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1. General Information

General Aspects: Experiments involving moisture and air-sensitive components were performed in oven-dried
glassware. Commercial solvents and reagents were used without further purification unless otherwise noted.
Yields referto chromatographically pure compounds unless otherwise stated. Reactions were monitored by thin-
layer chromatography (TLC) carried out on 0.25 mm Merck silica gel plates (60F-254) using UV light as a
visualizingagentand ap-anisaldehyde or ninhydrinstain,and heatas developingagents. Merck silica gel (particle
size 100-200 and 230-400 mesh) was used for flash column chromatography. Neat compounds were used for
record IR spectra. NMR spectra were recorded on either a Bruker Avance 400 (*H, 400 MHz; 13C, 100 MHz),
Bruker Avance 500 (*H, 500 MHz; 13C, 125 MHz), or JEOL DELTA (ECX) 500 (*H, 500 MHz; 13C, 125 MHz).
Mass spectrometric data were obtained using Agilent-Premier-APCI-MS instruments and IR data recorded from
PerkinElmer, FT-IR spectrometer. Optical rotations were measured using a Polarimeter (AUTOPOL Il) at 28 °C.
The followingabbreviations were used to explain the multiplicities: s=singlet,d = doublet, t = triplet, = quartet,
spt=septet, dd = doublet of doublet, ddd = doublet of a doublet of a doublet, dt = doublet of a triplet, td = triplet
of a doublet, m = multiplet, br = broad.



Experimental procedure for preparation of starting material:

2.1 General procedure for preparation of Diarylmethyltriflamides.?

NH, Et;N (1.2 equiv.) NHTF
R@)\@_R Tf,0 (1.1 equiv.) R@)\[}-R
CH,CI, — =
To a stirred solution of diarylmethylamine (5 mmol, 1.0 equiv.) in dichloromethane (20 mL) was added
triethylamine (6 mmol, 1.2 equiv) at -78 °C under nitrogen. After stirring for 5 min at -78 °C,
trifluoromethanesulfonic anhydride (5.5 mmol, 1.1 equiv.) was added dropwise and the mixture was stirred for
1h at the same temperature before being quenched by water (20 mL). The organic layer was separated and the
aqueous layer was extracted with dichloromethane (10 mL x 2). The combined organic phase was washed with

brine (20 mL) and then dried over Na>SO4. Evaporation and column chromatography on silica gel (ethyl
acetate/hexane= 1:20 as eluant) afforded corresponding trifluoromethanesulfonamide.

2.2 General procedure for preparation of diarylmethylamines.?*

CN

Br Mg (1.1 equiv) MgBr T NH,

R_

N I, (catalytic amount) B U] © s reflux, 16h N N

R —— > RrbL Ri- | SR
/ RT, 1h = (ii) LiAIH, (1.2 equiv), reflux, 10h L >

To a stirred solution of Mg (1.1 equiv), I (catalytic amount) in anhydrous THF (20 ml) was added arylbromide
(1.0 equiv.) dropwise. The resulting solution was stirred for another 1h at room temperature. Then this solution
was added dropwise into corresponding arylnitrile in THF (10 ml) at room temperature. The resulting mixture
was heated to reflux for 12h and then allowed to cool to room temperature and then to 0 °C. To this mixture was
transferred a suspension of LiAIH4 (20 mmol) in THF (20 mL) via cannula. The ice bath was then removed, and
the reaction mixture was heated to reflux, which was maintained for 12h. Upon completion, the mixture was
cooledto room temperature, and carefully quenched by slow addition of water (5 ml), The resulting slurry was
filtered through a celite pad and washed with DCM until no amine was left. The combined organic layer was
washed with sat. ag. NaCl and concentrated under reduced pressure to give the crude amine, which could be used
directly in the next step without purification. And the corresponding trifluoromethane sulfonamides 1a, 1c, 1h,
1j, 1k, 11, Im and 1n could be synthesized using the same protocol shown above.

2.3 General procedure for preparation of biarylamine substituted with F and CI.*

o NI,OH
XN X NH,OH . HCI (5 equiv.) N N
R | SR — - RO | s
= = pyridine: EtOH (1:5) - 2

To a 25 ml round bottom flask has added the ketone (1.5 mmol), hydroxylamine hydrochloride (7.5 mmol, 0.52
g), pyridine (1 ml), and EtOH (5 ml). The resulting solution was heated in an oil bath to reflux for 6h. After
completion of the reaction, the solvent was removed in vacuo and the residue was partitioned between EtOAc and
H20 (1:1). The aqueous layer was extracted with EtOAc twice, and the combined organic layer was washed with
brine and dried over Na2SOs. Evaporation afforded the crude oxime, which could be used directly into the next
step without purification.




NH,

O O Zn (5 equiv.), NH,OAc (0.5 equiv)‘ R—: S | \—R
Z NH;-H,0 : EtOH (4:1) “ “

To astirred suspension of oxime (3 mmol) in EtOH (4 ml) and ammonia solution (ammonium hydroxide solution)
(16 ml) was added NH4+OAc (1.5 mmol, 0.12 g), followed by portion-wise addition of zinc powder (15.0 mmol,
0.98 g). The mixture was heated to 50 °C in an oil bath for 1h and then refluxed for 10h. The mixture was cooled
to roomtemperature, diluted with 20 ml of EtOAc, stirred for 30 min, and filtered through filter paper. The filtrate
was transferred to a separation funnel. The organic layer was collected, and the aqueous layer was extracted with
EtOAC (2 x 20 ml). The combined organic layer was dried over Na2SO4 and concentrated under reduced pressure
to give the crude amine. And the corresponding trifluoromethanesulfonamides 1d and 1e could be synthesized
using the same protocol shown above.

Note- Compounds 1a, 1b, 1f, 1g and 1i are reported in literature23,
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1. Zhang, Y.; Lu, Z.; Desai, A.; Wulff, W. D. Org. Lett. 2008, 10, 5429.

2. Chu, L.; Wang, X.-C.; Moore, C. E.; Rheingold, A. L.; Yu, J.-Q. J. Am. Chem. Soc. 2013, 135, 16344.

3. Vidal, X.; Mascarefias, J. L.; Gulias, M. J. Am. Chem. Soc. 2019, 141, 1862.

2.4 Examples with data.

Compound 1c Compound 1c was obtained as a pale yellow liquid (1.28 g, 3.47 mmol, 83%) 1H NMR (400 MHz,
NHTf CDCly) 8 7.24 —7.02 (m, 8H), 5.81 (s, 1H), 5.41 (brs, 1H) 2.64 (q, J = 7.6 Hz, 4H), 1.22 (t, J = 7.6
Hz, 6H). 13C NMR (125 MHz, CDCl,) § 144.46, 137.18, 128.48, 127.20,119.57 (g, J =321.25 Hz),
62.24, 28.55, 15.46. HRMS (APCI-TOF) m/z calcd. for CigH,0FsNO,S [M]* 371.1167; found
371.1166. IR (neat): v, /cm1 3300, 2958, 2921, 2852, 1604, 1464, 1370, 1390, 1224, 1182, 1054,

Et Et 603
Compound 1d Compound 1d was obtained as a colorless liquid (1.29 g, 3.66 mmol, 80%) 'H NMR (400 MHz, CDCly)

e §7.21(dd, J=7.7, 5.4 Hz, 4H),7.10— 6.93 (m, 4H), 6.09 (brs, 1H), 5.83 (s, 1H). 22C NMR (100 MHz,

CDCly) § 162.61 (d, J = 249.47 Hz), 135.35 (d, J = 3.1 Hz), 128.99 (d, J = 8.2 Hz), 119.46 (q, J =
321.26 Hz), 116.10(d, J = 21.3 Hz), 61.28. HRMS (APCI-TOF) m/z calcd. for C,,H;oFsNO,S [M]*

. O O . 351.0352; found 351.0345. IR (neat): Vp,lcm 3298, 2925, 2854, 1895, 1606, 1510, 1375, 1231,
1199, 1047, 834, 616.

Compound 1h Compound 1h was obtained as a pale yellow liquid (1.02 g, 2.13 mmol, 75%) 1H NMR (400 MHz,
CDCl;) 6 7.42 (t,J=8.0 Hz, 2H), 7.24 - 7.19(m, 2H), 7.17 (d, I =7.8 Hz, 2H), 7.08 (s, 2H), 5.91 (brs,

NHTE 1H), 5.87 (s, 1H). 13C NMR (100 MHz, CDCl;) & 149.79, 141.11, 130.79, 125.58, 121.18, 120.40 (g,

FsCO OCFs  J = 321.25 Hz),119.39 (g, J = 355.25 Hz), 119.88, 61.27. HRMS (APCI-TOF) m/z calcd. for

O O CisH10FsNO,S [M]* 483.0187; found 483.0195. IR (neat): Vyu/cm- 3296, 3075, 2927, 1610, 1490,
1453, 1377, 1264, 1145, 610.

Compound 1j Compound 1j was obtained as a white solid (1.0 g, 2.15 mmol, 72%) *H NMR (400 MHz, CDCl;) &
NHTS 7.60 (ddd, J=9.4,7.2, 1.1 Hz, 8H), 7.44 (dd, J =10.8, 4.5 Hz, 4H), 7.39— 7.33 (m, 6H), 5.96 (d, J

= 8.7 Hz, 1H), 5.72 (d, J = 8.7 Hz, 1H). 23C NMR (100 MHz, CDCl,) & 141.46, 140.25,138.55,

O O 128.96, 127.81, 127.73,127.18, 119.59 (q, J = 321.25 Hz), HRMS (APCI-TOF) m/z calcd. for

o o CasHaoFaNO,S [M]* 467.1167; found 467.1164. IR (neat): Viysd/cm-3308, 3031, 2925, 1600, 1487,
1374, 1230, 1144, 1039, 1007, 764.



