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1. Representative synthetic procedures:

General procedure:

Unless otherwise noted, all the reactions for the preparation of the substrates were performed in
oven-dried glassware under nitrogen atmosphere with freshly distilled solvents. The catalytic
reactions were performed under nitrogen atmosphere. DCM, diethyl ether and toluene were
distilled from CaH> under nitrogen. THF was distilled from Na metal under nitrogen. Other
solvents like Acetonitrile, Trifluoromethyl benzene and DMSO were used from commercial
sources without further distillation. All other commercial reagents were used without further
purification, unless otherwise indicated. 1H NMR and 13C NMR spectra were recorded on a
Varian 700 and 500 MHz, Bruker 400 MHz spectrometers using chloroform-d (CDCl3) as the
internal standard. High-resolution mass spectral analysis (HRMS) data were measured on
JMST100LP4G (JEOL) mass spectrometer or a TOF mass analyzer equipped with the ESI source,
JEOL Model: JIMS-T200GC AccuTOF GCx equipped with FD (field desorption) source and
Magnetic Sector Mass Analyzer (MStation) equipped with the EI source. Single-crystal X-ray
diffraction intensity data were collected on a Bruker X8 APEX diffractometer equipped with a
CCD area detector and Mo Ko radiation (A = 0.71073 A) at 100 K; all data calculations were
performed by using the PC version of the APEX2 program package.

(a) Scheme s1: Ketene precursors from acyl chlorides
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We attempted the authentic ketene III from a standard procedure, via treatment of diarylacetic acid
5a with SOCl; (4.7 equiv) and Et3N (1.5 equiv) under N, and after the workup, we obtained diaryl
ketone 5b in 36% yield from the oxidation with residual air.*> To examine the efficiency of ketene
formation, we treated the solution with benzyl alcohol, but affording the desired ester Sc only in
28% yield. Accordingly, this procedure is inappropriate for further investigation. We sought an
alternative method with a-diazo ketone 2a through a thermal treatment in hot toluene. This method
is more efficient to generate ketene (III) because the trap with benzyl alcohol afforded the ester 5S¢
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in 68% yield. Treatment of a mixture of thioalkyne 1a with diazo ketone 2a in hot toluene yielded
1-in 19% yield together with an unknown byproduct 4a’ in 15% yield. Byproduct 4a’ arose from
two discrete diazoketones 2a and one thioalkyne 1a. The structure of compound 4a was inferred
from its relative 4b; improved yield of compound 4a is achieved with phosphine catalysts that also
leads to disappearance of byproduct 4a’ (vide infra).

(b) Scheme s2: Chemical functionalization of compounds 3a and 6f

o S~ph MeO
Moo o‘ LIOH/MeOH MeMgBr |
B Allylic alcohol O 65°C,5h 2 THF, 0 °C-rt, §
0 65°C, 4 h @ 2h @o
0, —_
11C73/o© 3a (X =H) 11d, 41%
x  6f(X=Cl) X 11a (X = H, 80%, x-ray)

11b (X = CI, 85%)

Scheme S2 shows subsequent functionalizations of two selected azulen-1-ones 3a and
6f. We first removed the phenylsulfide moiety via treatment with LiOH/MeOH to afford
methoxy-derived products 11a and 11b in 80% and 85% vyields respectively. Further
treatment of compound 1la with MeMgBr yielded species 11d in 41% yield. We also
prepared allyloxy derivative 11c in 73% yield from species 3a using a LiOH/allylic alcohol
mixture.

(c) Equation s1: Deuterium labeling experiment:

; oy el O

7 10 mol% Dyi ds10c gar

D5 N2 N2 d5'9b P(C6F5)3 HO O / ( E
+ toluene, A — O
. r ' D
—SAr 95°C, 2h ' Ho O J A
X=1.86 D, Y=3.32D _

1c (Ar = 4-MeOCgHs) :

ds-10c/d4-10c =1.4:1 ' dg-10c  SAr

We prepared substrate ds-9b bearing a ds-benzene adjacent to the ketone; this sample afforded
two deuterated samples ds-10c and ds-10c with a respective ratio of 1.4:1 after H and 3C NMR

analysis.
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(d) Gram scale reaction for synthesis of Azulene and Naphthol derivatives:

O 10 mol% @ 5 mol% MeO
_ P(CeFe)s Ph LAUCHAGSbF
o Crom .
Tol. 95°C 3h, MeO N2 CF;- Ph CF4-Ph, 110°C
+ Ph
Ph/ =——SPh
1a

1.55 gm. 58%
(1.5 9 0) (1.0 gm) (1.79 gm, 67%)

For the azulene 3a and napthol 4a, we follow the same procedure as used in section 3. (a) and
(b). we observed desired product 3a (1.79gm, 67%) and 4a (1.55gm, 58%) respectively.

2. General procedure for Preparation of Substrates:

(a) Preparation of Ethynyl(phenyl)sulfane (1a):

SH
NaOH n BulLi, S
+ Cl ~
& DMSO rt, 10 h ©/ ether, -78 oC
-1 s-2

/

82% 2 h, 85%
1a

In a 100 ml flask was added thiophenol (s-1) (3.0 g, 27.3 mmol), DMSO and NaOH (1.65 g, 41
mmol) and the mixture was stirred at room temperature for 8 h before cooling to 0 °C. To this
solution was added trichloroethylene s-2 (5.38 g, 41 mmol). The solution was stirred for 2 h at
room temperature. The resulting mixture was diluted with water, extracted with ether and dried
over MgSOas. The solution was concentrated and purified on a silica column with hexane, affording
(E)-(1,2-dichlorovinyl (phenyl) sulfane (s-3) as light yellow oil (4.56 g, 22.3 mmol, 82 %). To a
ether solution (100 ml) of compound s-3 (3.6 g, 17.7 mmol) was added n-BuLi (28.3 mL, 70.6
mmol) at -78 °C, and the mixture was stirred at the same temperature for 2 h. The reaction mixture
was quenched with ag. NH4Cl solution, extracted with ether, washed with H.O and dried over
MgSOs. After evaporation to dryness, the crude product was purified on a silica column with
hexane to afford the desired ethynyl(phenyl)sulfane (1a) as light yellow color oil (2.01 g, 15.0
mmol, 85%)1,

Other substrates (1b-1m) were synthesized according to reported literature.s!

(b) Preparation of 2-diazo-1-(4-methoxyphenyl)-2-phenylethanone (2a):
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1. S0Cl, OMe
OH 2 AICI;, Anisole O p-ABSA, DBU
—_————— —_—.
o DCM,0 °C-rt, 5h O 5 ACN,0 °C-rt, 2h

s-4 s-5

To a DCM (60 ml) solution of phenylacetic acid (s-4) (3.0 g, 22.03 mmol) was added SOCI, (1.91
ml, 26.44 mmol) dropwise at 0 °C. The mixture was warm to room temperature and stirred for 2
h. The resulting solution was cooled to 0 °C, followed by addition of AICI; (2.93 g, 22.03 mmol)
and Anisole (2.39 ml, 22.03 mmol). The mixture was stirred at room temperature for 3h. After
completion of the reaction. The reaction was quenched with H2O, extracted with ethyl acetate (2
x 50 mL) and washed with brine (25 mL). The combined organic layers were dried over MgSQza,
concentrated under reduced pressure, and purified by a silica column (EA/Hexane = 15/85) to
afford 1-(4-methoxyphenyl)-2-phenylethanone (s-5) white solid (4.0 g, 17.67 mmol, 80%).

To an acetonitrile (23 ml) solution of 1-(4-methoxyphenyl)-2-phenylethanone (1.0 g, 44.19 mmol)
was added p-ABSA (1.27 g, 53.03 mmol). The solution was cooled to 0 °C and DBU (0.86 ml,
57.45 mmol) was added dropwise to above mixture and stirred at room temperature for 2 h. The
reaction was quenched with H2O, followed by extraction with ether (2 x 50 mL) and washed with
brine (25 mL). The combined organic layers were dried over MgSQOjs, concentrated under reduced
pressure, and purified by a silica column (EA/Hexane = 15/85) to afford 2-diazo-1,2-
diphenylethan-1-one (2a) (0.836 g, 33.14 mmol, 76%) as yellow solid*?],

Substrates (2b-2n) and (ds-9a) were synthesized using above procedure.k23 Substrates 9b and
9b’> were synthesized according to reported literature. 2]

Product 2a-O was reported in literature.[*!
3. Standard procedure for catalytic Operation:

(a) Typical procedure for the synthesis of (R)-6-methoxy-8a-phenyl-3-(phenylthio)azulen-
1(8aH)-one (3a):

N OMe 5 mol% MeO S—ph
s 2 L,AuCl/AgSbFg
Ph”” + e 1100 o ~
Ph toluene, 110 °C, 2h 3
o]

Ms 4 A Ph O
1a 2a (2.0 equiv.) L,= (t-Bu,PhO);P 3a

/

A 15mL flask was charged with LoAuCl (43.9.3 mg, 0.05 mmol) and AgSbFs (17.1 mg, 0.05
mmol), and to this mixture was added dry toluene (2.0 mL). The resulting mixture was stirred at
room temperature for 5 min. To this mixture was added a dry toluene (6.0 mL) solution of
ethynyl(phenyl)sulfane (1a) (134.20 mg, 1.0 mmol) and 2-diazo-1,2- diphenylethan-1-one (2a)
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(504.5 mg, 2.0 mmol) at room temperature. After addition the reaction mixture stirred in pre-
heated oil bath at 110 °C for 2h, the reaction mixture was filtered over a short celite bed,
concentrated under reduced pressure, and purified by silica column eluting with (EA/Hexane =
15/85) to afford (R)-6-methoxy-8a-phenyl-3-(phenylthio)azulen-1(8aH)-one (3a) (272.5 mg, 0.76
mmol, 76%) as yellow solid.

(b) Typical procedure for synthesis of 4-(4-methoxyphenyl)-3-(phenylthio)naphthalen-1-ol

(4a):
N OCH; (10 mol %) ©\s
S 2 P(CeFs)
\% N 6r5)3 N
O toluene, 95 °C, 2h

o HO
1a 2a (2.0 equiv.)

A 15 ml flask was charged with P(CsFs)3 (53.2 mg, 0.1 mmol) and to this was added dry toluene
(0.6 ml). The resulting mixture was stirred at room temperature for 5 min. To this mixture was
added dropwise toluene solution of ethynyl(phenyl)sulfane (1a) (3.0 ml) (134.2 mg, 1.0 mmol)
and stirred for 5 min. Later was added dropwise toluene solution of 2-diazo-1,2- diphenylethan-1-
one (2a) (3.0 mL) (504 mg, 2.0 mmol) at room temperature. Later reaction mixture was purged
with Argon gas for 10 min. The resulting mixture was heated at 95 "C in oil bath for 2h before
filtration over a short celite bed. The solvent was evaporated under reduced pressure, and eluted
through a silica column with ethyl acetate/hexane (10:90) to afford 4-(4-methoxyphenyl)-3-
(phenylthio)naphthalen-1-ol (4a) (233 mg, 0.65 mmol, 65%) as white solid.

Compound 10a, 10b and 10c were synthesized using same procedure (3-b) as described above.

4. Synthetic procedure for chemical functionalizations of (3a) and (6f):

(a) Typical procedure for the synthesis of (R)-3,6-dimethoxy-8a-phenylazulen-1(8aH)-one

(11a):
1
MeO O S~ph MeO O OMe
MeQ O‘ LR ‘ LlOH/MeOH ::

B AIIyI|c alc. 65 °C 5h O
- 0O °
65°C,4h
11c 73% 118(X=H(80%)©
11b (X = CI (85%) ./

X

To a methanol solution of (R)-6-methoxy-8a-phenyl-3-(phenylthio)azulen-1(8aH)-one (3a) (30
mg, 0.083 mmol) was added LiOH (6.0 mg, 0.251 mmol) and heated at 65 "C in oil bath for 5h.
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After completion of reaction, this mixture was quenched with water, extracted with ethyl acetate,
dried over MgSOs, concentrated and purified on a silica column (EA/Hexane = 30/70) to afford
(R)-3,6-dimethoxy-8a-phenylazulen-1(8aH)-one (7a) (18.8 mg, 0.067 mmol, 80%) as yellow
solid.

Compound 11b and 11c were synthesized using same procedure (3-a) as described above, it
delivered 11b (85%) with Methanol and 11c (73%) with allylic alcohol.

(b) Typical procedure for the synthesis of (R)-6-methoxy-3-methyl-8a-phenylazulen-1(8aH)-
one (11d):

2h

11d, 41%

To a THF solution of (R)-3,6-dimethoxy-8a-phenylazulen-1(8aH)-one (11a) (30 mg, 0.107 mmol)
was added methyl magnesium bromide (0.107 ml, 0.321 mmol.) at 0 'C and the reaction was stirred
at room temperature for 2 h. After completion of reaction, the solution was concentrated and
purified by a silica column (EA/hexane = 10/90) to afford (R)-6-methoxy-3-methyl-8a-
phenylazulen-1(8aH)-one (11d) (11.5 mg, 0.043 mmol, 41%) as colorless oil.

5. ldentification of ketene intermediates:

(a) Typical procedure for the synthesis of (3S,4S)-3-(4-chlorophenyl)-3-(4-methoxyphenyl)-
1,4-diphenylazetidin-2-one (7a):

5 mol% Ph—N

~ PR}
- o
(3.0 equiv) CF3-Ph, 110 °C, 3h Q

Lo= (t-BuzPhO)P  7a(729) OMe

A suspension of L,AuCl (7.66 mg, 0.008 mmol) and AgSbFes (2.99 mg, 0.008 mmol) in dry
(trifluoromethyl)benzene (1 mL) was fitted with N2 balloon and stirred at room temperature for 5
min. To this mixture was added dry (trifluoromethyl)benzene (2 mL) solution of 2-(4-
chlorophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone 2f (50 mg, 0.173 mmol) and (E)-N-
benzylideneaniline (94.8 mg, 0.523 mmol). After addition the reaction mixture was stirred in pre-
heated oil bath at 110 “C for 3h. The solution was filtered over a short celite bed and evaporated
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under reduced pressure. The residue was purified on a silica gel column using (EA/hexane = 14/86)
as eluent to give compound (3S,4S)-3-(4-chlorophenyl)-3-(4-methoxyphenyl)-1,4-
diphenylazetidin-2-one (7a) as yellow solid (55.3 mg, 0.12 mmol, 72%).

(b) Typical procedure for the synthesis of ethyl 2-(4-chlorophenyl)-2-(4-
methoxyphenyl)acetate (8b) and 2-(4-chlorophenyl)-2-ethoxy-1-(4-methoxyphenyl)ethanone

(8c):
OMe 5 mol%
L,AuCl/AgSbFg
" oo C 110 °C, "
F5-Ph, 4h
(3.0 equiv) L3 OFt
MeO

2f L,= (t-Bu,PhO);P 8b 30% c (61%)

8b and 8c were synthesized by using above procedure [4-a]. Compound 8b is reported and the
spectroscopic data is identical to authentic sample found in the literature. (5

(c) Typical procedure for the synthesis of (3S,4S)-3-(4-chlorophenyl)-3-(4-methoxyphenyl)-
1,4-diphenylazetidin-2-one (7a):

10 mol% Ph—
N. (CeFs)3P

~Z PR Ph\\c .,
(3.0equy) CFaPh 957°C, " Q

3h
7a (58%) OMe

A 15 ml flask was charged with P(CeFs)s (9.3 mg, 0.1 mmol) and to this was added dry
(trifluoromethyl)benzene (1 mL). The resulting mixture was stirred at room temperature for 5 min.
To this mixture was added dry (trifluoromethyl)benzene (2 mL) solution of 2-(4-chlorophenyl)-2-
diazo-1-(4-methoxyphenyl)ethanone 2f (50 mg, 0.173 mmol) and (E)-N-benzylideneaniline (94.8
mg, 0.523 mmol) at room temperature. The resulting mixture was heated at 95 "C in oil bath for
3h before filtration over a short celite bed. The residue was purified on a silica gel column using
(EA/hexane = 14/86) as eluent to give compound (3S,4S)-3-(4-chlorophenyl)-3-(4-
methoxyphenyl)-1,4-diphenylazetidin-2-one (7a) as yellow solid (44.5 mg, 0.10 mmol, 58%).
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7. Spectral data of key compound:

Spectral data for Ethynyl(m-tolyl)sulfane (1f):

JO

1f

Compound 1f was purified on silica gel column using hexane: as the eluent; Brown oil (514.4 mg,
3.4 mmol, 76%); 'H NMR (400 MHz, CDCI3): & 7.24 (s, 1H), 7.23 ~ 7.19 (m, 2H), 7.04 ~ 7.02
(m, 1H), 3.22 (s, 1H), 2.33 (s, 3H); 3C NMR (100 MHz, CDCI3): §; 139.2, 131.1, 129.0, 127.7,
127.0, 123.6, 86.7, 71.2, 21.3; HRMS (EI-MS) m/z: [M]" calcd for CgHsS: 148.0347; found:
148.0338.

Spectral data for Ethynyl(3-methoxyphenyl)sulfane (19):

Compound 1g was purified on silica gel column using ethyl acetate/hexane: (1: 99) as the eluent;
Brown oil (565.7 mg, 3.4 mmol, 81%); *H NMR (400 MHz, CDCI3): § 7.24 ~ 7.20 (m, 1H), 7.00
(s, 1H), 6.99 ~ 6.97 (m, 1H), 6.76 ~ 6.74 (m, 1H), 3.79 (s, 3H), 3.25 (s,1H); 3C NMR (100 MHz,
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CDCI3): §; 160.2, 132.7, 130.0, 118.7, 112.6, 111.9, 87.2, 70.8, 55.3; HRMS (EI-MS) m/z: [M]*
calcd for CoHgOS: 164.0296; found: 164.0294.

Spectral data for (3-chlorophenyl)(ethynyl)sulfane (1h):

CIQ\S///

1h

Compound 1h was purified on silica gel column using hexane: as the eluent; Brown oil (443.5 mg,
2.6 mmol, 63%); *H NMR (400 MHz, CDCI3): § 7.44 (s, 1H), 7.29 ~ 7.17 (m, 3H), 3.31 (s, 1H);
13C NMR (100 MHz, CDCI3): §; 135.2, 133.6, 130.1, 126.9, 126.0, 124.3, 88.1, 69.8; HRMS (EI-
MS) m/z: [M]* calcd for CgHsCIS: 167.9800; found: 167.9797.

Spectral data for (3-bromophenyl)(ethynyl)sulfane (1i):

S

~

1i

Br

(.

Compound 1i was purified on silica gel column using hexane: as the eluent; Brown liquid (233
mg, 1.10 mmol, 62%); '"H NMR (400 MHz, CDCLs): & 7.45 - 7.42 (m, 1H), 7.35-7.31 (m, 2H),
7.24-7.20 (m, 1H), 3.23 (s, 1H); 3*C NMR (125 MHz, CDCl5): § 131.4, 129.2, 126.7, 126.5, 86.8,
70.9, two carbons are merged with other peaks; HRMS (ESI-TOF) m/z: [M+H]" calcd. for
CgHsBIrS:212.9373, found 212.9377.

Spectral data for Ethynyl(o-tolyl)sulfane (1j):

Compound 1j was purified on silica gel column using hexane: as the eluent; Light yellow oil (460
mg, 3.1 mmol, 68%); *H NMR (400 MHz, CDCI3): § 7.66 (d, J = 7.6 Hz, 1H), 7.25 ~ 7.19 (m,
1H), 7.18 ~ 7.14 (m, 2H), 3.19 (s, 1H), 2.32 (s, 3H); *°C NMR (100 MHz, CDCI3): §; 135.6, 130.5,
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130.2, 127.1, 126.97, 126.91, 86.4, 71.1, 19.4; HRMS (EI-MS) m/z: [M]" calcd for CgoHsS:
148.0347; found: 148.0337.

Spectral data for (2-chlorophenyl)(ethynyl)sulfane (11):

-
11

Compound 1l was purified on silica gel column using hexane: as the eluent; Yellow oil (373.1 mg,
2.2 mmol, 53%); *H NMR (500 MHz, CDCI3): § 7.71 ~ 7.67 (m, 1H), 7.32 ~ 7.28 (m, 2H), 7.17
~7.14 (m, 1H), 3.34 (s, 1H); 3C NMR (100 MHz, CDCI3): &; 131.2, 130.4, 129.4, 127.5, 127.4,
127.0, 88.7, 69.8; HRMS (EI-MS) m/z: [M]" calcd for CgHsCIS: 167.9800; found: 167.9798.

Spectral data for Ethynyl(naphthalen-1-yl)sulfane (1n):

Compound 1n was purified on silica gel column using hexane: as the eluent; Light brown oil (572.8
mg, 3.1 mmol, 70%); *H NMR (400 MHz, CDCI3): & 8.10 ~ 8.08 (m, 1H), 7.90 ~ 7.85 (m, 2H),
7.78 ~7.76 (m, 1H), 7.59 ~ 7.52 (m, 2H), 7.49 ~ 7.45 (m, 1H), 3.21 (s, 1H); *C NMR (100 MHz,
CDCI3): 5; 133.8,130.8, 128.6, 128.1, 128.0, 126.7, 126.5, 126.4, 125.8, 123.5, 86.3, 71.2; HRMS
(EI-MS) m/z: [M]" calcd for C12HsS: 184.0347; found: 184.0344.

Spectral data for 1-(4-butoxyphenyl)-2-diazo-2-phenylethanone (2b):

O\/\/
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Compound 2b was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow oil (620 mg, 2.14 mmol, 57%); *H NMR (400 MHz, CDCI3): § 7.58 (d, J = 8.8 Hz, 2H),
7.43 ~7.35 (m, 4H), 7.24 ~ 7.21 (m, 1H), 6.85 (d, J = 8.7 Hz, 2H), 3.98 (t, J = 6.4 Hz, 2H), 1.78
~1.72 (m, 2H), 1.50 ~ 1.45 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCI3): §;
187.3, 162.0, 130.0, 128.9, 126.8, 126.5, 126.1, 114.1, 72.3, 67.8, 31.1, 19.1, 13.7, one carbon
merged with other peaks; HRMS (FD) m/z: [M]" calcd for CisHi1sN202: 294.1362; found:
294.1359.

Spectral data for 2-diazo-1-(4-methoxyphenyl)-2-(p-tolyl)ethanone (2¢):

OMe

Compound 2c¢ was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow oil (0.326 g, 1.22 mmol, 59%); "H NMR (500 MHz, CDCls): & 7.57 (d, J = 8.7 Hz, 2H),
7.29 (d,J = 8.2 Hz, 2H), 7.18 (d, J= 8.1 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 3.82 (s, 3H), 2.34 (s,
3H); 3C NMR (125 MHz, CDCl5): § 187.3, 162.2, 136.8, 130.3, 130.0, 129.6, 126.3,123.2, 113.5,
55.2, 21.0, one carbons are merged with other peaks; HRMS (FD) m/z: [M]" calcd. for
C16H14N202: 266.1055, found 266.1051.

Spectral data for 2-(4-(tert-butyl)phenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2d):

OMe

Compound 2d was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow Liquid (535.1 mg, 1.7 mmol, 49%); *H NMR (500 MHz, CDCI3): § 7.58 (d, J = 8.7 Hz,
2H), 7.40 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 3.83 (s, 3H), 1.30
(s, 9H); *C NMR (125 MHz, CDCI3): §; 187.4, 162.3, 150.1, 130.5, 130.0, 12 9.8, 126.0, 123.1,
113.6, 55.3, 34.5, 31.2 , one carbon merged with other peaks; HRMS (FD) m/z: [M]" calcd for
C19H20N202: 308.1519; found: 308.1916.
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Spectral data for 2-(4-bromophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2e):

Br

Compound 2e was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (868 mg, 2.6 mmol, 80%); *H NMR (400 MHz, CDCI3): § 7.58 (d, J = 8.8 Hz, 2H),
7.49 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.83 (s, 3H); 1*C NMR
(100 MHz, CDCI3): §; 186.9, 162.5, 132.1, 130.1, 129.9, 127.3, 125.6, 120.4, 113.7, 55.3, one
carbon merged with other peaks; HRMS (FD) m/z: [M]* calcd for CisH11BrN2O2: 330.0004;
found: 330.0003.

Spectral data for 2-(4-chlorophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2f):

Cl

Compound 2f was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (357 mg, 1.25 mmol, 65%); '"H NMR (500 MHz, CDCl5): § 7.58 (d, J = 8.6 Hz, 2H),
7.36(q,J=17.9, 8.7 Hz, 4H), 6.89 (d, J = 8.6 Hz, 2H), 3.83 (s, 3H); >*C NMR (125 MHz, CDCl3):
6 186.9, 162.5, 132.4, 130.0, 129.9, 129.1, 127.0, 125.0, 113.7, 55.3, one carbon is merged with
other peaks; HRMS (FD) m/z: [M]" calcd. for C15H1:CIN2O5: 286.0509, found 286.0511.

Spectral data for 2-diazo-1-(4-methoxyphenyl)-2-(4-nitrophenyl)ethanone (2g):

NO,

MeO

Compound 2g was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow solid (400 mg, 1.34 mmol, 73%); '"H NMR (500 MHz, CDCl5): § 8.22 (d, J = 8.8 Hz, 2H),
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7.64 (t, J = 8.8 Hz, 4H), 6.93 (d, J = 8.3 Hz, 2H), 3.85 (s, 3H); 1°C NMR (125 MHz, CDCl5): &
186.2, 162.9, 145.4, 134.5, 129.8, 124.7,124.1, 113.9, 72.5, 55.4, one carbon is merged with other
peaks; HRMS (FD) m/z: [M]" calcd. for C1sH11N304: 297.0750, found 297.0742.

Spectral data for Methyl 4-(1-diazo-2-(4-methoxyphenyl)-2-oxoethyl)benzoate (2h):

COzMe

MeO

Compound 2h was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow solid (700 mg, 2.26 mmol, 64%); '"H NMR (400 MHz, CDCl5): § 8.02 (d, J = 8.4 Hz, 2H),
7.60 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 3.89 (s, 3H), 3.83 (s,
3H); 3C NMR (125 MHz, CDCl3): 6 186.8, 166.5, 162.6, 131.8, 130.1, 130.0, 129.9, 127.8, 124.8,
113.8,72.6, 55.4, 52.1; HRMS (FD) m/z: [M]" calcd. for C17H14N204: 310.0959, found 310.0954.

Spectral data for 4-(1-diazo-2-(4-methoxyphenyl)-2-oxoethyl)benzonitrile (2i):

CN

MeO

N\

Compound 2i was purified on silica gel column using ethyl acetate/hexane: (20: 80) as the eluent;
Yellow solid (680 mg, 2.45 mmol, 62%); "H NMR (400 MHz, CDCl;): § 7.64 ~ 7.58 (m, 6H), 6.91
(d, J=8.5Hz, 2H), 3.84 (s, 3H); *C NMR (125 MHz, CDCl3): § 186.4, 162.8, 132.5, 132.2, 129.8,
129.7, 125.0, 118.6, 113.9, 109.4, 72.3, 55.4; HRMS (FD) m/z: [M]* calcd. for C1sH11N30:
277.0856, found 277.0862.

Spectral data for 4-(1-diazo-2-(4-methoxyphenyl)-2-oxoethyl)benzaldehyde (2j)

CHO
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Compound 2j was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow solid (770 mg, 2.75 mmol, 70%); '"H NMR (400 MHz, CDCls): § 9.96 (s, 1H), 7.88 (d, J =
8.4 Hz, 2H), 7.65 ~ 7.61 (m, 4H), 6.92 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H); *C NMR (125 MHz,
CDCl3): 6 191.2, 186.7, 162.8, 134.1, 133.7, 130.2, 130.0, 125.1, 113.0, 72.8, 55.5, one carbon is
merged with other peaks; HRMS (FD) m/z: [M]* calcd. for Ci6H12N2O3: 280.0853, found
280.0859.

Spectral data for 2-diazo-1-(4-methoxyphenyl)-2-(m-tolyl)ethanone (2k):

OMe

Compound 2k was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow oil (665 mg, 2.4 mmol, 60%); *H NMR (400 MHz, CDCI3): § 7.58 (d, J = 8.8 Hz, 2H),
7.28 ~ 7.24 (m, 2H), 7.19 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 7.4 Hz, 1H), 6.87 (d, J = 8.7 Hz, 2H),
3.83 (s, 3H), 2.34 (s, 3H); 3C NMR (100 MHz, CDCI3): &; 187.3, 162.4, 138.8, 130.5, 130.0,
128.8, 127.7, 126.7, 126.3, 123.4, 113.6, 72.3, 55.4, 21.5; HRMS (FD) m/z: [M]" calcd for
C16H14N203: 266.1049; found: 266.1041.

Spectral data for 2-diazo-2-(3-methoxyphenyl)-1-(4-methoxyphenyl)ethanone (2I):

OMe

Compound 21 was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow oil (727 mg, 2.5 mmol, 66%); *H NMR (400 MHz, CDCI3): & 7.59 (d, J = 8.8 Hz, 2H),
7.27 (t, J = 8.0 Hz, 1H), 7.07 ~ 7.06 (m, 1H), 6.95 ~ 6.92 (m, 1H), 6.88 (d, J = 8.6 Hz, 2H), 6.78
~6.75 (m, 1H), 3.82 (s, 3H), 3.77 (s, 3H); 1*C NMR (100 MHz, CDCI3): §; 187.2, 162.4, 159.9,
130.3, 130.0, 129.8, 127.9, 118.1, 113.6, 112.5, 111.6, 72.4, 55.3, 55.2; HRMS (FD) m/z: [M]*
calcd for C16H14N203: 282.0998; found: 282.0992.

Spectral data for 2-(3-chlorophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2m):
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Compound 2m was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow oil (516.9 g, 1.8 mmol, 47%); 'H NMR (400 MHz, CDCI3): & 7.59 (d, J = 8.9 Hz, 2H),
7.51 ~ 7.50 (m, 1H), 7.32 ~ 7.29 (m, 2H), 7.20 ~ 7.17 (m, 1H), 6.89 (d, J = 8.8 Hz, 2H), 3.83 (s,
3H); 3C NMR (100 MHz, CDCI3): ; 187.7, 162.6, 134.9, 130.0, 129.9, 128.5, 126.7, 125.4,
123.6, 113.7, 71.7, 55.4, one carbon merged with other peaks; HRMS (FD) m/z: [M]" calcd for
C15H1:CIN20O2: 286.0503; found: 286.0503.

Spectral data for 2-(3-bromophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2n):

OM
N, ©
Br
O O 9n

Compound 2n was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow oil (564.3 mg, 1.7 mmol, 52%); *H NMR (400 MHz, CDCI3): § 7.65 (s, 1H), 7.59 (d, J =
8.4 Hz, 2H), 7.35 ~ 7.33 (m, 2H), 7.25 ~ 7.21 (m, 1H), 6.89 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H); *C
NMR (100 MHz, CDCI3): §; 186.7, 162.6, 130.2, 130.0, 129.9, 129.6, 128.8, 128.2, 124.2, 123.0,
113.8, 71.6, 55.4; HRMS (FD) m/z: [M]" calcd for C1sH1:BrN20O2: 329.9998; found: 329.9999.

Spectral data for 2-diazo-2-(2-fluorophenyl)-1-(4-methoxyphenyl)ethanone (20):

OMe

Compound 20 was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow liquid (442.6 mg, 1.6 mmol, 40%); *H NMR (400 MHz, CDCI3): § 7.53 (d, J = 8.7 Hz,
2H), 7.38 ~ 7.33 (m, 1H), 7.27 ~ 7.22 (m, 1H), 7.13 ~ 7.09 (m, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.79
(s, 3H); ¥C NMR (100 MHz, CDCI3): §; 186.7, 162.3, 160.0, 157.5, 132.2, 131.4, 131.0, 130.0,
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129.6, 124.5, 116.0, 115.8, 114.8, 114.2, 113.5, 67.8, 55.2; HRMS (FD) m/z: [M]* calcd for
C15H11FN202: 270.0799; found: 270.0806.

Spectral data for 2-(2-bromophenyl)-2-diazo-1-(4-methoxyphenyl)ethanone (2p):

OM
Br N2 O ©
O O 2p

Compound 2p was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow liquid (466.6 mg, 1.4 mmol, 43%); *H NMR (400 MHz, CDCI3): § 7.66 (d, J = 7.8 Hz,
1H), 7.46 ~ 7.43 (m, 2H), 7.28 ~ 7.26 (m, 2H), 6.24 ~ 6.20 (m, 1H), 6.78 (d, J = 8.8 Hz, 2H), 3.78
(s, 3H); 3C NMR (100 MHz, CDCI3): §; 186.7, 162.3, 133.7, 133.4, 131.3, 130.4, 130.3, 129.7,
127.9,127.8,125.2,113.4,55.3; HRMS (FD) m/z: [M]" calcd for C1sH11BrN2O-: 329.9998; found:
329.9998.

Spectral data for 2-(4-methoxyphenyl)-2-phenylacetic acid (2a-H):

O~__OH
MeO 2a-H

Compound 2a-H was purified on silica gel column using ethyl acetate/hexane: (30: 70) as the
eluent; Brown Solid (79.9mg, 0.33 mmol, 34%); *H NMR (500 MHz, CDCls): & 7.29 (s, 4H), 7.22
(d, J = 9.1 Hz, 3H), 6.83 (d, J = 8.4 Hz, 2H), 4.97 (s, 1H), 3.75 (s, 3H); *C NMR (125 MHz,
CDClz): 6 179.0, 158.8, 138.1, 129.9, 129.7, 128.5, 128.4, 127.3, 113.9, 56.1, 55.1; HRMS (EI-
MS) m/z: [M]" calcd for C1sH140s: 242.0943; found: 242.0941.

Spectral data for 2-diazo-2-phenyl-1-(phenyl-dS)ethan-1-one (ds-9b):
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Compound ds-9b was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the
eluent; Yellow solid (400 mg, 1.34 mmol, 73%); '"H NMR (500 MHz, CDCls): § 7.60 (s, 1H), 7.48
(t,J=2.87 Hz, 2H), 7.39 (t, J = 3.3 Hz, 2H); '*C NMR (175 MHz, CDCl): & 188.3, 137.8, 137.7,
131.5, 131.4, 129.0, 128.9, 128.8, 128.5, 128.4, 128.2, 127.7, 127.6, 126.8, 126.0, 125.9, 125.8;
HRMS (FD) m/z: [M]" calcd. for C14HsDsN20O: 227.1095, found 227.1094.

