LS
" oreo
e [ 1969~
S0P LTSt
60 oot Lo €10a0 .::wm ~N
- - F<
o e H/Nw._ \
LIy e "
81y F<
81y
£
te &
=
"
b
LS 80°sT1
(43341
ssser
Ln L9°TET
e 06'T€1 W
PIEET
<
P
€10aD 9TL — -—
"
P
<
o

CHy
o
|
-
CHy
T
8.5

e /
e

H,C
5o

-10

120 110 100
1 (ppm)
s131

130

140

200 190 180 170 160

210




~ o1y
Q ory
= Iy
P4 14

(484

€y

€10dd 9TL —

6L

6L

€6'L

e

Feeo

Foro

Fso

Fooz

f1 (ppm)

oLe—

910 —

61°8s
$879
YL~

A

r6'6L
98°C8 ”

187011 —
9T 911 —
10°LT1
9TLeTt
os'Lztt
8S°LTT
YT oel
8¥°0€1
cLoet
€L1E

657691 —

e

f1 (ppm)

s132



NM62

66°1
66°1 W.
66°1

90°€ ~
e

oYy
_x.vw
wy

TdTdO TE's —

4r-d

6€9
699 /
mo.o/.

Lo
Lo N.

06°L
16'L

6L \
6L

H,C

/CH3

CHy

FLre

6°1
6’1

Eeso

Bz

Fooz

4.0

55

6.5

1 (ppm)

or'9lr —

;.ov/
14044
SUsy
SESY 7/

TIDTAD ¥8'¢€S —

ov'SL~
OLLL—

80T~

LTTEr -
80°9¢1 —
89'6€1 —
IPspl~_
6E°LY] ~

rEPST —

96'v91 —

90981 —

HiC

/CH3

CHy

-10

10

30

50

80

90

110

210

1 (ppm)

s133



S12. X-Ray Data

X-ray diffraction of compound 4f

Me O
2 \Kl)\/‘l‘g"l }\*C’-‘
TsN = 3% L8 b
OAc \ﬁ_‘!) 2K ;<1<" N
J 7\
& &
4f

CCDC: 2325937
Crystal data
Chemical formula Ca0H21NOsS
M, 387.44
Crystal system, space | Monoclinic, P21/n
group
Temperature (K) 170
a, b, c(A) 13.9338 (4), 5.3680 (1), 26.0420 (7)
B (°) 104.617 (3)
V (A3 1884.81 (9)
z 4
Radiation type Mo Ka
p(mm™) 0.20

Crystal size (mm)

0.32 x0.25 x0.03

Data collection

Diffractometer

XtaLAB AFC10 (RCD3): fixed-chi single

Absorption correction

Multi-scan

CrysAlis PRO 1.171.39.45i (Rigaku Oxford Diffraction, 2018) Empirical
absorption correction using spherical harmonics, implemented in SCALE3
ABSPACK scaling algorithm.

Tmin, Tmax

0.750, 1.000

No. of measured,
independent and
observed [l > 26(1)]

14584, 5063, 4469

reflections

Rint 0.015

(sin 0/A\)max (A1) 0.716
Refinement

R[F? > 26(F?)], 0.037,0.104, 1.04
wR(F?), S

No. of reflections

5063
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No. of parameters

247

H-atom treatment

H-atom parameters constrained

Apmax, Apmin (e Aﬁ3)

0.40,-0.28
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