Compound 1k Compound 1k was obtained as a white solid (996mg, 2.40 mmol, 68%) *H NMR (500 MHz, CDCl,)

NHTE §7.86—7.79 (M, 6H), 7.76 (5, 2H), 7.54 — 7.48 (m, 4H), 7.35 (dd, J =8.6, 1.7 Hz, 2H), 6.20 (d, J =

8.9Hz,1H),5.83(d, J =8.7 Hz, 1H).23C NMR (100 MHz, CDCl,)  136.88, 133 .22, 133.09, 129.19,
CO Oe 128.28,127.83,126.85, 126.45, 124.95,119.61(q, J =321.25 Hz), 62.82. HRMS (APCI-TOF) m/z
calcd. for Cy,H,6F3NO,S [M]* 415.0854; found 415.0856. IR (neat): v ,,/cm1 3306, 3058, 2927,

2250, 1601, 1508, 1428, 1374, 1198, 1230, 1198, 1046, 609.

Compound 11 Compound 11 was obtained as a white solid (1.1g, 2.96 mmol, 74%) 'H NMR (400MHz, CDCl;) &
7.02 (dd, J=8.4,2.4Hz,2H),6.97 (d, J = 2.1 Hz, 2H), 6.78 (d, J =8.4 Hz, 2H),5.71(d,J = 64
NHTf Hz, 1H), 5.29 (s, 1H), 3.81 (s, 6H), 2.17 (s, 6H).13C NMR (125 MHz, CDCl;) & 161.45(d, J =

for C,gH14FsNO,S [M]* 379.0665; found 379.0668. IR (neat): Vpgd/cm- 3300, 2957, 2928, 1991,

247.12 Hz), 138.96 (d, J = 6.3 Hz ), 132.16 (d, J = 6.3 Hz ), 125.42(d, J = 16.38 Hz), 122.49,
e O O o, 119.11(q, J=321.26 Hz) 113.95(d, J =213 Hz ), 61.28, 14.34 HRMS (APCI-TOF) m/z calcd.
3 3
F F 1627, 1584, 1510, 1454, 1230, 1198, 1052, 969, 633.

Compound 1m Compound 1m was obtained as a pale yellow liquid (1.01g, 2.50 mmol, 34%) 'H NMR (400 MHz,
NHTf CDCly) §7.01 (dd, J = 8.4,2.2 Hz, 2H), 6.96 (d, J =1.9 Hz, 2H), 6.77 (d, J =8.4 Hz, 2H), 5.70 (s,

1H), 5.32 (s, 1H), 3.81 (s, 6H), 2.17 (s, 6H).23C NMR (100 MHz, CDCl,) 5 157.61, 131.73, 129.46,

O O 127.33, 125.62, 109.93, 61.83, 55.43, 16.41. HRMS (APCI-TOF) m/z calcd. for C;gH;oFsNO,S

MeO OMe  [M-H]*402.0992; found 402.1008. IR (neat): v, /cm1343, 2954, 2854, 2836, 2060, 1609, 1503,
CH; CH, 1464, 1375, 1253, 1131, 1035, 620.

Compound 1n Compound 1nwas obtained as a pale yellow liquid (400mg, 0.924 mmol, 28%) 'H NMR (400 MHz,

NHTE CDCly) § 6.82 (d,J =8.3 Hz, 2H), 6.78 (d, J = 2.0 Hz, 1H), 6.75 (d, J = 1.9 Hz, 1H), 6.72 (d, J =

1.9 Hz, 2H),5.76 (d, J = 8.6 Hz, 1H), 5.66 — 5.52 (m, 1H), 3.85 (s, 6H), 3.79 (s, 6H). 13C NMR
O O (100 MHz, CDCls) 5 149.32, 149.04, 132.26,119.59 (q, J = 321.26 Hz), 119.65, 111.24, 110.49,
MeO ome 02.08,56.01, 55.98. HRMS (APCI-TOF) m/z calcd. for C1gH,,FsNOsS [M+H]* 420.1093; found
OMe  OMe 420.1099. IR (neat): vy, /cm* 3456, 2957, 294, 2055, 1639, 1516, 1375, 1228, 1191, 1026, 606.
3. Experimental procedure and characterization of products
3.1 General procedure for Pd(I1)-Catalysed Racemic Synthesis of 1,3 disubstituted isoindoline
Pd(OAc), (10 mol%) O
O Cs,CO0;3 (1.5 equiv)
Cu(OAc), H,0 (2 equiv)
N
O ne + 2R toluene, 24 h, 60 °C O NTE

R

A 5 mL vial was charged with Pd(OAc), (4.5 mg, 0.20 mmol, 10 mol%), Cu(OAc),-H,0 (79.6 mg, 0.40 mmol, 2.0 equiv),
Cs,C0O4 (97.5 mg, 0.3 mmol, 1.5 equiv), toluene (3.0 mL) and then the reaction mixture was stirred at room temperature for
10 min under a nitrogen atmosphere. Then diarylmethyltriflamide 1a (0.2 mmol, 1.0 equiv) and activated olefin 2 (0.3mmol,
1.5 equiv) were added into the solution in sequence. The vial was sealed under nitrogen and heated to 60 °C (using an oil bath)
with stirring for 24h. After cooling down, the reaction mixture was diluted with ethyl acetate and concentrated to give the
crude compound which was directly purified by column chromatography.

3.2 General procedure for Pd(11)-Catalysed Enantioselective Synthesis of 1,3 disubstituted isoindoline

Pd(OAc), (10 mol%) O
Cs,CO0; (1.5 equiv)
Cu(OAc), Hy0 (2 equiv)

+ /\
O NHTF Z R Cbz-L-Phe-OH (20 mol%) © NTf

toluene, 24h, 60 °C
R

1a 2a 3a

A 5 mL vial was charged with Pd(OAc), (4.5 mg, 0.020 mmol, 10 mol%), Cu(OAc),-H,0 (79.6 mg, 0.40 mmol, 2.0 equiv),
Cs,CO;5 (97.5 mg, 0.3 mmol, 1.5 equiv.), Cbz-L-Phe-OH (12 mg, 0.04 mmol, 0.20 equiv), toluene (2.0 mL), and then the
reaction mixture was stirred at room temperature for 10 min under a nitrogen atmosphere. Then diarylmethyltriflamide 1a
(0.20 mmol, 1.0 equiv) and activated olefin 2 (0.3mmol, 1.5 equiv) were added into the solution in sequence. The vial was
sealed under nitrogen and heated to 60 °C (using an oil bath) with stirring for 24h. After cooling down, the reaction mixture



was diluted with ethyl acetate and concentrated to give the crude compound which was directly purified by column
chromatography.

3.3 Gram scale reaction for synthesis of (+) enantiomer of 1,3 disubstituted isoindoline

Pd(OAc), (10 mol%) O
Cs,CO; (1.5 equiv)

Cu(OAc), H,0 (2 equiv)

+  Zcome - NTF
NHTf Cbz-L-Phe-OH (20 mol%)
toluene, 24 h, 60 °C o
3a
1a,1.0g 2a 3a, 85%, 94:6 er

A 50 mL screw-cap vial was charged with Pd(OAc), (72 mg, 0.32 mmol, 10 mol%), Cu(OAc),-H,0 (1.27 g, 6.4 mmol, 2.0
equiv), Cs,CO; (1.04 g, 4.80 mmol 1.5 equiv), Cbz-L-Phe-OH (127mg, 0.4 mmol, 20 mol%), toluene (20 mL) and then the
reaction mixture was stirred at room temperature for 30 min under a nitrogen atmosphere. Then diarylmethyltriflamides 1a
(3.2 mmol, 1.0 equiv) and methyl vinyl ketone 2a (4.8 mmol, 1.5 equiv) were added into the solution in sequence. The vial
was sealed under nitrogen and heated to 60 °C (using an oil bath) with stirring for 24h. After cooling down, the reaction
mixture was diluted with ethyl acetate and concentrated to give the crude compound which was directly purified by column
chromatography to afford desired product 3a (1.04 g, 2.7 mmol, 85 %). HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH
=95/5, 0.9 ml/min, 254 nm): t, (major) = 5.2 min, t, (minor) =5.85 min, 94:6 er.

mAU 2 ;\?go
500 | 6?-,‘5&
400 ‘ ¥
300 ‘I|‘ &
200 .‘I |« @?:-
100 ‘.‘" ‘, ﬁ?@?"
0 A J ‘&ru’n‘_\l o
0 2 i 6 | 8 0 12 4 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 5.323 MM 0.1467 5427.85205 616.64771 94.0178
2 5.854 MM 0.1297 345.36548  44.36584 5.9822

3.4 Gram scale synthesis of (-) enantiomer of 1,3 disubstituted isoindoline

Pd(OAc), (10 mol%) @
Cs,CO0; (1.5 equiv)
Cu(OAc), H,0 (2 equiv)
+ 2 come
O NHTf Cbz-D-Phe-OH (20 mol%)
o}

Toluene, 24 h, 60 °C —.\‘(

1a,1.09g 2a ent-3a, 80%, 4:96 er

NTF

\‘E EI".

A 50 mL screw-cap vial was charged with Pd(OAc), (72 mg, 0.32 mmol, 10 mol%), Cu(OAc),-H,0 (1.27 g, 6.4 mmol, 2.1
equiv), Cs,CO; (1.04 g, 4.80 mmol 1.5 equiv), Cbz-D-Phe-OH ( 127mg, 0.4 mmol, 20 mol%), toluene (20 mL) and then the
reaction mixture was stirred at room temperature for 30 min under a nitrogen atmosphere. Then diarylmethyltriflamides 1a
(3.2 mmol, 1.0 equiv) and methyl vinyl ketone 2a (4.8 mmol, 1.5 equiv) were added into the solution in sequence. The vial
was sealed under nitrogen and heated to 60 °C (using an oil bath) with stirring for 24h. After cooling down, the reaction



mixture was diluted with ethyl acetate and concentrated to give the crude compound which was directly purified by column
chromatography to afford desired product ent-3a (980mg, 2.56 mmol, 80%). HPLC analysis (Chiralpak I1C-3; n-Hexane/i-
PrOH =95/5, 0.9 ml/min, 254 nm): t, (major) = 7.51 min, t, (minor) = 6.36 min, 4:96 er.