Spectral data for (R)-6-methoxy-8a-phenyl-3-(phenylthio)azulen-1(8aH)-one (3a):

Compound 3a was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (272.5 mg, 0.76 mmol, 76%); *H NMR (700 MHz, CDCI3): & 7.58 (d, J = 7.4 Hz,
2H), 7.44 ~ 7.41 (m, 3H), 7.21 (d, J = 7.1 Hz, 2H), 7.17 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 6.9 Hz,
1H), 6.71 (d, J = 7.4 Hz, 1H), 6.40 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.55 (d,
J=7.3Hz, 1H), 5.26 (s, 1H), 3.49 (s, 3H); 13C NMR (125 MHz, CDCI3): §; 201.3, 173.2, 162.2,
138.9, 135.0, 133.1, 133.0, 130.2, 129.9, 128.5, 127.8, 126.9, 126.4, 126.3, 120.7, 119.5, 101.4,
60.5, 54.8; HRMS (EI-MS) m/z: [M]" calcd for C23H150,S: 358.1028; found: 358.1031.

Spectral data for (R)-6-methoxy-8a-phenyl-3-(p-tolylthio)azulen-1(8aH)-one (3b):

Compound 3b was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (85.5 mg, 0.22 mmol, 68%); 'H NMR (700 MHz, CDCI3): § 7.45 (d, J = 8.0 Hz,
2H), 7.23 ~ 7.19 (m, 4H), 7.16 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 7.0 Hz, 1H), 6.69 (d, J = 7.4 Hz,
1H), 6.39 (d, J = 10.7 Hz, 1H), 6.22 (dd, J = 10.7, 1.6 Hz, 1H), 5.54 (d, J = 7.4 Hz, 1H), 5.24 (s,
1H), 3.48 (s, 3H), 2.37 (s, 3H); *C NMR (125 MHz, CDCI3): §; 201.3,173.8, 162.1, 140.6, 138.9,
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134.9, 133.2, 133.0, 130.6, 127.8, 126.8, 126.3, 124.9, 120.6, 119.4, 101.5, 60.5, 54.8, 21.3, one
carbon merged with other peaks; HRMS (EI-MS) m/z: [M]" calcd for CasH200,S: 372.1184;
found: 372.1185.

Spectral data for (R)-6-methoxy-3-((4-methoxyphenyl)thio)-8a-phenylazulen-1(8aH)-one

(30):
OMe
S@

3c

MeO

g
[

9

Compound 3c was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Light yellow solid (71 mg, 0.18 mmol, 60%); *H NMR (700 MHz, CDCI3): § 7.48 (d, J = 8.6 Hz,
2H), 7.20 (d, J=7.2 Hz, 2H), 7.16 (t, ) = 7.2 Hz, 2H), 7.12 (t, J = 7.1 Hz, 1H), 6.93 (d, J = 8.7 Hz,
2H), 6.69 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.22 (dd, J = 10.7, 1.8 Hz, 1H), 5.54 (dd,
J=7.4,15 Hz, 1H), 5.22 (s, 1H), 3.82 (s, 3H), 3.48 (s, 3H); 3C NMR (125 MHz, CDCI3): §;
201.2,174.4,162.1, 161.2, 138.9, 136.5, 133.1, 133.0, 127.8, 126.8, 126.34, 126.33, 120.6, 119.4,
118.8, 115.4, 101.4, 60.6, 55.4, 54.8; HRMS (EI-MS) m/z: [M]" calcd for C24H2003S: 388.1133;
found: 388.1137.

o

Spectral data for (R)-3-((4-chlorophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one (3d):

MeOS\©\C|
@o 3d

Compound 3d was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (82.7 mg, 0.21 mmol, 71%); *H NMR (700 MHz, CDCI3): § 7.52 (d, J = 8.2 Hz,
2H), 7.41 (d, J = 8.2 Hz, 2H), 7.20 ~ 7.13 (m, 5H), 6.68 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz,
1H), 6.23 (d, J = 10.7 Hz, 1H), 5.55 (d, J = 7.4 Hz, 1H), 5.25 (s, 1H), 3.49 (s, 3H); 3C NMR (125
MHz, CDCI3): §; 201.1, 172.3, 162.3, 138.7, 136.8, 136.2, 133.0, 132.8, 130.2, 127.9, 126.98,
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126.95, 126.4, 126.3, 120.6, 119.7, 101.4, 60.4, 54.9; HRMS (EI-MS) m/z: [M]"* calcd for
C23H17CIO,S: 392.0638; found: 392.0625.

Spectral data for (R)-3-((4-bromophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one
(3e):

MeO S
‘ Br
il

Compound 3e was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Light yellow solid (62.6 mg, 0.14 mmol, 61%); *H NMR (400 MHz, CDCI3): § 7.58 (d, J = 7.8
Hz, 2H), 7.43 (d, J = 7.4 Hz, 2H), 7.21 ~ 7.11 (m, 5H), 6.70 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7
Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.55 (dd, J = 7.4, 1.3 Hz, 1H), 5.26 (s, 1H), 3.49 (s, 3H);
13C NMR (125 MHz, CDCI3): §; 201.3, 173.2, 162.2, 138.9, 135.0, 133.1, 133.0, 130.2, 129.9,
128.5, 127.8, 126.9, 126.38, 126.32, 120.6, 119.5, 101.4, 60.5, 54.8; HRMS (FD) m/z: [M]" calcd
for Ca3H17BrO,S: 436.0133; found: 436.0129.

Spectral data for (R)-6-methoxy-8a-phenyl-3-(m-tolylthio)azulen-1(8aH)-one (3f):

Compound 3f was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (95.5 mg, 0.25 mmol, 76%); *H NMR (700 MHz, CDCI3): § 7.38 (s, 1H), 7.37 (d, J
=7.9 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.0 Hz, 1H), 7.20 (d, J = 7.0 Hz, 2H), 7.16 (t,
J=7.3Hz, 2H), 7.13~7.10 (m, 1H), 6.69 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.22 (t,
J=10.7 Hz, 1H), 5.54 (d, J = 7.4 Hz, 1H), 5.26 (s, 1H), 3.48 (s, 3H), 2.35 (s, 3H): 3C NMR (125
MHz, CDCI3): §; 201.3, 173.5, 162.1, 139.9, 138.9, 135.4, 133.1, 133.0, 131.9, 131.0, 129.7,
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128.1,127.8,126.9, 126.37, 126.35, 120.7, 119.5, 101.4, 60.5, 54.8, 21.2; HRMS (ESI-TOF) m/z:
[M+H]* calcd for CasH200-S: 373.1262; found: 373.1264.

Spectral data for (R)-6-methoxy-3-((3-methoxyphenyl)thio)-8a-phenylazulen-1(8aH)-one
(39):

Compound 3g was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Light yellow solid (97.0 mg, 0.24 mmol, 82%); *H NMR (700 MHz, CDCI3): § 7.33 (t, J = 8.0
Hz, 1H), 7.21 ~ 7.20 (m, 2H), 7.17 ~ 7.16 (m, 3H), 7.14 ~ 7.11 (m, 2H), 6.97 (dd, J = 8.3, 1.7 Hz,
1H), 6.69 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.55 (d,
J=7.4Hz, 1H), 5.32 (s, 1H), 3.80 (s, 3H), 3.49 (s, 3H); 3C NMR (125 MHz, CDCI3): §; 201.3,
173.0, 162.2, 160.3, 138.9, 133.1, 133.0, 130.6, 129.3, 127.8, 127.1, 126.9, 126.38, 126.35, 120.7,
120.0, 119.5, 116.1, 101.4, 60.4, 55.4, 54.9; HRMS (EI-MS) m/z: [M]" calcd for C24H2003S:
388.1133; found: 388.1132.

Spectral data for (R)-3-((3-chlorophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one (3h):

Compound 3h was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (56 mg, 0.14 mmol, 48%); *H NMR (700 MHz, CDCI3): & 7.60 (s, 1H), 7.48 (d, J =
7.6 Hz, 1H), 7.43 ~7.42 (m, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.20 ~ 7.16 (m, 4H), 7.13 (t, J = 7.1 Hz,

S21



1H), 6.68 (d, J = 7.4 Hz, 1H), 6.40 (d, J = 10.7 Hz, 1H), 6.24 (d, J = 10.7 Hz, 1H), 5.55(d, J=7.4
Hz, 1H), 5.28 (s, 1H), 3.49 (s, 3H); **C NMR (125 MHz, CDCI3): §; 201.2, 171.9, 162.3, 138.7,
135.4, 134.7, 133.1, 133.0, 132.8, 130.9, 130.5, 130.2, 127.9, 127.0, 126.4, 126.3, 120.7, 119.8,
101.4, 60.4, 54.9; HRMS (ESI-TOF) m/z: [M+Na]* calcd for Co3H17CIO-S: 415.0535; found:
415.0540.

Spectral data for (R)-3-((3-bromophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one (3i):

Compound 3i was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Light Yellow solid (60.6 mg, 0.13 mmol, 59%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.58 (m,
2H), 7.44 ~ 7.41 (m, 2H), 7.21 ~ 7.20 (m, 2H), 7.17 (t, J = 7.3 Hz, 2H), 7.12 (t, J = 6.9 Hz, 1H),
6.71 (d, J = 7.4 Hz, 1H), 6.40 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.55 (dd, J =
7.4,1.4 Hz, 1H), 5.26 (s, 1H), 3.49 (s, 3H); 13C NMR (125 MHz, CDCI3): §; 201.3, 173.2, 162.2,
138.9, 135.0, 133.1, 133.0, 130.2, 129.9, 128.5, 127.9, 127.8, 126.9, 126.38, 126.33, 126.30, 120.6,
119.5, 101.4, 60.5, 54.8; HRMS (FD) m/z: [M]* calcd for Ca3Hi7BrO.S: 436.0127; found:
436.0126.

Spectral data for (R)-6-methoxy-8a-phenyl-3-(o-tolylthio)azulen-1(8aH)-one (3j):

-0
@ 3j

MeO

5
[

"
@)
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Compound 3j was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow solid (81.7 mg, 0.21 mmol, 65%); *H NMR (700 MHz, CDCI3): § 7.57 (d, J = 7.6 Hz,
1H), 7.37 ~ 7.32 (m, 2H), 7.25 ~ 7.23 (m, 1H), 7.21 ~ 7.16 (m, 4H), 7.13 (t, J = 7.0 Hz, 1H), 6.74
(d, J = 7.7 Hz, 1H), 6.40 (d, J = 10.7 Hz, 1H), 6.25 (dd, J = 10.7, 1.89 Hz, 1H), 5.56 (d, J = 7.4,
1.54 Hz, 1H), 5.09 (s, 1H), 3.50 (s, 3H), 2.40 (s, 3H); *C NMR (125 MHz, CDCI3): §; 201.3,
172.4,162.1, 142.4, 138.9, 136.2, 133.1, 133.0, 131.3, 130.8, 127.8, 127.7, 127.3, 126.8, 126.3,
126.2, 120.4, 119.6, 101.4, 60.5, 54.8, 20.5; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
C24H2002S: 395.1081; found: 395.1082.

Spectral data for (R)-6-methoxy-3-((2-methoxyphenyl)thio)-8a-phenylazulen-1(8aH)-one
(3K):

Compound 3k was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow solid (81.6 mg, 0.21 mmol, 69%); *H NMR (700 MHz, CDCI3): § 7.56 ~ 7.55 (m, 1H),
7.45~ 7.42 (m, 1H), 7.23 ~ 7.22 (m, 2H), 7.17 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 7.1 Hz, 1H), 7.0 ~
6.96 (M, 2H), 6.71 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.24 (dd, J = 10.7, 1.8 Hz, 1H),
5.54 (d, J=7.5 Hz, 1H), 5.20 (s, 1H), 3.85 (s, 3H), 3.48 (s, 3H); 13C NMR (125 MHz, CDCI3): §;
201.5, 172.2, 162.0, 159.4, 139.1, 136.9, 133.5, 132.8, 132.4, 127.8, 126.8, 126.3, 121.5, 120.8,
119.5,116.1, 111.8, 101.5, 60.6, 56.0, 54.8, one carbon merged with other peaks; HRMS (EI-MS)
m/z: [M]" calcd for C2sH2003S: 388.1133; found: 388.1138.

Spectral data for (R)-3-((2-chlorophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one (3I):
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Compound 31 was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (83.4 mg, 0.21 mmol, 72%); 'H NMR (700 MHz, CDCI3): § 7.70 ~ 7.69 (m, 1H),
7.55 ~ 7.53 (m, 1H), 7.42 ~ 7.40 (m, 1H), 7.32 (t, J = 7.6 Hz 1H), 7.22 ~ 7.21 (m, 2H), 7.17 (t, J
= 7.7 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 6.70 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.25
(dd, J = 10.7, 1.6 Hz, 1H), 5.55 (d, J = 7.4 Hz, 1H), 5.16 (s, 1H), 3.49 (s, 3H); 3C NMR (125
MHz, CDCI3): §; 201.3, 170.6, 162.3, 139.1, 138.8, 137.3, 133.0, 132.9, 131.9, 130.9, 127.99,
127.91, 127.8, 126.9, 126.5, 126.3, 121.0, 119.7, 101.4, 60.5, 54.9; HRMS (EI-MS) m/z: [M]*
calcd for C23H17ClO,S: 392.0638; found: 392.0637.

Spectral data for (R)-3-((2-bromophenyl)thio)-6-methoxy-8a-phenylazulen-1(8aH)-one
(3m):

Compound 3m was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow solid (64.7 mg, 0.14 mmol, 63%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.58 (m, 2H),
7.44 ~ 7.42 (m, 2H), 7.20 (d, J = 7.6 Hz, 2H), 7.17 (t, J = 7.2 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H),
6.70 (d, J = 7.4 Hz, 1H), 6.39 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.55 (dd, J =
7.4,1.6 Hz, 1H), 5.26 (s, 1H), 3.49 (s, 3H); 13C NMR (125 MHz, CDCI3): §; 201.3, 173.1, 162.2,
138.9, 135.0, 133.1, 133.0, 130.2, 129.9, 128.5, 127.8, 126.9, 126.39, 126.34, 120.7, 119.5, 101.4,
60.5, 54.9, two carbon merged with other peaks; HRMS (FD) m/z: [M]" calcd for C23H17BrO,S:
436.0127; found: 436.0129.
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Spectral data for (R)-6-methoxy-3-(naphthalen-1-ylthio)-8a-phenylazulen-1(8aH)-one (3n):

Meos
J -

Compound 3n was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (84.2 mg, 0.20 mmol, 76%); *H NMR (700 MHz, CDCI3): § 8.28 (d, J = 8.3 Hz,
1H), 7.97 (d, J = 8.2 Hz, 1H), 7.89 (t, J = 6.7 Hz, 2H), 7.58 ~ 7.56 (m, 1H), 7.55 ~ 7.53 (m, 1H),
7.49 (t,J = 7.6 Hz, 1H), 7.23 ~ 7.21 (m, 2H), 7.18 (t, J = 7.3 Hz, 2H), 6.13 (t, J = 7.1 Hz, 1H),
6.85 (d, J = 7.4 Hz, 1H), 6.38 (d, J = 10.7 Hz, 1H), 6.26 (dd, J = 10.7, 1.6 Hz, 1H), 5.60 (d, J =
7.4 Hz, 1H), 4.90 (s, 1H), 3.51 (s, 3H); *C NMR (125 MHz, CDCI3): §; 201.2, 172.3, 162.2,
138.9, 135.2, 134.4, 133.7, 133.3, 133.0, 131.6, 128.8, 127.91, 127.90, 126.9, 126.4, 126.3, 125.8,
125.6, 125.3, 121.5, 119.6, 101.5, 60.4, 54.9, one carbon merged with other peaks; HRMS (ElI-
MS) m/z: [M]" calcd for C27H200.S: 408.1184; found: 408.1193.

Spectral data for (R)-6-butoxy-8a-phenyl-3-(phenylthio)azulen-1(8aH)-one (6b):

Compound 6b was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow oil (83.6 mg, 0.20 mmol, 56%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.57 (m, 2H), 7.44
~7.41 (m, 3H), 7.21 (d, J = 7.4 Hz, 2H), 7.16 (t, J = 7.2 Hz, 2H), 7.36 (t, J = 6.8 Hz, 1H), 6.89
(d, J = 7.4 Hz, 1H), 6.38 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 1.8 Hz, 1H), 5.56 (dd, J = 7.4,
1.5 Hz, 1H), 5.25 (s, 1H), 3.66 ~ 3.62 (m, 1H), 3.59 ~ 3.56 (m,1H), 1.55 ~ 1.50 (m, 2H), 1.31 ~
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1.23 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H); 3°C NMR (125 MHz, CDCI3): §; 201.4, 173.2, 161.8, 138.9,
135.0, 132.9, 132.8, 130.1, 129.9, 128.5, 127.8, 126.8, 126.7, 126.3, 120.5, 119.7, 102.5, 67.4,
60.5, 30.7, 19.0, 13.6; HRMS (ESI-MS) m/z: [M+Na]" calcd for CzsH240.S: 423.1394; found:
423.1396.

Spectral data for (R)-6-methoxy-3-(phenylthio)-8a-(p-tolyl)azulen-1(8aH)-one (6c):

Compound 6¢ was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (115.2 mg, 0.30 mmol, 83%); *H NMR (700 MHz, CDCI3): & 7.58 (d, J = 7.0 Hz,
2H), 7.44 ~7.42 (m, 3H), 7.09 (d, J = 7.9 Hz, 2H), 6.98 (d, J = 7.8 Hz, 2H), 6.69 (d, J = 7.4 Hz,
1H), 6.38 (d, J = 10.7 Hz, 1H), 6.22 (d, J = 10.6 Hz, 1H), 5.55 (d, J = 7.2 Hz, 1H), 5.25 (s, 1H),
3.50 (s, 3H), 2.23 (s, 3H); *C NMR (125 MHz, CDCI3): §; 201.5, 173.0, 162.1, 136.4, 135.9,
135.0, 133.1, 133.0, 130.1, 129.8, 128.6, 128.5, 126.2, 126.1, 120.6, 119.4, 101.3, 60.2, 54.8, 21.0;
HRMS (EI-MS) m/z: [M]" calcd for C24H200.S: 372.1184; found: 372.1185.

Spectral data for (R)-8a-(4-(tert-butyl)phenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one
(6d):

6d
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Compound 6d was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (91.2 mg, 0.21 mmol, 59%); *H NMR (700 MHz, CDCI3): § 7.58 ~ 7.57 (m, 2H),
7.43 ~7.41 (m, 3H), 7.17 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 7.4 Hz, 1H),
6.39 (d, J = 10.7 Hz, 1H), 6.21 (dd, J = 10.7, 1.9 Hz, 1H), 5.56 (dd, J = 7.5, 1.7 Hz, 1H), 5.24 (s,
1H), 3.51 (s, 3H), 1.21 (s, 9H); *C NMR (125 MHz, CDCI3): §; 201.6, 173.1, 162.1, 149.5, 135.8,
135.0, 133.1, 130.1, 129.8, 128.5, 126.1, 125.7, 124.8, 120.6, 119.4, 101.4, 60.2, 54.9, 34.3, 31.2,
one carbon merged with other peaks ; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Cz7H260.S:
437.1551; found: 437.1569.

Spectral data for (R)-8a-(4-bromophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one
(6e):

Compound 6e was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow solid (130.4 mg, 0.29 mmol, 80%); *H NMR (700 MHz, CDCI3): § 7.58 ~ 7.57 (m, 2H),
7.45 ~7.42 (m, 3H), 7.28 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 8.6 Hz, 2H), 6.71 (d, J = 7.4 Hz, 1H),
6.35 (d, J = 10.6 Hz, 1H), 6.22 (dd, J = 10.7, 2 Hz, 1H), 5.56 (dd, J = 7.5, 1.8 Hz, 1H), 5.24 (s,
1H), 3.50 (s, 3H); 13C NMR (125 MHz, CDCI3): §;200.7, 173.4, 162.2, 138.0, 135.0, 132.6, 132.5,
130.9, 130.2, 129.9, 128.3, 128.1, 126.6, 120.9, 120.5, 119.8, 101.5, 59.9, 54.9; HRMS (EI-MS)
m/z: [M]" calcd for C23H17BrO,S: 336.0133; found: 336.0132.

Spectral data for (R)-8a-(4-chlorophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one (6f):
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Compound 6f was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Light yellow solid (127.5 mg, 0.32 mmol, 87%); *H NMR (700 MHz, CDCI3): § 7.58 (d, J=7.5
Hz, 2H), 7.45 ~ 7.42 (m, 3H), 7.13 (s, 4H), 6.71 (d, J = 7.4 Hz, 1H), 6.35 (d, J = 10.7 Hz, 1H),
6.22 (d, J=10.6 Hz, 1H), 5.56 (d, J = 7.4 Hz, 1H), 5.25 (s, 1H), 3.50 (s, 3H); 3C NMR (125 MHz,
CDCI3): 8; 200.8, 173.4, 162.2, 137.4, 135.0, 132.7, 132.68, 132.64, 130.2, 129.9, 128.3, 128.0,
127.7, 126.6, 120.5, 119.7, 101.5, 59.8, 54.9; HRMS (EI-MS) m/z: [M]* calcd for C23H17CIO,S:
392.0638; found: 392.0641.

Spectral data for (R)-6-methoxy-8a-(4-nitrophenyl)-3-(phenylthio)azulen-1(8aH)-one (69):

Compound 6g was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow solid (106.8 mg, 0.26 mmol, 71%); *H NMR (700 MHz, CDCI3): & 8.03 (d, J = 8.8 Hz,
2H), 7.59 ~ 7.58 (m, 2H), 7.47 ~ 7.43 (m, 3H), 7.37 (d, J = 8.8 Hz, 2H), 6.77 (d, J = 7.4 Hz, 1H),
6.39 (d, J = 10.6 Hz, 1H), 6.27 (d, J = 10.3, 1.8 Hz, 1H), 5.58 (dd, J = 7.4, 1.4 Hz, 1H), 5.27 (s,
1H), 3.49 (s, 3H); *3C NMR (125 MHz, CDCI3): §; 199.4, 173.9, 162.3, 146.9, 146.4, 135.0, 132.2,
131.9, 130.4, 130.0, 128.0, 127.4, 127.2, 123.1, 120.5, 120.3, 101.6, 60.4, 54.9; HRMS (FD) m/z:
[M]" calcd for C23H17NO.S: 403.0872; found: 403.0874.

Spectral data for (R)-methyl 4-(6-methoxy-3-0xo0-1-(phenylthio)-3,3a-dihydroazulen-3a-
yl)benzoate (6h)
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Compound 6h was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
White solid (105 mg, 0.25 mmol, 68%); *H NMR (700 MHz, CDCI3): § 7.84 (d, J = 8.2 Hz, 2H),
7.58 (d, J = 7.6 Hz, 2H), 7.45 ~ 7.43 (m, 3H), 7.27 (d, J = 8.2 Hz, 2H), 6.73 (d, J = 7.4 Hz, 1H),
6.39 (d, J = 10.6 Hz, 1H), 6.25 (d, J = 10.6 Hz, 1H), 5.55 (d, J = 7.1 Hz, 1H), 5.26 (s, 1H), 3.84
(s, 3H), 3.47 (s, 3H); *3C NMR (125 MHz, CDCI3): §; 200.3, 173.5, 166.9, 162.2, 144.1, 135.0,
132.6,132.5, 130.3, 129.9, 129.1, 128.7, 128.3, 126.7, 126.4, 120.6, 119.9, 101.5, 60.5, 54.9, 51.9;
HRMS (FD) m/z: [M]" calcd for C2sH2004S: 416.1087; found: 416.1078.

Spectral data for (R)-4-(6-methoxy-3-0xo0-1-(phenylthio)-3,3a-dihydroazulen-3a-
yl)benzonitrile (6i):

CN

Compound 6i was purified on silica gel column using ethyl acetate/hexane: (19: 81) as the eluent;
White solid (81.45 mg, 0.21 mmol, 57%); *H NMR (700 MHz, CDCI3): § 7.58 (d, J = 6.65 Hz,
2H), 7.47 ~ 7.42 (m, 5H), 7.31 (d, J = 8.3 Hz, 2H), 6.75 (d, J = 7.4 Hz, 1H), 6.36 (d, J = 10.6 Hz,
1H), 6.25 (dd, J = 10.6, 1.8 Hz, 1H), 5.57 (dd, J = 7.2, 1.4 Hz, 1H), 5.25 (s, 1H), 3.50 (s, 3H); 1°C
NMR (125 MHz, CDCI3): §; 199.7, 173.8, 162.3, 144.3, 135.0, 132.2, 132.0, 131.7, 130.4, 130.0,
128.1, 127.2, 127.1, 120.5, 120.1, 118.8, 110.7, 101.6, 60.5, 54.9; HRMS (FD) m/z: [M]" calcd
for C24H17NO-S: 383.0985; found: 383.0983.
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Spectral data for(R)-4-(6-methoxy-3-oxo0-1-(phenylthio)-3,3a-dihydroazulen-3a-
yl)benzaldehyde (6j):

MeO

"
©)

6j

a8,

CHO

Compound 6j was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Pale yellow solid (76.4 mg, 0.19 mmol, 53%); *H NMR (700 MHz, CDCI3): § 9.90 (s, 1H), 7.68
(d, J=8.1Hz, 2H), 7.58 (d, J = 7.7 Hz, 2H), 7.45 ~ 7.42 (m, 3H), 7.38 (d, J = 8.8 Hz, 2H), 6.75
(d, J=7.4Hz, 1H), 6.40 (d, J = 10.7 Hz, 1H), 6.26 (dd, J = 10.6, 1.4 Hz, 1H), 5.57 (d, J = 7.3 Hz,
1H), 5.27 (s, 1H), 3.48 (s, 3H); 1*C NMR (125 MHz, CDCI3): 5; 199.9, 191.8, 173.7, 162.3, 146.0,
135.1, 135.0, 132.5, 132.3, 130.3, 129.9, 129.3, 128.2, 127.1, 126.9, 120.6, 120.0, 101.6, 60.7,
54.9; HRMS (FD) m/z: [M]" calcd for C24H1sNO3S: 386.0982; found: 386.0983.

Spectral data for (R)-6-methoxy-3-(phenylthio)-8a-(m-tolyl)azulen-1(8aH)-one (6k):

Compound 6k was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow oil (97.2 mg, 0.26 mmol, 70%); *H NMR (400 MHz, CDCI3): § 7.59 ~ 7.57 (m, 2H), 7.45
~7.42 (m, 3H), 7.07 ~ 6.92 (m, 4H), 6.69 (d, J = 7.5 Hz, 1H), 6.38 (d, J = 10.7 Hz, 1H), 6.22 (dd,
J =10.6, 2 Hz, 1H), 5.55 (dd, J = 7.5, 1.9 Hz, 1H), 5.25 (s, 1H), 3.50 (s, 3H), 2.25 (s, 3H); *C
NMR (125 MHz, CDCI3): §; 201.4, 173.1, 162.1, 138.8, 137.4, 135.0, 133.1, 133.0, 130.1, 129.9,
128.5, 127.7, 127.6, 127.0, 126.3, 123.2, 120.7, 119.5, 101.4, 60.4, 54.9, 21.6; HRMS (ESI-TOF)
m/z: [M+Na]* calcd for C2sH2002S: 395.1081; found: 395.1084.
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Spectral data for (R)-6-methoxy-8a-(3-methoxyphenyl)-3-(phenylthio)azulen-1(8aH)-one
(6l:

Compound 61 was purified on silica gel column using ethyl acetate/hexane: (18: 82) as the eluent;
Yellow oil (123.1 mg, 0.31 mmol, 85%); *H NMR (700 MHz, CDCI3): § 7.58 ~ 7.57 (m, 2H),
7.44 ~7.41 (m, 3H), 7.09 (t, J = 7.9 Hz, 1H), 6.81 (d, J = 7.9 Hz, 1H), 6.77 ~ 6.75 (m, 1H), 6.69
~ 6.66 (m, 2H) 6.36 (d, J = 10.7 Hz, 1H), 6.23 (dd, J = 10.7, 2.0 Hz, 1H), 5.56 (dd, J = 7.5, 1.8
Hz, 1H), 5.25 (s, 1H), 3.73 (s, 3H), 3.50 (s, 3H); *C NMR (125 MHz, CDCI3): §; 201.1, 173.2,
162.1, 159.0, 140.5, 135.0, 133.0, 132.7, 130.1, 129.9, 128.7, 128.5, 126.4, 120.6, 119.6, 118.9,
112.7,111.8,101.5, 60.4, 55.1, 54.9; HRMS (EI-MS) m/z: [M+]" calcd for C24H2003S: 388.1133;
found: 388.1135.

Spectral data for (R)-8a-(3-chlorophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one
(6m):

Compound 6m was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Light yellow solid (106.9 mg, 0.27 mmol, 73%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.58 (m,
2H), 7.45 ~ 7.42 (m, 3H), 7.14 (s, 1H), 7.12 (m, 3H), 6.72 (d, J = 7.4 Hz, 1H), 6.34 (d, J = 10.7
Hz, 1H), 6.24 (dd, J = 10.7, 1.8 Hz, 1H), 5.58 (dd, J = 7.4, 1.6 Hz, 1H), 5.25 (s, 1H), 3.51 (s, 3H);
13C NMR (125 MHz, CDCI3): §; 200.5, 173.4, 162.2, 140.9, 135.0, 133.6, 132.4, 132.3, 130.3,
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129.9,129.1, 128.3,127.2, 126.7, 126.4, 124.8, 120.5, 119.9, 101.6, 60.0, 54.9; HRMS (ESI-TOF)
m/z: [M+Na]* calcd for C23H17CIO,S: 415.0535; found: 415.0522.

Spectral data for (R)-8a-(3-bromophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one
(6n):

Compound 6n was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Yellow solid (94.6 mg, 0.21 mmol, 58%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.58 (m, 2H),
7.45 ~7.42 (m, 3H), 7.28 ~ 7.25 (m, 2H), 7.17 (d, J = 7.9 Hz, 1H), 7.04 (t, J = 7.9 Hz, 1H), 6.72
(d, J = 7.4 Hz, 1H), 6.33 (d, J = 10.7 Hz, 1H), 6.24 (dd, J = 10.7, 1.82 Hz, 1H), 5.58 (dd, J = 7.4,
1.4 Hz, 1H), 5.25 (s, 1H), 3.51 (s, 3H); *C NMR (125 MHz, CDCI3): §; 200.5, 173.4, 162.2,
141.2, 135.0, 132.4, 132.2, 130.3, 130.1, 129.9, 129.4, 129.2, 128.3, 126.7, 125.2, 121.9, 120.5,
119.8, 101.6, 60.0, 54.9; HRMS (ESI-MS) m/z: [M+Na]* calcd for C23H17BrO,S: 459.0030;
found: 459.0030.

Spectral data for (R)-8a-(2-fluorophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one (60):

Compound 60 was purified on silica gel column using ethyl acetate/hexane: (15: 85) as the eluent;
Light yellow solid (109.4 mg, 0.29 mmol, 78%); *H NMR (700 MHz, CDCI3): § 7.59 ~ 7.57 (m,
2H), 7.44 ~ 7.40 (m, 3H), 7.13 ~ 7.09 (m, 2H), 6.94 ~ 6.88 (m, 2H), 6.65 (d, J = 7.3 Hz, 1H), 6.31
(dd, J = 10.5, 3.9 Hz, 1H), 6.24 (dd, J = 10.6, 1.7 Hz, 1H), 5.57 (dd, J = 7.3, 1.5 Hz, 1H), 5.28 (s,
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1H), 3.49 (s, 3H); *C NMR (125 MHz, CDCI3): §; 200.7, 172.9, 162.0, 160.5, 135.0, 131.9, 131.6,
130.1, 129.8, 129.04, 129.02, 128.76, 128.72, 128.5, 125.97, 125.96, 125.0, 124.9, 123.13, 123.11,
120.75, 120.74, 119.2, 116.4, 116.3, 101.4, 58.3, 54.9; HRMS (EI-MS) m/z: [M]" calcd for
C23H17FO,S: 376.0933; found: 376.0934.

Spectral data for (S)-8a-(2-bromophenyl)-6-methoxy-3-(phenylthio)azulen-1(8aH)-one (6p):

Compound 6p was purified on silica gel column using ethyl acetate/hexane: (16: 84) as the eluent;
Yellow solid (99.4 mg, 0.22 mmol, 61%); *H NMR (400 MHz, CDCI3): § 7.58 ~ 7.56 (m, 2H),
7.45 ~7.42 (m, 3H), 7.25 ~ 7.23 (m, 2H), 7.13 ~ 7.09 (m, 1H), 7.00 ~ 6.96 (m, 1H), 6.67 (d, J =
7.2 Hz, 1H), 6.37 (d, J = 10.3 Hz, 1H), 6.25 (dd, J = 10.3, 1.8 Hz, 1H), 5.62 (dd, J = 7.2, 1.8 Hz,
1H), 5.29 (s, 1H), 3.48 (s, 3H); *C NMR (125 MHz, CDCI3): §; 200.8, 172.9, 162.0, 160.5, 135.0,
131.9, 131.6, 130.1, 129.8, 129.0, 128.7, 128.5, 125.9, 124.9, 123.1, 120.7, 119.2, 116.3, 101.4,
58.3, 54.9; HRMS (FD) m/z: [M]" calcd for C23H17BrO,S: 436.0127; found: 436.0124.

Spectral data for 3-(4-chlorophenyl)-3-(4-methoxyphenyl)-1,4-diphenylazetidin-2-one (7a):

Compound 7a was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
White solid (55.3 mg, 0.12 mmol, 72%); *H NMR (700 MHz, CDCI3): § 7.51 (d, J = 8.8 Hz, 2H),
7.36 (d, J = 7.7 Hz, 2H), 7.23 (t, J = 8.2 Hz, 2H), 7.15 ~ 7.10 (m, 5H), 7.04 ~ 7.01 (m, 3H), 6.97
(d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 5.72 (s, 1H), 3.77 (s, 3H); *C NMR (125 MHz,
CDCI3): o; 166.8, 158.9, 137.3, 136.0, 134.6, 132.7, 132.4, 129.6, 129.0, 128.5, 128.39, 128.35,
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128.0, 127.4, 124.2, 117.4, 114.2, 71.0, 67.2, 55.3; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
C2sH22CINO2: 462.1236; found: 462.1234.

Spectral data for Ethyl 2-(4-chlorophenyl)-2-(4-methoxyphenyl)acetate (7b):

Compound 7b was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
Colorless liquid (16 mg, 0.05 mmol, 30%); *H NMR (700 MHz, CDCI3): § 7.25 (d, J = 8.4 Hz,
2H), 7.21 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 4.89 (s, 1H), 4.19
~4.16 (m, 2H), 3.76 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H); C NMR (125 MHz, CDCI3): §; 172.3,
158.8, 137.6, 133.0, 130.4, 129.8, 129.5, 128.6, 114.0, 61.2, 55.6, 55.2, 14.1; HRMS (EI-MS) m/z:
[M]* calcd for C17H17ClO3: 304.0866; found: 304.0868.