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATA\VIMLESH\VK 1318 IC-3 5% 0.9 ML MIN.D)
mAU ? :ﬁ b{‘o
400% h‘ ,é.é“db
] | L@
300] R
] o
200 o “.‘ \
100% 3 Qp-qﬁ) _;"‘
] PES /
0 : J“’&\‘ A e —V'm\rf L ,// N _
R N e e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU | %

1 6.363 MM ©0.1357 261.24463 32.08454  3.8056
2 7.511 MM 0.2263 6603.45459 486.28693 96.1944

3.5 Deuterium labelling experiment.

Pd(OAc), (10 mol%)
Cs,CO; (1.5 equiv)
+ D,0 Cu(OAc),.H,0 (2 equiv)
NHTf . Cbz-L-Phe-OH (20 mol%)
(15 equiv) toluene, 24 h, 60 °C

A 10 mL screw-cap vial was charged with Pd(OAc), (4.5 mg, 0.20mmol, 10 mol%), Cu(OAc),-H,0 (79.6 mg, 0.40 mmol,
2.0 equiv), Cs,CO3 (97.5mg, 0.3mmol, 1.5equiv.), Cbz-L-Phe-OH (12mg, 0.04mmol, 0.20 equiv), toluene (2.0 mL) and then
the reaction mixture was stirred at room temperature for 10 min under a nitrogen atmosphere. Then diarylmethyltriflamides
1a (0.20 mmol, 1.0 equiv) and D,O (3.0 mmol, 15 equiv) were added into the solution in sequence. The vial was sealed under
nitrogen atmosphere and heated to 60 °C (using an oil bath) with stirring for 10h. After cooling down, the reaction mixture
was diluted with ethyl acetate and concentrated to give the crude compound which was directly purified by column
chromatography to afford desired product D4-1a in 78% (49 mg, 0.156mmol, 78%).
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3.6 Detection of intermediate D.

A screw-cap 10

FiC, OH H O
NHTf Pd(OAc), (1 equiv) Bn 0=S
Cs,CO0; (1.5 equiv)
. w(H Pd
Cbz-L-Phe-OH (2 equiv.) HW SN
toluene, 6h, 60 °C ]
BnOAo

HRMS m/z calcd C34Hy7F3N,0;PdSNa
[M+Na]*:741.0474 found 741.0463

mL vial was charged with Pd(OAc), (45 mg, 0.20 mmol, 1.0 equiv), Cs,CO5 (97.5 mg, 0.30 mmol, 1.5

equiv.), Cbz-L-Phe-OH (120 mg, 0.40 mmol, 2.0 equiv), toluene (2.0 mL) and then the reaction mixture was stirred at room

temperature for 1
the solution. The
down, the reactio

0 min under a nitrogen atmosphere. Then diarylmethyltriflamide 1a (0.20 mmol, 1.0 equiv) was added into
vial was sealed under a nitrogen and heated to 60 °C (using an oil bath) with stirring for 6h. After cooling
n mixture was filtered through a celite pad and concentrated to give the crude compound which was directly

submitted for HRMS.

2400 - i g
1 s 100 ¥
2200 | ﬂ s
2000 | 3 . 3
1800 - z 80+ : n
8 1600 -| 8 \1 H
c ] © c
S 1400 3 g 5 5 60 H ‘
5 1 N g E 5 g
3 1200 | g 3 ) H : “ :
1000 40 g H g 3 {\
800 - . : ) ‘ [\ H : fl
' : : LI
o001 2 (i NN
400 | ! J 2 1 J\ W} | \ \
- h I /\
2001 T T !\i \_‘L—"iu T T T 0 T T }’I‘\ ‘I\ JI J'\ JI‘I‘ )I\ Jlk '\ T
736 738 740 742 744 T46 748 738 740 742 744 746 748
m/z m/z
Experimental Calculated

3.7 Examples with data

Compound 3a Following the general procedure, Compound 3a was obtained as a white crystalline solid (68.9mg, 0.18mmol,

®
Y

o}

Compound 3b

Me

&
Penl

90%) Melting point=119 °C. TH NMR (500 MHz, CDCl;3) & 7.41 —7.26 (m, 8H), 7.05 (d, J = 7.1 Hz, 2H),
6.17 (s, 1H),5.85(d, J = 8.8 Hz, 1H), 3.43 (dd, J = 17.8, 2.1 Hz, 1H), 3.04 (dd, J =17.9,9.7 Hz, 1H), 2.21
(s, 3H). 13C NMR (125 MHz, CDCly) 8 205.13,140.67, 138.87, 138.34,129.11, 129.03,128.92, 128.74,
127.77,123.77,123.43, 70.07, 62.45, 52.89, 30.59. HRMS (APCI-TOF) m/z calcd. for CigH;,FsNO5S
[M+H]*384.0881; found 384.0882. IR (neat): v,/cm1 3035, 2957, 2922, 2851, 1717, 1392, 1364, 1226,
1189, 1056, 599. HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH = 95/5, 0.9 ml/min, 254 nm): t, (major)
=6.21 min, t(minor) = 7.02 min, 95:5 er. [a]p3® = +15.03 (c = 0.13 in CHCI,).

Following the general procedure, Compound 3bwas obtained asacolorless liquid (69 mg, 0.17 mmol, 84%)
1H NMR (500 MHz, CDCls) & 7.18 — 7.06 (m, 6H), 6.91 (d, J =7.8 Hz, 1H), 6.08 (s, 1H), 5.76 (d, J =856
Hz, 1H), 3.38 (dd, J = 17.8, 2.2 Hz, 1H), 3.00 (dd, J =17.9, 9.7 Hz, 1H), 2.34 (d, J = 2.3 Hz, 6H), 2.20
(s, 3H).13C NMR (126 MHz, CDCl5) 6 205.24, 139.14, 139.09, 138.54,137.99, 135.65, 129.94,129.53,
127.74, 123.67,123.45, 69.70, 62.23, 53.07, 30.59, 21.45, 21.23. HRMS (APCI-TOF) m/z calcd. for
CpoHa1FsNO5S [M+H]*412.1194; found 412.1184. IR (neat): v, /cm™ 3054, 2956, 2869, 1718, 1616,

o 1592,1459, 1392, 1056, 863. HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH = 95/5, 0.9 ml/min, 254

nm): t, (major) = 5.67 min, t,(minor) = 7.42 min, 92:8 er. [a]p*° = +13.33 (c = 0.15 in CHCIy).
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Compound 3c  Following the general procedure, Compound 3c was obtained asa colorless liquid (73 mg, 0.17 mmol, 85%)
g HNMR (500 MHz, CDCly) 8 7.20 - 7.15 (m, 5H ), 7.13 (d, J = 7.9 Hz, 1H), 6.95 (d, = 7.9 Hz, 1H),

6.09 (s, 1H),5.78(d, J=8.8 Hz, 1H),3.40 (dd, J=17.8,2.3 Hz, 1H), 3.01 (dd, J =17.8, 9.6 Hz, 1H), 2.67
O —2.62(m,4H),2.21(s,3H),1.22(td,J = 7.6,5.2 Hz, 6H). 3C NMR (125 MHz,CDCl;) $ 205.28, 145.54,
144.74,139.07,138.19,135.88,128.79,128.31,127.74,123.54,122.49,69.76,62.30,53.08, 30.64,28.84,

28.58,15.64,15.38.HRMS (APCI-TOF) m/z calcd. for C»,H,5F;NO;S[M+H]*440.1507; found 440.1518.
IR (neat): Via/cm13052, 2960, 2854, 1716, 1617,1590, 1460, 1390, 1060, 897. HPLC analysis (Chiralpak
IC-3; n-Hexane/i-PrOH = 90/10, 0.9 ml/min, 254 nm): t, (major) = 4.61 min, t,(minor) = 5.82 min, 93:7
er. [a]p3=+10.00 (c =0.10 in CHCly).

Compound 3d  Following the general procedure, Compound 3d was obtained as a yellow liquid (69 mg, 0.16 mmol, 82 %)
F 'HNMR (400 MHz, CDCl3) § 7.40 — 7.16 (m, 2H), 7.13 — 7.07 (m, 1H), 7.07 — 6.87 (m, 4H), 6.09 (s, 1H),

5.75(d, J =9.4 Hz, 1H), 3.39 (dd, J = 18.1, 1.9 Hz, 1H), 2.98 (dd, J =18.2, 9.9 Hz, 1H), 2.20 (s, 3H). C

D NMR (126 MHz, CDCls ) & 204.92, 164.29, 163.91, 162.32, 161.93, 140.96, 136.27, 133.68, 129.79,
129.11, 129.04, 125.29, 125.22, 116.83, 116.65, 116.04, 115.87, 111.04, 110.84, 68.77, 62.09, 52.50,

nte 30.41. HRMS (APCI-TOF) m/z calcd. for CygH;sFsNO,S [M+H]* 420.0693; found 420.0686. IR (neat):

Vima/CM13033, 2924, 2854, 1716, 1605, 1510, 1491, 1392, 1055, 866. HPLC analysis (Chiralpak IC-3; n-
Hexane/i-PrOH =98/2, 0.9 ml/min, 254 nm): t,(major) =8.27 min, t,(minor) =7.72 min, 95:5er. [a]p®=
+12.00 (c = 0.08 in CHCIy).

Compound 3e Following the general procedure, Compound 3e was obtained as a colorless liquid (75 mg, 0.17 mmol, 84
%) H NMR (500 MHz, CDCls) § 7.40 (s,1H), 7.36 — 7.32 (m, 2H), 7.29 (dd, J = 8.2, 1.8 Hz, 1H), 7.21 —

P 7.15(m, 2H),6.95 (d, J = 8.1 Hz, 1H), 6.07 (s, 1H), 5.76 (d, J = 9.1 Hz, 1H), 3.40 (d, J = 17.8 Hz, 1H),
O 2.98 (dd, J = 18.2, 9.9 Hz, 1H), 2.22 (s, 3H). 3C NMR (125 MHz, CDCly) & 204.89, 140.71, 138.63,
137.73, 135.48, 135.06, 134.76, 129.64, 129.42, 129.27, 128.62, 124.88, 124.02, 68.84, 62.03, 61.28,

52.52, 30.44. HRMS(APCI-TOF) m/z calcd. for C;gH;5Cl,F3NO;S [M+H]*452.0102; found 452.0108. IR
(neat): vih/cm 2957, 2926, 2854, 1716, 1604, 1492, 1393, 1227, 1154, 1055, 862. HPLC analysis
(Chiralpak I1C-3; n-Hexane/i-PrOH =99/1, 0.5 ml/min, 254 nm): t, (major) = 15.57 min, t,(minor) =17.33
min, 95:5 er. [a]p3° = +4.0 (¢ = 0.25 in CHCl,).

Compound 3f Following the general procedure, Compound 3f was obtained as a colorless liquid (78 mg, 0.18 mmol, 88
%) 1H NMR (400 MHz, CDCl5) 8 7.15 (dd, J = 9.1, 2.4 Hz, 2H), 6.97 — 6.79 (m, 5H), 6.05 (s, 1H), 5.74

(t, J=13.4 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.35(dd, J =18.0, 2.7 Hz, 1H), 2.97 (dd, J = 18.0, 9.7 Hz,
O 1H), 2.19 (s, 3H). 13C NMR (125 MHz, CDCl;) 6 205.31, 160.49, 159.84, 140.48, 132.30, 130.44, 129.30,
124.63,115.99,114.14,107.72,69.22, 62.18, 55.62, 55.37,53.03, 30.57. HRMS (APCI-TOF) m/z calcd.

MeO

for CyH,,F3NO3S [M+H]*444.1093; found 444.1091. IR (neat): Vp/cm™13006, 2950, 2848,1717, 1616,
1575, 1492, 1392, 1230, 872. HPLC analysis (Chiralpak IC; n-Hexane/i-PrOH = 90/10, 0.9 ml/min, 254
nm): t, (major) = 6.34 min, t,(minor) = 7.54 min, 94:6 er. [a]p3° =+13.33 (c = 0.15 in CHCI,).

Compound 3g Following the general procedure, Compound 3g was obtained as a pale yellow liquid (68 mg, 0.16 mmol,
me 83%)'HNMR (400 MHz, CDCl3)87.23 (dt, J =7.9,4.4 Hz, 2H), 7.14—-7.09 (m, 3H), 7.00(d, J =7.6 Hz,
O 1H), 6.81 (s, 1H), 6.04 (s, 1H), 5.77 (d, J =9.0 Hz, 1H), 3.42 (dd, J=17.7, 2.3 Hz, 1H), 2.99(dd, J =178,
Me 9.8 Hz, 1H), 2.35 (s, 3H), 2.28 (s, 3H), 2.20 (s, 3H). 13C NMR (100 MHz, CDCl;) § 205.26, 140.76, 139.07,
138.58,135.92,129.99,129.44,128.76,128.49,124.65,124.60,124.04,123.12,70.09, 62.30, 53.08, 30.65,
21.58, 21.32.HRMS (APCI-TOF) m/z calcd. for C,oH,0 FsNO;SNa [M+Na]* 434.1014; found 434.1020. IR
(neat): v,o/cm12956, 2923 2868, 1716, 1608, 1496, 1392, 1226, 1057, 882. HPLC analysis (Chiralpak IC-
3; n-Hexane/i-PrOH = 95/5, 0.9 ml/min, 254 nm): t, (major) = 5.96 min, t,(minor) = 6.63 min, 87:13 er.
[a]p%°=+20.0 (c =0.10 in CHCly).

Compound 3h Following the general procedure, Compound 3h was obtained as a colorless liquid (82 mg, 0.15 mmol,
75 %) H NMR (500 MHz, CDCly) & 7.49 — 7.39 (m, 2H), 7.25 — 7.17 (m, 3H), 7.07 (s, 1H), 6.89 (s,

OCF; 1H),6.15 (s, 1H), 5.80 (d, J = 9.6 Hz, 1H), 3.42 (d, J = 18.5 Hz, 1H), 2.97 (dd, J = 18.1, 10.0 Hz, 1H),
3°° 2.21 (s, 3H). 3C NMR (125 MHz, CDCly) § 204.85, 149.93, 149.68, 141.99, 141.96, 139.50, 137.49,
137.44,132.36, 130.64, 126.19, 125.46, 122.40, 121.52, 120.26, 119.30, 117.37, 116.34, 68.87, 62.06,

52.67. HRMS (APCI-TOF) m/z calcd. for C,oH;sFsNOsS [M+H]*552.0527; found 552.0526. IR (neat):

Vina/CM12955, 2924, 2869, 2852, 1737, 1600, 1491, 1461, 1377,1191, 832. HPLC analysis (Chiralpak

OD-H; n-Hexane/i-PrOH =99/1, 0.5 ml/min, 254 nm): t, (major) = 8.86 min, t,(minor) =9.28 min, 955
p®=+62.50 (c =0.016 in CHCl,).
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Compound 3i
t-Bu

Following the general procedure, Compound 3i was obtained as a colorless liquid (84 mg, 0.17 mmol,
85 %) H NMR (500 MHz, CDCl;) § 7.38 — 7.34 (m, 2H), 7.34—7.30 (m, 2H), 7.19 (d, J =8.4 Hz, 2H),
6.98 (d, J= 8.3 Hz, 1H), 6.10 (s, 1H), 5.79 (d, J = 8.8 Hz, 1H), 3.41 (d, J = 17.7 Hz, 1H), 3.01 (dd, J =
17.6,9.5Hz,1H),2.21 (s, 3H), 1.30 (s, 9H), 1.29 (s, 9H). 13C NMR (126 MHz, CDCl5) § 205.36,152.52,
151.52,138.74,135.59,127.29,126.31,125.74,123.19,119.85,69.69,62.51,53.20, 34.97, 34.67, 31.44,
31.36, 30.75. HRMS (APCI-TOF) m/z calcd. for CysH33F3sNO3S [M+H]*496.2133; found 496.2129. IR
(neat): v /cm™ 2964, 2906, 2870, 1719, 1615, 1498, 1406, 1193, 1054, 869, 616. HPLC analysis
(Chiralpak IC; n-Hexane/i-PrOH = 95/5, 0.9 ml/min, 254 nm): t, (major) = 4.27 min, t,(minor) = 6.37

min, 95:5 er. [a]p® = +13.33(c = 0.075 in CHCI,).

Compound 3j
Ph

CHCL,).

Compound 31

Following the general procedure, Compound 3j was obtained as a colorless liquid (86.6 mg, 0.16 mmol,
81 %) 'H NMR (500 MHz, CDCl; ) $ 7.65 — 7.60 (m, 4H), 7.60 — 7.56 (m, 4H), 7.46 (t, J = 7.6 Hz, 4H),
7.42 -7.35(m, 4H), 7.16 (t, J =11.2 Hz, 1H), 6.26 (s, 1H), 5.94 (d, J=9.0 Hz, 1H), 3.52 (d, J = 18.6 Hz,
1H), 3.14 (dd, J=18.0, 9.7 Hz, 1H), 2.24 (s, 3H). 13C NMR (126 MHz, CDCl;) §205.23,142.61, 141.74,
140.43,140.17,139.75,139.61, 137.28,129.04,128.95, 128.24, 127.96, 127.71,127.32, 127.22, 124.14,
122.09,69.66,62.44,53.12,30.61. HRMS (ESI-MS) m/z calcd. for C5H,,F;NNaO,;S[M+Na]+558.1327;
found 558.1312. IR (neat): v /cm13441, 3032, 2924, 2857, 1716, 1642, 1483,1391, 1155, 1057, 762.
HPLC analysis (Chiralpak 1C-3; n-Hexane/i-PrOH =98/2, 0.9 ml/min, 254 nm): t, (major) = 10.97 min,
t.(minor) = 17.52 min, 95:5 er. [a]p3°=+9.20 (c = 0.108 in CHClIy).

Following the general procedure, Compound 3k was obtained as a pale yellow liquid (80 mg, 0.16 mmol,
83 %) H NMR (400 MHz, CDCl5) 4 7.91 (s, 1H), 7.90 — 7.78 (m, 5H), 7.73 (d, J = 7.9 Hz, 1H), 7.56 (s,
1H), 7.55 - 7.42 (m, 4H), 7.38 (d, J = 8.5 Hz, 1H), 6.49 (s, 1H), 6.04 (d, J = 9.2 Hz, 1H), 3.50 (dd, J =
18.0, 2.6 Hz, 1H), 3.16 (dd, J = 18.0, 9.9 Hz, 1H), 2.23 (s, 3H).13C NMR (100 MHz, CDCl;) § 205.31,
138.12,137.56, 136.84, 133.71, 133.50, 133.32, 133.15,129.12,128.42, 128.36, 128.06, 127.84, 127.50,
126.82,126.75,125.01,123.13, 122.77,69.66, 61.97,53.19, 30.64. HRMS (APCI-TOF) m/z calcd. for
CyH,1FsNO,S [M+H]* 484.1194; found 484.1189. IR (neat): v ,,/cm12955, 2924, 2869, 2853, 1716,
1602, 1493, 1461,1392, 1222 1159,967, 859. HPLC analysis (Chiralpak I1C-3; n-Hexane/i-PrOH =98/2,
0.5 ml/min, 254 nm): t, (major) =21.21 min, t,(minor) =24.57 min, 92:8er. [a]3=+12.04 (c = 0.083 in

Following the general procedure, Compound 31 was obtained as a pale yellow liquid (70 mg, 0.15 mmol,
78 %) 'H NMR (400 MHz, CDCl; ) 8 7.16 (q,J = 7.4 Hz, 2H), 7.00 (dd, J=7.8,1.4 Hz, 1H),6.91 (d, J =
10.4Hz,1H),6.70(d,J = 7.7Hz,1H),6.07 (s, 1H),5.95(t, J =5.0 Hz, 1H), 3.22 (dd, = 16.8,4.3 Hz,1H),
3.11(dd, J = 16.8,5.9 Hz,1H), 2.27 (d, J = 1.8 Hz,1H), 2.25 (d, J = 1.6 Hz,1H), 2.21 (s, 3H). 13C NMR
(100 MHz, CDCly) & 203.00, 162.58, 160.11, 156.70, 154.21, 144.34, 139.82, 139.75, 138.26, 132.94,
132.90, 131.87,131.82, 125.85,125.68, 125.50, 125.15, 123.49, 123.46, 123.15, 119.06, 119.02, 114.66,
114.42, 110.28, 110.03, 69.73, 60.73, 50.76, 30.42, 14.44, 14.21.HRMS (ESI-MS) m/z calcd.for
C,oH17NO3FsS [M-H]-446.0855; found 446.0875. IR (neat): v, /cm-12956,2923, 2851, 1719, 1493, 1394,
1226, 1191, 1066, 646. HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH =97/3, 0.5 ml/min, 254 nm): t,

(major) = 9.78 min, t,(minor) = 11.42 min, 90:10 er. [a]p° = -15.10 (c = 0.066 in CHClIy).