Spectral data for 2-(4-chlorophenyl)-2-ethoxy-1-(4-methoxyphenyl)ethanone (7c):
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Compound 7c¢ was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
Colorless liquid (32.4 mg, 0.10 mmol, 61%); *H NMR (700 MHz, CDCI3): § 8.0 (d, J = 8.9 Hz,
2H), 7.39 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.43 (s, 1H), 3.81
(s, 3H), 3.61 ~ 3.55 (m, 2H), 1.25 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCI3): §; 195.9,
163.6, 135.6, 134.0, 131.6, 128.8, 128.3, 127.5, 113.6, 84.8, 65.6, 55.4, 15.2; HRMS (EI-MS) m/z:
[M]" calcd for C17H17ClO3: 304.0866; found: 304.0868.

Spectral data for 4-(4-methoxyphenyl)-3-(phenylthio)naphthalen-1-ol (4a):
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Compound 4a was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (233 mg, 0.65 mmol, 65%); 'H NMR (500 MHz, CDCls): & 8.13 (d, J = 8.0 Hz, 1H),
7.43-7.36 (m, 3H), 7.34-7.27 (m, 3H), 7.26-7.22 (m, 4H), 7.01 (d, J = 8.5 Hz, 2H), 6.57 (s, 1H),
5.21 (s, 1H), 3.86 (s, 3H); >*C NMR (175 MHz, CDCl3): § 158.9, 151.0, 135.5, 134.4, 133.3, 132.3,
132.2, 131.9, 130.6, 129.1, 127.2, 127.0, 126.2, 124.9, 123.4, 121.6, 113.7, 109.8, 55.2; HRMS
(EI-MS) m/z: [M]+ calcd. for C23H180.S: 358.1028, found 358.1027.

Spectral data for (4a’):Unknown species

Compound 4a’ was purified on silica gel column using ethyl acetate/hexane: (04: 96) as the eluent;
White solid (34 mg, 0.056 mmol, 15%); 'H NMR (700 MHz, CDCls): & 7.43-7.38 (m, 4H), 7.34-
7.31 (m, 5H), 7.29-7.23 (m, 7H), 7.21 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.2 Hz, 3H), 6.88 (d, J =
8.6 Hz, 2H), 5.30 (s, 1H), 3.86 (s, 3H), 3.79 (s, 3H); *C NMR (175 MHz, CDCl5): § 171.0, 159.1,
159.0, 146.1, 138.3, 137.4, 135.1, 134.4, 133.3, 132.0, 131.6, 130.1, 130.0, 129.8, 129.2, 128.7,
128.5,127.4,127.3,126.9, 126.6, 125.9,125.7,121.0, 119.4, 114.1, 113.8, 56.2, 55.2, 55.2; HRMS
(ESI-TOF) m/z: [M+Na]" found: 605.1783.

Spectral data for 4-(4-methoxyphenyl)-3-(p-tolylthio)naphthalen-1-ol (4b):

Compound 4b was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (92 mg, 0.24 mmol, 73%); 'H NMR (500 MHz, CDCl;): & 8.11 (d, J = 8.1 Hz, 1H),
7.39-7.33 (m, 3H), 7.26 (t, J= 7.3 Hz, 4H), 7.12 (d, /= 7.8 Hz, 2H), 7.02 (d, J = 8.3 Hz, 2H), 6.48
(s, 1H), 5.27 (s, 1H), 3.87 (s, 3H), 2.33 (s, 3H); '*C NMR (175 MHz, CDCl5): & 158.9, 151.0,
137.8, 134.5, 134.4, 133.3, 132.0, 131.1, 130.9, 130.6, 130.0, 126.9, 126.0, 124.6, 123.0, 121.6,

S35



113.8, 108.8, 55.2, 21.1; HRMS (ESI-TOF) m/z: [M+Na]* calcd. for C24H20NaO,S: 395.1082,
found 395.1089.

Spectral data for 4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)naphthalen-1-ol (4¢c):

Compound 4c was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
White solid (99 mg, 0.25 mmol, 84%); 'H NMR (700 MHz, CDCls): § 8.10 (d, J = 8.4 Hz, 1H),
7.39-7.33 (m, 5H), 7.26 (t, J = 8.4 Hz, 2H), 7.05 (d, /= 7.7 Hz, 2H), 6.88 (d, J= 7.7 Hz, 2H), 6.38
(s, 1H), 5.15 (s, 1H), 3.88 (s, 3H), 3.81 (s, 3H); *C NMR (175 MHz, CDCls): § 159.9, 159.0,
151.0, 136.1, 135.8, 134.4, 132.1, 130.5, 129.6, 126.9, 125.8, 124.4, 124.4, 122.7, 121.6, 115.0,
113.8, 107.8, 55.3, 55.2; HRMS (EI-MS) m/z: [M]+ calcd. for Co4H2003S: 388.1133, found
388.1137.

Spectral data for 3-((4-bromophenyl)thio)-4-(4-methoxyphenyl)naphthalen-1-ol (4d):

Compound 4d was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (49 mg, 0.11 mmol, 47%); '"H NMR (700 MHz, CDCls): § 8.14 (d, J = 7.6 Hz, 1H),
7.42 (t,J= 6.5 Hz, 2H), 7.37-7.35 (m, 1H), 7.32 (d, J = 7.3 Hz, 2H), 7.28-7.22 (m, 4H), 7.01 (d, J
= 8.5 Hz, 2H), 6.58 (s, 1H), 5.33 (s, 1H), 3.86 (s, 3H); '*C NMR (175 MHz, CDCl;): § 158.9,
151.1, 135.6, 134.5, 133.3, 132.3, 132.2, 131.9, 130.6, 129.1, 127.2, 127.0, 126.2, 124.9, 123 4,
121.6, 113.7, 109.8, 55.2; HRMS (ESI-TOF) m/z: [M+Na]" calcd. for C23H17BrNaO-S: 459.0030,
found 459.0029.

Spectral data for 4-(4-methoxyphenyl)-3-(m-tolylthio)naphthalen-1-ol (4e):
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Compound 4e was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (89 mg, 0.23 mmol, 71%); 'H NMR (700 MHz, CDCls): § 8.15 (d, J = 8.5 Hz, 1H),
7.43-7.36 (m, 3H), 7.25 (d, J = 8.1 Hz, 2H), 7.19-7.14 (m, 3H), 7.07 (d, J = 7.3 Hz, 1H), 7.02 (d,
J=28.3 Hz, 2H), 6.58 (s, 1H), 5.26 (s, 1H), 3.88 (s, 3H), 2.29 (s, 3H); *C NMR (175 MHz, CDCls):
6 158.9,151.0, 139.0, 134.9, 134.4, 133.7, 133.1, 131.9, 131.9, 130.6, 129.6, 129.0, 128.3, 127.0,
126.2, 124.8, 123.2, 121.6, 113.7, 109.6, 55.2, 21.2; HRMS (EI-MS) m/z: [M]+ calcd. for
C24H200,S: 372.1184, found 372.1182.

Spectral data for 4-(4-methoxyphenyl)-3-((3-methoxyphenyl)thio)naphthalen-1-ol (41):

OCHj

Compound 4f was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
White solid (93 mg, 0.24 mmol, 79%); 'H NMR (500 MHz, CDCl;): § 8.17 (d, J = 8.1 Hz, 1H),
7.47-7.38 (m, 3H), 7.27-7.20 (m, 3H), 7.04 (d, J = 8.3 Hz, 2H), 6.93 (d, J = 7.6 Hz, 1H), 6.89 (s,
1H), 6.82 (d, J=8.1 Hz, 1H), 6.65 (s, 1H), 5.31 (s, 1H), 3.90 (s, 3H), 3.76 (s, 3H); *C NMR (175
MHz, CDCl3): 6 159.9, 158.9, 151.0, 136.7, 134.4, 133.1, 132.4, 131.9, 130.6, 129.9, 127.0, 126.3,
125.0, 124.5, 123.4, 121.6, 117.2, 113.7, 113.2, 109.9, 55.2, 55.2; HRMS (EI-MS) m/z: [M]+
calcd. for C24H2003S: 388.1133, found 388.1130.

Spectral data for 3-((3-bromophenyl)thio)-4-(4-methoxyphenyl)naphthalen-1-ol (4g):
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Compound 4g was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (59 mg, 0.13 mmol, 57%); 'H NMR (500 MHz, CDCls): § 8.13 (d, J = 7.9 Hz, 1H),
7.43-7.34 (m, 3H), 7.32-7.22 (m, 6H), 7.01 (d, J = 8.4 Hz, 2H), 6.57 (s, 1H), 5.19 (s, 1H), 3.86 (s,
3H); 3C NMR (175 MHz, CDCl5): § 158.9, 151.1, 135.5, 134.4, 133.3, 132.3, 132.2, 131.9, 130.6,
129.1, 127.2, 127.0, 126.2, 124.9, 123.4, 121.6, 113.7, 109.8, 55.2; HRMS (FD) m/z: [M]" calcd.
for Ca3H17BrO,S: 436.0133, found 436.0127.

Spectral data for 4-(4-methoxyphenyl)-3-(o-tolylthio)naphthalen-1-ol (4h):

Compound 4h was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (94 mg, 0.25 mmol, 75%); 'H NMR (500 MHz, CDCls): § 8.09 (d, J = 8.9 Hz, 1H),
7.38-7.32 (m, 4H), 7.25-7.20 (m, 4H), 7.14-7.10 (m, 1H), 7.01 (d, J = 8.5 Hz, 2H), 6.31 (s, 1H),
5.20 (s, 1H), 3.86 (s, 3H), 2.23 (s, 3H); *C NMR (175 MHz, CDCl3): § 158.9, 151.1, 141.2, 134.7,
134.5, 133.9, 133.6, 131.8, 130.9, 130.7, 130.6, 128.3, 126.9, 126.6, 125.9, 124.6, 123.0, 121.6,
113.8, 108.2, 55.2, 20.7; HRMS (EI-MS) m/z: [M]+ calcd. for C2aH200,S: 372.1184, found
372.1189.

Spectral data for 4-(4-methoxyphenyl)-3-((2-methoxyphenyl)thio)naphthalen-1-ol (4i):
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Compound 4i was purified on silica gel column using ethyl acetate/hexane: (14: 86) as the eluent;
White solid (96 mg, 0.24 mmol, 81%); 'H NMR (500 MHz, CDCls): § 8.13 (d, J = 8.4 Hz, 1H),
7.42-7.33 (m, 3H), 7.26-7.17 (m, 4H), 6.99 (d, J = 8.3 Hz, 2H), 6.85 (t, J = 6.8 Hz, 2H), 6.55 (s,
1H), 5.18 (s, 1H), 3.85 (s, 3H), 3.76 (s, 3H); '3*C NMR (175 MHz, CDCl3): § 158.8, 158.1, 150.9,
134.5, 133.5, 132.6, 132.6, 131.9, 130.7, 128.8, 126.8, 126.2, 124.8, 123.6, 123.4, 121.6, 121.1,
113.7,111.0, 109.8, 55.8, 55.2; HRMS (EI-MS) m/z: [M]+ calcd. for C24H2005S: 388.1133, found
388.1135.

Spectral data for 4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)-7-methylnaphthalen-1-ol
(8b):

Compound 8b was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (88 mg, 0.21 mmol, 72%); "H NMR (700 MHz, CDCl;): § 7.88 (s, 1H), 7.35-7.25 (m,
5H), 7.19 (d, J= 8.6 Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.39 (s, 1H), 5.22
(s, 1H), 3.88 (s, 3H), 3.80 (s, 3H), 2.47 (s, 3H); 3C NMR (175 MHz, CDCl5): § 159.7, 158.9,
150.5, 135.7, 134.3, 134.2, 132.7, 132.0, 130.7, 129.9, 129.1, 125.8, 124.8, 122.9, 120.5, 114.9,
113.7,108.2, 55.3, 55.2, 21.5; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH2203S: 402.1290, found
402.1297.

Spectral data for 7-(tert-butyl)-4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)naphthalen-
1-ol (8c):
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Compound 8c was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
Colorless oil (93 mg, 0.21 mmol, 69%); 'H NMR (500 MHz, CDCl5): § 7.47 (d, J = 7.9 Hz, 2H),
7.39 (s, 1H), 7.29 (d, J= 8.7 Hz, 3H), 7.23 (d, J = 6.7 Hz, 2H), 6.99 (d, J= 9.1 Hz, 1H), 6.83 (d,
J=28.4 Hz, 2H), 6.43 (s, 1H), 5.15 (s, 1H), 3.89 (s, 3H), 3.78 (s, 3H), 1.37 (s, 9H); *C NMR (150
MHz, CDCIl3): 8 159.5, 156.9, 150.0, 135.4, 135.0, 131.9, 131.1, 130.4, 129.8, 127.8, 125.4, 125.1,
123.8, 119.3, 114.8, 114.7, 109.2, 100.0, 55.3, 34.6, 31.4; HRMS (EI-MS) m/z: [M]+ calcd. for
C2sH2803S: 444.1759, found 444.1763.

Spectral data for 7-chloro-4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)naphthalen-1-ol
(8d):

Compound 8d was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (72 mg, 0.17 mmol, 56%); '"H NMR (500 MHz, CDCls): § 8.08 (s, 1H), 7.36 (d, J =
8.7 Hz, 2H), 7.31-7.24 (m, 4H), 7.04 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 6.35 (s, 1H),
5.19 (s, 1H), 3.88 (s, 3H), 3.81 (s, 3H); *C NMR (175 MHz, CDCl3): § 160.0, 159.1, 150.2, 136.5,
136.3, 132.7, 132.0, 130.4, 129.9, 129.2, 127.7, 127.4, 123.9, 123.3, 120.9, 115.0, 113.9, 108.4,
55.3,55.2; HRMS (EI-MS) m/z: [M]+ calcd. for C24H1903S: 422.0743, found 422.0748.

Spectral data for 7-bromo-4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)naphthalen-1-ol
(8e):
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Compound 8e was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (90 mg, 0.19 mmol, 63%); 'H NMR (500 MHz, CDCls): § 8.26 (s, 1H), 7.37 (t, J =
9.9 Hz, 3H), 7.23 (t, J = 6.0 Hz, 3H), 7.04 (d, J= 7.9 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 6.33 (s,
1H), 5.23 (s, 1H), 3.87 (s, 3H), 3.80 (s, 3H); '*C NMR (175 MHz, CDCls): & 160.0, 159.1, 150.1,
136.8, 136.4, 132.8, 132.0, 130.2, 129.8, 129.1, 127.5, 124.2, 123.8, 123.8, 118.5, 115.1, 114.0,
108.3, 55.3, 55.2; HRMS (FD) m/z: [M]" calcd. for C24sH10BrOsS: 466.0238, found 466.0233.

Spectral data for 4-(4-methoxyphenyl)-3-((4-methoxyphenyl)thio)-8-methylnaphthalen-1-ol
(8h):

Compound 8f was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (53 mg, 0.13 mmol, 43%); 'H NMR (500 MHz, CDCls): § 7.40-7.34 (m, 2H), 7.30-
7.21 (m, 4H) 7.11 (d, J= 7.5 Hz, 2H), 6.99 (d, J=9.2 Hz, 1H), 6.83 (d, J = 8.7 Hz, 2H), 6.45 (s,
1H), 5.27 (s, 1H), 3.89 (s, 3H), 3.78 (s, 3H), 2.39 (s, 3H); '*C NMR (125 MHz, CDCl3): 6 159.5,
156.9, 150.1, 138.4, 137.8, 135.3, 131.5, 129.6, 128.2, 128.1, 127.9, 127.8, 125.5, 123.9, 119.4,

114.8,109.4, 100.0, 55.4, 55.3, 21.5; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH2203S: 402.1290,
found 402.1294.

Spectral data for 4-(4-butoxyphenyl)-3-((4-methoxyphenyl)thio)naphthalen-1-o0l (8g):
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Compound 8g was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (112 mg, 0.26 mmol, 86%); 'H NMR (700 MHz, CDCls): § 8.07 (d, J = 8.2 Hz,
1H),7.37-7.30 (m, 5H), 7.22 (t, J= 8.2 Hz, 2H), 7.01 (d, /= 8.3 Hz, 2H), 6.84 (d, /= 8.6 Hz, 2H),
6.36 (s, 1H), 5.26 (s, 1H), 4.01 (s, 2H), 3.77 (s, 3H), 1.80-1.76 (m, 2H), 1.53-1.48 (m, 2H), 0.97
(t,J=7.4 Hz, 3H); >*C NMR (175 MHz, CDCl3): § 159.8, 158.5, 150.9, 136.1, 135.8, 134.4, 132.0,
130.2, 129.7, 126.9, 125.8, 124.4, 124.4, 122.7, 121.5, 114.9, 114.3, 107.7, 67.6, 55.3, 31.4, 19.3,
13.8 ; HRMS (EI-MS) m/z: [M]+ calcd. for C27H2603S: 430.1603, found 430.1605.

Spectral data for (4-methoxyphenyl)(phenyl)methanone (5b):
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Compound 5b was purified on silica gel column using ethyl acetate/hexane: (08: 92) as the eluent;
Colorless oil (16 mg, 0.075 mmol, 36%); "H NMR (500 MHz, CDCls): § 7.81 (d, J = 8.7 Hz, 2H),
7.73 (d,J=7.1 Hz, 2H), 7.54 (t,J = 7.3 Hz, 1H), 7.45 (t,J = 7.7 Hz, 2H), 6.94 (d, J = 8.7 Hz, 2H),
3.87 (s, 3H); 3C NMR (125 MHz, CDCls): § 195.5, 163.2, 138.2, 132.5, 131.8, 130.1, 129.7,
128.1, 113.5, 55.4; HRMS (ESI-TOF) m/z: [M+H]" calcd. for C14H1302: 213.0915, found:
213.0918.

Spectral data for benzyl 2-(4-methoxyphenyl)-2-phenylacetate (5c¢):

o OV@
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Compound 5c¢ was purified on silica gel column using ethyl acetate/hexane: (05: 95) as the eluent;
Colorless oil (21 mg, 0.059 mmol, 28%); '"H NMR (700 MHz, CDCls): § 7.32-7.27 (m, 9H), 7.25-
7.21 (m, 3H), 6.84 (d, J = 8.6 Hz, 2H), 5.18 (s, 2H), 5.03 (s, 1H), 3.77 (s, 3H); '*C NMR (175
MHz, CDCl3): 6 172.5, 158.7, 138.8, 135.7, 130.6, 129.6, 128.5, 128.4, 128.4, 128.1, 128.1, 127.1,

113.9, 66.8, 56.1, 55.2; HRMS (ESI-TOF) m/z: [M+Na]" calcd. for C22H200sNa: 355.1310, found:
355.1303,

Spectral data for 4-(4-chlorophenyl)-3-((4-methoxyphenyl)thio)naphthalen-1-ol (10a):

Compound 10a was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (66.9 mg, 0.17 mmol, 28%); '"H NMR (700 MHz, CDCl;): § 8.11 (d, J = 8.2 Hz, 1H),
7.47 (d, J= 8.3 Hz, 2H), 7.40-7.38 (m, 1H), 7.36-7.33 (m, 2H), 7.32-7.27 (m, 4H), 6.87 (d, J=8.7
Hz, 2H), 6.40 (s, 1H), 5.22 (s, 1H), 3.81 (s, 3H); '3*C NMR (175 MHz, CDCl3): § 159.9, 151.3,
136.8, 135.9, 135.5, 133.9, 133.5, 132.4, 128.8, 128.7, 127.2, 125.4, 124.6, 124.1, 122.7, 121.7,
115.0, 108.0, 55.3; HRMS (EI-MS) m/z: [M]+ calcd. for C23H17CIO,S: 392.0638, found 392.0634.
Spectral data for 7-chloro-3-((4-methoxyphenyl)thio)-4-phenylnaphthalen-1-ol (10b):
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Compound 10b was purified on silica gel column using ethyl acetate/hexane: (12: 88) as the eluent;
White solid (4.7 mg, 0.01 mmol, 2%); '"H NMR (700 MHz, CDCLs): § 8.09 (s, 1H), 7.52-7.43 (m,
3H), 7.33 (q, J = 16.3, 8.4 Hz, 4H), 7.25 (s, 2H), 6.88 (d, 8.4 Hz, 2H), 6.37 (s, 1H), 5.23 (s, 1H),
3.81 (s, 3H); 3C NMR (175 MHz, CDCls): & 160.0, 150.3, 137.8, 136.3, 136.1, 132.3, 130.9,
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130.5, 129.7, 128.5, 127.8, 127.7, 127.4, 123.8, 123.3, 121.0, 115.0, 108.6, 55.3; HRMS (EI-MS)
m/z: [M]+ calcd. for C23H17ClO-S: 392.0638, found 392.0635.
Spectral data for (10c¢):

Dy= 1.86D, Dy= 3.32D

Compound 10c was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (77.2 mg, 0.21 mmol, 35%); '"H NMR (700 MHz, CDCl5): 6 8.10 (d, J=4.7 Hz, 0.4H),
7.50 (t, J = 4.0 Hz, 0.8H), 7.45 (d, J = 3.59 Hz, 0.4H), 7.38 (d, J = 4.4 Hz, 0.4H), 7.35 (d, J = 8.4
Hz, 3.6H), 6.87 (d, J = 8.6 Hz, 2H), 6.41 (s, 1H), 5.27 (s, 1H), 3.80 (s, 3H); '*C NMR (175 MHz,
CDCl3): 6 159.8,151.1, 138.3, 138.2, 136.0, 135.3, 134.1, 134.0, 131.0, 130.9, 130.1, 128.4, 128.3,
128.2, 127.4, 127.3, 127.0, 126.9, 126.9, 126.8, 125.8, 125.6, 124.5, 124.4, 124.4, 124.4, 124.3,
122.7,122.6,121.6, 121.4, 114.9, 108.0, 55.3 ; HRMS (EI-MS) m/z: [M]+ calcd. for C23H13Ds0S:
363.1341, found 363.1345.

Spectral data for (R)-3,6-dimethoxy-8a-phenylazulen-1(8aH)-one (11a):

O/

= 0
11a ©

Compound 11a was purified on silica gel column using ethyl acetate/hexane: (30: 70) as the eluent;
White solid (18.8 mg, 0.06 mmol, 80%); *H NMR (700 MHz, CDCI3): § 7.23 (d, J = 8.4 Hz, 2H),
7.16 (t, J=7.4 Hz, 2H), 7.12 (t, J = 7.1 Hz, 1H), 6.71 (d, J = 7.4 Hz, 1H), 6.43 (d, J = 10.7 Hz,
1H), 6.19 (dd, J =10.7, 1.9 Hz, 1H), 5.51 (dd, J = 7.4, 1.5 Hz, 1H), 5.19 (s, 1H), 3.95 (s, 3H), 3.46
(s, 3H); 3C NMR (125 MHz, CDCI3): §; 202.0, 180.7, 162.0, 138.9, 133.0, 128.4, 127.7, 126.8,
126.3,126.2, 118.9, 101.3, 100.2, 58.8, 58.6, 54.8; HRMS (EI-MS) m/z: [M]" calcd for C1gH160s:
280.1099; found: 280.1095.
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Spectral data for (R)-8a-(4-chlorophenyl)-3,6-dimethoxyazulen-1(8aH)-one (11b):

O/

11b

Cl

Compound 11b was purified on silica gel column using ethyl acetate/hexane: (30: 70) as the eluent;
White solid (20.5 mg, 0.06 mmol, 85%); *H NMR (700 MHz, CDCI3): § 7.16 (d, J = 8.5 Hz, 2H),
7.12 (d, J = 8.6 Hz, 2H), 6.71 (d, J = 7.4 Hz, 1H), 6.38 (d, J = 10.7 Hz, 1H), 6.18 (dd, J = 10.7,
1.8 Hz, 1H), 5.52 (dd, J = 7.4, 1.4 Hz, 1H), 5.18 (s, 1H), 3.95 (s, 3H), 3.48 (s, 3H); 3C NMR (125
MHz, CDCI13): §; 201.5, 180.6, 162.0, 137.5, 132.7, 132.5, 127.97, 127.92, 127.8, 126.4, 119.1,
101.3, 100.1, 58.6, 58.2, 54.8; HRMS (ESI-MS) m/z: [M+Na]" calcd for C1gH15ClO3: 337.0607;
found: 337.0605.

Spectral data for (R)-3-(allyloxy)-6-methoxy-8a-phenylazulen-1(8aH)-one (11c):

Compound 11c was purified on silica gel column using ethyl acetate/hexane: (30: 70) as the eluent;
Yellow oil (18.7 mg, 0.06 mmol, 73%); *H NMR (400 MHz, CDCI3): & 7.24 ~ 7.21 (m, 2H), 7.18
~7.10 (m, 3H), 6.76 (d, J = 7.4 Hz, 1H), 6.42 (d, J = 10.7 Hz, 1H), 6.21 ~ 6.17 (m, 1H), 6.08 ~
5.98 (m, 1H), 5.53 ~ 5.50 (m, 1H), 5.47 ~ 5.42 (m, 1H), 5.38 ~ 5.35 (m, 1H), 5.18 (s, 1H), 4.68 ~
4.59 (m, 2H), 3.46 (s, 3H); 3C NMR (100 MHz, CDCI3): §; 202.1, 179.3, 162.0, 138.9, 133.0,
131.0, 128.6, 127.7, 126.8, 126.3, 126.2, 119.4, 119.0, 101.3, 100.9, 72.1, 58.6, 54.8; HRMS (EI-
MS) m/z: [M]" calcd for C2H1803: 306.1256; found: 306.1258.

Spectral data for (R)-6-methoxy-3-methyl-8a-phenylazulen-1(8aH)-one (11d):
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Compound 11d was purified on silica gel column using ethyl acetate/hexane: (10: 90) as the eluent;
White solid (11.5 mg, 0.04 mmol, 41%); *H NMR (700 MHz, CDCI3): § 7.15 ~ 7.12 (m, 3H), 7.10
~7.08 (m, 2H), 7.01 (d, J = 7.4 Hz, 1H), 6.33 (dd, J = 10.6, 1.9 Hz, 1H), 6.13 (d, J = 1.2 Hz, 1H),
5.99 (d, J = 10.5 Hz, 1H), 5.59 (dd, J = 7.4, 1.6 Hz, 1H), 3.50 (s, 3H), 1.91 (s, 3H); 3C NMR (125
MHz, CDCI3): 6; 194.5, 174.2, 164.0, 139.2, 133.7, 132.3, 131.4, 127.7, 127.0, 126.9, 126.0,
123.0, 101.9, 57.6, 54.9, 14.6; HRMS (ESI-TOF) m/z: [M+H]* calcd for C1sH1602: 265.1228;
found: 265.1228.

8. IH-NOE of compound 7a:

Sr. No. Irradiation Intensity increase % (Key peaks)
1. H3 (5 1.72) HP (5 7.36, 2.18 %)
2. HP (& 7.36) H? (8 1.72, 1.30 %)

9. Computational Details:
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Geometries were optimized using the B3LYP functional combined with the 6-31G** basis set
for light atoms and a double-¢ contraction of the Los Alamos valence functions and
pseudopotentials for gold. Hessians at these geometries were computed to provide the zero-point
energy and vibrational enthalpy. Solvation energies, Hsovs, were computed with the CPCM
solvation model. The electronic energy Eeiec Was evaluated with the same functional but with better
basis sets (the 6-311++G*™* basis set for light atoms and a triple-£ contraction of the Los Alamos
valence functions augmented with diffuse s and p functions for gold). Enthalpy of all species were
calculated as H = Eelec + Hsoiv + ZPE + Hyip + 4RT, where the 4RT term is to account for the

translational and rotational thermal corrections as well as PV.

a) The enthalpy reaction profile for the formation of 3a from 2a:

Species Eelec Hsolv ZPE + Hyip + 4KT Hiotai(hartree)
la -706.67711 -0.00283 0.11852 -706.56142
2a -838.93415 -0.00510 0.25606 -838.68319
3a -1436.15137 -0.00671 0.36823 -1435.78986
N2 -109.55942 -0.00024 0.00890 -109.55076

LAu -1633.50121 -0.04025 0.48533 -1633.05614
A -2472.49068 -0.03215 0.74298 -2471.77984
B -2362.96523 -0.03139 0.73184 -2362.26478
Cc -2362.97845 -0.03128 0.73142 -2362.27832
D -3069.69079 -0.03548 0.85549 -3068.87078
E -1436.13822 -0.00760 0.36799 -1435.77783
F -729.34962 -0.00454 0.24276 -729.11140
G -729.42532 -0.00353 0.24411 -729.18475

TS: -2472.48583 -0.03151 0.74130 -2471.77605

TS, -2362.93852 -0.03124 0.72963 -2362.24013

TS3 -3069.64459 -0.02986 0.85160 -3068.82285

TS, -1436.13237 -0.00753 0.36634 -1435.77357

TSs -838.88747 -0.00644 0.25243 -838.64148

TSe -729.33654 -0.00831 0.24141 -729.10345
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Figure S1. The enthalpy reaction profile for the formation of 3a from 2a.

la

S -1.56007900 -0.00347600 -0.99662200
C 0.14254000 -0.00128100 -0.37947000
C 0.80608200 -1.21396900 -0.16945900
C 0.80519200 1.21291300 -0.17542900
C 2.13460400 -1.20830400 0.25762700
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0.28394400
2.13370400
0.28238100
2.79789600
2.65043600
2.64884000
3.83238900
-2.46177700
-3.18121400
-3.79888600

1.33172300
2.79273000
3.65523800
3.34873400
5.02491500
3.25994400
4.72171500
2.70128900
5.56897700
5.66639600
5.12919400
6.63747500
0.27762100
-1.15371300
-2.12555300
-1.58045400

-2.14999300
1.21032100
2.14771800
0.00177700

-2.14942300
2.15262300
0.00296900
0.00132400
0.00459000
0.00749900

0.22781000
0.04541900
1.15844700
-1.23059900
1.00257700
2.15916700
-1.37320400
-2.09569200
-0.26579500
1.87899600
-2.36793600
-0.38753600
-0.81257900
-0.40068600
-1.23512800
0.72087200

-0.33766400
0.25171200
-0.34825700
0.46871900
0.42334200
0.41280900
0.79906700
0.44447600
1.41998100
2.28771600

-0.23536600
-0.04570800
-0.05187400
0.15893400
0.13901300
-0.19871000
0.35533500
0.15404900
0.34549800
0.12992100
0.51196100
0.49507000
-0.13002500
0.00371600
-0.56353100
0.73710800
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-3.48278400
-1.79867400
-2.92979700
-0.85772800
-3.89181800
-4.20716800
-3.26881600

0.57171600
-5.18551800
-6.21172600
-7.15206600
-6.12905200
-6.19715600

0.93805600

0.64079100

-3.13091600
-2.89660300
-1.94518900
-2.17935500
-1.02992300
-0.80139500
-0.25605600
-3.53049400
-1.82992400
-2.49825300
-0.13016500

-0.95008100
-2.11961600
1.00852700
1.35930500
0.18115400
-1.60779900
1.86332800
-2.00523600
0.55557300
-0.24792500
0.23381800
-0.29335000
-1.26661500
1.42605100
2.46943300

1.93037000
1.50129300
0.64722500
2.02009800
-0.16691400
1.65715900
0.75144600
1.95829800
0.49429200
2.51641400
2.16434100

-0.44890100
-1.09988200
0.87379700
1.23493600
0.27263600
-0.91358000
1.44890500
-0.16994600
0.45432600
-0.11408400
0.15576000
-1.20686000
0.29212000
-0.61381800
-0.96589700

-0.18651100
1.18002100
1.60821800

-1.17055600
0.72486100

-1.06382900

-0.20635000
1.93560700
2.67923500

-2.08294600

-1.75586100
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0.11551500
1.38572100
2.34186200
1.16885600
-4.35039600
-5.47886900
-6.35332500
-5.52861600
-5.48282400
-1.78241400
-2.53541100
-1.71317400
-3.21151100
-2.56727500
-2.39294800
-1.13123200
-3.14689700
-3.78556000
-2.33133800
-3.67641400
-0.07046000
2.36766200
3.91378000
4.37608800
4.68215800
5.60111500
3.77794200
5.90825800

-0.79694800
-0.43125700
-0.77918500
0.47676000
2.44986300
2.18571900
2.43671400
1.13135200
2.81249500
-1.32268500
-2.20379000
-1.55163200
-3.27685600
-2.05856900
-2.62710900
-0.88697500
-3.49149000
-3.95017200
-2.78429200
-4.32625100
-1.43784100
1.30855100
0.57282700
-0.60770000
1.21687000
-1.14658000
-1.09642800
0.67346600

1.58446500
0.97210600
1.33703500
-0.02399300
-0.52321800
0.30345300
-0.29946000
0.59645500
1.20373700
0.03200300
0.82400200
-1.34568900
0.24758400
1.89826300
-1.92265000
-1.97359800
-1.13096500
0.87803300
-2.99595500
-1.58117300
2.60698200
-1.01721400
-0.47144500
-1.06547000
0.50518800
-0.67185900
-1.82740200
0.89115900
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4.31914100
6.36722500
5.95745800
6.50313800
7.32180800

0.00000000
0.00000000

-1.17535300
0.39277700
-0.29777100
0.96772300
1.66327200
2.97508300
3.13863500
4.03373700
4.43132400
2.28201900
5.31412800
5.53903600
4.57528200
6.16440400
0.12230100
-0.58060300
0.11161200

2.13451200
-0.50717800
-2.06382600

1.17327500
-0.92755300

0.00000000
0.00000000

-0.02057700
-0.16829400
-0.89098100
1.21664300
-0.98731500
-0.95193400
-1.23314300
-0.68629700
-1.24332300
-1.44562500
-0.71349800
-0.98720100
-1.45834400
-0.51120900
2.31277200
2.28070300
3.41209800

0.95617000
0.30485200
-1.13084900
1.64965300
0.60679700

0.55274900
-0.55274900

1.75651300
0.08682400
-1.17356200
-0.45149200
0.54954900
-0.03881100
-1.38763400
0.83007300
-1.91023000
-2.01840700
0.26416900
-1.09193000
-2.96485400
0.91051400

-0.79424200
-1.99374400
0.07081700
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-1.35411000
-0.50634600
-0.67905200
-1.41606200
-1.90433200
-0.70998700
-1.52728100
-2.71118100
-1.49577400
-3.92673400
-2.67350300
-2.73702600
-3.95715200
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3.20054600
3.29333200
4.76390300
6.94194900
7.60314400
7.37154200
6.95936100
-0.20031800
0.41147700
0.40340300
-0.39444600
-5.26280100

3.38643700

1.41781800

4.49964900

451266800

3.37495800

5.37128000
-1.59960900
-0.86957000
-2.99689100
-1.55544700

0.21109100
-3.64260600
-2.95303300
-0.99573700
-4.72800800
-0.38948200
0.50972100
-1.21370000
-0.22860700
-1.03199600
-0.33765500
-2.03539100
-0.78034600
-3.76570600
-3.59429800
-3.47392400
-4.83745200
-3.70884800