Compound 3m
OMe

as
Me,
MeO O NTf

o

Following the general procedure, Compound 3m was obtained as a colorless liquid (78 mg, 0.16 mmol,
83%) IH NMR (500 MHz, CDCl,) & 7.02 (dd, J = 8.3, 2.1 Hz, 1H), 6.98 (s, 1H), 6.77 (dd, J = 14.4, 6.0
Hz, 3H), 5.98 (s, 1H), 5.70 (brs, 1H), 3.81 (s, 3H), 3.81 (s, 3H), 3.40 (d, J = 18.0 Hz, 1H), 2.99 (dd, J =
18.0, 9.8 Hz, 1H), 2.20 (s, 3H), 2.18 (s, 3H), 2.12 (s, 3H). 13C NMR (100 MHz, CDCl5) 5 205.81, 158.55,
157.95, 137.44, 130.17, 129.86, 128.27, 127.05, 126.63, 125.20, 109.74, 104.19, 69.62, 62.32, 55,57,
55.39, 53.39, 30.65, 16.56, 16.51.HRMS (ESI-MS) m/z calcd. for C,,H,,F;NOsSNa [M+Na]* 494.1225;
found 494.1237. IR (neat): v, /cm13423,2955, 2922, 2850, 1717, 1610,1503, 1465, 1390, 1205, 1187,
1034, 607. HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH =98/2, 0.5 ml/min, 254 nm): t, (major) =
13.84 min, t,(minor) =20.33 min, 93:7 er. [a]p% = +30.30 (¢ = 0.033 in CHCI,).
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Compound 3n

Following the general procedure, Compound 3n was obtained as a colorless liquid (80 mg, 0.16 mmol,

OMe 80 %) 'H NMR (400 MHz, CDCl,) § 6.91 — 6.82 (m, 2H), 6.80 (d, J =8.4 Hz, 1H), 6.67 (dd, J =83,
O ome L1.4Hz, 1H), 6.46 (s, 1H), 6.02 (s, LH), 5.65 (d, J = 8.9 Hz, 1H), 3.86 (s, 6H), 3.84 (s, 3H), 3.76 (s,

MeO.

O NTf
MeO

3H), 3.33 (dd, J = 17.9, 2.7 Hz, 1H), 2.92 (dd, J = 17.9, 9.7 Hz, 1H), 2.17 (s, 3H). 13C NMR (126
MHz, CDCl,) § 205.72, 15020, 149.50, 149.20, 133.17, 129.88, 120.52, 111.86, 111.11, 105.87,
105.82, 69.93, 62.44,56.22, 56.14, 56.02, 53.53, 53.15, 30.66. HRMS (APCI-TOF) m/z calcd. for

O C,oH24FsNO;SNa [M+Na]* 526.1123; found 526.1119. IR (neat): v, /cm™12956, 2923, 2851, 1715,

1465, 1389, 1224, 1190, 1026, 611. HPLC analysis (Chiralpak ID; n-Hexane/i-PrOH = 95/5, 0.9

ml/min, 254 nm): t, (major) = 30.66 min, t,(minor) = 32.99 min, 87:13 er. [a]p3° =+15.10 (c =0.066 in CHCI,).

Compound 4b

&
Y o

[e)

min, 93:7 er. [a]

Compound 4c

@

NTF

&

Compound 4d

®

NTf

D
e

Compound 4e

@

O NTF

CN

Following the general procedure, Compound 4b was obtained as a colorless liquid (67.5 mg, 0.17 mmol,
85 %) H NMR (500 MHz, CDCl;) 8 7.39 —7.27 (m, 8H),7.05(d, J=7.1 Hz, 1H), 6.17 (s, 1H), 5.87 (d,
J =8.7Hz, 1H),3.39(dd, J = 17.5, 2.7 Hz, 1H), 3.00 (dd, J = 17.5, 9.6 Hz, 1H), 2.52 (dq, J = 17.7, 7.3
Hz, 1H), 2.40 (dq, J=17.7, 7.3 Hz, 1H), 1.10 (t, J = 7.3 Hz, 3H). 33C NMR (125 MHz, CDCl3) $ 207.90,
140.68, 138.92, 138.31, 129.06, 128.97, 128.88, 128.70, 127.75, 123.74, 123.37, 70.05, 62.60, 51.64,
36.63, 7.59. HRMS (ESI-MS) m/z calcd. for C;4H;;NO3F;S [M-H]-396.0887; found 396.0912. IR (neat):
VmadCM1 3036, 2980, 2941, 2856, 1715, 1602, 1496, 1460, 1392, 1153, 1051, 912. HPLC analysis
(Chiralpak IC-3; n-Hexane/i-PrOH = 98/2, 0.9 ml/min, 254 nm): t, (major) = 6.76 min, t,(minor) = 7.42

53 =+4.0 (¢ =0.25 in CHCL,).

Following the general procedure, Compound 4c was obtained as a colorless liquid (69 mg, 0.16 mmol, 84
%) 'H NMR (400 MHz, CDCl,) 8 7.41 —7.27 (m, 6H), 7.27—-7.24 (m, 2H), 7.03 (d, J = 6.9 Hz, 1H), 6.14
(s,1H),5.85 (d, J=8.9 Hz, 1H), 3.37 (dd, J = 17.7, 2.6 Hz, 1H), 2.97 (dd, J=17.7, 9.8 Hz, 1H), 2.46 (dt,
J=16.4,7.4Hz, 1H),2.41-2.30(m, 1H), 1.69 — 1.57 (m, 2H), 1.54 (s, 3H), 0.92 (t, J = 7.4 Hz, 3H). 13C
NMR (126 MHz, CDCl; ) § 207.56, 140.73, 139.01, 138.35, 129.08, 128.97, 128.91, 128.72, 127.77,
123.75,123.44,70.05,62.53,52.06,45.34,17.19,13.73. HRMS (APCI-TOF) m/z calcd. for CyH,,FsNO3S
[M+H]*412.1194; found 412.1197. IR (neat): v, /cm-1 2961 2925, 2855, 1714, 1575, 1483, 1460, 1392,
1186,1054,897. HPLC analysis (Chiralpak IC-3; n-Hexane/i-PrOH=98/2, 0.9 ml/min, 254 nm): t, (major)
=6.08 min, t,(minor) = 6.37 min, 98:2 er. [a]p* = +16.60 (c = 0.183 in CHCl,).

Following the general procedure, Compound 4d was obtained as a yellow liquid (66.7mg, 0.15 mmol, 75
%) 'H NMR (500 MHz, CDCly) & 7.99 — 7.89 (m, 2H), 7.61 — 7.54 (m, 1H), 7.47 (t, J = 7.8 Hz, 2H), 7.44
—7.35(m, 4H), 7.31 (ddd, J=7.1, 4.2, 1.9 Hz, 4H), 7.06 (d, J =4.4 Hz, 1H), 6.21 (s, 1H), 6.06 (d, J=8.8
Hz, 1H), 3.94 (dd, J = 17.3, 2.6 Hz, 1H), 3.53 (dd, J =17.3, 10.0 Hz, 1H). 13C NMR (125 MHz, CDCl) §
196.78,140.72,138.95, 138.37,136.40, 133.82,129.07,128.97, 128.91, 128.82, 128.27, 127.99, 127.32,
123.83,123.79, 70.07, 63.16, 48.37. HRMS (APCI-TOF) m/z calcd. for Co3H;gFsNO;S [M+H]* 446.1038;
found 446.1078. IR (neat): V., /cm-13437, 2955, 2924, 2855, 1682, 1636, 1460, 1392, 1225, 1118, 1060,
733. HPLC analysis (Chiralpak AD-H; n-Hexane/i-PrOH =99/1, 0.5 ml/min, 254 nm): t, (major) = 15.40
min, t,(minor) = 13.55 min, 90:10 er. [a]p3° = +30.00 (c = 0.033 in CHCI,).

Following the general procedure, Compound 4e was obtained as a pale yellow liquid (43.9 mg, 0.12 mmol,
60 %) 'H NMR (500 MHz, CDCl,) § 7.55 (s, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.35
(t, J = 6.2 Hz, 5H), 7.05 (d, J = 4.8 Hz, 1H), 6.21 (s, 1H), 5.52 (s, 1H), 3.24 (d, J = 14.3 Hz, 1H), 3.02 (s,
1H). 13C NMR (100 MHz, CDCl;) & 138.86, 135.07, 130.17, 129.49, 129.26, 128.94, 128.78, 124.34,
122.77,116.03,70.73,62.36,26.39. 3CNMR (100 MHz,CDCl3) § 139.25, 138.89, 135.07,130.17, 129.51,
129.26, 128.95, 124.34, 122.79, 116.25, 70.83, 62.48, 26.14. HRMS (APCI-TOF) m/z calcd. for
C,7H14F3N,0,S [M+H]*367.0728; found 367.0735. IR (neat): v,,/cm13037, 2955, 2923, 2851, 2253,

1960, 1461, 1392, 1226, 1194, 1056, 612. HPLC analysis (Chiralpak 1C-3; n-Hexane/i-PrOH = 90/10, 0.9 ml/min, 254 nm):
t, (major) = 14.74 min, t,(minor) = 6.86 min, 90:10 er. [a]p3® = +7.51 (c = 0.133 in CHCI,).