-2.34426300
-2.64611000
-0.31943500
-1.51211400
-3.28049200
0.32937100
-1.10764400
-1.19335300
-1.02482700
-1.19224900
-1.28652900
-1.03142800
-1.11526500
-1.26418100
-0.97259100
2.29115400
2.43042500
2.79273200
2.80009400
-1.64729000
-1.12165700
-1.54106000
-2.71105200
-0.95434800
-1.84659900
-0.08886900
-0.88113900
-1.15155500
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-5.45154300
-5.25304700
-6.10648400
-2.22298100
-1.61266500
-3.08394700
-2.58757600
0.93430800
0.68989300
2.00398100
0.76594600

-0.18562000
1.84275800
2.38019600
1.93765700
2.96457800
4.23336900
5.07705300
4.58523900
6.32748900
4.76816500
5.85060600
6.73624000
6.99067600
6.15098400
1.03045400

-4.10931000
-4.55742700
-3.06531600
5.72548400
6.42359600
5.45106800
6.26778700
3.43979200
2.60716000
3.36634100
4.36860500

0.63628800
-0.05724200

0.91154300
-1.52866700
-0.11305000
-0.76008600
-0.60764200
-1.49836800
-1.22528000
-0.02160600
-2.09569000
-1.97537300
-1.11625600
-2.67783300
-1.97979300

-2.15463700
-0.46133300
-0.89033500
-1.90664600
-2.49204700
-2.52208300
-1.03013600
1.33536800
2.00522100
1.11150200
1.88396600

-0.79536400
0.15422800
1.34278100
0.80205100
-0.97994600
-0.93083400
0.16207700
-2.06421800
0.13475200
1.02006300
-2.05321700
-0.97382400
0.98804800
-2.92108700
1.79264300
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1.17681000
0.06965700
0.31761200
1.96233500
-0.77240200
-0.67097600
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-1.53077000
1.81685600
0.70146100
2.44744800
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0.26472100
1.89464100
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4.55734400
4.67324200
3.55640100
5.46181200
1.21825500
2.09215900
2.85215900
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3.10583100
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3.35516800
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2.16233100
1.61156300
2.43976000
1.10282500
2.78026500
2.82759400
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2.29937200
3.44127600
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-1.78693000
-0.99847500
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-1.41854000
0.78147800
0.42989800
-0.73197300
-2.27684000
0.36925600
1.63389800
-1.05951600
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-3.17909800

0.67398100

0.40891500

0.06033800
-1.83396300

1.75416000
-3.59715700

0.89843400

0.35577800
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-0.29846100
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-0.29588200
0.91441500
-0.80527700
-1.61355600
-1.27549800

-0.29199900
1.85433400
2.71453400
1.93704000
2.73133200
3.93873500
4.92368900
4.08089300
6.10058200
4.78153000

2.68329100
4.22990600
6.03424600
6.54067600
6.68272000
5.96189200
-3.55360600
-4.42220900
-2.82167600
-3.88620000
-3.41886900
-2.61260900
-3.84416800
-4.18825700
1.97403100
2.56469200

0.51468400
-0.30117300

0.73234600
-1.67586600
-0.64025800
-1.38361600
-1.32013500
-2.13814200
-2.04643100
-0.72019100

-0.69726200
-0.04021400
2.68682200
3.37297800
1.81252500
3.18814200
4.82369600
5.30582500
5.60899300
4.40348000
-0.00541600
-0.70046100
-0.34678000
-0.08961300
-2.89061600
-3.77389000

-0.52533700
0.12191500
1.04537500
0.96645200
-1.16981700
-1.27188700
-0.29400800
-2.44083300
-0.47891400
0.59721600
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5.27822600
6.29915500
6.87184900
5.41374000
1.13052100
1.50153800
0.02536000
0.73507800
2.38626200
-0.71633300
-0.38596300
1.02260200
-1.57714000
2.36119000
1.36827000
3.07009700
1.05625600
0.86457600
2.73016600
1.73732400
0.29143700
3.26933600
-2.13587800
-2.62586200
-1.83758900
-3.92151300
-2.32448900
-0.85206000

-2.84621400
-2.81771400
-2.00665400
-3.44300600
-1.87206500
-1.28514300
-2.72375700
-1.53313900
-0.65992700
-2.94984300
-2.37074300
-1.07978900
-3.61183200
2.09367900
2.44600900
3.04664700
3.79529900
1.67135200
4.38770000
4.78728600
4.07395900
5.14813900
1.15473200
2.48487600
3.51288700
2.82521400
4.80542000
3.26661100

-2.58884600
-1.62917700
0.28494800
-3.48771500
2.11311500
3.31928000
2.00054000
4.45766400
3.36322300
3.16637900
4.39901200
5.40215300
3.10818700
1.16729900
2.07634700
0.42343900
2.25729600
2.64590100
0.63448600
1.54163800
2.97702200
0.07455000
-1.14472800
-1.07929800
-0.48307400
-1.57612100
-0.37992900
-0.10069800
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-4.39554300
-4.53154300
-3.59858500
-1.72007300
-5.37810300
-3.97544800
-2.91386800
-3.86470000
-4.48990000
-4.18203900
-5.41110100
-4.23877900
-5.09660000
-3.70617800
-5.72158800
-5.88207000
-5.35716700
-2.58723600
-6.59629200
-7.28834500
-7.93309200
-7.90105400
-6.58869500

2.99523600

2.05666800

2.78071200

3.28905100

7.58497100

4.12068100

2.06097900

5.10925300

5.58085600

4.37459600

6.12521700

0.13134300
-0.79527000
-1.75543000
-0.74688700
-2.64687500
-1.78636700
-1.63111500
-0.01230100
-2.58958500
-3.37783200
-1.61119500

0.18039300
-3.40167100
-4.39721200
-4.91219300
-3.94098700
-5.11346400
-2.18396900
-2.56985300
-1.18686900
-2.82729200
-3.57900800

-1.47646800
-2.04533700
-0.87833800
0.07826200
-1.85981800
-0.80280200
-1.89433800
-1.29923400
-2.11468100

0.07500200
-1.58555000
-3.17032400

0.61353300

0.71957700
-0.21225300
-2.23092300

1.66592200
-3.08491800

0.40662300
-0.35163700

0.35974800
-1.13669000
-0.79608600
-3.48602500
-3.07308900
-3.88531700
-4.31829300
-1.84749300
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7.40450200
8.27963400
8.09295900
4.15458100
4.92630600
3.76086100
4.63186100
1.44763200
2.20621700
1.45383600
0.47791500
-1.19233000
-0.76696000
-1.20534300
-2.22693600
-0.33201100
-0.61880300
0.51477200
-1.17089900

0.30566000
-1.77941800
-1.86705300
-2.33066600
-2.92241600
-4.32703300
-5.00424200

-4.53334600
-3.00742500
-3.78556700
2.64755400
2.04767300
2.04335300
3.53108600
6.25312700
6.70774000
6.81310000
6.40272500
-2.67657200
-3.52895800
-1.82731200
-2.93166200
-3.38183700
-2.64634500
-3.94591100
-4.06912900

-0.48542100
0.09089600
-0.12835500
1.58645200
-0.79145500
-0.54370000
-0.43757400

-2.35106500
-2.47495000
-0.90161800
-0.54551200
-0.05280900
-1.36961600
-0.97455300
1.76507200
2.41314700
0.82460500
2.24846700
5.63879300
6.18215000
6.32801000
5.39274200
0.69116500
-0.07020300
0.28724400
0.82168400

-0.73011600
0.14922800
1.75494100
-0.07751700
-0.53208700
-0.50640600
0.70147400
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-4.96912300
-6.38631900
-4.46522300
-6.35660900
-7.08501200
-6.92349900
-6.88416400
-1.61307900
-1.64008400
-0.97639100
-0.98512400
-2.17822000
-0.33258700
-0.32047200
-1.00462700
0.16813200
-0.82749600
0.23652800
-0.94180200
1.23433700
0.26491700
0.08022900
1.16990200
2.06022400
0.01634900
2.33270700
2.57146000
1.59093200

-0.48134700
-0.25093600
-0.49729300
-0.30044000
-0.18358400
-0.16123200
-0.24666500
2.73628300
3.10841900
3.50290100
4.27627800
2.49949700
4.66842700
5.07456600
4.57316200
5.28513400
-0.75351300
0.02865500
-2.11401600
-0.55853500
1.08447400
-2.66468300
-1.91509500
0.05042300
-3.71848100
-1.08355800
-2.54880200
-3.52469700

-1.74575600
0.68068400
1.64010100

-1.72193700

-0.53039200
1.62047200

-2.67117700
0.33792100
1.67818700

-0.64462100
2.06858500
2.39579700

-0.21219000
1.12909100
3.11334300

-0.95468000
2.48566500
2.92487300
2.79787000
3.70456300
2.67529700
3.58033400
4.04605400
4.06164900
3.84029500

-1.53647500

-1.16199400

-1.39910800
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3.80443900
1.84307800
0.62521800
4.04284500
4.57290700
3.06850100
1.07788900
4.99954200
3.26197900
1.92389300
3.30104600
4.17447500
3.35915100
5.07085900
4.17787800
4.25609000
2.71013300
5.11654000
5.73164800
4.31371400
1.59452500
5.94460600
6.85760000
7.41192300
7.55593600
6.32840100
-4.20443400
-3.46516600

-2.92801100
-4.86204400
-3.24275400
-4.26616300
-2.18404700
-5.23614800
-5.60801500
-4.54940300
-6.27610800
-0.94475100
-0.00533900
0.61934500
0.35966000
1.60131600
0.33714100
1.32171700
-0.12689600
1.96075400
2.06196400
1.60323200
-0.84617000
2.88855500
3.56711900
4.25461700
2.86611600
4.13549300
-0.60054700
0.20188600

-0.61761800
-1.09673000
-1.81232000
-0.30161400
-0.44153900
-0.54216300
-1.28737200
0.12639000
-0.29902500
-2.84507000
-1.07997700
-1.97721000
0.27935600
-1.55296000
-3.02726400
0.71346000
1.00191300
-0.19889700
-2.27673200
1.75939200
-3.94665500
0.32844200
-0.53272500
0.10575700
-1.00442000
-1.30650000
-3.03954100
-3.14325100
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-3.65998600
-4.88199000
-8.58563900
-8.91038800
-9.08783700
-8.94658900
-2.11523800
-3.05746100
-2.20967700
-2.01171300
2.22149700
1.90117300
2.41176800
3.16737400
0.35487300
1.19871000
-0.34488300
0.72426100
-1.00774600
-0.51516200
-2.03662300
-0.50004800

0.16339700
2.29342100
3.23546100
2.32212000

-1.54924700
-0.54562600
-0.01754700
0.55413300
-0.99164500
0.49611200
-2.94034500
-2.55024600
-2.94351300
-3.97538200
-2.54988500
-2.55840100
-3.58762400
-2.00359100
6.36080000
6.59845600
7.20365400
6.30791500
3.10877800
2.14436100
3.01172000
3.85675100

0.26804500
-0.27417200
0.96973400
-1.21844400

-3.09710200
-3.89429300
-0.55614400
-1.43020000
-0.59935600
0.33907600
2.33415900
2.73386900
1.24340200
2.66646400
4.92418100
5.97291700
4.63550100
4.87646900
1.54090100
0.88711900
1.48942700
2.56886100
-2.10033700
-2.27365800
-2.46250700
-2.71331800

-0.52113200
0.33620800
0.81281300

1.66301400
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3.13989300
4.36579600
5.26992300
4.61012200
6.46473300
5.05565100
5.82003800
6.76162600
7.17196300
6.03110700
1.43991800
1.70619700
0.35027800
0.85374100
2.58237400
-0.48296500
-0.25393900
1.06713500
-1.32788200
3.02150300
2.17922700
3.72340100
2.01120600
1.68127200
3.52642700
2.67862100
1.36669900
4.06444300

-1.14706200
-1.84148500
-1.55362600
-2.82131900
-2.27299500
-0.78789600
-3.51556600
-3.26211300
-2.05470500
-4.28329600
-0.97346200
0.06021300
-1.83993900
0.26050500
0.68168800
-1.60748500
-0.57111000
1.06053700
-2.27443700
2.29362500
3.10949200
2.76714400
4.44310900
2.70101800
4.11072800
4.96285000
5.08680500
4.50529100

-0.70258300
-0.55063800
0.46504700
-1.52041900
0.52539800
1.20055100
-1.42430700
-0.41737400
1.32052100
-2.16509000
2.73059000
3.62422700
2.89716500
4.71060900
3.47625700
3.99863300
4.91573500
5.41427800
4.15572100
0.36597700
1.11538200
-0.74940800
0.74418400
1.98885600
-1.09100100
-0.37130400
1.33691600
-1.94955700
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-1.76129900
-1.77861400
-1.35689000
-2.25561800
-1.42767800
-0.95001900
-2.31287200
-2.55350800
-1.90862100
-1.08900800
-2.67190200
-1.95534800
-1.85031500
-3.02067400
-2.62215500
-4.19446500
-3.16468200
-1.83979300
-4.75522900
-4.57762500
-4.23482400
-2.80020000
-5.58631500
-1.31177800
-4.83155400
-4.42469400
-5.07213500
-4.57802300

0.69911300
2.12971700
3.18153400
2.45632400
451010100
2.95453100
3.78407000
1.66836400
4.81824500
5.30157200
4.00830900
5.85013400
-0.41871500
0.32514100
0.55354300
1.13829500
1.52588500
-0.08248100
2.09035500
0.96563500
2.31545600
1.67507400
2.70334500
-0.40014300
3.27125800
3.61392200
4.43944200
2.76474600

-1.38475300
-1.88406600
-1.05236000
-3.16665900
-1.47275400
-0.07096300
-3.59162600
-3.84824500
-2.74586700
-0.81023700
-4.59185600
-3.08065800
-2.41881300
-0.38496500
1.02023100
-0.79890200
1.81012900
1.42310900
-0.01397500
-1.79964700
1.29847900
2.81862300
-0.34386700
-3.51325600
1.97282200
3.31651200
3.60522600
3.98690300
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-3.37992800
-2.65715200
-2.73191100
-3.26734000
-4.33251300
-4.46130600
-3.53936800
-5.51939300
-3.67245100
-2.73022200
-5.64500500
-6.23610900
-4.72301200
-2.95924400
-6.46429100
-4.82578500
3.61242000
2.64592400
3.42281200
3.97678200
8.06618600
7.92381300
8.78679200
8.52530800
4.65521600
5.32371700
4.10380600
5.26517500

3.93378100
-1.52850500
-2.48921500
-1.16023400
-2.04863400
-3.65695000
-4.66393300
-3.90911700
-5.92310900
-4.46218900
-5.17244800
-3.12631000
-6.17697700
-6.70600500
-5.37138400
-7.15931700
-3.11037900
-3.42152100
-2.22428500
-3.90646400
-4.02168100
-5.07711700
-3.61222900
-3.96894600

1.88332600

1.31720800

1.15391900

2.48145800

3.32678300
-1.87060200
-2.36231300
-0.73370800
0.34793700
-0.44113900
-0.12939700
-1.32319900
-0.71531500

0.56491700
-1.90226200
-1.54909100
-1.60018400
-0.47662500
-2.58607200
-2.05076200
-2.61330200
-2.20199900
-3.22852200
-3.26639500
-0.37206900
-0.62369600
-1.09038300

0.61877200
-1.54020100
-0.88522200
-2.14404300
-2.22065600
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2.48084300
3.39415000
1.69689800
2.18342700
-1.14697700
-0.79276100
-1.16422700
-2.17507500
0.10993400
0.99996900
-0.71755300
-0.13185900

2.60439500
2.12537800
0.95366600
1.89444600
0.96623000
0.74577100
0.22259000
2.55661200
0.31486400
2.29147100
0.17483000
-0.13510800
-1.43282800
-2.38022900

6.39666300
6.81513700
6.47093100
7.03039600
-0.39637600
-1.00494300
0.64304200
-0.70705900
-2.98569000
-3.61637800
-3.60783900
-2.63280100

-2.09852200
-1.63874500
-0.75401100
-1.87382000
0.64747200
-1.16943200
-0.46301500
-1.95140300
-0.86512900
-2.36436800
-1.11405700

1.55237600

0.96938100

1.37993700

-0.80177100
-1.23413000
-1.56550300
0.03862600
6.12200900
6.96262900
6.46300400
5.91232000
1.94548200
1.85631700
2.29567600
0.93564300

-0.11447600
1.07040600
1.12402800

-1.36299900
0.49970300

-1.40998900

-0.23241200
2.01378600
1.99818700

-2.24555200

-2.33251400
1.06464500
0.68049100
1.00165900
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-1.23715400
3.70122300
4.45626700
5.31702700
4.79996900
3.87406700
2.22745300
3.22637100
2.40079400
4.37685200
3.09132000
3.55301600
1.62975000
4.54508600
5.14021200
3.67340900
5.44220700
0.05730800

-2.40676700

-3.98012500

-4.54190000

-4.66633300

-5.78443100

-4.00731600

-5.91051500

-4.22661800

-6.46894800

-6.21801400

-0.13713400
-2.89166000
-3.21585600
-3.78793600
-2.31023600
-3.82762600
1.30413500
1.60653500
1.71176400
2.29223600
1.30885300
2.39562400
1.49175600
2.68565800
2.52371100
2.70398900
3.21842300
2.56534300
-1.24344100
-0.49078500
0.48919200
-0.92844300
1.03624300
0.81785900
-0.37917400
-1.69254500
0.60279200
1.79845600

-0.07323300
-0.27747400
0.87931100
0.53073500
1.39484400
1.58043800
0.04404800
0.97902300
-1.28392600
0.59293300
2.01413200
-1.67325500
-2.01579000
-0.73612700
1.33035000
-2.70788800
-1.03825200
1.71410000
-0.78298300
-0.34707200
-1.17405300
0.79162300
-0.85307500
-2.05916200
1.10401300
1.42420500
0.28404000
-1.49339000
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-6.44197600
-7.43739200

1.40695500
2.81533400
3.51218900
3.58158400
4.89857800
2.93791700
4.96790800
3.05083100
5.63408300
5.41355700
5.53976500
6.71952200
0.36200700
-1.05214800
-2.07118000
-1.40631400
-3.41185900
-1.79022700
-2.73625500
-0.62360500
-3.75011200
-4.17945900
-3.02379200
0.67509300

-0.71917200
1.02824500

-0.21389500
-0.21368100
-1.45422100
0.98998100
-1.48986600
-2.37533900
0.93362000
1.93379100
-0.29823300
-2.44598500
1.85717500
-0.32966300
0.77982100
0.33497100
1.29527900
-1.02558700
0.92284300
2.34333200
-1.41254300
-1.77886300
-0.43942700
1.68723200
-2.45847900
1.98550300

1.98773000
0.52933600

-0.00022300
-0.00011600
0.00066300
-0.00077300
0.00068000
0.00118500
-0.00073100
-0.00125400
-0.00003700
0.00123800
-0.00122500
-0.00004300
0.00016600
0.00007500
0.00048100
-0.00042800
0.00041300
0.00086300
-0.00049700
-0.00075200
-0.00007400
0.00074900
-0.00088000
0.00054700
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-5.02292000
-6.09851600
-7.01040700
-6.08266400
-6.08234600

-0.93043900
-2.12222600
-3.37070400
-2.02613500
-4.48792700
-3.46318700
-3.14304700
-1.07274200
-4.38045100
-5.44218900
-3.04528500
-5.24911300
-1.10046600
0.47531000
1.48151700
0.83323800
2.80643900
1.22874000
2.13969300
0.07334300
3.14062800

-0.91808700
0.01120200
-0.58698700
0.64616200
0.64671100

0.93537000
0.05182500
0.46223200
-1.21939500
-0.36267600
1.43101400
-2.04879600
-1.55236800
-1.62559900
-0.02264700
-3.02850200
-2.27306600
2.25361400
0.43592900
1.00609500
-0.61439000
0.56880200
1.80346300
-1.07301100
-1.07139900
-0.48038800

-0.00016300
-0.00006700
-0.00040800
0.89419900
-0.89393400

0.02736100
-0.04396900
0.45694400
-0.63553200
0.35216700
0.94124600
-0.72104700
-1.03196300
-0.23334900
0.74424300
-1.18023900
-0.30434600
0.05753100
0.07198700
-0.71634100
0.93990500
-0.64228700
-1.40961700
1.00616800
1.56573900
0.21962500
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3.55485800
2.41673000
-1.24249900
4.39357000
5.44780700
6.34782800
5.27173400
5.59128300

-0.19954900
1.85864300
2.45511400
1.93375800
2.95686800
4.21382800
5.06811100
4.54518200
6.30616400
4.77683800
5.79865800
6.69345800
6.97663500
6.08185100
1.01987800
1.19583300
0.01764900
0.32815600

1.03942900
-1.88442400
3.41715300
-1.00021800
-0.43502300
-0.98683300
-0.54562400
0.62795000

0.61126100
-0.12226300

0.82612200
-1.59811200
-0.20493900
-0.87317000
-0.77767500
-1.57609900
-1.41763800
-0.21832900
-2.19763900
-2.13416000
-1.35294000
-2.75323000
-2.02050500
-1.59591400
-2.92390400
-2.06592300

-1.26835600
1.67111300
0.08239900
0.36604900

-0.39771300

-0.12326200

-1.47536000

-0.16548500

-0.73897500
0.15875200
1.33958700
0.80556900
-0.99888400
-0.98027200
0.11118700
-2.14226700
0.05204300
0.99269500
-2.16251700
-1.08597300
0.90420700
-3.05329700
1.80176100
3.11567600
1.43092100
4.10089800
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2.01045000
-0.83194000
-0.69980500

0.46338800
-1.61987600

1.93606400

0.81987100

2.60868600

0.34268000

0.34951300

2.09895900

0.97733200
-0.51815300

2.60525500
-2.05479500
-2.93209400
-2.44502700
-4.27252700
-3.28192400
-1.41475500
-5.10435000
-4.65828700
-4.60958500
-2.89857000
-6.13497400
-5.26029800
-2.68310800
-3.32845800

-0.92329400
-3.37339600
-2.96298600
-1.74043200
-4.07598900
2.11090400
2.21453200
3.23481600
3.48150600
1.31377600
4.48506700
4.63643100
3.56581000
5.37408000
1.17385400
2.18463900
3.02121700
2.32280000
3.96068600
2.92833400
3.26116200
1.69349200
4.08083200
459817100
3.35773800
4.81380300
-0.04048900
-1.05657100

3.35936100
2.44957000
3.78277700
5.12853200
2.18934600
1.61571800
2.43915300
1.11633700
2.78380200
2.82052300
1.48300000
2.31265200
3.44135100
1.11440600
-1.61033700
-0.96567400
0.05674400
-1.38522000
0.65351300
0.38697200
-0.78464900
-2.18187700
0.23537600
1.44358400
-1.11040100
0.70255800
-2.28787300
-1.43366100
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-3.89473300
-3.40116500
-4.51043700
-3.83878600
-4.00841100
-2.98546200
-4.56825000
-4.93857200
-4.06795700
-2.59211700
-5.12966200
-5.75019800
-6.13835000
-6.57641000
-5.02528600
3.59805400
2.64455800
3.36886400
4.03135500
8.04689300
8.00525200
8.78022000
8.43191900
3.83390700
4.62640000
3.62068900
4.22583300
0.49776000

-2.17169900
-0.98261100
-3.18585800
-2.22586100
-1.98884100
-0.13482000
-3.10236800
-4.03018300
-1.94427200
-0.15736300
-4.02829500
-5.17456500
-5.75863600
-4.88400000
-5.77532300
-1.65899400
-2.11638100
-0.66559900
-2.25711400
-2.79902900
-3.72234200
-2.14136600
-3.04384600
3.10382300
2.54890500
2.56557100
4.08844700
6.01348700

-2.07741700
-0.02505100
-1.35707000
-3.15928500
0.70327700
0.50882200
0.04612800
-1.88307200
1.78493400
-3.50709500
0.84784300
0.26115500
1.09511800
-0.39683300
-0.29938900
-3.31240600
-3.02582700
-3.71317600
-4.11694300
-1.16643500
-1.75145600
-1.64882200
-0.17276900
0.24654200
0.75931900
-0.68281600
-0.01680400
2.70651000
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1.20169400

0.40719500
-0.47420100
-1.61464100
-1.16529700
-1.81093500
-2.57405700
-0.12284100
-0.36516200

0.80681300
-0.92030000
-1.51435200
-1.07607200

0.25424900
-1.82138900
-2.00640600
-2.17484400
-3.04143900
-4.42510100
-5.04294900
-5.11960900
-6.41192000
-4.47594000
-6.49052800
-7.15853700
-6.89981800

6.49115000
6.67125100
5.97313400
-3.50615800
-4.37602600
-2.75999000
-3.82745900
-3.40688600
-2.58833200
-3.86213100
-4.14893400
1.95721100
2.67594800

-0.39685900
0.24997600
-0.07661900
1.82726700
-0.41653600
-0.08869300
0.43531100
-0.36932000
0.70173600
0.63723100
-0.09183000
0.44020500
1.11761100

3.39762400
1.83595400
3.20555400
4.85474400
5.34880700
5.63024800
4.43975800
0.00912900
-0.67853400
-0.34752100
-0.06839300
-3.04227200
-3.76223900

-0.70478500
0.19037400
1.77602600
0.12731500
-0.59431900
-0.57394400
0.55472700
-1.75528400
0.50711300
1.45584100
-1.75800100
-0.64661700
1.38394500
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-7.05378100
-1.18390900
-0.86190300
-0.61420900
0.07216400
-1.35376900
0.31908100
0.67413200
0.31814800
0.76726700
-1.24202200
0.05194600
-1.83327000
0.80049300
0.45621600
-1.05289600
0.25606300
1.80804000
-1.48965400
2.05368400
2.47689700
2.23751700
3.07546600
2.59310700
1.77965900
3.41528500
3.24831400
3.17987100

-0.29805400
2.79072400
3.06319500
3.49163200
4.06084700
2.51439500
4.48501100
4.78996100
4.28366400
5.05291100
-1.07910000
-0.76958900
-2.32181900
-1.72941900
0.21688900
-3.25501100
-2.98730400
-1.48818100
-4.22636500
-1.00808400
-2.41825100
-3.18025400
-3.03673300
-4.52450000
-2.70923200
-4.38687600
-2.46441400
-5.13041000

-2.66500800
0.41892100
1.74491200
-0.65261400
2.02565300
2.54052200
-0.32993300
0.99253300
3.06015000
-1.14202200
2.41740400
2.82623500
2.67667100
3.50968300
2.62257200
3.36956700
3.79557700
3.83690800
3.58884700
-1.59346700
-1.52638200
-0.36567900
-2.64365100
-0.32524900
0.49933400
-2.60054700
-3.55076400
-1.44117700
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2.40691000
3.86185700
3.44887900
2.60574900
3.46262900
3.15433800
4.76511100
4.12271500
2.15851600
5.73035500
5.00175900
5.42319100
3.86945000
6.73538200
2.66367200
6.43005700
6.23048900
7.19075400
5.94886200
5.46878200
1.63940800
1.11137000
2.15941800
2.38812800
-1.01072600
-0.75537600
-2.09092100
-0.50526200

-5.10449100
-4.85835800
-6.18168900
-0.12718100
0.23285500
1.41696300
-0.31868100
2.06338300
1.84560800
0.31795800
-1.24709500
1.51893000
2.97772300
-0.07988300
0.35851100
2.05340600
3.27320700
3.49681800
4.08763000
3.14695200
5.91314900
6.87100800
5.75481600
6.02414700
3.20593800
2.18189200
3.31708800
3.88862900

0.57310000
-3.47019800
-1.40835700
-2.52321300
-1.20292700
-0.49419300
-1.09919200
0.25387900
-0.55663400
-0.35342800
-1.60905700
0.32926900

0.77557000
-0.26662800
-3.61201500

1.02592000

1.75120800

2.21365800

1.07599500

2.52751200

1.29194900

1.37000400

2.24135000

0.50168900
-2.07981300
-2.37739000
-2.21818300
-2.76631200
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-8.64562900
-9.21151800
-8.94897000
-8.95531900
-4.42160200
-3.61617900
-3.96680800
-5.12629800
-3.24242100
-3.95087100
-3.33704000
-3.54987000

1.03644800

2.11418100

0.77585500

0.82309200

0.40027700
2.38506900
3.59016900
2.29701700
2.93620500
3.93561800
5.01558800
3.77425700
5.97283600
5.11478900

0.69882100
-0.22342300

1.42233400

1.08376800
-0.94142400
-0.28483400
-1.91273500
-1.07755300
-2.63750700
-1.89108500
-2.64967500
-3.61615700
-4.01687100
-3.84844300
-3.97913500
-5.03210400

0.44482800
-0.58614000

0.42627500
-1.54915400
-1.58298100
-2.58875700
-2.47996400
-3.67208500
-3.49491700
-1.62544600

-0.69165800
-0.51258400
0.06973100
-1.66786500
-2.96309100
-3.30990100
-2.74017400
-3.78626000
2.24224300

2.61457800
1.15133000
2.61672100
4.57803300
4.50072900
5.64253900
4.23058500

-0.46942900
0.22885200
0.63408000
1.52424700
-0.89467700
-0.79922400
0.06860000
-1.66913000
0.07993700
0.72720100

S77



I o o o o o T T O o T O o O O T T O O T O O O O T T O O

4.75908800
5.86372200
6.81547000
4.65487400
1.64987700
2.28231600
0.41768300
1.66106100
3.25292600
-0.17209000
0.42348000
2.15311500
-1.12400100
3.62246800
2.84749400
4.48399700
2.91481700
2.21433200
4.52856500
3.76018900
2.30801800
5.19385800
-1.48693900
-1.11413900
-1.70645100
-0.17301800
-1.36398800
-2.43536400

-4.66461800
-4.60110900
-3.41791700
-5.51845900
-1.12714700
-0.21959800
-1.71168800
0.13993900
0.18103500
-1.32780600
-0.41036900
0.84499500
-1.77725700
1.77808800
2.70879200
2.13863600
4.05173100
2.38134300
3.49952800
4.46788800
4.77989700
3.81006500
1.44884200
2.92759200
3.92785000
3.30156600
5.26836500
3.66564000

-1.62947600
-0.76968400
0.76109000
-2.29474600
2.70834300
3.55447700
3.02177400
4.74926900
3.28467600
4.23349900
5.10886800
5.41342200
4.50686400
0.21269700
0.90034100
-0.82774900
0.53526500
1.71884000
-1.15976500
-0.50165900
1.06562500
-1.96164800
-1.04463500
-1.27424000
-0.49048400
-2.24789100
-0.68053600
0.26637000
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0.15357000

0.31126300
-0.44104400
-1.83499600

0.87615300
-0.19011400
-1.64323900
-2.60491700
-2.37406500
-3.94044300
-3.42795100
-1.35700400
-4.99772800
-4.15416800
-4.75047400
-3.20408500
-6.02530200
-1.59793500
-5.85201400
-5.67823100
-6.68241600
-5.14207600
-5.14212900
-1.88029600
-1.09366600
-2.82800100
-4.00375400
-5.51532000

4.64125200
2.54752000
5.63313000
6.02821000
4.90774800
6.67793800
0.80602600
1.18744300
0.91343900
1.32792100
0.74600400
0.82659800
1.16594600
1.57883800
0.85962100
0.52614800
1.27225500
0.79258900
0.69021900
0.44292000
0.36925500
-0.49745700
1.26582900
-1.44580100
-1.71294800
-1.86108900
-2.35752200
-2.39253300

-2.44332300
-2.86178200
-1.65963100
-0.06401100
-3.20843100
-1.81492300
-2.30568000
-0.05633500
1.29537400
-0.48112700
2.19712500
1.66666100
0.40018100
-1.51699000
1.74908400
3.23381100
0.06986800
-3.46814000
2.52347300
3.91597300
4.33363400
4.09273900
4.40314000
-1.92710700
-2.60606000
-1.24466000
-0.18710900
-1.17818900
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-5.53304100
-6.68744900
-6.74720600
-4.61687900
-7.89753300
-6.65774100
-7.92817100
-6.77034100
-8.81317400
-8.87060800
2.59380800
1.64683000
2.56652700
2.63851100
6.91616100
6.47732400
7.66185400
7.44927800
5.33531000
5.97760100
4.72660300
5.97493600
3.85403800
4.38956100
2.85947600
4.38579300
-0.22804500
0.26852300

-2.88223800
-1.97535200
-2.93485300
-3.21396600
-2.05155100
-1.58510700
-2.52551100
-3.30795500
-1.73045400
-2.57814200
-3.76262900
-3.75836700
-2.91465400
-4.68115800
-5.68396500
-6.66675600
-5.49957500
-5.73419800
1.12136900
0.57485700
0.37541300

1.60877600
5.92684500
6.06379000
6.37213200
6.50035500
-0.05172600
-0.55951000

-2.48637100
-0.54077300
-3.17066500
-2.96369300
-1.23365600

0.47197600
-2.54594400
-4.18986200
-0.74693900
-3.08179900
-2.60290600
-2.05135200
-3.29617700
-3.19218900
-0.78201500
-0.97755700
-1.56491800

0.17127200
-1.54570700
-0.84764300
-2.06757100
-2.28463200
-0.87997200
-1.82290400
-0.98525700
-0.11178200

6.42342000

7.25862500
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-0.16887300
-1.28148600
-0.22812900

0.44601700
-1.14228400
-0.49058700

-2.77771700
-2.26985200
-1.17117400
-2.01196700
-0.96410700
-0.74463600
-0.19846500
-2.62241300
-0.56221800
-2.40031900
-0.10231100
0.13909700
1.43263000

2.37961100
1.23883100
-3.92678100
-4.75002600
-5.68510500
-4.95001600
-4.29875100

1.02340700
-0.34379700
-2.712234400
-3.56100200
-3.11902400
-2.28191000

-1.97785300
-1.68614900
-0.81628500
-1.79175400

0.47339500
-1.26410400
-0.51081400
-2.24768700
-0.96696800
-2.26647000
-1.45175100
1.33461400
0.80063900
1.17830000
-0.23998200
-2.68550700
-2.97093800
-3.36289200
-2.06597300
-3.72913300

6.61978800
6.44344600
2.10739000
1.90577400
2.55526000
1.13830300

0.16974300
-1.08725500
-1.29048200

1.35507200
-0.55619300

1.35537600

0.27935400
-1.94625100
-2.17932500

2.25047000

2.21268800

-1.23338200
-0.79893700
-1.15859200

0.05538700

0.37632000
-0.74384600
-0.34083000
-1.33056400
-1.39702300
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-2.13233100
-3.15034400
-2.17417100
-4.19592200
-3.11526000
-3.22090500
-1.38728600
-4.23624400
-4.97716300
-3.24195000
-5.05222300
-0.07382800
2.42863100

3.98657400
4.49389000
4.71757400

5.72611700

3.92503100
5.95195600

4.32011700
6.45546100

6.11720100
6.51817100
7.41605300

1.50510000
2.18796300

1.26792200
1.64352600
1.73508100
2.46001300
1.29843800
2.55109000
1.45429000
2.91368900
2.74602200
2.90325600
3.54772900
2.25940700
-1.27833700
-0.50545500
0.55443100
-1.00694300
1.11720200
0.93228600
-0.44169800
-1.83249700
0.61990700
1.94142200
-0.83132000
1.05794600

0.87507500
-0.34232400

-0.04218600
-0.92740400
1.27569500
-0.49938000
-1.95571400
1.70593300
1.96861000
0.82037000
-1.19790700
2.73335700
1.15514700
-1.99739000
0.83642100
0.38185700
1.14312800
-0.70115600
0.81068800
1.98622100
-1.02460800
-1.28238800
-0.27130600
1.39948200
-1.86519700
-0.52517500

-0.46422800
-0.09104700
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3.15825300
1.89231000
3.81618100
3.37482500
2.52477600
1.15485000
3.49251700
4.56525900
2.28006000
3.99432400
0.40086900
-0.92013400
-1.98938100
-1.13828400
-3.24314500
-1.81727500
-2.38136000
-0.33603400
-3.44298300
-4.04938800
-2.56354900
0.44443600
-4.62228100
-5.74292700
-6.56669200
-5.56114600
-6.01281900
2.82037500

-0.88105000
-1.05170700
-2.06694700
-0.34258900
-2.25682200
-0.64569500
-2.75913700
-2.46522900
-2.79959000
-3.69473900
1.48355600
0.79779700
1.14985700
-0.16251700
0.55919800
1.90506900
-0.75782700
-0.42777400
-0.40353100
0.85348200
-1.49155000
2.52511600
-1.04501200
-0.71105500
-1.32828100
-0.93498100
0.34745800
2.35282500

-0.96847200
1.09830900
-0.66550100
-1.88585200
1.38234400
1.78321600
0.50641100
-1.34293200
2.29032100
0.73644300
0.22715800
-0.02738700
0.80342900
-1.03208100
0.66049200
1.56287800
-1.18597400
-1.71309200
-0.33828500
1.32176200
-1.96409300
0.89593500
-0.57104500
0.23497800
-0.12592200
1.29363000
0.13331900
-0.18679500

S83



TSe

o o T T oIT O T OO O o o T T T O IT O O O O O O

3.49988400

-1.40802700
-2.33740800
-2.87452100
-2.82325400
-3.83239900
-2.51179200
-3.80992200
-2.42663700
-4.30413300
-4.22889900
-4.18985400
-5.06653500
-0.53140600
0.72580500
0.85940100
1.82175600
2.06402100
0.01840000
3.01881600
1.72357400
3.14927800
2.14343400
3.87608800
-0.49344400
4.36607300

3.12548700

1.31093000
0.26329000
-0.49457500
0.01505900
-1.47367700
-0.28557800
-0.93735200
0.60390300
-1.68860000
-2.05807700
-1.10815500
-2.44185900
1.96746700
1.08314500
-0.17385500
1.62530400
-0.87713900
-0.61643900
0.93750100
2.60185100
-0.32089400
-1.84402300
1.34473800
3.04027400
-0.91327300

-0.60316000

0.62177200
0.33769500
1.40787000
-0.97399200
1.17697600
2.40881200
-1.19606600
-1.79580200
-0.12310900
2.00147800
-2.19877700
-0.30098800
-0.23401100
-0.03292900
-0.62850300
0.66679500
-0.56598300
-1.15383500
0.74017700
1.12993900
0.12162200
-1.04784700
1.26594600
-0.83356400
0.25506000

S84



457232500 -2.18265800 -0.34920600
5.60270300 -2.45856300 -0.12224000
3.89539900 -2.94065500 0.06403100

I T T O

4.44109500 -2.13681900 -1.43732300

b) The enthalpy reaction profile for the formation of 4a:

Species Eelec Hsolv ZPE + Hyip + 4KT Hiotai(hartree)
la -706.67882 -0.00411 0.11940 -706.56353
4a -1436.21346 -0.01091 0.36946 -1435.85491
4’ -1436.21206 -0.01078 0.36943 -1435.85341

-729.42507 -0.00566 0.24410 -729.18663

H -1436.08114 -0.01189 0.36653 -1435.72650
H’ -1436.07463 -0.01442 0.36543 -1435.72362
I -1436.15713 -0.01110 0.36833 -1435.79989
I’ -1436.15686 -0.01129 0.36828 -1435.79986

J -1436.15838 -0.00921 0.36737 -1435.80022
Nk -1436.15839 -0.00924 0.36732 -1435.80030
K -1436.16128 -0.01141 0.36800 -1435.80470
K’ -1436.15579 -0.01168 0.36764 -1435.79984
TS: -1436.06980 -0.01181 0.36407 -1435.71754
TS, -1436.07186 -0.01404 0.36468 -1435.72122
TSy’ -1436.07424 -0.01385 0.36462 -1435.72346
TSs -1436.12623 -0.00949 0.36557 -1435.77015
TSs’ -1436.12503 -0.00949 0.36554 -1435.76898
TS, -1436.13363 -0.00963 0.36577 -1435.77750
TSy -1436.13035 -0.01016 0.36561 -1435.77490
TSs -2872.31303 -0.01801 0.73111 -2871.59993
TSs’ -2872.30219 -0.01739 0.73033 -2871.58925
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Figure S2. The enthalpy reaction profile for the formation of 4a.
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-1.92654400

2.16410900
2.39800000
3.68662200
4.76614200
4.54304000
3.25246400
1.56451900
3.84681500
5.37399600
3.08627200

-2.88544900
1.63228600
2.13803000
0.32663100

-1.17942700

-0.64853700

-0.41105400

-0.52515000

-0.03584100

-0.51959500

-0.15590800

-0.71766400
0.09076300
0.15180900

-0.06012600
0.37834200

0.00936200
-1.37367000
-1.88699600
-1.02567700

0.34838500

0.86432900
-2.05558100
-2.96007600

1.02682400

1.93344200
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-0.46661100
-1.63989800
-1.49371800
-2.92454000
-2.57125400
-4.00789800
-3.84045900
0.01737400
-0.50574100
-3.07862200
-4.99820000
-0.52078100
-2.40847500
1.29590700
2.18416100
0.94613900
1.70472100
3.30907600
3.54718400
4.32677400
4.80430500
2.75455500
5.57769700
4.13690300
5.81767400
4.98919500
6.36613400
6.79437300

0.75098500
-0.17306700
-1.56466200

0.33886600
-2.42470900
-0.50230300
-1.89324400
0.66868800

0.97663500

1.41178700
-0.10261500
-1.99980600
-3.49545500
0.08457300
-0.24680100
0.14060100

-0.29647700
-0.89917300
-2.27665300

0.00699000
-2.74596600
-2.97189100
-0.47063600
1.07383100

-1.84520600
-3.81508800

0.23184400

-2.21315600

0.55376200
0.24578000
0.28083400
-0.00406000
0.06119500
-0.21842800
-0.19100600
2.07217500
3.11789200
-0.03082300
-0.41032500
0.48692100
0.09117200
1.65057200
2.17369200
0.33655500
-1.16316300
-0.60972000
-0.55471000
-0.28852100
-0.17058100
-0.81141800
0.10231500
-0.34510000
0.16017200
-0.12831600
0.35503600
0.45962600
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-1.02557500
-4.96434500
-4.85286200
-4.51714900
-5.85363200
-4.16430800

1.55851100
1.93443900
3.04946000
3.82573100
3.48102500
2.37559800
1.36434800
3.30300500
4.09904600
2.12662900
4.93287500
5.32582900
6.21153000
4.54201300
5.58166700
0.38180600
0.62624800
1.59751900
-0.06463000
1.85204500

5.77060000
-2.63408600
-4.04767400
-4.40691900
-4.43361800
-4.41780600

-0.22493600
-1.16231600
-1.98786900
-1.87942400
-0.93034700
-0.11543300
-1.23580400
-2.69498500
-0.85360900

0.61737300
-2.63018200
-3.60938300
-4.09260600
-4.36198800
-3.15725000
0.66469600
2.11599100
2.82684500

2.78504000
4.16945700

-1.42457200
-0.42087000
-0.38996300

0.59134100
-0.58936200
-1.16065800

-0.02048200
-0.99222700
-0.82897300
0.32862700
1.30456600
1.12445100
-1.91293800
-1.60956100
2.19308300
1.88579400
0.59778400
-0.35111800
0.06374400
-0.50441700
-1.31795300
-0.18632800
0.08772400
-0.63716700
1.11307600
-0.36289400
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0.19471700
1.15105300
-1.94036200
-1.99962400
-0.80742700
-0.34727900
1.35168800
2.15251000
2.60014200
-1.97825700
-2.96807800
-0.85006400
-1.18517300
-2.80873300
-3.81493400
-3.06396800
-5.06105200
-3.61903200
-4.31769100
-2.27987300
-5.31748700
-5.83448200
-4.51041900
-6.29005500

-0.27981300
0.28071700

4.12652500
4.82421000
2.38708100
3.51650400
2.24312600
4.62544600
5.86953500
2.31664700
4.70475300
1.10082900
0.66415400
0.23550300
-1.52726300
-1.69946800
-2.35212600
-1.27371100
-2.58304700
-2.67338300
-1.48630200
-0.77991100
-2.14621800
-3.09314200
-1.14809100
-2.31820000

2.14483500
3.03840400

1.39111700
0.65165400
-1.27560000
-1.57476300
1.69067100
2.18935100
0.86708600
-1.41878200
-0.94052500
-0.95789900
-1.05373000
-0.58742400
-0.81849300
-0.07145600
-0.79536600
1.24029700
-0.20913100
-1.81362300
1.81031800
1.80528400
1.09056500
-0.77596900
2.82441500
1.54182900

-0.01406800
-0.94315900
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0.24053300
-0.37078600
-0.95271500
-0.91683500

0.72471200

0.67931000
-1.43784800
-1.37849900
-0.26222200
-1.56129500
-2.66418600
-1.73139100
-3.88664000
-2.94286700
-4.02959400
-0.21777100
-1.05421400
-0.89520000
-3.07545100
-2.56476300
-4.71187800

0.82725100

1.77459400

0.83339500
2.44539200

3.55336800

4.69464400

3.34779200

4.41648800
4.93291300
4.05950600
2.68489900
2.65264300
5.08589500
4.45153500
2.01382500
0.67437700
-0.03481500
0.20195400
-0.92667100
-0.43850500
-1.56552600
-1.33033200
-2.24789500
-3.03594200
-1.11777700
-2.25191000
0.89953700
-0.23605400
-1.45716600
-1.95408300
-0.03878600
0.75634600
-0.44580100
-0.83372800
-0.93495800

-0.72933200
0.41247200
1.33515400
1.11938400

-1.85524100

-1.46370000
2.22461700
1.83712100

-0.22395000

-0.00768900

-0.83893700
1.06979600

-0.63382200
1.29186200
0.43662200

-1.20109900
-1.42191600
1.73589900
2.12150900

-1.66543900
-1.30586400

-0.98964200

-1.17776800

-0.61466700

-0.80633600

-0.06443400

-0.77800300
1.23369200
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5.62433700
4.84854800
4.26778200
2.47011600
5.41084900
6.50855400
4.09876400
6.12985300
-0.40390000
-5.17406100
-6.30405500
-6.09473900
-7.09007500
-6.64514200

1.66073300
2.16446400
3.24953000
3.85492200
3.36561700
2.28544300
1.70228700
3.60975200
3.84774600
1.91379700
4.91774000
5.44915800

-1.69711900
-0.46084000
-1.81504100
-0.62381500
-2.19421300
-1.99004600
-2.19557900
-2.87303700

6.00575200
-2.00802200
-1.82379100
-2.13046900
-2.45885600
-0.78071200

-0.15780200
-0.71811000
-1.59742300
-1.93074000
-1.37560900
-0.50421800
-0.46312700
-2.00879800
-1.64502800
-0.08211800
-2.717546400
-3.37756000

-0.19477400
-1.78583700
1.79999600
1.79101100
1.09085900
-0.75337800
2.80325600
1.53955500
0.57835900
0.73467700
-0.10483300
-1.13731200
0.30591500
-0.10198500

0.16118800
-1.01824000
-1.00609100

0.21095300

1.40260100

1.37282300
-1.96732800
-1.94129100

2.33643600

2.30194600

0.34445800
-0.82591900
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6.27265000
4.70212000
5.83343900
0.50685600
0.71140400
2.02092700
-0.46399800
2.17332200
-0.21694000
1.03768300
-1.83066200
-2.76003300
-0.62653200
-1.09796400
1.21649500
2.89028000
3.17396300
-1.95280400
-2.94291800
-0.85847500
-0.98013700
-2.74936500
-3.38096500
-3.48386700
-4.74221100
-2.80581600
-4.84446200
-2.98748200

-4.00990000
-3.99809700
-2.62756700
0.79693500
2.15662600
2.76382400
3.09996600
4.10107500
451031300
4.97991800
2.54188000
3.29899200
3.16107000
5.12208900
6.01458100
2.11953900
4.51948100
1.10041000
0.69618100
0.28779600
-1.49750200
-1.80073500
-2.05272900
-1.86511300
-2.35866000
-2.00767300
-2.16980800
-1.67728000

-0.49140700
-1.33684200
-1.52900900
0.13653500
0.15487300
0.11274400
0.28310100
-0.08729400
-0.15340400
-0.28626000
-0.14020600
-0.40703500
1.38347500
-0.31308300
-0.56410900
0.18022700
-0.15195000
-0.09107000
-0.26191800
0.04865500
0.08211000
0.03259900
-1.19158300
1.22367300
-1.22248400
-2.11062300
1.18608800
2.17012100
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-5.47423300
-5.22915000
-5.41138800
-6.53321100

-0.38488200
-0.22382800
-0.18025500
-0.29767800
-0.45956400
-0.50306600
-0.13502300
-0.05730600
-0.55141400
-0.62775300
-0.44963200
-1.65817000
-2.92985400
-1.70477000
-4.08986100
-2.98145400
-4.10832300
-0.43894900
-0.48266600
-1.63128400
-2.96197900
-2.93782700

-2.41650500
-2.55155000
-2.21690000
-2.65547800

2.18651800
2.85274600
4.24591400
4.99482900
4.34406600
2.95054800
2.27154700
4.74595600
4.92032000
2.44457700
0.69012700
0.03709900
0.71548900
-1.46073200
0.02529900
-2.13986800
-1.42473900
-2.23381300
-3.44079300
-1.56514300
-3.21778400
1.79954100

-0.03551000
-2.17371700

2.11107100
-0.06177900

0.02435200
-1.20038600
-1.25178300
-0.07973300

1.14420400

1.19536400
-2.11333900
-2.20805600

2.06029500

2.14831100

0.08160300

0.13366700

0.04378800

0.34071500
-0.11382800
-0.04360800
-0.21435100
-0.05819600
-0.27506700

1.44774200
-0.15123600

0.02951300
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-5.02699100
0.78756800
1.70589600
0.78045200
2.28078400
3.58648400
4.16297100
4.08305900
5.22511400
3.77845400
5.14405200
3.63795900
5.71522700
5.66858900
5.52564500
6.54238600
-0.26368900
-5.28681300
-6.29188000
-6.56039800
-7.17132600
-5.96722700

2.55295800
2.95785800
4.24713600
5.18517500

0.55836600
-1.46247500
-2.01854800
-0.09499800
0.88111000
-0.35109500
-0.76109400
-0.84324600
-1.66619300
-0.37144100
-1.74865700
-0.51532500
-2.16059100
-1.98371500
-2.12990900
-2.86414700

6.07961400
-2.03667100
-2.06171300
-1.05252000
-2.52940300
-2.65056100

-0.16093700
-1.43719100
-1.91932600
-1.12512000

-0.24482200
-0.04059900
-0.18342400
0.03325400
0.02520300
0.02879000
-1.17977500
1.24262500
-1.17193900
-2.11664000
1.24356900
2.17631400
0.03783100
-2.11087000
2.18601900
0.04150200
-0.12020300
-0.59188100
0.41723900
0.75860900
-0.02947500
1.28528100

0.05353400
-0.37441300
-0.14800100

0.51900800
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4.80515100
3.51884900
2.25194500
4.50478700
5.53330900
3.24977300
6.47523200
6.89849400
7.93881900
6.30618900
6.84269800
1.17793500
0.91754500
-0.15442900
1.72470700
-0.41933300
1.46546200
0.38998200
0.19750100
-0.04458700
2.55685800
2.09959800
0.18953800
-0.76658100
-1.25119800
-1.16879800
-0.75777900
-2.26325400

0.14952500
0.61743000
-2.07660800
-2.91094900
0.75604500
1.60089900
-1.49474700
-2.78216800
-2.87529800
-3.57672400
-2.89927700
0.36332100
1.81705700
2.35788900
2.71286500
3.72799500
4.08146500
4.59677500
-0.56894400
-1.74402800
2.32024300
4.74840400
5.66416300
1.68903900
4.11773900
0.35475000
1.24359700
-0.26808300

0.95759100
0.73103200
-0.89203100
-0.50140900
1.48671700
1.09987600
0.79116300
0.37802700
0.69431600
0.85068900
-0.71237100
-0.15663500
-0.13525500
0.60161600
-0.86681300
0.59567600
-0.86589200
-0.13641800
-0.42298000
-0.32837100
-1.44281500
-1.44337600
-0.13664600
1.19882000
1.17597400
-1.45329400
-1.89999900
-1.45084700
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-3.24699900
-4.54674600
-5.63340900
-4.47860900
-6.66295600
-5.67869100
-5.51794600
-3.62879900
-6.60847200
-7.50864500
-5.47150600
-7.41230000

-0.76683700
-0.23654900
0.81002400
1.37004400
0.84584800
-0.21119500
-0.64407700
1.19069600
1.26162700
-0.63368500
2.41665400
2.89456000
3.67742600
3.32136500

-1.57869600
-1.08009700
-1.95260100
0.08309900
-1.65288700
-2.85449600
0.37306500
0.75060200
-0.49102100
-2.32804200
1.27780100
-0.25898000

0.71897400
1.29402900
2.21359700
2.58684500
2.04876200
1.14657600
1.00038300
2.61406200
2.37432000
0.78015400
3.45858700
4.12807400
4.80531000
3.42774100

-1.31809900
-0.16648800
-0.05792500
0.60164300
0.83416000
-0.66180700
1.48495700
0.50552400
1.60512100
0.92118300
2.08351200
2.29667200

0.62710100
-0.54208400
-0.50932600
0.71891400

1.90142100

1.85235600
-1.50429200
-1.44150900

2.84975000

2.78248600

0.86659300
-0.28972000

0.05531600
-1.01958700
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2.10196000
-1.88096600
-3.07807800
-3.98155400
-3.35995700
-5.08160200
-4.46853000
-5.33473000
-1.95079100
-2.90833300
-2.70551600
-4.65978300
-6.20006400
-3.81385900
-5.75158500
-0.63107800
-0.59100600

0.19970200
1.15240200

2.47906800

3.24606200

2.78793700

4.34054700

2.99265300

3.88129800

2.17891700
4.66047600

4.93876600

4.70992400
-0.25332100
0.09953300
-0.89461800
1.43746600
-0.56539200
1.76309600
0.76374700
-1.37262400
-2.11303400
2.22920200
2.80279800
1.01664100
-1.92332200
-1.35221500
-1.89194800
-2.17765800
-2.19956900
-3.05553400
-1.95584900
-2.41176700
-0.76308000
-1.65795800
-3.33949800
-0.01697400
-0.41181400
-0.46183400
-2.00565300

-0.77697400
0.56273600
-0.22054800
-0.66734300
-0.57977200
-1.45054700
-1.35609700
-1.80229000
1.45117000
1.71828800
-0.23320300
-1.60738300
-2.40826100
-0.37725200
-1.78615500
2.04918300
3.10112900
1.10316300
0.08380300
-0.45057100
-1.52815900
0.20416500
-1.95022000
-2.03339200
-0.23445700
1.02969400
-1.30477400
-2.78683200
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4.11561100
5.51334600

-2.28747300
-3.09313600
-4.35198200
-4.86526900
-4.09720500
-2.84339400
-2.72415500
-4.92540700
-4.51130200
-2.27875700
-6.08610300
-6.90845200
-7.82215600
-6.43117200
-7.16190500
-0.93928700
-0.02748700
0.24319000
0.55079100
1.06398600
1.38896500
1.64856500
-0.64271400
-1.33861200

0.91691300
0.12224100

-0.04238800
-1.15997400
-1.02230900
0.25323300
1.38158000
1.23332000
-2.15056200
-1.91325800
2.36513700
2.12440500
0.50173000
-0.60475100
-0.18382800
-1.25264400
-1.20439400
-0.19352400
0.97564600
1.65027700
1.49637800
2.77390200
2.61240600
3.26092200
-1.34442000
-2.33102100

0.26731900
-1.63656800

0.33274100
0.01677600
-0.55959100
-0.82928600
-0.50643500
0.06215700
0.24693800
-0.78761100
-0.70358900
0.31110100
-1.38580400
-1.72198200
-2.14431300
-2.46822000
-0.83861500
0.89846200
0.86718200
-0.34149900
2.04215100
-0.37589700
2.00620600
0.79792300
1.67623000
1.96690700
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0.31327900
1.81559000
2.28162700
-0.19716600
1.25558200
0.81479800
0.97950400
1.63577500
2.56941700
3.59527400
4.39055500
3.64532900
5.25047100
4.33953900
4.50820900
3.01601500
5.31167300
5.86884000
4.54097100
5.98103400

1.43636900
2.61534000
3.49385000
3.20801900
2.03933100
1.17866800

1.03608200
2.99174000
4.14330500
1.27644100
3.26840600
-1.55382400
-1.78973500
-1.70726200
-2.37719300
-1.06571400
-1.44268300
0.22654100
-0.50507200
-2.45204200
1.15279300
0.51149300
0.79249800
-0.79050900
2.16276900
1.52116000

-0.38518900
-0.35293100
-1.43578600
-2.59408700
-2.64780500
-1.56288700

2.99601800
2.93095900
0.77223400
-1.26072200
-1.32424500
2.16658900
3.21793700
1.17908700
0.01904700
-0.67535800
-1.76283300
-0.15297600
-2.33302800
-2.16166800
-0.73765000
0.68285300
-1.82139200
-3.17846500
-0.34164600
-2.26798300

0.11485300
-0.64712600
-0.69320600

0.03861500

0.81354400

0.84886700
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2.84995900
4.38752100
1.83800100
0.28954900
3.99397000
5.19173600
5.65757700
4.99075100
5.87845300
0.48697400
1.01975500
0.41657600
2.16405800
0.92357100
2.67463900
2.05597700
-0.65505000
-0.20544100
2.64336500
3.55404600
2.45432300
-0.45331500
0.43877800
-1.65021100
-2.68075000
-0.92878400
-1.58053000
-3.27495300

0.53460800
-1.36611500
-3.54692700
-1.61535900
-3.70911500
-3.70860000
-4.68015300
-3.58873200
-2.91694400

0.75719600

2.12946100

2.99252000

2.58956600

4.27114500

3.86359000
4.71479300

1.37840900

1.52586600

1.94200900

4.19704700

5.70839700

2.65235400

4.91709000

1.20485900

1.53947800

0.51782600
-0.63705200
-0.88912500

-1.22507200
-1.30195400
1.38654500
1.47059200
0.07159000
-0.68930000
-0.51840100
-1.76153200
-0.36348600
0.17137300
-0.08972900
-1.02209200
0.58987400
-1.25028500
0.35266600
-0.56600700
1.94104700
3.02102500
1.31728800
0.89676600
-0.74878200
-1.57610200
-1.97733400
1.00033800
1.04875100
0.01316800
-1.14972500
-0.60509800
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-4.32535100
-3.55075700
-5.64682400
-4.10601000
-4.87306100
-2.73455600
-5.92210500
-6.45935300
-5.08395200
-6.95072300

-0.38396600
-1.35770500
-1.29593500
-0.26413500
0.70690400
0.64430700
-2.16152400
-2.05556700
1.50824100
1.39148400
-0.42631400
-1.74956900
-1.94526500
-2.86028800
-3.18082800
-4.09529700

-0.36995000
-1.65084400
-0.60846700

0.21653000
-1.87163000
-2.06647300
-1.35374300
-0.20605300
-2.45759900
-1.53427800

2.03895700
2.66889000
4.03603900
4.81182400
4.20590800
2.84049900
2.07590400
4.49618700
4.80078900
2.38327700
0.58251500
-0.11114800
-1.26257200
0.38711000
-1.91354900
-0.24078400

-1.37088500
0.53828600
-0.98958200
-2.25728500
0.92091300
1.11989300
0.15753300
-1.58713200
1.81052700
0.45479300

-0.11620000
-0.91438600
-1.17710200
-0.64594300
0.15446200
0.41738900
-1.33718400
-1.80284900
0.58360100
1.05981100
0.18565700
0.11626400
-0.65769000
0.82884700
-0.71261300
0.77360400
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-4.26623700
0.14344100
-0.21367800
-2.74234600
-4.94501300
-1.11784100
-3.28404600
0.92883300
1.47367100
0.77758600
1.94753900
3.42254000
3.82508600
4.20101000
5.00036500
3.21989600
5.36520500
3.89538300
5.76793000
5.31101100
5.96372200
6.67936300
-0.21996300
-5.52067100
-5.74552500
-6.79233400
-5.57297300
-5.10984800

-1.40181000
-0.32689500
0.04935600
1.27514800
0.14257600
-1.66220700
-2.80064700
-1.02362700
-1.94664000
-0.20772100
0.00428000
-0.82937000
-2.02735300
-0.25887400
-2.65396000
-2.46315400
-0.89899400
0.67874300
-2.09462900
-3.58202600
-0.45765000
-2.58607200
5.87799000
-1.94654000
-3.12420000
-3.38910500
-2.95903500
-3.95262600

0.00458100
2.10374600
3.16237300
1.44184200
1.32912600
-1.23667100
-1.32644800
1.20853000
1.37502100
0.07749800

-1.22555800
-0.62503100
-1.22667300
0.39088500
-0.80870700
-2.01510600
0.81335100
0.84328600
0.21356300
-1.27924300
1.60470600
0.54032400
-0.84809700
0.01956700
-0.73634700
-0.57964900
-1.80799200
-0.39718500
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1.67249800
2.09934200
3.22870400
3.96555300
3.56354200
2.43864900
1.54383800
3.52225600
4.14817700
2.13647200
5.08238000
5.52889300
6.41321500
4.76958300
5.80321800
0.48128300
0.68341900
1.90304900
-0.39586600
2.01086500
-0.25435900
0.92169200
-2.12558000
-2.92871700
-1.03017600
-1.09994200

-0.14940300
-0.91903200
-1.73844500
-1.79231500
-1.01736600
-0.21076600
-0.87558700
-2.31736700
-1.06954800
0.38206100
-2.55358000
-3.36846500
-3.89130200
-4.10479000
-2.76942600
0.74858200
2.17194900
2.77605500
3.03764400
4.14885100
4.45084400
4.99996600
2.39253800
3.27085200
2.67939200
5.07897500

0.13867400
-0.95097700
-0.87608100

0.31171700

1.41024800

1.31860700
-1.88293000
-1.74350700

2.32283100

2.17704100

0.50111800
-0.57140200
-0.20441600
-0.86393300
-1.44924100
0.05959400
0.08454800
-0.31933200
0.45332500
-0.42019600
0.34244600
-0.10916800
-0.37134500
-0.44701800

1.26894600

0.60572100
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1.02636600

2.74133800

2.94448400
-1.96944100
-2.79026100
-0.80249100
-0.97644900
-2.72976100
-3.48344600
-3.32469800
-4.82423500
-3.01943200
-4.66717400
-2.73470500
-5.41863300
-5.40328500
-5.12541900
-6.46269400

-0.42643000
-0.09490400
-0.14283300
-0.53292500
-0.87823300
-0.82825800

0.19440300

0.11856700

6.07495700
2.14222400
4.58476300
1.02721400
0.54412400
0.26067900
-1.52944500
-1.82085500
-2.39325000
-1.58351100
-2.72169300
-2.57667500
-1.89708200
-1.15367400
-2.46961200
-3.16649800
-1.70423800
-2.71960600

2.17962900
2.95032700
4.34416100
4.99425700
4.24157500
2.84927600
2.45034400
4.92110200

-0.21654000
-0.58586700
-0.76533000
-0.46854300
-0.99150900
-0.18224300
-0.29710900
-0.03573300
-1.06710600
1.21159500
-0.85356600
-2.03088800
1.41251900
2.01424900
0.38242800
-1.65749100
2.37811200
0.54565100

0.08652400
-1.04002400
-0.99338700

0.17785000

1.30219400

1.25476000
-1.95938000
-1.87585900
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-1.18408300
-1.09456400
-0.40599100
-1.65243400
-2.89205200
-1.66826500
-4.05440700
-2.87545400
-4.05218300
-0.15180300
-0.34989000
-0.97963600
-2.86963700
-2.92118000
-4.97207000
0.84564600
1.70818000
0.75688800
2.28026200
3.58153600
4.50179600
3.75033800
5.58174300
4.36798900
4.81886200
3.04412300
5.73870000
6.29287300

4.73930600
2.26643300
0.68583100
-0.02310800
0.55569000
-1.39995700
-0.19014200
-2.15135100
-1.56711500
-2.38307400
-3.55996300
-1.65436000
-3.19729900
1.59860100
0.28815800
-1.44045800
-1.81979400
-0.03948800
0.90182200
-0.29350700
-0.58039500
-0.85795500
-1.42878000
-0.14202000
-1.71827100
-0.62296700
-2.00266000
-1.64637100

2.21808600
2.13176000
0.05214400
0.14687500
-0.22141600
0.54602800
-0.25696900
0.51254400
0.09278500
-0.28478000
-0.32568300
1.35833900
0.79929200
-0.51663900
-0.57954900
-0.44294200
-0.98403200
-0.20778000
-0.41270500
-0.09037900
-1.10523500
1.18199800
-0.84988700
-2.08898400
1.42448700
1.97137400
0.41119600
-1.64135100

S115



r T T O O T T =T

TSs

o o o rr r r O OT T T T O O O o 0o 0

4.94059500

6.57459000
-0.57089500
-5.16128100
-6.39516900
-6.34802700
-7.12594400
-6.71509200

4.34587400
5.32633500
6.43913800
6.58551900
5.61420500
4.51319400
5.21999400
7.17562600
5.74827900
3.76622200
7.62763900
8.63840200
9.35735800
8.23340400
9.14737500
3.16133900
3.20501800
4.39802100

-2.15935300
-2.66764400

6.07912100
-2.36426900
-1.79940700
-1.42724300
-2.60749400
-0.98430300

-0.18252300
-0.43729200
-1.23395800
-1.79343100
-1.54483900
-0.75123100
-0.00734300
-1.40811600
-1.98245200
-0.56698800
-2.58441200
-2.87793300
-3.51864300
-3.41254200
-1.96856900
0.68457600
2.05968000
2.74056800

2.40948100
0.60682600
0.21400100
0.05966900
-0.35500500
-1.38648100
-0.30204000
0.30706900

-0.33772300
-1.30302300
-1.02382400
0.25084700
1.23185200
0.93804400
-2.29470200
-1.79899900
2.21566900
1.70470500
0.63708100
-0.31532900
0.19696600
-1.18386800
-0.65949200
-0.63361800
-0.39308100
0.01662100
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1.98072300
4.45698300
2.15397800
3.33682000
0.79944800
-0.22831400
1.45864700
1.27182500
3.45071100
5.27861400
5.38791600
0.84354500
-0.02664400
1.97799200
2.03662800
0.57077700
0.67258300
-0.63605700
-0.43183200
1.61326300
-1.73787400
-0.72381200
-1.63665300
-0.34976600
-2.67366700
-2.49460700
-4.29770000
-5.24946100

2.88586800
4.10689600
4.34891600
4.92660600
2.27395400
3.00296500
2.83890600
4.92094700
6.00579900
2.15158000
4.58985700
0.89296600
0.44490300
0.13191000
-1.61846700
-1.92459900
-1.86951300
-2.30451600
-2.18599200
-1.58235000
-2.61903300
-2.34318000
-2.56096400
-2.14131800
-2.90238000
-2.80952600
-0.12725900
-0.52304900

-0.53543500
0.04915900
-0.63882300
-0.32001000
-1.23831900
-1.44755300
0.51003600
-0.90112100
-0.34371400
0.24553200
0.33348400
-1.49226400
-1.95444800
-1.21044000
-1.55803800
-2.55379800
-3.95031900
-1.95396100
-4.74100200
-4.40873800
-2.75189200
-0.87325300
-4.14291500
-5.82293100
-2.28042700
-4.76068900
0.24215900
1.18983100

S117



O T T T T I O O O O O o o o o T T T O O T T T T O O O O

-6.33355400
-6.48640700
-5.54932600
-4.47449100
-5.14264100
-7.04546000
-5.68783300
-3.75362200
-7.50447800
-8.48015100
-9.18479900
-8.03491500
-9.01749700
-3.14613200
-3.15827200
-4.29692600
-1.98025300
-4.34307400
-2.13476300
-3.26376400
-0.85624100

0.14696600
-1.24693000
-1.28362900
-3.35809100
-5.15461200
-5.23603000
-0.93358400

-1.33607100
-1.76673000
-1.37446900
-0.56988500
-0.18980000
-1.61900600
-1.71114700
-0.27493700
-2.55986500
-2.98981400
-3.60584300
-3.59121600
-2.14230600
0.75551500
2.12216300
2.76699900
2.96196900
4.12742300
4.40882900
4.96998300
2.41725200
3.14474500
2.86066000
4.99800100
6.04787000
2.16177400
4.58103600
1.03893100

0.84992100
-0.47246900
-1.43928800
-1.08203200

2.21765100

1.61610600
-2.46172000
-1.83877700
-0.92052600

0.01532200
-0.54528900

0.81823700

0.45999300
0.60734100
0.27638900
-0.30755200
0.52534700
-0.46769900
0.45589800
-0.05735000

1.34998200
1.60094400
-0.54814400
0.77907600
-0.14619200
-0.57812900
-0.88990200
1.67695700
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-0.10960100
-2.02869100
-2.08908400
-0.67031800
-0.78760300
0.52642100
0.28736800
-1.71872500
1.59740000
0.62430900
1.48000900
0.19135200
2.52121900
2.31376000

4.35548600
5.35013500
6.45907100
6.59048400
5.60827600
4.49862700
5.24795400
7.22051600
5.70719000
3.73419100
3.16897600
3.22216400

0.62767400

0.25452200
-1.49394900
-1.73073500
-1.47823500
-2.24845900
-1.73240600
-1.08337100
-2.50740300
-2.44287200
-2.24872200
-1.53130600
-2.91013100
-2.45128800

-1.01545700
-1.18318500
-1.99246500
-2.64541500
-2.48512400
-1.67548400
-0.67599400
-2.11197600
-2.98728000
-1.55148700
-0.13461300

1.23011700

2.24623800
1.33034200
1.75759900
2.83499300
4.20855600
2.32435500
5.05995600
4.60157800
3.18224800
1.26160100
4.54874900
6.12285800
2.77739400
5.21465400

-0.38784800
-1.36330400
-1.11619000
0.11060700
1.08897900
0.84234700
-2.31818200
-1.88142800
2.04712500
1.60402300
-0.63744400
-0.34692800
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4.42148200
2.00180600
4.48430900
2.17321700
3.35878100
0.81591900
-0.20770200
1.48235400
1.30494000
5.30540200
5.41411200
0.84848800
-0.02735100
1.97929000
2.02320100
0.55795000
0.66947200
-0.65959000
-0.43639100
1.61836900
-1.76293800
-0.75418600
-1.65216000
-0.34686200
-2.70680700
-2.51109000
-4.32167300
-5.26668500

1.88871000
2.06724800
3.25026700
3.53347200
4.08780500
1.48854300
2.23021300
1.96668000
4.13602700
1.29044000
3.73576800
0.11519600
-0.31104700
-0.66284200
-2.40105000
-2.65876500
-2.57499400
-3.02762400
-2.85224300
-2.29680700
-3.30119700
-3.08887000
-3.21505000
-2.78619800
-3.57595000
-3.43265200
-0.88863500
-1.31117200

0.08136300
-0.45068800
0.18039900
-0.48784300
-0.14009000
-1.17288500
-1.35499600
0.59158400
-0.72339100
0.26983500
0.46279800
-1.46938500
-1.94140500
-1.22310400
-1.62994600
-2.63971800
-4.03395800
-2.05473700
-4.83736500
-4.48074300
-2.86533800
-0.97563900
-4.25421000
-5.91757300
-2.40491200
-4.88223700
0.22617400
1.17483700
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-6.36369000
-6.54041800
-5.61272800
-4.51305300
-5.13565600
-7.08379900
-5.74589800
-3.79086100
-3.15159800
-3.14487600
-4.28008600
-1.95431600
-4.30586400
-2.07816200
-3.20136300
-0.83725000

0.17582000
-1.22412000
-1.22802000
-5.15541300
-5.19438300
-0.93088600
-0.10951900
-2.03934800
-2.11866700
-0.71269900
-0.82796500

0.47069400

-2.08543700
-2.44717200
-2.02985600
-1.25909700
-1.02620300
-2.40142000
-2.30177600
-0.93702000
-0.04196200
1.33745500
2.02300300
2.14908400
3.38736500
3.60103800
4.19297600
1.55544600
2.25744100
2.06243300
4.18181600
1.44565300
3.88811100
0.16399500
-0.28255300
-0.59053400
-2.35490500
-2.64802600
-2.41484800
-3.19046200

0.79659100
-0.53987300
-1.49571300
-1.11508600

2.21420800

1.54598600
-2.53928000
-1.85956900

0.62000800
0.34573400
-0.19790500
0.62185400
-0.30972600
0.60289300

0.11523000

1.42116000

1.70162600
-0.45460700

0.94037100
-0.47268700
-0.68410400

1.68420600

2.23024800

1.31487100

1.66802300

2.74762600

4.12484500

2.23181600
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0.23698400
-1.74932100
1.53091000
0.56611600
1.41647400
0.14296200
2.44396700
2.24184000
7.45439500
-7.39645600
3.53890600
-3.32551100
3.42449400
4.17240500
3.59604300
2.42566800
-3.14207100
-3.87368400
-3.28269700
-2.13302100

-2.71168000
-2.00153000
-3.49342200
-3.37067000
-3.25302000
-2.52527900
-3.91677400
-3.48960000
-3.27483000
-3.04727000
5.45515900
5.56973400
6.06856000
5.67841700
7.13634400
5.91170200
6.15015700
5.77122700
7.22673800
5.95280500

4.97480700
4.52179400
3.08878800
1.16633900
4.45875800
6.04051800
2.68051500
5.12387000
0.30311600
-0.83467900
-0.15183900
0.09345200
1.13282500
1.83654200
0.98425800
1.55866300
-1.19518400
-1.92211100
-1.07727900
-1.58029800
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10. X-ray crystallographic data:

a) X-ray structure of 3b:

CCDC: 2127169

211216LT _auto

Table S1 Crystal data and structure refinement for 211216LT_auto.