Compound 4f

Me

&
Me: O NTf

CN

Following the general procedure, Compound 4f was obtained as a pale yellow liquid (52.2 mg, 0.14 mmol,
65 %) 'H NMR (400 MHz, CDCl,) 8 7.34 (s, 1H), 7.22 (t,J =7.2 Hz, 3H), 7.16 (d, J =7.9 Hz, 2H), 6.93 (d,
J =7.2Hz, 1H), 6.15 (s, 1H), 5.45 (s, 1H), 3.21 (dd, J = 16.8, 2.5 Hz, 1H), 2.99 (dd, J =16.6, 7.3 Hz, 1H),
2.43 (s, 3H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCls) 8 139.66, 139.12, 136.56,136.13, 135.32, 131.11,
129.56, 128.65, 124.02, 123.06, 116.23, 70.46, 62.27, 26.34, 2151, 21.26 . HRMS (ESI-MS) m/z calcd. for
CyoH17F3N,0,SNa [M+Na]*417.0861; found 417.0851. IR (neat): V,,/cm13030, 2925, 2854, 2253, 1914,
1515, 1458,1392, 1225,1194, 1044, 823, 643. HPLC analysis (Chiralpak AD-H; n-Hexane/i-PrOH = 95/5,
0.9 ml/min, 254 nm): t, (major) = 6.44 min, t,(minor) =7.46 min, 91:9er. [a]3° = +3.0 (c = 0.33 in CHCIy).
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Compound 4g  Following the general procedure, Compound 4g was obtained as colorless liquid (47.9 mg, 0.11 mmol, 56

¢ %) H NMR (400 MHz, CDCly) 8 7.47 (s, 1H), 7.40 (dd, J = 8.3, 1.6 Hz, 1H), 7.37 — 7.25 (m, 4H), 6.95

(d,J =7.9Hz, 1H), 6.14 (s, 1H), 5.48 (s, 1H), 3.18 (dd, J = 17.1, 3.2 Hz, 1H), 3.08 (dd, J = 17.1, 6.4 Hz,

O 1H).13C NMR (125 MHz, CDCl3) & 136.94, 136.65, 135.96, 135.68, 130.85, 130.39, 129.27, 125,55,
122.99,115.68,69.70,62.13,25.88.HRMS (ESI-MS) m/z calcd. for C;4H;;,F;N,0,SNa [M+Na]* 456.9768;

cl O NTf found 456.9777. IR (neat): v,,/cm13037, 2926, 2855, 2253, 1915, 1493, 1393, 1226, 1212. 1149, 1088,
626. HPLC analysis (Chiralpak AD-H; n-Hexane/i-PrOH =95/5, 0.5 ml/min, 254 nm): t, (major) = 22.60

CN min, t.(minor) =20.89 min, 94:6 er. [a]p3 =+10.0 (c =0.10 in CHCI,).

Compound 4h Following the general procedure, Compound 4h was obtained as colorless liquid (57.8 mg, 0.12 mmol,
62 %) 'H NMR (400 MHz, CDCl,) 6 8.06 (s, 3H), 7.95 (d, J=8.1 Hz, 3H), 7.85 (dd, J =19.1, 11.7 Hz,
11H),7.73(d, J=7.9 Hz, 3H), 7.61—-7.44 (m, 13H), 7.42 (d, J =8.6 Hz, 3H), 6.52 (s, 3H), 5.70 (s, 3H),
3.34(dd, J =16.9, 3.5 Hz, 3H), 3.14 (s, 3H). 13C NMR (100 MHz, CDCl;) 6 134.01, 133.58, 133.53,
133.03,129.20,128.48,128.41,128.18,127.84,127.39,127.23,127.02,126.75,125.43,123.77,122.34,
116.15, 70.41, 61.91, 26.69. HRMS (ESI-MS) m/z calcd. for CyH,;F3N,0,SNa [M+Na]* 489.0861;
found 489.0843. IR (neat): v,,/cm13058, 2956, 2925, 2852, 2254, 1957, 1508, 1390,1221, 1152, 1055,
649. HPLC analysis (Chiralpak AD-H; n-Hexane/i-PrOH=98/2, 0.5 ml/min, 254 nm): t, (major) = 58.05
min, t,(minor) =52.65 min, 94:6 er. [a]p%* = +40.0 (¢ = 0.05 in CHCI,).

Compound 4i Following the general procedure, Compound 4i was obtained as a colorless liquid (62.5 mg, 0.13 mmol, 68

%) 'H NMR (500 MHz, CDCl,) 8 7.49 (t, J =8.1 Hz, 3H), 7.36 — 7.26 (m, 6H), 7.12 (t, J = 7.5 Hz, 1H), 7.06

@ (d, J=7.2Hz, 1H), 6.19 (s, 1H), 5.84(d, J =6.6 Hz, 1H), 3.30 (dd, J = 14.7, 3.7 Hz, 1H), 2.85 (dd, J = 148,

O 9.0 Hz, 1H). I3C NMR (125 MHz, CDCl;) 6 166.90, 140.49, 138.14,137.43, 129.16, 128.90, 128.80, 127.93,

NTf 124.80, 123.85, 123.59, 120.10, 70.25, 63.93, 46.38. HRMS (APCI-TOF) m/z calcd. for Cy3HF3N,05S

o] [M+H]* 461.1147; found 461.1157. IR (neat): v,,/cm1 2955, 2955, 2921, 2850, 1660, 1600, 1543, 1497,

1393, 1225, 1189, 1055, 696. HPLC analysis (Chiralpak 1C-3; n-Hexane/i-PrOH = 90/10, 0.9 ml/min, 254
nm): t, (major) = 9.62 min, t,(minor) = 8.93 min, 90:10 er. [a]p%° = +86.90 (¢ = 0.023 in CHCl,).

NHPh

Compound 4j Following the general procedure, Compound 4j was obtained as a colorless liquid (80 mg, 0.14 mmol,
t-Bu 70 %) 'H NMR (500 MHz, CDCI5) § 7.48 (t, J =9.0 Hz, 2H), 7.45 (s, 1H), 7.38 - 7.27 (m, 5H), 7.21 (d,

@ J =8.3Hz, 2H), 7.16 (brs, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.02 (d, J = 8.2 Hz, 1H), 6.15 (s, 1H), 5.79 (s,
1H), 3.30 (dd, J =14.4, 4.2 Hz, 1H), 2.80 (dd, J =14.3,8.9 Hz, 1H), 1.29 (s, 9H), 1.24 (s, 9H). 13C NMR
O - (125 MHz, CDCl3) 6 166.98,157.49,152.62,151.62,150.03,137.99, 137.63, 137.47,137.29, 13548,
t-Bu
o}

129.13,127.41,126.50, 125.76,124.74, 123.30, 120.00, 69.82, 64.07, 47.02, 35.00, 34.67, 31.40, 31.35.
HRMS (APCI-TOF) m/z calcd. for CqH3F3N,05S [M+H]+ 573.2399; found 573.2405 IR (neat):
NHPh VmadCmM™ 2959, 2925, 2868, 1660, 1601, 1544, 1498, 1378, 1225, 1188, 1059, 691. HPLC analysis
(Chiralpak AD-H; n-Hexane/i-PrOH =95/5, 0.9 ml/min, 254 nm): t, (major) =8.02 min, t,(minor) = 6.28
min, 90:10 er. [a]p%= +40.00 (c = 0.05 in CHCI,).

Compound 4k Following the general procedure, Compound 4k was obtained as a yellow liquid (59.5 mg, 0.12 mmol,
60 %) H NMR (400 MHz, CDCl3) 6 7.45 (d,J =8.1 Hz, 2H), 7.31 (dd, J =15.3,7.2 Hz, 2H), 7.27 - 7.18

F
@ (m, 4H), 7.13 (t, J = 7.3 Hz, 1H), 7.03 (dd, J = 9.6, 7.5 Hz, 1H), 6.94 (dd, J = 16.3, 8.0 Hz, 3H), 6.12 (s,
1H), 5.77 (d, J = 8.0 Hz, 1H), 3.27 (dd, J = 14.9, 3.0 Hz, 1H), 2.88 (dd, J = 15.1, 9.1 Hz, 1H). 3C NMR
O (100 MHz, CDCl,) & 166.52, 164.59, 164.18, 162.09, 161.69, 140.17, 137.20, 136.08, 133.56, 130.06,
F NTf
o]

129.98, 129.19, 125.35, 125.26, 124.98, 120.11, 117.12, 116.89, 115.99, 115.77, 111.23, 110.98, 69.14,
63.53, 45.60. HRMS(ESI-MS) m/z calcd. for Cy3H;;F3N,0;SNa [M+Na]*519.0773; found 519.0778. IR
Nuph  (neat): via/cm12919, 2956, 2851, 1660, 1602, 1547, 1510, 1444, 1394, 1225, 1192, 1055, 617. HPLC
analysis (Chiralpak 1C-3; n-Hexane/i-PrOH =95/5, 0.9 ml/min, 254 nm): t, (major) = 12.13 min, t,(minor)
=10.69, 86:14 er. [a]p3= +12.00 (c = 0.25 in CHCl,).

Compound 41 Following the general procedure, Compound 4l was obtained as a colorless liquid (70.3 mg, 0.14 mmol,
72 %) 'H NMR (400 MHz, CDCl,) 6 7.46 (d, J=8.0 Hz, 2H), 7.31 (dd, J =14.8, 7.1 Hz, 3H), 7.11 (dt, J =

M 23.0,8.5 Hz, 6H), 6.92(d,  =7.8 Hz, 1H), 6.11 (s, 1H), 5.75 (d, = 7.1 Hz, 1H),3.24 (dd, J = 14.7, 34 Hz,
O 1H), 2.83 (dd, J = 14.8, 8.7 Hz, 1H), 2.33 (s, 3H), 2.30 (s, 3H).13C NMR (100 MHz, CDCl5) 5 167.01,
139.24, 138.62, 138.37, 137.78, 137.44, 135.47, 130.13,129.52, 129.12, 127.89, 124.74, 123.79, 12353,
Me' O NTf
o]

120.13, 69.91, 63.77, 46.54, 21.49, 21.23. HRMS(ESI-MS) m/z calcd. for C,sH,FsN,05SNa
[M+Na]*511.1279; found 511.1260 IR (neat): v, /cm12955, 2923, 2851, 1655, 1600, 1548, 1443, 1378,
1225, 1188, 1055, 652. HPLC analysis (Chiralpak AD-H; n-Hexane/i-PrOH =95/5, 0.9 ml/min, 254 nm): {,

NHPh  (major) = 12.47 min, t,(minor) = 10.62 min, 91:9 er. [a]2°= +7.69 (c = 0.13 in CHCIy).
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4. NMR spectra of Diarylmethyltriflamides 1
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5. NMR spectra of compound 3 and 4
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6. HPLC Spectra of Compounds 3 and 4

HPLC Chromatogram of Compound 3a (Racemic)
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1 6.244 MM 0.1367 993.60272 121.16410 49.7697
2 7.065 MM 0.1552 1002.79694 107.65569 50.2303
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HPLC Chromatogram of Compound 3b (Racemic) Me
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HPLC Chromatogram of Compound 3b (Chiral)
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HPLC Chromatogram of Compound 3¢ (Racemic)
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120 — : | l‘\.:éb
10072 ‘|‘ | ‘| #e"'
80 I
60-] f ‘l ‘l "
a0 a |
20 ;.“ "\_\\ “,\ \
0 é I _J’\k N, B VA \;—,— - I _
o 1 s TaT T s e T T g
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 4.59090 VB R 0.1230 1139.04150 128.99013 50.0144
2 5.751 MM 0.1447 1138.38367 131.12175 49.9856

HPLC Chromatogram of Compound 3c (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATA\VIMLESH\VK1157PA IC-3 10 %.D)
~

mAU J - >
120 ‘%" | @\Q’ﬁ
100 *; “ I ?SG"'"
80 N
60 [ o
40 —f .‘ “" < '\QQQ
20 ) N ey
04 Y L A . A S
R N e e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 4.617 MM 0.1594 1276.74133 133.52121 92.6733
2 5.823 MM ©0.1581 1060.93903 10.64403 7.3267
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HPLC Chromatogram of Compound 3d (Racemic)

mAU ]| PN ND
] [ S TIPS P = 5
] F|Jf T)'\Q'éj '\6\%
e
600 :\ |
] 1
400 ;| |
i ‘ |
200 o fL
0 ] f , - .'\U(.'- - "‘\r
0 > 4 6 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R R |- R |--mme-
1 7.724 MM 0.1743 1.066521e4 1018.49365 49.6569
2 8.338 MM ©.1906 1.067993e4 944.,29584 50.3431
HPLC Chromatogram of Compound 3d (Chiral)
DAD1 B, Sig=254,4 Ref=off (C\CHEM32\1\DATAWIMLESH\VK1164PPARR IC-3 2%.D)
mAU? f&i’ %65@
800 [ o
] ‘l st’
600? ‘|‘ |
400 ‘," o
200% & Gf”g]}
] RES ’;
0 — Ve, N
0 ‘ ‘ ‘ 2‘ ‘ I I tll 6 I I é ‘ ‘ 10
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
el ERREEE P Rt | --mmeme R |--me -
1 7.723 MM 0.1578 539.04181 56.94296  4.4575
2 8.278 MM 0.1929 1.15539e4 998.44409 95.5425
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HPLC Chromatogram of Compound 3e (Racemic)

DAD1 B, Sig=254,4 Ref=off (CACHEM32\1\DATAWIMLESH\MMS1532 IC-3 1% 0.5ML MIN.D)

mAU 7 % %
140 A M
120 c" R
100 [ I
O | [\
60 . / \""u. “J‘-“
:g:i L / o \,\_\,\41,:/,/{’ o \\ S
13 ‘ 14 ST 15 S 16 S 1|7 S 18 ST 1|9 ‘ 20 ‘ 21 ‘ 2|2 ‘ m‘in
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Sl EETE R Lt R R [--mmeee |
1 15.842 BB ©.3378 3408.47729 150.72656 49.4237
2 17.506 BB ©.3557 3487.96191 145.48553 50.5763

HPLC Chromatogram of Compound 3e (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\MMS1589P1 IC-3 1% 0.5ML MIN.D)

120 | Qs@,b
100 [
80 o
60 \ Q;;Q“
40_; / \\'\, ué e:.',\
I/ N -
T S Y
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el SRR R Rt s e [ memeee
1 15.547 MM 0.3280 3239.69238 164.60991 94.9706
2 17.338 MM 0.3347 171.56528 8.54222 5.0294
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HPLC Chromatogram of Compound 3f (Racemic) O

= Y]
mAU E ﬂ‘ 8 rl:\cz;. !_55
70 M it
0+ I i
50 3 I A
40 5 |
304 " ‘
20 B \
104 Vo [ . Y
0 E — o Ix/" NP — t»" \\ /\ . /‘ o _\,\,;r ~_

nvt——F———
0 1 2 3 4 5 8 7 8

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 6.305 MM ©.1513 675.21777 74.38501 51.4433
2 7.448 MM ©.1788 637.33069 59.41415 48.5567

HPLC Chromatogram of Compound 3f (Chiral)

DAD1 B, Sig=254.4 Ref=off (CA\CHEM32\1\DATAWIMLESH\VK1156P IC 10 %.D)

mAU s ©
600 ?;T »@Q@*
500 ‘ 'YSQ?
400 /|
I
300 [ ()
200 ‘|‘ ‘l . %«Q‘?;"
100 | E\»‘é&
0 AN I :“" I\'\. P va \"T“ —
0 % 2 3 a 5 s 718 °
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 6.347 MM 0.1444 5806.75391 670.22614 93.8605
2 7.547 MM 0.1608 379.82629 39.37726 6.1395
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HPLC Chromatogram of Compound 3g (Racemic) O Me

(o]
3g
DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATA\WIMLESH\MMS1506 RACEMIC IC-3 5 %.D)
mAU 7 g o & N
2500—E c‘lﬁl\"\. __ftb%% %\ ..@(ga
2000—; | \}éf? "‘ \g{”
1500 | “'\,‘ |
1000 | "“«\ I '\\_
1 | \ | \
500 | \ ' )
Oé R T _ \_ — L _ ,\“ — - 77
4.5““‘:":II“5‘.5‘ I(‘S‘ ‘6‘.5‘ “7“‘I7!5“ 8““8.5‘ Imin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

0.1745 2.82698e4 2699.43188 48.0271

1 5.705 MM
0.2147 3.05924e4 2375.30981 51.9729

2 6.263 MM

HPLC Chromatogram of Compound 3g (Chiral)

DAD1 B, Sig=254,4 Ref=cff (C:\CHEM32\1\DATA\VIMLESH\MMS 15078 IC-3 5%.D)

" :

50%

40—§

20 g

ol s
45‘ ‘ ‘ 5 55 o ‘6‘.5‘ o 't" 7‘5 EIE o 8|5 min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 5.965 MM 0.14068 473.16995 56.02436 87.4266
2 6.639 MM 0.1557 68.04948 7.28279 12.5734
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HPLC Chromatogram of Compound 3h (Racemic)

O OCF,
F4CO.
@ NTF

O
3h

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWVIMLESH\MMS1638A OD-H 2% 0.5ML-MIN.D)

mAU {,73 q,\pﬁ P
igg 3 [\ 7 ,«"‘Hm\“\.‘ 53 ?
150 % "‘I‘ v:‘s JI vs'?f\
125 [
100 E
753
502 \
N NN N
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
R EERERES e [ mmee |emmeee e
1 8.851 MF 0.2515 3297.40234 218.53894 49.2195

2 9.226 FM 0.2839 3401.98364 199.69458 50.7805

HPLC Chromatogram of Compound 3h (Racemic)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATA\WVIMLESH\MMS1640A OD-H 2% 0.5ML-MIN.D)

mAU _E ?:3\\ b?;
350 [o) &
300 | &
250 — e"‘ v I\'\.
200 .
150 ,\{a@ \
1003 2 e@-_“g’ J;“ \\
) - AT A
5 & 7 B R
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
] REEEEE s R s | --mmemeee s
1 8.866 MM 0.2121 297.47137 23.37257 4.3662

2 9.281 MM

0.2880 6515.60742 377.09998 95.6338
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HPLC Chromatogram of Compound 3i (Racemic)

mAUé © ReS A
70 g & L&
eo—g H & gv@’é‘

50 “ ]

40 H I

304

20 [ |
104

4 TSN S | -\¥ —— _ _

0 ‘ ‘ ‘ 2 ‘ I ‘ 4 6 8 I ‘ I 1‘0 I ‘ I 12 ‘ ‘ 14 ‘
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 4.286 MM 0.0890 425.31323 79.64146 49.5713
2 6.424 MM 0.1427 432.67014 50.53651 50.4287

HPLC Chromatogram of Compound 3i (chiral)

DAD1 B, Sig=254,4 Ref=off (C\CHEM32\1\DATA\WVIMLESH\mms1588P IC 5%.D)

mAU RS
E Wy
500 ﬁv@d"
400 |‘ ‘|
300 |
|
100 I N @q;-\
O—f R \_\1/\‘ o~ /ECEL R
I S T T |
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU ] %