Identification code 211216LT auto
Empirical formula C24H2002S
Formula weight 372.46
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P2i/c

alA 13.9643(3)
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b/A
c/A

(o]

o/
pr°

/e
Volume/A3
4
Peaicg/cm?
wmm'?

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A3

10.0272(2)

13.3690(3)

90

96.154(2)

90

1861.18(7)

4

1.329

1.665

784.0

0.129 x 0.075 x 0.049

Cu Ko (A= 1.54184)

6.366 to 134.128
-16<h<16,-11<k<6,-15<1<15
14032

3307 [Rint = 0.0214, Rejgma = 0.0207]
3307/0/246

1.072

R: = 0.0320, wR, = 0.0821

R; = 0.0366, WR; = 0.0844

0.22/-0.28

Table S2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters
(A?x10°) for 211216L T _auto. Ueq is defined as 1/3 of the trace of the orthogonalised U,; tensor.

U(eq)
20.0(3)

Atom X y z

c1 2742.1(10) 958.6(13) 7421.5(10)
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Table S2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A2x10°%) for 211216LT_auto. U is defined as 1/3 of the trace of the orthogonalised U, tensor.

Atom X
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C18
C19
C20
Cc21
C22
C23
C24
C26
025
027

2385.3(10)
2632.2(10)
3214.6(10)
3274.2(10)
2789.9(10)
2518.1(10)
1977.7(10)
1804.8(10)
2162.9(10)
3801.0(10)
4159.1(11)
5095.5(12)
5676.3(11)
5322.4(11)
4388.0(10)
1191.1(10)
1731.0(11)
1397.8(11)
530.5(11)
-7.2(11)
306.6(11)
198.0(12)
4093.4(12)
3636.3(7)
2047.7(8)

-310.9(13)
-742.4(14)

-38.0(15)
1300.7(14)
2279.0(14)
2137.0(14)
3110.9(14)
2653.4(14)
1305.1(14)

873.3(14)
-313.4(15)
-374.2(17)

742.9(18)
1925.4(17)
1991.5(15)
5526.5(14)
6584.8(14)
7340.1(15)
7031.0(15)
5968.9(16)
5230.6(16)
7810.8(16)
-426.5(16)
-936.5(10)

531.7(10)
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6914.0(10)
6027.5(10)
5355.3(10)
5242.4(10)
5796.3(10)
6727.4(10)
7259.9(11)
8178.9(11)
8317.1(10)
7869.5(10)
8302.2(11)
8777.8(12)
8831.6(11)
8410.1(11)
7928.1(10)
7668.1(11)
8087.1(11)
8850.1(11)
9219.6(11)
8786.0(12)
8005.8(12)
10080.9(12)
3935.4(11)
4767.7(7)
8999.6(7)

20.9(3)
21.9(3)
21.9(3)
23.0(3)
22.4(3)
20.6(3)
21.8(3)
23.4(3)
21.6(3)
21.4(3)
27.2(3)
32.2(4)
32.6(4)
30.5(4)
24.7(3)
23.6(3)
26.2(3)
26.7(3)
25.4(3)
29.4(3)
28.8(3)
33.2(4)
30.8(4)
26.3(2)
26.9(2)



Table S2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A2x10°%) for 211216LT_auto. U is defined as 1/3 of the trace of the orthogonalised U, tensor.

Atom X y z U(eq)
S17 1637.4(3) 4615.0(3) 6675.6(3) 26.73(12)

Table S3 Anisotropic Displacement Parameters (A?x10°%) for 211216LT_auto. The Anisotropic
displacement factor exponent takes the form: -2a?[h?a*?Uy;+2hka*b*Uyo+...].

Atom U Uz Uss Uzs Uss Uz

c1 24.0(7) 20.5(7) 16.1(6) 0.0(5) 4.4(5) 0.3(6)
Cc2 22.7(7) 19.7(7) 20.0(7) 1.6(5) 1.9(5) 0.0(6)
Cc3 24.8(7) 19.5(7) 21.2(7) -0.7(6) 0.8(6) 0.2(6)
C4 23.4(7) 26.2(7) 16.0(7) -3.1(5) 1.1(5) 3.8(6)
C5 24.7(7) 27.9(8) 16.8(7) 0.7(6) 3.8(5) -1.0(6)
C6 25.9(7) 21.2(7) 19.8(7) 1.1(5) 1.0(5) 0.5(6)
Cc7 22.8(7) 19.4(7) 19.5(7) 0.2(5) 1.9(5) -0.6(6)
c8 23.4(7) 20.3(7) 21.2(7) -1.5(6) 0.3(5) -0.3(6)
Cco 25.1(7) 24.4(7) 21.0(7) -3.9(6) 4.1(6) 0.6(6)
C10 24.0(7) 24.5(7) 16.6(7) -2.2(6) 3.0(5) -1.9(6)
c11 25.0(7) 25.7(7) 14.2(6) -3.1(5) 5.0(5) 1.5(6)
C12 31.4(8) 25.9(8) 23.8(7) -1.6(6) 1.5(6) 2.1(6)
C13 34.5(8) 37.2(9) 24.0(8) -1.6(7) -0.6(6) 11.3(7)
C14 25.5(7) 50.5(10) 21.6(8) -7.4(7) 1.5(6) 5.2(7)
C15 28.1(8) 40.7(9) 23.3(8) -7.0(7) 5.1(6) -6.5(7)
C16 27.7(7) 27.7(7) 19.3(7) -2.9(6) 5.2(6) -1.3(6)
Cc18 28.1(7) 20.2(7) 22.1(7) 1.5(6) 0.4(6) 6.0(6)
C19 30.7(8) 22.4(7) 25.8(8) 4.7(6) 4.7(6) 0.5(6)
C20 34.4(8) 20.7(7) 24.3(8) 1.4(6) -0.7(6) -1.6(6)
c21 30.3(7) 23.4(7) 21.6(7) 1.8(6) -1.5(6) 6.3(6)
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Table S3 Anisotropic Displacement Parameters (A?x10%) for 211216LT_auto. The Anisotropic
displacement factor exponent takes the form: -2a%[h?a*?U;1+2hka*b*Ui2+...].

Atom
C22
C23
C24
C26
025
027
S17

U1

Uz

23.7(7) 32.3(8)
26.0(7) 26.7(8)
40.2(9) 32.7(8)
35.3(8) 37.4(9)
32.2(5) 28.1(5)
36.5(6) 25.1(5)
36.1(2) 22.2(2)

Uss

32.1(8)
32.8(8)
26.5(8)
21.3(7)
19.4(5)
20.3(5)
22.23(19)

Table S4 Bond Lengths for 211216L.T_auto.

AtomAtom Length/A  AtomAtom Length/A

Cl
C1
C1
Cl
C2
C3
C4
C4
C5
C6
C7
C8
C8
C9

C2
C7
C10
Cl1
C3
C4
C5
025
C6
C7
C8
C9
S17
C10

1.5022(19) C11
1.5142(18) C11
1.5544(18) C12
1.5370(19) C13
1.341(2) C14
1.458(2) C15
1.354(2) C18
1.3692(16) C18
1.4407(19) C18
1.3473(19) C19
1.4646(19) C20
1.357(2) C21
1.7409(14) C21
1.446(2) C22

C12
Cl6
C13
Cl4
C15
Cl6
C19
C23
S17
C20
Cc21
C22
C24
C23

1.392(2)
1.386(2)
1.393(2)
1.380(2)
1.381(2)
1.394(2)
1.385(2)
1.392(2)
1.7781(15)
1.390(2)
1.391(2)
1.393(2)
1.506(2)
1.388(2)
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U2z

-2.9(7)
-5.5(7)
-3.9(7)
-2.5(6)
-2.8(4)
1.04)
1.64(14)

Uiz

2.9(6)
-0.7(6)
2.3(7)
10.1(6)
6.7(4)
8.2(4)
4.80(15)

U

2.1(6)
0.1(6)
5.2(7)
3.3(7)
4.8(5)

-1.5(4)

6.39(15)



Table S4 Bond Lengths for 211216LT_auto.

AtomAtom Length/A  AtomAtom Length/A

C10 027

1.2212(17) C26 025

Table S5 Bond Angles for 211216LT_auto.

Atom Atom Atom

C2
C2
C2
C7
C7
Cl1
C3
C2
C5
C5
025
C4
C7
C6
C6
C8
C7
C9
C9
C8
C9

c1
c1
c1
c1
c1
c1
c2
Cc3
c4
c4
c4
C5
c6
c7
c7
c7
c8
c8
c8
Cco

c7
C10
c11
C10
c11
C10
c1
c4
Cc3
025
Cc3
Cc6
C5
c1
c8
c1
s17
c7
s17

C10

Cl0 C1

Angle/*

110.35(11) 027
111.26(11) C12
112.80(11) C16
101.96(11) C16
114.15(11) C11
105.69(10) C14
124.64(13) C13
127.00(13) C14
126.44(13) C11
123.56(13) C19
109.74(12) C19
125.43(13) C23
126.67(13) C18
126.06(13) C19
126.12(13) C20
107.80(11) C20
119.32(10) C22
111.45(12) C23
129.23(11) C22
109.81(12) C4
108.17(11) C8

C10
Cl1
Cl1
Cl1
C12
C13
Cl14
C15
Cl6
C18
C18
C18
C19
C20
Cc21
C21
C21
C22
C23
025
S17

1.4349(17)

Atom Atom Atom

C9

C1

C1

C12
C13
C12
C15
Cl6
C15
C23
S17
S17
C20
c21
C22
C24
C24
Cc21
C18
C26
C18

5128

Angle/*

128.14(13)
119.81(13)
121.02(13)
118.94(13)
120.32(14)
120.40(15)
119.53(14)
120.38(15)
120.42(14)
119.72(14)
118.47(11)
121.78(12)
120.25(14)
120.79(14)
118.26(14)
120.49(14)
121.23(14)
121.40(14)
119.52(14)
117.70(11)

102.19(7)



Table S5 Bond Angles for 211216L T _auto.
Atom Atom Atom Angle/* Atom Atom Atom Angle/*
027 C10 C1 123.69(12)

Table S6 Torsion Angles for 211216LT_auto.

A B C D Angle/* A B C D Angle/

C1C2 C3 C4 -5.4(2) C10C1 C2 C3 168.40(13)
C1C7 C8 C9 -2.68(16) C10C1 C7 C6 -174.66(13)
C1C7 C8 S17 178.16(10) C10C1 C7 C8 6.95(14)

C1C11C12C13 -175.14(13) C10C1 C11C12 85.19(15)
C1C11C16C15 174.70(12) C10C1 C11C16 -89.28(14)
C2C1 C7 C6 -56.38(18) C11C1 C2 C3 -73.02(17)
C2C1 C7 C8 125.24(12) C11C1 C7 C6 71.88(18)
C2C1 C10C9 -126.59(12) C11C1 C7 C8 -106.50(13)
C2C1 C10027 53.09(18) C11C1 C10C9 110.64(12)
C2C1 Ci11cC12 -36.59(17) C11C1 C10027 -69.67(16)

C2C1 C11C16  148.94(12) C11C12C13C14 0.5(2)
C2C3 C4 C5 -30.4(2) C12C11C16C15 0.2(2)
C2C3 C4 025  155.36(14) C12C13C14C15 0.0(2)
C3C4 C5 C6 2.1(2) C13C14C15C16 -0.4(2)
C3C4 025C26  168.87(12) C14C15C16C11 0.3(2)
C4C5 C6 C7 27.3(2) C16C11C12C13 -0.6(2)
C5C4 025C26 -5.6(2) C18C19C20C21 1.4(2)
C5C6 C7 C1 5.6(2) C19C18C23C22 -2.5(2)

C5C6 C7 C8 -176.30(14) C19C18S17 C8 108.39(12)
C6C7 C8 C9 178.94(14) C19C20C21C22 -1.8(2)
C6C7 C8 S17 -0.2(2) C19C20C21C24 176.95(13)
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Table S6 Torsion Angles for 211216LT_auto.

A B C D Angle/* A B C D Angle/
C7C1 C2 C3 55.97(18) C20C21C22C23 0.0(2)
C7C1 C10C9 -8.96(14) C21C22C23C18 2.1(2)
C7C1 C10027 170.72(13) C23C18C19C20 0.8(2)
C7C1 Cl1C12  -163.59(12) C23C18S17C8 -73.76(14)
C7C1 Cl1C16 21.94(17) C24C21C22C23  -178.67(14)
C7C8 C9 C10 -3.39(17) 025C4 C5 Co6 175.56(13)
C7C8 S17 C18  -171.16(11) S17C8 C9 C10 175.66(11)
C8C9 Cl0cC1 7.96(16) S17 C18C19C20 178.65(11)
C8C9 C10027  -171.70(14) S17 C18C23C22 179.73(12)
C9C8 S17 C18 9.85(15)

Table S7 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A2x10%)
for 211216LT_auto.

Atom X y z U(eq)
H2 1954.22 -845.95 124447
H3 2402.74 -1599.35 5814.71
H5 3668.19 1621.25 4757.55
H6 2647.56 3109.36 5471.71
H9 1494.88 3145.03 8659.37
H12 3762.68 -1085.45 8272.89
H13 5335.91 -1189.45 9066.89
H14 6314.85 698.76 9156.19
H15 5718.32 2698.07 8449.08
H16 4151.86 2808.15 7637.71
H19 2331.33 6795.42 7852.25
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Table S7 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x10°)
for 211216LT_auto.

Atom X y z U(eq)

H20 1766.71 8076.21 9122.38 32
H22 -601.34 5745.32 9029.57 35
H23 -79.58 4528.33 7704.33 35
H24A -506.41 7873.83 9996.36 50
H24B 475.8 8708.83 10090.75 50
H24C 408.05 7357.36 10716 50
H26A 3616.1 39.22 3470.08 46
H26B 4370.69 -1166.6 3584.02 46
H26C 460541 196.11 4183.78 46

Experimental

Single crystals of Ca4H200,S [211216LT auto] were []. A suitable crystal was selected and [] on a XtaLAB
Synergy R, DW system, HyPix-Arc 150 diffractometer. The crystal was kept at 100.00(10) K during data collection.
Using Olex2 [1], the structure was solved with the SHELXT [2] structure solution program using Intrinsic Phasing
and refined with the SHELXL [3] refinement package using Least Squares minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009), J. Appl. Cryst. 42,
339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of [211216LT_auto]

Crystal Data for C24H200,S (M =372.46 g/mol): monoclinic, space group P2i/c (no. 14), a = 13.9643(3) A,
b =10.0272(2) A, ¢ = 13.3690(3) A, # = 96.154(2)°, V = 1861.18(7) A%, Z = 4, T = 100.00(10) K, w(Cu Ka) = 1.665
mm?, Dcalc = 1.329 g/cm?®, 14032 reflections measured (6.366° < 2@ < 134.128°), 3307 unique (Rint = 0.0214, Rsigma
= 0.0207) which were used in all calculations. The final Ry was 0.0320 (I > 2o(I)) and WR2 was 0.0844 (all data).

Refinement model description

Number of restraints - 0, number of constraints - unknown.

Details:
1. Fixed Uiso

At 1.2 times of:

All C(H) groups

At 1.5 times of:

All C(H,H,H) groups
2.a Aromatic/amide H refined with riding coordinates:

C2(H2), C3(H3), C5(H5), C6(H6), CI(H9), C12(H12), C13(H13), C14(H14),
C15(H15), C16(H16), C19(H19), C20(H20), C22(H22), C23(H23)
2.b Idealised Me refined as rotating group:

C24(H24A,H24B,H24C), C26(H26A,H26B,H26C)

This report has been created with Olex2, compiled on 2021.11.18 svn.ra9532c28 for OlexSys. Please let us know if there are any errors or if you would like
to have additional features.
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b) X-ray structure of 4b:

CCDC: 2074288

Table S8. Crystal data and structure refinement for 2103401t_Om.

Identification code 210340LT_Om

Empirical formula C24H2002 S

Formula weight 372.46

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/n

Unit cell dimensions a=5.8791(3) A a= 90°.
b = 14.5329(6) A B=96.175(3)°.
¢ =22.0105(9) A y=90°

Volume 1869.67(14) A3
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Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

4

1.323 Mg/m?

0.189 mm-!

784

0.20 x 0.19 x 0.07 mm?
1.682 to 28.290°.

-7<=h<=7, -19<=k<=16, -29<=I<=29

18659

4627 [R(int) = 0.0360]

100.0 %

Semi-empirical from equivalents
0.7457 and 0.6881

Full-matrix least-squares on F2
462710/ 249

1.020

R1 = 0.0388, wR2 = 0.0876
R1 =0.0523, wR2 = 0.0953
n/a

0.304 and -0.282 e.A3
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Table S9. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for 2103401t_Om. U(eq) is defined as one third of the trace of the orthogonalized U’ tensor.

X y z U(eq)
S(1) 7364(1) 3212(1) 91(1) 16(1)
o(1) 3225(2) 1241(1) -2190(1) 19(1)
0(2) 5135(2) 2451(1) 2251(1) 25(1)
C(1) 4967(3) 767(1) -2476(1) 30(1)
C(2) 3596(3) 1375(1) -1564(1) 14(1)
C(3) 5545(3) 1093(1) -1204(1) 16(1)
C(4) 5737(2) 1272(1) -577(1) 15(1)
C(5) 4016(2) 1725(1) -304(1) 12(1)
C(6) 4296(2) 1924(1) 366(1) 12(1)
C(7) 5892(2) 2562(1) 611(1) 12(1)
C(8) 8859(2) 4071(1) 553(1) 14(1)
C(9) 7871(3) 4929(1) 629(1) 18(1)
C(10) 9121(3) 5614(1) 949(1) 20(2)
C(11) 11378(3) 5473(1) 1193(1) 18(1)
C(12) 12759(3) 6234(1) 1519(1) 27(1)
C(13) 6244(2) 2730(1) 1248(1) 15(1)
C(14) 4897(3) 2304(1) 1632(1) 16(1)
C(15) 3123(3) 1694(1) 1405(1) 15(1)
C(16) 1582(3) 1310(1) 1789(1) 20(1)
C(17) -155(3) 745(1) 1558(1) 19(1)
C(18) -415(3) 525(1) 931(1) 16(1)
C(19) 1066(2) 879(1) 550(1) 14(1)
C(20) 2860(2) 1488(1) 767(1) 12(1)
C(21) 1834(2) 1813(1) -1302(1) 14(1)
C(22) 2052(2) 1982(1) -679(1) 13(1)
C(23) 11093(3) 3915(1) 800(1) 18(1)
C(24) 12331(3) 4610(1) 1119(1) 19(1)
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Table S10. Bond lengths [A] and angles [°] for 2103401It_Om.

S(1)-C(7) 1.7796(14)
S(1)-C(8) 1.7798(14)
0(1)-C(2) 1.3856(16)
0(1)-C(1) 1.4341(18)
0(2)-C(14) 1.3723(16)
0(2)-H(7) 0.85(2)
C(1)-H(10) 0.9800
C(1)-H(9) 0.9800
C(1)-H(1) 0.9800
C(2)-C(3) 1.383(2)
C(2)-C(21) 1.3925(19)
C(3)-C(4) 1.3982(19)
C(3)-H(8) 0.9500
C(4)-C(5) 1.3946(19)
C(4)-H(13) 0.9500
C(5)-C(22) 1.396(2)
C(5)-C(6) 1.4950(18)
C(6)-C(7) 1.3863(19)
C(6)-C(20) 1.4333(18)
C(7)-C(13) 1.4160(18)
C(8)-C(23) 1.385(2)
C(8)-C(9) 1.393(2)
C(9)-C(10) 1.385(2)
C(9)-H(5) 0.9500
C(10)-C(11) 1.392(2)
C(10)-H(4) 0.9500
C(11)-C(24) 1.390(2)
C(11)-C(12) 1.508(2)
C(12)-H(2) 0.9800
C(12)-H(20) 0.9800
C(12)-H(3) 0.9800
C(13)-C(14) 1.3666(19)
C(13)-H(6) 0.9500
C(14)-C(15) 1.419(2)
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C(15)-C(16)
C(15)-C(20)
C(16)-C(17)
C(16)-H(17)
C(17)-C(18)
C(17)-H(16)
C(18)-C(19)
C(18)-H(15)
C(19)-C(20)
C(19)-H(14)
C(21)-C(22)
C(21)-H(12)
C(22)-H(11)
C(23)-C(24)
C(23)-H(18)
C(24)-H(19)

C(7)-S(1)-C(8)
C(2)-0(1)-C(2)
C(14)-0(2)-H(7)
O(1)-C(1)-H(10)
O(1)-C(1)-H(9)
H(10)-C(1)-H(9)
O(1)-C(1)-H(1)
H(10)-C(1)-H(1)
H(9)-C(1)-H(1)
C(3)-C(2)-0(2)
C(3)-C(2)-C(21)
0(1)-C(2)-C(21)
C(2)-C(3)-C(4)
C(2)-C(3)-H(8)
C(4)-C(3)-H(8)
C(5)-C(4)-C(3)
C(5)-C(4)-H(13)
C(3)-C(4)-H(13)
C(4)-C(5)-C(22)

1.4174(19)
1.4282(18)
1.366(2)
0.9500
1.409(2)
0.9500
1.3732(19)
0.9500
1.420(2)
0.9500
1.3864(19)
0.9500
0.9500
1.390(2)
0.9500
0.9500

104.46(6)
117.37(12)
110.2(14)
109.5
109.5
109.5
109.5
109.5
109.5
124.05(12)
120.40(13)
115.54(13)
118.96(13)
120.5
120.5
121.83(13)
119.1
119.1
117.68(12)
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C(4)-C(5)-C(6)
C(22)-C(5)-C(6)
C(7)-C(6)-C(20)
C(7)-C(6)-C(5)
C(20)-C(6)-C(5)
C(6)-C(7)-C(13)
C(6)-C(7)-S(1)
C(13)-C(7)-S(1)
C(23)-C(8)-C(9)
C(23)-C(8)-S(1)
C(9)-C(8)-S(1)
C(10)-C(9)-C(8)
C(10)-C(9)-H(5)
C(8)-C(9)-H(5)
C(9)-C(10)-C(11)
C(9)-C(10)-H(4)
C(11)-C(10)-H(4)
C(24)-C(11)-C(10)
C(24)-C(11)-C(12)
C(10)-C(11)-C(12)
C(11)-C(12)-H(2)
C(11)-C(12)-H(20)
H(2)-C(12)-H(20)
C(11)-C(12)-H(3)
H(2)-C(12)-H(3)
H(20)-C(12)-H(3)
C(14)-C(13)-C(7)
C(14)-C(13)-H(6)
C(7)-C(13)-H(6)
C(13)-C(14)-0(2)
C(13)-C(14)-C(15)
0(2)-C(14)-C(15)
C(16)-C(15)-C(14)
C(16)-C(15)-C(20)
C(14)-C(15)-C(20)
C(17)-C(16)-C(15)

120.50(13)
121.82(12)
118.33(12)
120.77(12)
120.86(12)
121.44(12)
117.43(10)
121.02(10)
119.22(13)
119.96(11)
120.62(12)
120.00(14)
120.0
120.0
121.42(14)
119.3
119.3
117.91(14)
120.94(15)
121.14(14)
109.5
109.5
109.5
109.5
109.5
109.5
120.09(13)
120.0
120.0
122.71(13)
121.25(13)
116.03(12)
121.95(13)
119.70(13)
118.32(12)
121.02(13)
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C(17)-C(16)-H(17)
C(15)-C(16)-H(17)
C(16)-C(17)-C(18)
C(16)-C(17)-H(16)
C(18)-C(17)-H(16)
C(19)-C(18)-C(17)
C(19)-C(18)-H(15)
C(17)-C(18)-H(15)
C(18)-C(19)-C(20)
C(18)-C(19)-H(14)
C(20)-C(19)-H(14)
C(19)-C(20)-C(15)
C(19)-C(20)-C(6)
C(15)-C(20)-C(6)
C(22)-C(21)-C(2)
C(22)-C(21)-H(12)
C(2)-C(21)-H(12)
C(21)-C(22)-C(5)
C(21)-C(22)-H(11)
C(5)-C(22)-H(11)
C(8)-C(23)-C(24)
C(8)-C(23)-H(18)
C(24)-C(23)-H(18)
C(23)-C(24)-C(11)
C(23)-C(24)-H(19)
C(11)-C(24)-H(19)

119.5
119.5
119.90(13)
120.0
120.0
120.36(13)
119.8
119.8
121.62(13)
119.2
119.2
117.36(12)
122.24(12)
120.33(12)
119.77(13)
120.1
120.1
121.33(13)
119.3
119.3
120.24(14)
119.9
119.9
121.19(15)
119.4
119.4

Symmetry transformations used to generate equivalent atoms:
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Table S11. Anisotropic displacement parameters (A2x 103) for 210340It_Om. The anisotropic

displacement factor exponent takes the form: -2n2[ hZ2 a*2Ull + ... + 2 hk a* b* U12]

Ull UZZ U33 U23 U13 U12
(1) 18(1) 19(1) 12(1) -2(1) 4(1) -6(1)
o(1) 25(1) 25(1) 8(1) -1(1) 1(1) 9(1)
0(2) 32(1) 36(1) 9(1) -4(1) 1(1) -18(1)
c(1) 36(1) 41(1) 14(1) -5(1) 4(1) 18(1)
c(2) 20(1) 14(1) 8(1) -1(1) 2(1) 0(1)
C(3) 16(1) 19(1) 14(1) -2(1) 4(1) 4(1)
C(4) 14(1) 18(1) 13(1) -1(1) -2(1) 2(1)
C(5) 15(1) 10(1) 11(1) 0(1) 2(1) -1(1)
C(6) 14(1) 12(1) 10(1) 0(1) 0(1) 2(1)
c(7) 12(1) 13(1) 12(1) 0(1) 2(1) 1(1)
Cc(8) 17(1) 15(1) 11(1) 0(1) 4(1) -4(1)
C(9) 18(1) 19(1) 17(1) 3(1) 2(1) 2(1)
C(10) 30(1) 12(1) 19(1) 1(1) 4(1) 2(1)
C(11) 26(1) 17(1) 11(1) 0(1) 5(1) -5(1)
C(12) 41(1) 24(1) 15(1) -2(1) 0(1) -11(1)
C(13) 14(1) 16(1) 14(1) -2(1) -1(1) -2(1)
C(14) 19(1) 20(1) 9(1) -1(1) -1(1) -2(1)
C(15) 18(1) 16(1) 12(1) 1(1) 0(1) -2(1)
C(16) 25(1) 22(1) 12(1) 0(1) 3(1) -6(1)
C(17) 22(1) 20(1) 16(1) 2(1) 5(1) -5(1)
C(18) 16(1) 14(1) 17(1) 0(1) -1(1) -3(1)
C(19) 17(1) 12(1) 13(1) 0(1) -1(1) 2(1)
C(20) 14(1) 12(1) 11(1) 0(1) -1(1) 2(1)
c(21) 15(1) 16(1) 12(1) 2(1) -2(1) 3(1)
C(22) 14(1) 12(1) 14(1) 1(1) 3(1) 2(1)
C(23) 16(1) 17(1) 21(1) -2(1) 4(1) 1(1)
C(24) 16(1) 23(1) 18(1) -1(1) 2(1) -4(1)
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Table S12. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for 210340It_Om.

X y z U(eq)
H(7) 6210(40) 2835(14) 2349(9) 38
H(10) 6375 1133 -2434 45
H(9) 4455 675 -2910 45
H(1) 5263 168 -2278 45
H(8) 6733 781 -1381 19
H(13) 7076 1081 -329 18
H(5) 6341 5044 461 22
H(4) 8422 6193 1004 24
H(2) 13278 6661 1217 40
H(20) 14089 5971 1765 40
H(3) 11808 6566 1785 40
H(6) 7418 3139 1408 18
H(17) 1761 1449 2213 23
H(16) -1187 500 1821 23
H(15) -1622 130 772 19
H(14) 885 712 130 17
H(12) 486 1996 -1550 17
H(11) 840 2278 -503 16
H(18) 11781 3332 752 22
H(19) 13857 4493 1290 23
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c) X-ray structure of 8b:

cn

CCDC: 2108140

Table S13. Crystal data and structure refinement for 210903It_0m_a.

Identification code 210903LT_O0m_a

Empirical formula C25H2203S

Formula weight 402.48

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2i/c

Unit cell dimensions a=18.1663(11) A a=90°.
b = 15.0546(9) A B=98.161(2)°.
C = 22.1448(14) A y=90°,
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Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

5995.0(6) A3

12

1.338 Mg/m?

0.186 mm-!

2544

0.15 x 0.13 x 0.06 mm?
1.132 to 26.673°.

-20<=h<=22, -18<=k<=18, -27<=I<=27

53102

12370 [R(int) = 0.0378]

100.0 %

Semi-empirical from equivalents
0.7454 and 0.6982

Full-matrix least-squares on F2
12370/0/ 796

1.030

R1 = 0.0388, wR2 = 0.0930
R1 =0.0560, wR2 = 0.1022
n/a

0.336 and -0.236 e.A3
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Table S14. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 210903It_Om_a. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
S(1) 2525(1) 1720(1) 4930(1) 19(1)
S(2) 9216(1) 1774(1) 4960(1) 18(1)
S(3) 4027(1) 7875(1) 5134(1) 19(1)
o(1) 967(1) 2297(1) 2818(1) 21(1)
0(2) 3888(1) -890(1) 3424(1) 22(1)
0@3) 1980(1) 3598(1) 7217(2) 17(1)
0(4) 7781(1) 2420(1) 2817(1) 22(1)
0(5) 10137(1) -1229(1) 3511(1) 29(1)
O(6) 8698(1) 3709(1) 7229(1) 15(1)
0(7) 5634(1) 7488(1) 7237(1) 23(1)
0(8) 4677(1) 6402(1) 2815(1) 16(1)
0(9) 3493(1) 11260(1) 6355(1) 25(1)
C(1) 1124(1) 2474(1) 3427(1) 15(1)
C(2) 644(1) 3095(1) 3665(1) 14(1)
C@3) 31(1) 3481(1) 3291(1) 16(1)
C(4) -430(1) 4074(1) 3524(1) 17(1)
C(5) -266(1) 4312(1) 4144(1) 18(1)
C(6) 329(1) 3958(1) 4514(1) 16(1)
C(7) 800(1) 3319(1) 4293(1) 14(1)
C(8) 1399(1) 2905(1) 4678(1) 13(1)
C(9) 1829(1) 2287(1) 4426(1) 14(1)
C(10) 1699(1) 2086(1) 3797(1) 15(1)
C(11) -1098(1) 4476(1) 3137(1) 23(1)
C(12) 2889(1) 929(1) 4455(1) 15(1)
C(13) 2606(1) 72(1) 4394(1) 18(1)
C(14) 2923(1) -561(1) 4054(1) 17(1)
C(15) 3528(1) -330(1) 3769(1) 17(1)
C(16) 3811(1) 531(1) 3823(1) 17(1)
C(17) 3498(1) 1151(1) 4169(1) 17(1)
C(18) 1547(1) 3118(1) 5344(1) 13(1)
C(19) 2185(1) 3575(1) 5586(1) 18(1)
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C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
C(46)
c(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)

2347(1)
1863(1)
1213(1)
1059(1)
3649(1)
2641(1)
7904(1)
7415(1)
6814(1)
6335(1)
6472(1)
7052(1)
7541(1)
8121(1)
8554(1)
8458(1)
5683(1)
9487(1)
9021(1)
9250(1)
9959(1)
10432(1)
10188(1)
8263(1)
8946(1)
9114(1)
8584(1)
7885(1)
7730(1)
10893(1)
9386(1)
5491(1)
4886(1)
4785(1)
5269(1)
5900(1)

3758(1)
3471(1)
3020(1)
2851(1)

-1794(1)

4063(1)
2584(1)
3203(1)
3581(1)
4171(1)
4422(1)
4075(1)
3434(1)
3012(1)
2377(1)
2186(1)
4552(1)

899(1)

173(1)
-515(1)
-508(1)

203(1)

906(1)
3237(1)
3584(1)
3762(1)
3595(1)
3278(1)
3098(1)

-1318(1)

4106(1)
7294(1)
7604(1)
7403(1)
6849(1)
6509(1)
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6205(1)
6594(1)
6362(1)
5744(1)
3388(1)
7470(1)
3431(1)
3655(1)
3263(1)
3473(1)
4093(1)
4483(1)
4283(1)
4687(1)
4448(1)
3817(1)
3059(1)
4503(1)
4341(1)
4005(1)
3836(1)
4000(1)
4328(1)
5350(1)
5607(1)
6226(1)
6604(1)
6357(1)
5740(1)
3421(1)
7495(1)
6629(1)
6255(1)
5626(1)
5376(1)
5767(1)

17(1)
13(1)
14(1)
14(1)
26(1)
24(1)
16(1)
15(1)
16(1)
17(1)
16(1)
15(1)
13(1)
13(1)
14(1)
15(1)
24(1)
15(1)
20(1)
22(1)
20(1)
18(1)
17(1)
14(1)
18(1)
16(1)
13(1)
14(1)
14(1)
32(1)
21(1)
15(1)
14(1)
14(1)
13(1)
13(1)



C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
c(71)
C(72)
C(73)
C(74)
C(75)

6445(1)
7074(1)
7206(1)
6678(1)
6026(1)
5144(1)
4562(1)
4392(1)
4815(1)
5414(1)
5578(1)
3858(1)
4364(1)
4230(1)
3577(1)
3064(1)
3210(1)
7907(1)
4053(1)
2799(1)

5968(1)
5703(1)
5952(1)
6459(1)
6743(1)
6656(1)
6117(1)
5999(1)
6436(1)
6960(1)
7064(1)
8870(1)
9569(1)
10354(1)
10457(1)
9768(1)
8972(1)
5664(1)
5891(1)
11429(1)

5548(1)
5921(1)
6541(1)
6768(1)
6395(1)
4709(1)
4454(1)
3827(1)
3445(1)
3689(1)
4313(1)
5520(1)
5546(1)
5831(1)
6084(1)
6056(1)
5777(1)
6940(1)
2542(1)
6560(1)

14(1)
15(1)
17(1)
17(1)
14(1)
13(1)
16(1)
15(1)
13(1)
16(1)
16(1)
15(1)
19(1)
21(1)
18(1)
17(1)
16(1)
21(1)
22(1)
26(1)
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Table S15. Bond lengths [A] and angles [°] for 210903It_Om_a.

S(1)-C(12) 1.7767(16)
S(1)-C(9) 1.7813(16)
S(2)-C(37) 1.7735(16)
S(2)-C(34) 1.7815(15)
S(3)-C(67) 1.7736(16)
S(3)-C(53) 1.7773(16)
0(1)-C(1) 1.3654(18)
O(1)-H(L) 0.8400
0(2)-C(15) 1.3654(19)
0(2)-C(24) 1.4276(19)
0(3)-C(21) 1.3787(18)
0(3)-C(25) 1.4332(18)
0(4)-C(26) 1.3695(18)
O(4)-H(4) 0.8400
0(5)-C(40) 1.3660(19)
0(5)-C(49) 1.423(2)
0(6)-C(46) 1.3801(18)
0(6)-C(50) 1.4350(18)
0(7)-C(51) 1.3660(18)
0(7)-H(7) 0.8400
0(8)-C(64) 1.3824(18)
0(8)-C(74) 1.4317(18)
0(9)-C(70) 1.3663(19)
0(9)-C(75) 1.423(2)
C(1)-C(10) 1.365(2)
C(1)-C(2) 1.427(2)
C(2)-C(3) 1.416(2)
C(2)-C(7) 1.419(2)
C(3)-C(4) 1.372(2)
C(3)-H(3) 0.9500
C(4)-C(5) 1.410(2)
C(4)-C(11) 1.509(2)
C(5)-C(6) 1.370(2)
C(5)-H(5) 0.9500
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C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(8)-C(9)
C(8)-C(18)
C(9)-C(10)
C(10)-H(10)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-C(13)
C(12)-C(17)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(16)-C(17)
C(16)-H(16)
C(17)-H(17)
C(18)-C(19)
C(18)-C(23)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22)
C(23)-H(23)
C(24)-H(24A)
C(24)-H(24B)
C(24)-H(24C)
C(25)-H(25A)
C(25)-H(25B)
C(25)-H(25C)

1.420(2)
0.9500
1.428(2)
1.381(2)
1.496(2)
1.412(2)
0.9500
0.9800
0.9800
0.9800
1.388(2)
1.393(2)
1.391(2)
0.9500
1.386(2)
0.9500
1.394(2)
1.378(2)
0.9500
0.9500
1.389(2)
1.399(2)
1.387(2)
0.9500
1.385(2)
0.9500
1.395(2)
1.381(2)
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(26)-C(35)
C(26)-C(27)
C(27)-C(28)
C(27)-C(32)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(29)-C(36)
C(30)-C(31)
C(30)-H(30)
C(31)-C(32)
C(31)-H(31)
C(32)-C(33)
C(33)-C(34)
C(33)-C(43)
C(34)-C(35)
C(35)-H(35)
C(36)-H(36A)
C(36)-H(36B)
C(36)-H(36C)
C(37)-C(42)
C(37)-C(38)
C(38)-C(39)
C(38)-H(38)
C(39)-C(40)
C(39)-H(39)
C(40)-C(41)
C(41)-C(42)
C(41)-H(41)
C(42)-H(42)
C(43)-C(44)
C(43)-C(48)
C(44)-C(45)
C(44)-H(44)
C(45)-C(46)
C(45)-H(45)

1.362(2)
1.424(2)
1.414(2)
1.421(2)
1.370(2)
0.9500
1.412(2)
1.505(2)
1.369(2)
0.9500
1.424(2)
0.9500
1.431(2)
1.388(2)
1.494(2)
1.413(2)
0.9500
0.9800
0.9800
0.9800
1.383(2)
1.396(2)
1.374(2)
0.9500
1.391(2)
0.9500
1.388(2)
1.391(2)
0.9500
0.9500
1.391(2)
1.401(2)
1.387(2)
0.9500
1.387(2)
0.9500
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C(46)-C(47)
C(47)-C(48)
C(47)-H(47)
C(48)-H(48)
C(49)-H(49A)
C(49)-H(49B)
C(49)-H(49C)
C(50)-H(50A)
C(50)-H(50B)
C(50)-H(50C)
C(51)-C(52)
C(51)-C(60)
C(52)-C(53)
C(52)-H(52)
C(53)-C(54)
C(54)-C(55)
C(54)-C(61)
C(55)-C(60)
C(55)-C(56)
C(56)-C(57)
C(56)-H(56)
C(57)-C(58)
C(57)-H(57)
C(58)-C(59)
C(58)-C(73)
C(59)-C(60)
C(59)-H(59)
C(61)-C(62)
C(61)-C(66)
C(62)-C(63)
C(62)-H(62)
C(63)-C(64)
C(63)-H(63)
C(64)-C(65)
C(65)-C(66)
C(65)-H(65)

1.394(2)
1.382(2)
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.361(2)
1.429(2)
1.413(2)
0.9500
1.382(2)
1.430(2)
1.492(2)
1.420(2)
1.421(2)
1.371(2)
0.9500
1.411(2)
0.9500
1.375(2)
1.509(2)
1.411(2)
0.9500
1.389(2)
1.401(2)
1.389(2)
0.9500
1.387(2)
0.9500
1.391(2)
1.381(2)
0.9500
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C(66)-H(66)
C(67)-C(72)
C(67)-C(68)
C(68)-C(69)
C(68)-H(68)
C(69)-C(70)
C(69)-H(69)
C(70)-C(71)
C(71)-C(72)
C(71)-H(71)
C(72)-H(72)
C(73)-H(73A)
C(73)-H(73B)
C(73)-H(73C)
C(74)-H(74A)
C(74)-H(74B)
C(74)-H(74C)
C(75)-H(75A)
C(75)-H(75B)
C(75)-H(75C)

C(12)-S(1)-C(9)
C(37)-S(2)-C(34)
C(67)-S(3)-C(53)
C(1)-O(1)-H(1)
C(15)-0(2)-C(24)
C(21)-0(3)-C(25)
C(26)-O(4)-H(4)
C(40)-O(5)-C(49)
C(46)-0(6)-C(50)
C(51)-0(7)-H(7)
C(64)-0(8)-C(74)
C(70)-0(9)-C(75)
C(10)-C(1)-0(1)
C(10)-C(1)-C(2)
0(1)-C(1)-C(2)

0.9500
1.387(2)
1.392(2)
1.377(2)
0.9500
1.392(2)
0.9500
1.389(2)
1.390(2)
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

104.01(7)
103.42(7)
102.38(7)
109.5
117.09(13)
117.49(12)
109.5
117.03(14)
117.43(12)
109.5
117.72(12)
117.23(13)
122.92(14)
120.97(14)
116.11(13)
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C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-C(11)
C(5)-C(4)-C(11)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(2)-C(7)-C(6)
C(2)-C(7)-C(8)
C(6)-C(7)-C(8)
C(9)-C(8)-C(7)
C(9)-C(8)-C(18)
C(7)-C(8)-C(18)
C(8)-C(9)-C(10)
C(8)-C(9)-S(1)
C(10)-C(9)-S(1)
C(1)-C(10)-C(9)

C(1)-C(10)-H(10)
C(9)-C(10)-H(10)
C(4)-C(11)-H(11A)
C(4)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(4)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(13)-C(12)-C(17)
C(13)-C(12)-S(1)
C(17)-C(12)-S(1)

120.32(14)
121.64(14)
118.04(14)
121.33(15)
119.3
119.3
118.37(15)
122.13(15)
119.50(14)
121.63(14)
119.2
119.2
121.25(15)
119.4
119.4
117.05(14)
120.64(14)
122.31(14)
118.68(14)
120.62(14)
120.68(13)
121.17(14)
117.53(12)
121.24(12)
120.41(14)
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5
119.09(14)
121.10(12)
119.69(12)
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C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
0(2)-C(15)-C(14)
0(2)-C(15)-C(16)
C(14)-C(15)-C(16)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(12)
C(16)-C(17)-H(17)
C(12)-C(17)-H(17)
C(19)-C(18)-C(23)
C(19)-C(18)-C(8)
C(23)-C(18)-C(8)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
0(3)-C(21)-C(20)
0(3)-C(21)-C(22)
C(20)-C(21)-C(22)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(18)
C(22)-C(23)-H(23)
C(18)-C(23)-H(23)
0(2)-C(24)-H(24A)
0(2)-C(24)-H(24B)

H(24A)-C(24)-H(24B)

120.91(15)
119.5
119.5
119.36(14)
120.3
120.3
124.92(14)
115.01(14)
120.07(15)
120.09(15)
120.0
120.0
120.47(15)
119.8
119.8
117.81(14)
120.74(14)
121.43(14)
121.93(15)
119.0
119.0
119.21(14)
120.4
120.4
123.87(14)
116.06(13)
120.07(14)
119.85(14)
120.1
120.1
121.12(14)
119.4
119.4
109.5
109.5
109.5
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0(2)-C(24)-H(24C)
H(24A)-C(24)-H(24C)
H(24B)-C(24)-H(24C)
0(3)-C(25)-H(25A)
0(3)-C(25)-H(25B)
H(25A)-C(25)-H(25B)
0(3)-C(25)-H(25C)
H(25A)-C(25)-H(25C)
H(25B)-C(25)-H(25C)
C(35)-C(26)-0(4)
C(35)-C(26)-C(27)
0(4)-C(26)-C(27)
C(28)-C(27)-C(32)
C(28)-C(27)-C(26)
C(32)-C(27)-C(26)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C(27)-C(28)-H(28)
C(28)-C(29)-C(30)
C(28)-C(29)-C(36)
C(30)-C(29)-C(36)
C(31)-C(30)-C(29)
C(31)-C(30)-H(30)
C(29)-C(30)-H(30)
C(30)-C(31)-C(32)
C(30)-C(31)-H(31)
C(32)-C(31)-H(31)
C(27)-C(32)-C(31)
C(27)-C(32)-C(33)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(34)-C(33)-C(43)
C(32)-C(33)-C(43)
C(33)-C(34)-C(35)
C(33)-C(34)-S(2)
C(35)-C(34)-S(2)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
123.00(14)
120.80(14)
116.19(13)
120.39(14)
121.02(14)
118.59(14)
121.69(15)
119.2
119.2
118.05(15)
121.65(15)
120.30(14)
121.72(14)
119.1
119.1
121.38(14)
119.3
119.3
116.68(14)
120.34(14)
122.96(14)
118.32(14)
120.20(14)
121.47(13)
121.34(14)
118.40(12)
120.22(11)
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C(26)-C(35)-C(34)
C(26)-C(35)-H(35)
C(34)-C(35)-H(35)

C(29)-C(36)-H(36A)
C(29)-C(36)-H(36B)
H(36A)-C(36)-H(36B)
C(29)-C(36)-H(36C)
H(36A)-C(36)-H(36C)
H(36B)-C(36)-H(36C)

C(42)-C(37)-C(38)
C(42)-C(37)-S(2)

C(38)-C(37)-S(2)

C(39)-C(38)-C(37)
C(39)-C(38)-H(38)
C(37)-C(38)-H(38)
C(38)-C(39)-C(40)
C(38)-C(39)-H(39)
C(40)-C(39)-H(39)
0(5)-C(40)-C(41)

0(5)-C(40)-C(39)

C(41)-C(40)-C(39)
C(40)-C(41)-C(42)
C(40)-C(41)-H(41)
C(42)-C(41)-H(41)
C(37)-C(42)-C(41)
C(37)-C(42)-H(42)
C(41)-C(42)-H(42)
C(44)-C(43)-C(48)
C(44)-C(43)-C(33)
C(48)-C(43)-C(33)
C(45)-C(44)-C(43)
C(45)-C(44)-H(44)
C(43)-C(44)-H(44)
C(46)-C(45)-C(44)
C(46)-C(45)-H(45)
C(44)-C(45)-H(45)

120.41(14)
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5
118.85(14)
119.70(12)
121.35(12)
120.61(15)
119.7
119.7
120.25(15)
119.9
119.9
124.49(16)
115.67(15)
119.84(15)
119.43(15)
120.3
120.3
121.00(15)
119.5
119.5
117.22(14)
120.39(14)
122.39(14)
122.41(15)
118.8
118.8
119.13(14)
120.4
120.4
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0(6)-C(46)-C(45)
0(6)-C(46)-C(47)
C(45)-C(46)-C(47)
C(48)-C(47)-C(46)
C(48)-C(47)-H(47)
C(46)-C(47)-H(47)
C(47)-C(48)-C(43)
C(47)-C(48)-H(48)
C(43)-C(48)-H(48)
0(5)-C(49)-H(49A)
0(5)-C(49)-H(49B)
H(49A)-C(49)-H(49B)
0(5)-C(49)-H(49C)
H(49A)-C(49)-H(49C)
H(49B)-C(49)-H(49C)
0(6)-C(50)-H(50A)
0(6)-C(50)-H(50B)
H(50A)-C(50)-H(50B)
0(6)-C(50)-H(50C)
H(50A)-C(50)-H(50C)
H(50B)-C(50)-H(50C)
C(52)-C(51)-0(7)
C(52)-C(51)-C(60)
0(7)-C(51)-C(60)
C(51)-C(52)-C(53)
C(51)-C(52)-H(52)
C(53)-C(52)-H(52)
C(54)-C(53)-C(52)
C(54)-C(53)-S(3)
C(52)-C(53)-S(3)
C(53)-C(54)-C(55)
C(53)-C(54)-C(61)
C(55)-C(54)-C(61)
C(60)-C(55)-C(56)
C(60)-C(55)-C(54)
C(56)-C(55)-C(54)

124.43(14)
115.76(13)
119.80(14)
120.11(14)
119.9
119.9
121.28(14)
119.4
119.4
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
123.35(14)
120.63(14)
116.01(14)
120.50(14)
119.8
119.8
121.48(14)
118.54(12)
119.97(12)
118.36(14)
119.85(14)
121.72(13)
117.00(14)
120.49(14)
122.44(14)
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C(57)-C(56)-C(55)
C(57)-C(56)-H(56)
C(55)-C(56)-H(56)
C(56)-C(57)-C(58)
C(56)-C(57)-H(57)
C(58)-C(57)-H(57)
C(59)-C(58)-C(57)
C(59)-C(58)-C(73)
C(57)-C(58)-C(73)
C(58)-C(59)-C(60)
C(58)-C(59)-H(59)
C(60)-C(59)-H(59)
C(59)-C(60)-C(55)
C(59)-C(60)-C(51)
C(55)-C(60)-C(51)
C(62)-C(61)-C(66)
C(62)-C(61)-C(54)
C(66)-C(61)-C(54)
C(63)-C(62)-C(61)
C(63)-C(62)-H(62)
C(61)-C(62)-H(62)
C(64)-C(63)-C(62)
C(64)-C(63)-H(63)
C(62)-C(63)-H(63)
0(8)-C(64)-C(63)

0(8)-C(64)-C(65)

C(63)-C(64)-C(65)
C(66)-C(65)-C(64)
C(66)-C(65)-H(65)
C(64)-C(65)-H(65)
C(65)-C(66)-C(61)
C(65)-C(66)-H(66)
C(61)-C(66)-H(66)
C(72)-C(67)-C(68)
C(72)-C(67)-S(3)

C(68)-C(67)-S(3)

121.48(14)
119.3
119.3
121.39(14)
119.3
119.3
118.23(15)
121.38(15)
120.39(14)
121.66(15)
119.2
119.2
120.20(14)
121.35(14)
118.41(14)
117.75(14)
121.10(14)
121.00(13)
121.95(14)
119.0
119.0
119.03(14)
1205
1205
124.17(14)
115.61(13)
120.21(14)
119.94(14)
120.0
120.0
121.07(14)
1195
1195
119.54(14)
120.42(12)
120.00(12)
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C(69)-C(68)-C(67) 120.61(15)

C(69)-C(68)-H(68) 119.7
C(67)-C(68)-H(68) 119.7
C(68)-C(69)-C(70) 119.76(15)
C(68)-C(69)-H(69) 120.1
C(70)-C(69)-H(69) 120.1
0(9)-C(70)-C(71) 124.37(15)
0(9)-C(70)-C(69) 115.47(14)
C(71)-C(70)-C(69) 120.16(15)
C(70)-C(71)-C(72) 119.68(15)
C(70)-C(71)-H(71) 120.2
C(72)-C(71)-H(71) 120.2
C(67)-C(72)-C(71) 120.24(14)
C(67)-C(72)-H(72) 119.9
C(71)-C(72)-H(72) 119.9
C(58)-C(73)-H(73A) 109.5
C(58)-C(73)-H(73B) 109.5
H(73A)-C(73)-H(73B) 109.5
C(58)-C(73)-H(73C) 109.5
H(73A)-C(73)-H(73C) 109.5
H(73B)-C(73)-H(73C) 109.5
0(8)-C(74)-H(74A) 109.5
0(8)-C(74)-H(74B) 109.5
H(74A)-C(74)-H(74B) 109.5
0(8)-C(74)-H(74C) 109.5
H(74A)-C(74)-H(74C) 109.5
H(74B)-C(74)-H(74C) 109.5
0(9)-C(75)-H(75A) 109.5
0(9)-C(75)-H(75B) 109.5
H(75A)-C(75)-H(75B) 109.5
0(9)-C(75)-H(75C) 109.5
H(75A)-C(75)-H(75C) 109.5
H(75B)-C(75)-H(75C) 109.5

Symmetry transformations used to generate equivalent atoms:
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Table S16. Anisotropic displacement parameters (A2x 103) for 210903It_Om_a. The anisotropic

displacement factor exponent takes the form: -2n2[ hZ2 a*2Ull + ... + 2 hk a* b* U12]

Ull UZZ U33 U23 U13 U12
(1) 20(1) 26(1) 11(1) -3(1) -1(1) 7(1)
5(2) 18(1) 24(1) 11(1) -2(1) -2(1) 6(1)
s5(3) 18(1) 24(1) 14(1) -5(1) -4(1) 5(1)
o(1) 22(1) 30(1) 10(1) -6(1) 1(1) 11(1)
0(2) 24(1) 19(1) 22(1) -4(1) 6(1) 3(1)
0(3) 18(1) 22(1) 9(1) -1(1) 0(1) 7(1)
0(4) 26(1) 31(1) 10(1) -4(1) 0(1) 15(1)
0(5) 37(1) 22(1) 26(1) -8(1) -5(1) 9(1)
0(6) 17(1) 20(1) 8(1) -1(1) -1(1) -5(1)
o(7) 26(1) 33(1) 9(1) -5(1) 0(1) 14(1)
0(8) 20(1) 20(1) 9(1) -1(1) 0(1) -4(1)
0(9) 25(1) 18(1) 32(1) -5(1) -2(1) 2(1)
c(1) 18(1) 18(1) 9(1) -2(1) 3(1) -1(1)
c(2) 16(1) 16(1) 12(1) 0(1) 4(1) -2(1)
C(3) 19(1) 18(1) 12(1) -1(1) 3(1) 1(1)
C(4) 18(1) 15(1) 17(1) 3(1) 4(1) 0(1)
C(5) 22(1) 14(1) 18(1) -2(1) 8(1) 2(1)
C(6) 22(1) 14(1) 13(1) -3(1) 6(1) -2(1)
c(7) 16(1) 13(1) 13(1) -1(1) 4(1) -3(1)
Cc(8) 15(1) 15(1) 11(1) -2(1) 3(1) -3(1)
C(9) 12(1) 18(1) 12(1) 0(1) 1(1) -2(1)
C(10) 16(1) 18(1) 12(1) -2(1) 4(1) 2(1)
C(11) 25(1) 25(1) 20(1) 0(1) 4(1) 10(1)
C(12) 13(1) 19(1) 11(1) 0(1) -2(1) 4(1)
C(13) 15(1) 24(1) 14(1) 4(1) 0(1) 1(1)
C(14) 19(1) 15(1) 18(1) 3(1) -1(1) 0(1)
C(15) 17(1) 19(1) 13(1) 1(1) -2(1) 4(1)
C(16) 12(1) 23(1) 16(1) 3(1) 1(1) -1(1)
C(17) 17(1) 18(1) 16(1) 0(1) -2(1) -1(1)
C(18) 16(1) 14(1) 11(1) -1(1) 3(1) 0(1)
C(19) 19(1) 23(1) 14(1) -2(1) 7(1) -5(1)
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C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
C(46)
c(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)

17(1)
17(1)
14(1)
14(1)
41(1)
23(1)
19(1)
18(1)
21(1)
19(1)
20(1)
21(1)
15(1)
15(1)
14(1)
16(1)
27(1)
16(1)
14(1)
24(1)
27(1)
17(1)
16(1)
16(1)
17(1)
14(1)
18(1)
13(1)
12(1)
48(1)
19(1)
20(1)
16(1)
13(1)
16(1)
16(1)

19(1)
13(1)
18(1)
15(1)
16(1)
35(1)
18(1)
14(1)
19(1)
16(1)
13(1)
14(1)
13(1)
15(1)
16(1)
16(1)
27(1)
16(1)
24(1)
17(1)
16(1)
22(1)
17(1)
14(1)
23(1)
20(1)
11(1)
17(1)
17(1)
27(1)
28(1)
16(1)
16(1)
16(1)
13(1)
11(1)

14(1)
9(1)
12(1)
14(1)
19(1)
13(1)
10(1)
13(1)
10(1)
16(1)
16(1)
11(1)
12(1)
10(1)
11(1)
13(1)
17(1)
12(1)
20(1)
23(1)
13(1)
15(1)
16(1)
10(1)
14(1)
15(1)
9(1)
14(1)
14(1)
22(1)
15(1)
10(1)
12(1)
13(1)
11(1)
13(1)

-2(1)
-1(1)
0(1)
-1(1)
1(2)
-1(1)
-1(1)
1(2)
-1(1)
1(2)
-1(1)
-2(1)
0(1)
0(1)
2(1)
-2(1)
-1(1)
2(1)
5(1)
2(1)
1(2)
2(1)
1(1)
-1(1)
-1(1)
-2(1)
0(1)
2(1)
-1(1)
0(1)
-3(1)
-1(1)
-1(1)
1(2)
0(1)
1(1)
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2(1)
0(1)
4(1)
1(1)
2(1)
-1(1)
2(1)
4(1)
2(1)
2(1)
6(1)
5(1)
4(1)
3(1)
1(1)
4(1)
2(1)
-1(1)
-1(1)
-6(1)
-5(1)
0(1)
-2(1)
1(1)
7(1)
1(1)
1(1)
4(1)
1(1)
10(1)
-3(1)
4(1)
5(1)
1(1)
3(1)
4(1)

-6(1)
1(1)
-2(1)
-2(1)
5(1)

-13(1)

1(2)
0(1)
3(1)
1(2)
3(1)
-1(1)
-3(1)
-3(1)
-1(1)
3(1)
12(1)
3(1)
-1(1)
-5(1)
5(1)
4(1)
-2(1)
2(1)
-3(1)
-4(1)
1(1)
-1(1)
-2(1)
14(1)
-7(1)
0(1)
1(1)
-2(1)
-4(1)
-3(1)



C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
c(71)
C(72)
C(73)
C(74)
C(75)

19(1)
18(1)
19(1)
22(1)
18(1)
16(1)
18(1)
16(1)
16(1)
17(1)
15(1)
15(1)
14(1)
15(1)
19(1)
14(1)
14(1)
20(1)
23(1)
34(1)

12(1)
12(1)
15(1)
18(1)
13(1)
12(1)
17(1)
14(1)
13(1)
19(1)
17(1)
17(1)
23(1)
18(1)
16(1)
23(1)
19(1)
24(1)
26(1)
26(1)

12(1)
18(1)
16(1)
10(1)
12(1)
11(1)
14(1)
15(1)
10(1)
13(1)
14(1)
10(1)
20(1)
29(1)
16(1)
15(1)
14(1)
20(1)
14(1)
18(1)

-2(1)
-2(1)
3(1)
0(1)
1(1)
-1(1)
1(1)
-2(1)
-1(1)
1(1)
-2(1)
2(1)
7(1)
5(1)
2(1)
2(1)
2(1)
1(1)
-2(1)
-2(1)

5(1)
7(1)
2(1)
1(1)
3(1)
2(1)
6(1)
1(1)
1(1)
3(1)
2(1)

-2(1)

2(1)

-1(1)
-5(1)

0(1)

-1(1)

2(1)

-3(1)

3(1)

-3(1)

1(1)
0(1)
2(1)
0(1)
1(1)

-3(1)
-4(1)

3(1)

-4(1)
-4(1)

2(1)
2(1)

-4(1)

4(1)
1(1)

-3(1)

7(1)

-9(1)

9(1)
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Table S17. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for 210903It_Om_a.

X y z U(eq)
H(1) 1316 2001 2707 31
H(4) 8100 2058 2727 33
H(7) 5294 7814 7334 35
H(3) -64 3327 2871 20
H(5) 577 4727 4309 21
H(6) 430 4144 4928 19
H(10) 2015 1678 3630 18
H(11A) -943 5003 2927 35
H(11B) -1468 4645 3397 35
H(11C) -1315 4040 2834 35
H(13) 2189 -83 4587 21
H(14) 2728 -1147 4017 21
H(16) 4219 692 3622 21
H(17) 3701 1733 4212 21
H(19) 2520 3769 5321 22
H(20) 2785 4076 6360 20
H(22) 878 2830 6628 17
H(23) 614 2547 5588 17
H(24A) 3720 -2057 3797 38
H(24B) 3943 -2126 3125 38
H(24C) 3122 -1821 3216 38
H(25A) 3079 3720 7399 36
H(25B) 2643 4142 7910 36
H(25C) 2652 4646 7275 36
H(28) 6742 3423 2844 20
H(30) 6152 4842 4243 19
H(31) 7131 4266 4896 18
H(35) 8781 1776 3660 18
H(36A) 5767 5186 2996 36
H(36B) 5229 4474 3246 36
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H(36C)
H(38)
H(39)
H(41)
H(42)
H(44)
H(45)
H(47)
H(48)
H(49A)
H(49B)
H(49C)
H(50A)
H(50B)
H(50C)
H(52)
H(56)
H(57)
H(59)
H(62)
H(63)
H(65)
H(66)
H(68)
H(69)
H(71)
H(72)
H(73A)
H(73B)
H(73C)
H(74A)
H(74B)
H(74C)
H(75A)
H(75B)
H(75C)

5627
8542
8924
10918
10508
9309
9587
7514
7253
11042
10950
11208
9799
9378
9451
4529
6373
7429
6754
4271
3992
5711
5992
4805
4583
2617
2864
8061
8302
7815
4109
4029
3595
2401
2812
2706

4244
155
-997
210
1398
3703
3995
3185
2877
-796
-1853
-1367
3709
4203
4676
7957
5786
5343
6621
5819
5625
7247
7418
9504
10822
9840
8497
6125
5570
5108
5275
5905
6142
11414
12015
10974
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4465
3888
3888
4434
5349
6388
6613
5578
3203
3179
3817
7439
7932
7295
6419
5133
5759
7187
4715
3663
3427
4477
5366
5855
6226
5762
7244
6688
7148
2685
2097
2657
6212
6753
6857

36
24
27
22
20
21
20
17
17
48
48
48
32
32
32
17
17
18
20
19
18
20
19
23
25
21
19
32
32
32
33
33
33
39
39
39



d) X-ray structure of 11a:

CCDC: 2114898

Table S18. Crystal data and structure refinement for 210919 _0m.

Identification code 210919 Om
Empirical formula C18 H16 03
Formula weight 280.31
Temperature 296(2) K
Wavelength 0.71073 A
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Crystal system Triclinic

Space group P-1

Unit cell dimensions a=8.5967(8) A a= 82.083(5)°.
b =8.8188(8) A B= 74.736(5)°.
¢ =11.0107(11) A y = 63.889(4)°.

Volume 722.89(12) A3

Z 2

Density (calculated) 1.288 Mg/m?

Absorption coefficient 0.087 mm-1

F(000) 296

Crystal size 0.20 x 0.15 x 0.15 mm3

Theta range for data collection 1.918 to 26.442°.

Index ranges -10<=h<=10, -10<=k<=10, -13<=I<=13

Reflections collected 11911

Independent reflections 2949 [R(int) = 0.0261]

Completeness to theta = 25.242° 99.7 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7454 and 0.6927

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2949/01/192

Goodness-of-fit on F2 1.060

Final R indices [I>2sigma(l)] R1 =0.0401, wR2 = 0.0969

R indices (all data) R1 =0.0510, wR2 = 0.1046

Extinction coefficient n/a

Largest diff. peak and hole 0.179 and -0.169 e. A3
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Table S19. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for 210919 _0m. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)
0(1) 2726(2) 10702(1) 5167(1) 62(1)
0(2) 2224(1) 9538(1) -429(1) 51(1)
o(3) 3483(1) 4555(1) 2122(1) 56(1)
c(1) 2987(3) 12209(2) 5061(2) 78(1)
C(2) 2671(2) 10109(2) 4103(1) 44(1)
c@) 2217(2) 8682(2) 4436(1) 50(1)
C(4) 2552(2) 7443(2) 3705(1) 46(1)
C(5) 3615(2) 7207(2) 2365(1) 36(1)
C(6) 5625(2) 6488(2) 2280(1) 33(1)
c(7) 6431(2) 5099(2) 3020(1) 44(1)
Cc(8) 8254(2) 4387(2) 2902(2) 49(1)
C(9) 9295(2) 5051(2) 2056(2) 49(1)
C(10) 2926(2) 8807(2) 1584(1) 35(1)
C(11) 2657(2) 8345(2) 462(1) 40(1)
C(12) 2133(2) 9025(2) -1584(2) 65(1)
C(13) 2904(2) 6713(2) 507(1) 45(1)
C(14) 3340(2) 5946(2) 1682(1) 41(1)
C(15) 2666(2) 10353(2) 1842(1) 38(1)
C(16) 2852(2) 10865(2) 2957(1) 42(1)
C(17) 6688(2) 7144(2) 1436(1) 44(1)
C(18) 8507(2) 6433(2) 1327(2) 51(1)
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Table S20. Bond lengths [A] and angles [] for 210919 Om.

0(1)-C(2)
0(1)-C(1)
0(2)-C(11)
0(2)-C(12)
0(3)-C(14)
C(1)-H(1)
C(1)-H(16)
C(1)-HE)
C(2)-C(16)
C(2)-C(3)
C(3)-C(4)
C(3)-H(4)
C(4)-C(5)
C(4)-H(5)
C(5)-C(10)
C(5)-C(6)
C(5)-C(14)
C(6)-C(17)
C(6)-C(7)
C(7)-C(8)
C(7)-H(12)
C(8)-C(9)
C(8)-H(13)
C(9)-C(18)
C(9)-H(2)
C(10)-C(15)
C(10)-C(11)
C(11)-C(13)

1.3666(17)
1.427(2)
1.3310(16)
1.4392(18)
1.2202(16)
0.9800
0.9800
0.9800
1.3487(19)
1.449(2)
1.330(2)
0.9500
1.5040(19)
0.9500
1.5101(17)
1.5369(17)
1.5542(19)
1.3802(18)
1.3855(18)
1.385(2)
0.9500
1.373(2)
0.9500
1.371(2)
0.9500
1.3402(18)
1.4543(19)
1.3552(19)
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C(12)-H(7)
C(12)-H(8)
C(12)-H(6)
C(13)-C(14)
C(13)-H(9)
C(15)-C(16)
C(15)-H(10)
C(16)-H(11)
C(17)-C(18)
C(17)-H(15)
C(18)-H(14)

C(2)-0(1)-C(1)
C(11)-0(2)-C(12)
O(1)-C(1)-H(1)
O(1)-C(1)-H(16)
H(1)-C(1)-H(16)
0(1)-C(2)-H(3)
H(1)-C(1)-H(3)
H(16)-C(1)-H(3)
C(16)-C(2)-0(1)
C(16)-C(2)-C(3)
0(1)-C(2)-C(3)
C(4)-C(3)-C(2)
C(4)-C(3)-H(4)
C(2)-C(3)-H(4)
C(3)-C(4)-C(5)
C(3)-C(4)-H(5)
C(5)-C(4)-H(5)
C(4)-C(5)-C(10)

0.9800
0.9800
0.9800
1.436(2)
0.9500
1.4340(19)
0.9500
0.9500
1.3823(19)
0.9500

0.9500

118.22(13)
116.73(12)
109.5
109.5
109.5
109.5
109.5
109.5
123.74(13)
126.64(14)
109.34(12)
128.14(13)
115.9
115.9
125.18(13)
117.4
117.4

111.08(11)
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C(4)-C(5)-C(6)
C(10)-C(5)-C(6)
C(4)-C(5)-C(14)
C(10)-C(5)-C(14)
C(6)-C(5)-C(14)
C(17)-C(6)-C(7)
C(17)-C(6)-C(5)
C(7)-C(6)-C(5)
C(8)-C(7)-C(6)
C(8)-C(7)-H(12)
C(6)-C(7)-H(12)
C(9)-C(8)-C(7)
C(9)-C(8)-H(13)
C(7)-C(8)-H(13)
C(18)-C(9)-C(8)
C(18)-C(9)-H(2)
C(8)-C(9)-H(2)
C(15)-C(10)-C(11)
C(15)-C(10)-C(5)
C(11)-C(10)-C(5)
0(2)-C(11)-C(13)
0(2)-C(11)-C(10)
C(13)-C(11)-C(10)
0(2)-C(12)-H(7)
0(2)-C(12)-H(8)
H(7)-C(12)-H(8)
0(2)-C(12)-H(6)
H(7)-C(12)-H(6)
H(8)-C(12)-H(6)
C(11)-C(13)-C(14)

112.23(11)
113.34(10)
111.52(11)
101.85(10)
106.26(10)
118.12(12)
121.63(11)
120.19(11)
120.62(13)
119.7
119.7
120.61(13)
119.7
119.7
119.14(13)
120.4
120.4
126.02(12)
126.99(12)
106.96(11)
130.24(13)
117.24(12)
112.52(12)
109.5
109.5
109.5
109.5
109.5
109.5

108.97(13)
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C(11)-C(13)-H(9)
C(14)-C(13)-H(9)
0(3)-C(14)-C(13)
0(3)-C(14)-C(5)
C(13)-C(14)-C(5)
C(10)-C(15)-C(16)
C(10)-C(15)-H(10)
C(16)-C(15)-H(10)
C(2)-C(16)-C(15)
C(2)-C(16)-H(11)
C(15)-C(16)-H(11)
C(6)-C(17)-C(18)
C(6)-C(17)-H(15)
C(18)-C(17)-H(15)
C(9)-C(18)-C(17)
C(9)-C(18)-H(14)
C(17)-C(18)-H(14)

125.5
125.5
128.47(13)
123.11(13)
108.42(11)
127.45(12)
116.3
116.3
125.19(13)
117.4
117.4
120.99(13)
119.5
119.5
120.52(13)
119.7

119.7

Symmetry transformations used to generate equivalent atoms:
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Table S21. Anisotropic displacement parameters (A2x 103) for 210919 _0m. The anisotropic

displacement factor exponent takes the form: -2rn2[ h2 a*2U + ... + 2hka* b* U12]

utt U2 U3 Uz uts U
o(1) 82(1) 54(1) 47(1) -9(1) -15(1) -26(1)
0(2) 62(1) 44(1) 49(1) 1(1) -24(1) -18(1)
0(3) 56(1) 36(1) 84(1) 4(1) -20(1) -27(1)
c() 112(2) 61(1) 72(1) -15(1) -33(1) -38(1)
c() 44(1) 37(1) 45(1) -6(1) -7(1) -10(1)
c@3) 50(1) 42(1) 45(1) -1(1) 4(1) -17(1)
C(4) 43(1) 38(1) 52(1) 4(1) 1(1) -20(1)
C(5) 33(1) 29(1) 44(1) 1(1) -6(1) -15(1)
C(6) 34(1) 29(1) 36(1) -3(1) -7(1) -14(1)
c(7) 47(1) 38(1) 47(1) 10(1) -13(1) -21(1)
C(8) 50(1) 37(1) 61(1) 9(1) -25(1) -14(1)
C(9) 35(1) 43(1) 66(1) -3(1) -16(1) -12(1)
C(10)  30(1) 32(1) 43(1) 1(1) -8(1) -13(1)
c(1)  33(1) 38(1) 48(1) -2(1) -10(1) -12(1)
c(12)  73(1) 68(1) 52(1) -8(1) -27(1) -21(1)
c(13)  39(1) 41(1) 58(1) -10(1) -12(1) -18(1)
c(a)  31(1) 33(1) 61(1) -4(1) -6(1) -15(1)
c@5)  38(1) 29(1) 46(1) 4(1) -13(1) -12(1)
c(16)  44(1) 30(1) 51(1) -1(1) -14(1) -14(1)
carn 381 40(1) 49(1) 10(1) -9(1) -16(1)
c@8)  37(1) 50(1) 62(1) 7(1) -5(1) -20(1)
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Table S22. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)

for 210919 _0m.

X y z U(eq)
H(L) 4101 12053 4448 116
H(16) 3048 12459 5883 116
HE3) 1992 13150 4780 116
H(4) 1602 8625 5283 60
H(5) 2083 6644 4056 55
H(12) 5726 4632 3615 52
H(13) 8790 3429 3411 59
H(2) 10546 4559 1976 58
H(7) 3273 8101 -1940 97
H(8) 1879 9984 -2185 97
H(6) 1185 8640 -1415 97
H(9) 2806 6164 -135 54
H(10) 2319 11209 1214 46
H(11) 3124 11813 2882 50
H(15) 6162 8100 922 53
H(14) 9216 6905 742 62

11. *H and 13C spectra of key compounds:
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 100 MHz
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sra2 400.1516010 Mz
¥I - Frecessing parametezs
ar
EF LOG. 178033 ke
WO ™
BEB -]
s 3.00 mz
o Q
Po 1.00

B L e ] | L ] e [ e R R C ] Hieiah i bt Bttt it it iiet] bl |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;

SFO1: 400 MHz

Zbs”

PEZ"

Loz L
&0E"
9Zz-
THE"L
EFETL
apE-L
ETE"L
TIEE”"
EEE"L
05E "L
THE"L
A4
oER”
1
abk "L
88" L

T—

 —

[l il ol ol ol ol ol ol ol ol ol

AT o

1i

Br

ppm

I

75
E

7.0

8.5

60 55 50 45 40 35 30 25 20 15 1.0

6.5

8.0

9.0

9.5

2

H

2

5178



Sotvent: CDClg

SFO1: 125 MHz

T96" 0L —

AkL" 9.

:_E.._.MWI
BSE°LL

BEE9F

£15°921
beL 0ZT
L 2 [

ZERTET =—

V5-03-03

1i

Br

20 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

190

5179



Solvent CDCl;
SFOI1: 400 MHz

673
654
250
241
237
235
228
221
e
216
208
182
162
159
149
147
3.19%
2,344
1.536

SAM-03-21-H

Currant Datas Farasstiars
i RAM-OE-T1
1

FROCND 'l

¥ - Acquinition Parameters
Cate FOTIIAS

T 11.41

INFTRIN T

PROBMD % mm DOL 13c=1

PULFROG 3.

T el

EOLVENT [=-=b )

Lad 7

o o

B 410,356 Nz

FIONES 01593425 mx

A 2. B5FHA pe

B A06

o TR, 00D usea

o %.00 waes

™ 360.0 K

ol 2,00500000 wac =
o 1 [::::[:;,:ﬁﬁp
mmemsess CREASREL ] sssssses .
WL m 1]
Pl 18,00 ures

Ll =1. 48 db

ol 001520000 Mz

Fi - Frequering parsasiars

a1 e84

400.1500068 Mz
=™

Repgay

95 90 85 80 75 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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Sotvent: CDClg
SFO1: 100 MHz

M e
ol N = oS o e <
----- - (= ] wy
== . » o= = g
L s wn Ll L
A A © L S =
SAM-03-21-C
furrent Data Parameters
HAME SAM=03=21
EXFRS E
PROCHRG 1
F2 - Requisition Paramsters
Dats FOTLOTOE
Tims 1i.44
INSTRUM spact
PRIBHD 5 @m DUL 13C-1
PULPROG
™ LEES L]
SOLVENT 3
HI 200
e -]
AW 2IITT.2TA Hz
FIDRES 0.346791 He
A 1.4417%20 sasz
R ELl)
e 22.000 wses
o 6.00 usada
T= I00.0 K
o1 2, 00000000 e
a1l 003000000 ses __/,,5’:'
DELTA L.BFIRIFIE mag S
00 1 1 B
smEmewan CHANNEL fl sssmsssw l
HTCL 13c
Pl 9.70 ussa
FLL -0.50 &b
sFol 108, 6280660 Mz
-------- CHANMEL f2 sssssess
CFDERA[T waltalf
HEBED id
FCPDZ #0.00 useg
L2 =2 .40 4B
PL1Z 185,10 4B
PLLY 1R.10 &8
sra2 400.1516010 Mz
¥I - Frecessing parametezs
ar
EF 1OG. E1TB0EE ke
WO ™
BEB -]
s 3.00 mz
o Q
Po 1.00
e S PP J. " a e o
bl - Y -r
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 ppm
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Solvent CDCl;

SFO1: 500 MHz
NOFRAnRRSARES - n
P00 e el e e L] (]
VS-03-54
Current Datas Farasstiars
%ID W-U'I-‘Hﬂﬂ.(:d
¥i = Frocessing paramsters
&5
& tl).?'ﬂ“t: LT
r ﬂ.!uo i
- @
B 1.00 Cl
@sﬁ?
11
L.
[ I T T T | I T T T I I I I T T I I I
95 90 85 80 75 T0 65 60 55 50 45 40 35 30 25 20 15 10
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Sotvent: CDClg
SFO1: 100 MHz

@A Moo

oFFnF o w Hom W
[ - - MmoWw @

oo - S

L I I | Ll =0 o

A A A A L] [l ol ol

2-Cl-thicalkyne

furrent Data Parameters

HAME 2=Cl=-S-alkyne

EXFR 1

PROCNG 1

F2 - Requisition Paramsters

Date FeILON0T

Time #1.33

INSTRIM L} T

PROBHD 8 wm DOL 13C-1

PULPROG

™ §830%

SOLVENT 3

I "

™ 5

s 22727.273 Hx

FroRES 8.346791 Re Cl
AQ 1.4417920 sac

ra 57

o 22.000 usec _‘,f::f
ox 5.00 uBsd

™= 00.0 K S
o 200000000 ses

dil ©.03000008 ses 11
DELTA 183333598 wes

™0 1

EmmmEmmm CHANNEL fl swsmsmsm
HELC

Pl 9.70 ussa
FLL -0.50 &b
sFol 100, $280660 s
-------- CHANMEL f2 sssssess
CFDERA[T waltalf
HEBED id
FCFDZ #0.00 useg
L2 =2 .40 4B
PL12 15.10 &m
PLLY 1R.10 &8
sro2 4001516010 Mz
¥ - Frocessing parametsss
ar

EF LOG. E1TB04T Wiz
WD ™

BEB -]

s 3.00 mz
o Q

Po 1.00

B i o ] B ] o i ] e ] ] bt ot L) Rt Mol o] bbbs] Loy M) b |
210 200 190 180 170 160 150 140 130 120 110 100 80 80 70 &0 50 40 30 20 ppm
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Solvent: CDCls
SFO1: 400 MHz

1-Napth-S-alkyne

Cuerent Data Parameters

B-aliyns
1

1

¥2 = Aequisition Paraseters

Date 20211125
Timn 4
INSTRUM pect
PROMND  $ =m DOL 13C-1
PULIROS =330

T 32768
SOLVENT coel3

s n

oS (]

e €410.256 Nz
FIORES 0.19962% Mz
AL 2,5559039 sec
o 228

o 78,000 uses
ce €.00 seec
™ 200.0 X
o1 2.00000000 sec
™o

ww— CRANNEL 1

ey i

P 10.00 usec
p11 ~2.40 dn
srol 400.1520010 atx
F2 ~ Processing paraseters
b 1630

38EgYe

3.

400.15002¢8 iz
=™

8coce

3.216

1.436

T 1 1 I I

85 80 75 7.0 65
Blale
NI~~~

6.0

T

5.5

T

5.0

5184
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Sotvent: CDClg
SFO1: 100 MHz

w0 m e o 0T

LE LR L] w oo mm
---------- m M ow M
MO m||Y Y enm CREE)
LRy B B B B B B w Ll B |
WA A A A A w [l ol el o

1-Napth—-S-alkyne
furcent Data Parameters
HAME S=alkyne
EXFRS E
PROCHRG 1

F2 - Requisition Paramsters
Dats FOTLILIE
Tims 23 .52
INSTRUM spact
PRIBHD 5 @m DUL 13C-1
PULPROG

™ LEES L]
SOLVENT 3

HI 13z

e -]
AW 2IITT.2TA Hz
FIDRES 0.346791 He

AQ 1.4417920 sac

R 2050 /f’/
e 22.000 wses

ox §.00 uEad S

T= I00.0 K

o1 2, 00000000 e

di1 ©.03000008 ses 1n
DELTA 183939998 ses

™ 1

Emmmmmss CHANNEL fl ssssssss

WO 1

| 3
Pl 9.70 ussa
FLL -0.50 &b
sFol 100, $280660 s
-------- CHANMEL f2 sssssess
CFDERA[T waltalf
HEBED id
FCFDZ #0.00 useg
L2 =2 .40 4B
PL12 15.10 &m
PLLY 1R.10 &8
sro2 4001516010 Mz
¥ - Frocessing parametsss
ar
EF 1OG. 17047 e
WD ™
BEB -]
s 3.00 mz
]
1.00

MMW

B ] M ] ] ] e ] L] ] e e ] Pt et et etk i Ik bty Lot Mt b bttt bt i |
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 ppm

5185



Solvent: CDCls
SFO1: 400 MHz

585
580
568
563
436
432
412
395
390
376
356
249
244
231
213
873
851
3.998
3.982
3.965
781
763
759
744
728
506
487
469
450
982
964
945

/
%
¢
:

SAM-03-11-H

Current Data Paramstors
SAM-03-11
XPNO .

1

¥2 - Aequisition Farameters
Date 02106102
Time 21.29
INSTRUM pect
PROMND  $ =m DOL 13C-1

=3

5
32768

T

SOLVENT coeld

L b

L o

e €410.25¢ Nz
FIORES 0.195€25 n=
AL 2,5559039 sec
o 162

o T8, 000 uses
e €.00 seec
™ 300.0 X

ol 2.00000000 sec
™o

wwmm—— CRANNEL 1

wocl i

123 10.00 usec
1 ~2.40 b
srol 400.1520010 atx
F2 ~ Processing paraseters
b 1639

400.15002 68 Wiz
=™

38EgYe
T

3.

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

sl [2 gE A

2.00 ~
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Sotvent: CDClg
SFO1: 100 MHz

@ =3 ;0N Y o~

] =3 eo@nA -2 N
£ T T Mo w

. o

L) o

L —

130

128

126

126

126
— 114

77

77

TE
—_—31.11
—1%.16
—13.78

SAM-03-11-C

furrent Data Parameters
HAME

SAM=03=11
EXFRS ]
PROCHRG 1

F2 - Requisition Parameters

Dats FI0TLOELI
Tims 23.32
INSTROM spact
PRIBHD 5 @m DUL 13C-1
PULEROG zgpgd0

™ LEES L]
SOLVENT cooid

HI 133

e -]

aEH 2IITT.2TA Hz
FIDRES 0.346791 He
AQ 1.4417920 sac
R L

e 22.000 wses
o .00 usag
T= I00.0 K
o1 2, 00000000 e
dil B02DE0000 ses
DELTA L.BFIRIFIE mag
00 1
smEmewan CHANNEL fl sssmsssw
HTCL 13c

Pl 9.90 ussa
FLL -0.50 &b
sFol 100, $280660 s
-------- CHANMEL f2 sssssess
CFDERA[T Hll.!li:
PCPDE #0.00 uwsea
L2 =2 .40 4B
PL12 15.10 &m
PLLY 1R.10 &8
sFo2 4001516010 Mz
¥ - Feocessing parametecs
ar

EF LoG. €1TB0ET Wz
WD ™

BEB -]

s 3.00 mz
o Q

Po 1.00

B ] B [ s ] i oo il bt ot Rt Lbabiabl b i) bt Bkt Bl il i () S
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 S50 40 30 20 10 ppm
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Solvent: CDCl;
SFO1: 500 MHz

zEzzzanas 5 5
:\1‘ r\ii Vr w e = o
I_Lu P Ll 10w
[ I I 1 T T | i I L T T | I I Iy T I I
95 90 85 8.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

Y
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Solvent: CDCl;

SFO1: 125 MHz

- - o mooew 2]

™ @ - m RS L] oG - =
P ™ @™ MmOowm o ] =k o "
. . RS . oS &4 o
- s - - ] L] . e -

o o L L L] - = - i =
o - SR e Qi e e — = v &

V5-03-4Mediazo

=)

180 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 ppm
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Solvent: CDCl;

~owr- r—nogg .::'\. = W
SFO1: 400 MHz REZRARIER b4 a oA
rlr‘ .r.r-.r-lr-l-::w - - -
waia S
T
Pt

95 90 85 80 75 V0 65 60 55 50 45 40 35 3.0 285 20 15

I

8

3.00,=
9.08 =

5190

1.0

ppm



Solvent: CDCl;

- @ =] e e o
n " o4 S - g =~ -
- - - womo - a =R @ o ra
- . L R R . oS = o
- o~ = somws . A H
L] L o] LR - = - e wr T
= —~ e e e e | — = s P
t-Bu-13C

ey VE- o

P 1

v

e

HE

o

B LR LR LR T S L Rl AL L LL L L E e ST
180 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 ppm
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Solvent CDCl;
SFOI1: 400 MHz

ardEn2s3n & 2
WY W W 0 M0 = W
WiV “' "'
SAM-03-28-H
Current Datas Farasstiars
m am-n)-::
¥ - Acqpuinition FParameters
Cate JOTISVAT
T 10, R
INSTRIN et
vonoa o amid
T el
EOLVENT [=-=b )
o 2
e :
e 358 e 0 g ’
& 2.0050005 sac
e ®
-'-m—--r--l CRASRL -;----o ze
) 1245 e MeO "
ol 001520000 Mz
Fi - Frequering parsasiars
= ao2.15000 88 e
bl i
is @ e
v 1.0
”J.I_J il I
[ I T T T T I T T T I I I I T T I I I
95 90 85 80 75 T0 65 60 55 50 45 40 35 30 25 20 15 10 ppm
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Sotvent: CDClg
SFO1: 100 MHz

-~ & W o

L] L] Lo R Ll = -] ]
- LR - . M oe -

o ~ Lo =2 ol -] ™ . . .
" o LR s e I ~ Ll 4 uy
— =l el A — [l o i)

SAM-03-28-C

furrent Data Parameters

HAME SAH=03-28

EXFRS E

PROCHRG 1

F2 - Requisition Paramsters
FOTLOTZT
11.01
spact
5 @m DUL 13C-1
=

TPy
LEES L]
cooid

Br
207
% 0

22727.273 Ha
0.346791 K
1.4417520 sas
22808

LG00 wses

6.00 usea Nz 2e
00.0 K MeQ

ARREZENERESISIERT
Eog gt

o1 2, 00000000 e
a4l B02DE0000 ses
DELTA L.BFIRIFIE mag
™ 1
Emmmmmss CHANNEL fl ssssssss
HOCL 1

Pl .70 wsea
FLL -0.50 &b
sFod 100, 6280660 Wiz

ssssssss CHANNEL f2 ssssssss

CFDERA[T waltalf
HEBED id
FCFDZ #0.00 useg
L2 =2 .40 4B
PL12 15.10 &m
PLLY 1R.10 &8
sFo2 400.1516010 Mz
¥ - Feocessing parametecs
ar

EF 1OG. €1T800F ke
WO ™
BEB -]

s 3.00 mz
o Q

Po 1.00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;

SFO1: 500 MHz
R - == ] i
E - ] o
WU MM el @
R IR 0 AT o
AT In.
® -

1.573

I [T & EEE R e 1 | R T T
95 90 85 80 7.

1Y

5194

0 65 60 55 50 45 40 35
g

3.0

25

2.0

1.5

1.0

ppm



Sotvent: CDClg
SFO1: 125 MHz

251

V5-02-199
L cl
'\i-. O
Ny of
H;CO 2
190 180 170 160 150 140 130 120 110

100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;

SFO1- 500 MHz
IRVARY "‘ |
. NO
| y (o
(T
HaCO 2 2
J A |
[ I L I T h T ] d T I : I | il | T . | I : I TT T I h I
95 90 &85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

g

g

=
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Sotvent: CDClg
SFO1: 125 MHz

@ ™ & s o ww n

£y s i - o= P~ il

el @ - I & n
; ] o 5 =]

w "~ - & e - ]

= c - LG - ™

- - - i - R - h

180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;

SFO1: 400 MHz
5 a3ee 6 £
SAM-03-109-Diazo R\VAR' {7
Currant Data Paramatars
HAME SAM-03-10%
EXPHO 4
PROCHO 1

F2 - Aequiaition Parameters

Dt 20220216

Time 15.57
spech

PROBHD 5 mm DUL 13C-1

PULPROG wglt

™ 32768

EOLVENT CDCl3

R &

Dz L

SWH 6410.256 Hz

FIDRES 9. 195625 Hz

AQ 2.555903% sec

RG a2z

oW T8.000 usec

DE £.00 usas

TE 300.0 K

ol 2.00000000 asec

RO 1

exsssnns CHANHEL f]l ssssssss

HUCL

Pl 10.00 usao

PL1 -2.40 dB

EFO1 400.1528010 MHz

F2 - Processing pazasetess
I 16384

SF 400, 1500168 MHz
WO EH

5B Q

LB @ Hz
GB 1]

rC 1.00

J__“.__L_.L _,.u,l N E—

95 90 85 80 7 0 65 60 55 50 45

Al

: 5 30 25 20 15 1.0 ppm
S
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Sotvent: CDClg
SFO1: 100 MHz

[ =] U@ =
L W LR R-R - @ o O om oo
. s e omo . MO Ww D - o

e woo sk =R=N- N ol [y = 8 s = ]
@ 0w LR N N - [l el uwy o4
Ll o o= A AAAA ™ Ll il won

SAM-03-109-Diazo

Cuizest Data Farasetess

HAME BAW-GI-50%

EXTHO 5

BROSRG i

F2 - Acqaisition Paramatasrs

Date_ 202 I0T1E

Tima 16,01

IRETROM Spaot

PROBRD 5 == DOL 13C-1

FULRFROG ngpgIe

™ £E53E

SOLVENT £ocia

HE ddb

s -]

BRH 2ATAT.ITE HE

FIDRES B.34ETHL Mz

Ay 1, 4417530 ssq

e 2050 Me(

e 22,000 ueec

nE 600 Esas

™ w00

ol 2.00000000 aec

411 0.03200000 ses

LELTA 1. AFFFIFFR seg

TOh i

........ CHAMNEL f1 sscssssas

wUT1 1

rl 5. T0 uses

FLl =0.30 4B

arzl 100, 6IEAE60 WHE

sxemszes CHAMNEL £2 ===szs=s

CPOPRE[2 waleelé

HUCE R

PO 33.00 usec

L =2, 40 4B

PL1Z 15,10 4

pL1 18.10

AP 400, 1516000 MEx

FI - Frocassing parsaeters

34 FITEE

s¥F 100, 61 THO4AY MEx

WOH EH

EER &

L& 3,40 He

aB -]

PC 1.00

o, \ i . ‘ |L J .
b Ayl iy N o/ o P Y

R b e e M e M e L e e M L e M e e e S Lt

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;
SFOI1: 400 MHz

G4B
627
622
604
600
583
240
6.931
5.909
3.844
1.656

é?
<

SAM-03-112-C-diazc

currest Date Farassters
BAH-0F-112
3

jii

T2 = Aequinition Paramsters
ane 20R20222

Thme .31
IRETRN et
FROMED 5 mm DOL 13C-1
FULFROG g0

™ el
BALVENT (== )

E 7

L] L]

e #410.356 Nz
FIDRES 0.19362% mx
2 2. 555903% mmc
L ELr

L TE. 30 usen
BE .00 useo
™ 300.0 X

o 200000000 sec
TERH 1

L
¥ 13,00 useo

FL1 -2.4% dB
EFal 450, 1528010 e

Tl - Frodessing parsssters
EL JE1R

a7 400, 1500068 MHx
=1 o
EEB @
Lh & e
= L3
L LR

T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

g g

[]
=
o
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Sotvent: CDClg
SFO1: 100 MHz

~ -~ M- AN 8w o

- o LR oo m o w
4 S : & O M =4

w o Yuoen @ 0 o - - - .

w© o GG e ] Il i

- - Hrddd o A A A i

SAM-03-112-C-diazo

Cuzrent Data Fazasetesas
HAME

BAW-G3-512
EXTHO 3
BROCHG i
F2 - Acqaisition Paramatasrs
Date_ 202 I0T2T
Time 11.34
TRETROM Spaot
PROBRD 5 == DOL 13C-1
FULFROG ngpgIe
™ £E53E
SOLVENT £ocia
HE 11%
s -]
BRH 2ATAT.ITE HE
FIDRES B.34ETHL Mz
Ay 1, 4417530 ssq
RG 2450
oW 23,000 uses
bE 600 wsas
™ 1000 X
ol 2.00000000 aec
411 0.03200000 sac
LELTA 1. AFFFIFFR seg
TOh i
ssssssss CHAMNEL £l ssssssss
WUCL 1
Pl 5. T0 uses
FLl =0.30 4B
arzl 100, 6IEAE60 WHE
sxsmazes CHAMNEL £2 ssmsmsms
CPOPRE[2 waleelé
HUCE R

§3.00 usec

PLZ =2.40 4N
FL1Z 15,10 4
pL1Y 18.10 48
AP 400, 1516000 MEx
Fi - Frocessing parsssters
34 FIT6E
s¥F 100, 61 THOEY MAx
WOH EH
EER &
L& 3,40 He
aB -]
PC 1.00

B e e e e e L e e M e e e e L Waa i st

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;
SFOI1: 400 MHz

9.961
894
B73
652
647
641
635
631
624
619
240
936
914

3.853

1.584

SAM-03-117-Diazo

currest Date Farassters
BAH-0F-11T
3

jii

T2 = Aequinition Paramsters
ane 20T 2OI04
L iS04
IRETRN et
FROMED 5 mm DOL 13C-1
FULFROG 30

=

=3
™ el
BALVENT (=% )

E L

B L]

e #410.356 Nz
FIDRES 0.19362% mx
2 2. 555903F mmc
L was

L TE. 30 usen
BE .00 useo
™ 300.0 X

o 200000000 sec
TERH 1

b 13.00 usea
FLL -2.4% dB
EFal 450, 1528010 e

Tl - Frodessing parsssters
EL JE1R

a7 400, 1500068 MHx
=1 o
EEB @
Lh & e
= L3
L LR

6 5 4 3 2 1 ppm

5202



Sotvent: CDClg
SFO1: 100 MHz

-~ o i) LR =R=1 B &=
[ I [ - Do & R Rl L)
= . f s e w H EE-1o i
- D ™ el R == Ly v ow o -
L] o /e Mmoo - Ll 2]
™o ™ ArAAA Ll = r=rere |
SAM-03-117-Diazo

Cuizest Data Farasetess

HAME BAW-GI-51T

EXTHO 5

BROSRG i

F2 - Acqaisition Paramatars

Date_ 202 T0I05

Tima 5,25

IRETROM Spaot

PROBRD 5 == DOL 13C-1

FULRFROG ngpgIe

™ £E53E

SOLVENT £ocia

HE L4500

s -]

BRH 2ATAT.ITE HE

FIDRES B.34ETHL Mz

Ay 1, 4417530 ssq

RG 2450

oW 23,000 uses

bE 600 wsas

™ 1000 X

ol 2.00000000 aec

411 0.03200000 ses

LELTA 1. AFFFIFFR seg

TOh i

........ CHAMNEL f1 sscssssas

WUCL 1

rl 5. T0 uses

FLl =0.30 4B

arzl 100, 6IEAE60 WHE

sxsmazes CHAMNEL £2 ssmsmsms

CPOPRE[2 waleelé

HUCE R

PO 33.00 usec

PLZ =2.40 4N

PL1Z 15,10 4

pL1 18.10 4B

AP 400, 1516000 MEx

FI - Frocassing parsaeters

34 FIT6E

s¥F 100, E1T7980 MEx

WOH EH

EER &

L& 3,40 He

aB -]

PC 1.00

I [ sk L

B e e e e e e e M B e e e e e M S

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent CDCl;
SFOI1: 400 MHz

FHFS S AN SR DE WS = m it
oGm0 e O M W L] - w
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Sotvent: CDClg
SFO1: 100 MHz
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Solvent CDCl;
SFOI1: 400 MHz
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Sotvent: CDClg
SFO1: 100 MHz
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Solvent CDCl;
SFOI1: 400 MHz
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Sotvent: CDClg
SFO1: 100 MHz
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Solvent: CDClg
SFO1: 400 MH
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Sotvent: CDClg
SFO1: 100 MHz
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Solvent: CDCly
SFO1: 400 MHz
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Sotvent: CDClg
SFO1: 100 MHz

186.7%
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Solvent CDCl;
SFOI1: 400 MHz
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Sotvent: CDClg
SFO1: 100 MHz

V2 V%
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Sotvent: CDClg

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 125 MHz

158,832

179.086

— 56, 128
Te=—85.18%

\ | -

R AAARAMAAR] MAASARALLS RAMLARARAS LARALAARAL RARSAALSAS MAAARARLAS LAbASARALS AnkabAninl LAALAARARS LAARARAAS RAMMARALLS RARAAALA) LARAARARAS MARARAASAS Rabbndbis beAAbeiad AALAARARE L RALMAR] MAARARARA]

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

S217



Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz

188,384

Vs-03-20

L.

N

NhAA RAAAAL S

190

180

M BAARAAAA

170

 RAAARRRAL

160

| RAAARRL

150

A RARRAAALS

140

o

ol Rl

130

 hAaas

120

110

100

5219

IRAAARAAALS Rana s s

90

i

80

e

70

60

50

40

ppm



Solvent CDClg
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 700 MHz

55"

ek

£98°

e e e B
e R B R
LT

SFE"
T6E"

b b E L AT b

O @ L -]
RG] S

[l ol ol ol ol N Sl R R R R R R

F L E-
ooy
TN

TaS"
£65°

T —

[ p—

SN\ WV

SAM-03-88-H

=
m

sassing P

ppm

90 85 8.0 7.5 70 65 60 55 50 45 40 35 3.0 25 2.0 15 1.0
"

9.5

i

| 29

| 8

@ |k
- |2
u

)

ool

5228



Sotvent: CDClg
SFO1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 700 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Solvent: CDCls
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Solvent CDCl;
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Solvent CDCl;
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Sotvent: CDClg
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Solvent: CDCls
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
SFO1: 700 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Sotvent: CDClg

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
SFO1: 400 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
SFO1: 700 MHz

—_—5.T727
3.774
1.543

SAM-03-54-B
Current Datas Farasstiars
i 1
EXFHO 1
PROCHD 1
¥i = Frocessing paramsters
&5 REETE
ar ¥R TANI00E Mlw
WO -
F5h (]
is 0.33 mx Cl
- @

B 1.00

{1 [— J

| I I I T T T I T T T T I

T
.0 S5 60 55 50 45 40 35 30 25 20 15 1.0 ppm

im0 b

95 90 85 80

5278



Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
SFO1: 700 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Solvent CDCl;
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 700 MHz
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Sotvent: CDClg

SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 175 MHz

&

158.9

V5-02-43-B

21.167

L

n

60

50

40

20

ppm

I 1 I
190 180 170

T T T I T I I
160 150 140 130 120 110 100

5291

80

80

70



Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
SFO1: 700 MHz
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Sotvent: CDClg

SFO1: 175 MHz
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Solvent CDCl;
SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Solvent CDCl;
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Sotvent: CDClg
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Solvent CDCl;

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Solvent CDCl;

SFO1: 125 MHz
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Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;

SFO1: 500 MHz
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Sotvent: CDClg
SFO1: 125 MHz
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Solvent CDCl;
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent: CDCls

SFO1: 125 MHz
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Solvent CDCl;

SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
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Sotvent: CDClg
SFO1: 125 MHz

@ o

w = - o -
= il =R r-
= = s "
o wt - oy
— — iy

V5-03-38-A

L ]|L||‘ |

AARAd RARAAARAL ARSLAARAS MAMARARALS LAbARAnAS Anabinisd AAALAARARY LAARAMAAS] RAMSARARAS RALAARSAAS ARAMAARAL RARALALSAS Rabbndnhis habiadkad Anatbiodnd Mabbiabind bAARARALS] RARLARALA) RALAAARRAS Liniabinds |

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

_—

5325



Solvent CDCl;
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Sotvent: CDClg
SFO1: 175 MHz
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Solvent CDCl;
SFO1: 700 MHz

EET' T —

GHES'T ——

29rE —

56 E ——

SET"

s
ET5°

WA T W

kTS

TET
SBT"
LET"
00z
¥R
BER"
LOL”
aIL”
ZIT’
14
ZET’
(4

ELT"

NV WV

&

™~

i

[l il ol ol el R R R R

a
'l

AXM-2-55-A-8. i

SAM-03-55-A
Currant Datas Farasstiars

ppm

1.0

15

2.0

11a
55 5.0
S328

6.0

A
 FELIE
g2 <
i
i
ET1LEET

6.5

[ 1)

9.0 85 8.0

9.5




Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
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Sotvent: CDClg
SFO1: 175 MHz
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Sotvent: CDClg
SFO1: 400 MHz
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Sotvent: CDClg
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Solvent: CDCls
SFO1: 700 MHz
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Sotvent: CDClg
SFO1: 175 MHz
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