1 4.276 MM 0.0855 3179.99658 619.74030 95.4317
2 6.374 MM 0.1381 152.22742 18.36839  4.5683
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HPLC Chromatogram of Compound 3j (Racemic)

4 ™~
mAU ] A 2

800 ‘. | \@éb o @ﬂ@
600 f \‘I "\&% E?@
4005 “I ! I
0 ] J 7‘|\ . S \\‘ﬁ'i
0 2‘5 ‘5 7‘5 1‘0 12‘.5 1|5 ‘ 1'}5 S 2|O o
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

R P PR P P, |wmmeemnee PR
1 10.977 MM 0.3434 1.89587e4 920.15253 50.3405

2 17.312 MM 0.5447 1.87022e4  572.20557 49.6595

HPLC Chromatogram of Compound 3j (Chiral)

DAD1 B, Sig=254.4 Ref=off (C:\CHEM32\1\DATA\VIMLESH\VK1195PPP IC-3 2% .9MLMIN.D)

mAU 3 ©
: g &
17504 i %

1500 2 1%
1250
1000 3 [
7503 ||
500 3 [
250 /| =
04 = —T =
0 25 5 7.5 10 12.5 15 17.5 20

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.971 MM ©0.3553 4.25626e4 1996.31531 95.6563
2 17.520 MM ©.5117 1932.72607 62.95689 4.3437
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HPLC Chromatogram of Compound 3k (Racemic)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\VK1139PPP IC-3 2 %.5ML.D)
mAU 1 2 ) § &
500_5 \‘E @{;L(\ ﬁ e";‘:\
400 ‘l "T\ \I Fs
300 "‘ “. | “"
200 n "“ ‘
100 “ \ [
0] . N N
o 5 T T T T T s 20 s T i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] EECEEES R ] BET SRR e meee
1 21.603 MM 0.5564 2.17613e4  651.86334 49.7403
2 25.098 MM 0.6298 2.19885e4 581.87134 50.2597

HPLC Chromatogram of Compound 3k (chiral)

DAD1 B, Sig=254 4 Ref=off (C:\CHEM32\1\DATA\WIMLESH\VK1168PP IC-3 2 %.5ML.D)
mAU El 2
1200 & o
1000 | ¥
800 /
600 “-\‘ &
4003 /«‘“ NS (gi”q’
200 / \ : &
Oé _— \ L /’. \; J__,/S\i\ﬁv_,.‘ —
1‘6 1‘8 .'Z‘O ‘ 2|2 I 2|4 I I I 2‘6 ‘ I ml‘n
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1462.58838 92.3579
7.6421

0.5340 4.49417e4
0.5812 3718.68262 106.64301

1 21.211 MM
2 24.574 MM
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HPLC Chromatogram of Compound 3l (Racemic) "
e

F
I e
Me (o)
3l
DAD1 B, Sig=254.4 Ref=off (C\CHEM32\1\DATAWIMLESH\K1102 IC-3 3% .5ml min.D)
mAU 3 &N 9 R XY
160 g o 2 o
140 | {é.'f’ lii ?},’Lb‘
120 % =
100 " I
80 A I
60 I |
40 [ \
205 R [
04 o - #"\g; P \_\F,}Jf, - &557 e
oz 4 e s 12 14
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.921 MM ©.2384 2538.82202 177.47005 50.4906
2 11.575 MM 0.2636 2489.48755 157.40889 49.5094

HPLC Chromatogram of Compound 3I (Chiral)

DAD1 B, Sig=254.4 Ref=off (C\CHEM32\1\DATAWIMLESH\VK1175PA IC-3 3 %0.5MLMIN.D)

mAU 3 @ ©
200 it &
1753 ﬁ ,5,"&%
150 |
125 3 i
100 \ %
75 — | " g »(133\9@
0 é S - N~ o / . /‘_\,Lr’/_\_
0 2 D s & 1w 2o
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.783 MM 0.1904 2465.45923 215.80150 90.2267
2 11.422 MM 0.1983 267.05786 22.45020 9.7733
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HPLC Chromatogram of Compound 3m (Racemic)

mAU 3
3 E q:b.
] >
N,

6072 “?\e'
50 I
403

20 /| |
20 A a
104 3 I [ |

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.971 MM ©.3173 1423.60010 74.78687 50.5313
2 20.667 MM 0.4372 1393.66541 53.12901 49.4687

HPLC Chromatogram of Compound 3m (Chiral)

DAD1 B, Sig=254.4 Ref=off (C:\CHEM32\1\DATA\VIMLESH\VK1238AR IC-3 2 % .5ML-MIN.D)

mAUE o
350; ﬁ -_@/}b
300 &
250 3 i
200 I .
150 2 [ "
1003 % g &
50 /A S
0 ; ; . - | R 1
0 S 2‘.5 o é S 7‘.5 S 1‘0 C ‘12".5‘ S 1‘5 S I17‘.5I C 2‘0 S
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [ mAU ] %

1 13.843 MM ©.3197 8276.94531 431.42938 93.3808
2 20.333 MM 0.4326 586.70599 22.60211 6.6192
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HPLC Chromatogram of Compound 3n (Racemic)
MeO OMe

MeO.
O NTf
MeO

3n

o]

DAD1 B, Sig=254 4 Ref=off (C:\CHEM32\1\DATA\SALMANI\VK1225PA ID 5%.9ML-MIN.D)

mAU : E o
60 ] ﬁ\ |‘ \\
E | \'\ ‘ \E
40 - \ ‘l ‘\\
] | ‘-\ [
20 7] ‘I“ \\ l’f “\
Oiuﬂmw— - N
OI ‘5‘ o 10 15 20 o ‘2‘5 o 3‘0 ‘ ‘3‘5I I ‘4‘DI o
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 30.172 BB 1.0990 6306.24316 84.66151 49.7696
2 32.920 BB 1.0724 6364.63818 86.90709 50.2304

HPLC Chromatogram of Compound 3n (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\T\DATA\SALMAN\VK1229PB ID 5%.9ML-MIN.D)
<+

mAU A
J
|

60
50
40
304

s
[{e]
E Q
20 8 |
104 JAVEIRN
T [

f\
— T T T L e e

I.U =
25 30 35

0 5 10 15 20

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %
] RERCEE s R s | ---o -
1 30.664 BB ©.7859 772.06158 11.79151 12.6554
2 32.994 BB 1.0851 5328.58838 69.91817 87.3446
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HPLC Chromatogram of Compound 4b (Racemic)

O NTF

(o)
ab

DAD1 B, Sig=254,4 Ref=off (C\CHEM32\1\DATAWIMLESH\VK988PP IC-3 2%.D)

mAU 2 8
175 % »\% ,'\@/\
150 [\ ?@Q" H ?‘_\@0'

125 ‘ “ ‘I"

100 | | \‘

75 I

50 | “ | \,‘

& . , JAVAN
o2 a4 s s
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [ mAU |

1 6.498 MM
2 7.030 MM

HPLC Chromatogram of Compound 4b (Chiral)

Area

©0.1292 1636.35352 211.15944 50.0546
0.1474 1632.78479 184.55968 49.9454

DAD1 B, Sig=254,4 Ref=off (C\CHEM32\1\DATA\VIMLESH\MMS1595E IC-3 2%.D)

mAU § /\Q;\
70 A\
60 ‘\\V@oﬁ-
50
40 | [
30 N a°
20 I 9 ‘5“9'
10 [
0 A SN N .
I 10
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
e B R R [<-omemee [--mmemee |- -m---
1 6.768 MM 0.1430 674.78076 78.66550 93.2143
2 7.425 MM 0.1593 49.12161 5.13943 6.7857
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HPLC Chromatogram of Compound 4c¢ (Racemic)

DAD1 B, Sig=254,4 Ref=off (CA\CHEM32\1\DATAWIMLESH\VK984PP IC-3 2%.D)

mAU 3 Q8 N Ao

1752 $€ 3‘5\“@ ,\@é

1503 \ \v@q‘»\lv@@_

125 " H

100 ol

75 1

503 ‘.‘ I \I
I e e 8

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 5.923 MM ©0.0911 1080.09863 197.59573 49.4582
2 6.199 MM 0.1021 1103.76428 1860.20326 50.5418

HPLC Chromatogram of Compound 4c (Chiral)

DAD1 B, Sig=254,4 Ref=off (CA\CHEM32\1\DATAWVIMLESH\MMS1598E IC-3 2 %.D)

mAU é é K‘o/-\\
250 f ;ﬁ é_’lf\%
200 \ “V’@
150 | l\
100 [ &8
E e A
20 I
0] —— SN e
o T s T e T e e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s | [ mAU ] %

S [N < nmmemeee | wmmemmee PR
1 6.081 MM 0.1190 2166.70752 303.43588 98.3176

2 6.379 MM 0.1043 37.07708 5.92617 1.6824
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HPLC Chromatogram of Compound 4d (Racemic)

mAU g ) >
1200 ] 5 w28 o9
1000 ] ALY F P
] | ¥ [ ¥
8007: “I [
400 \ * ‘w,\.
200 | ‘-\ [N
0 f . / o \-1‘ /f \k
S e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU] %

1 13.746 MM 0.4736 3.74193e4 1316.88147 49.4597
2 15.364 MM 0.5754 3.82368e4 1107.56274 50.5403

HPLC Chromatogram of Compound 4d (Chiral)

DAD1 B, Sig=254,4 Ref=off (CA\CHEM32\1\DATA\VIMLESH\VK1213PP AD-H 1 % .SMLMIN.D)

mAU S %

14003 ’3 @fa‘f’h

1200 |l

1000 “ T

800 s |

600 2 .,’\q’lﬁj [

400 e [

VAN
I e e

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 13.558 MM 0.4276 7225.92334 281.66183 9.9544
2 15.406 MM 0.7024 6.53643e4 1550.87988 906.0456

64



HPLC Chromatogram of Compound 4e (Racemic)

O NTF

CN
4e
DAD1 B, Sig=254 4 Ref=off (C:\CHEM32\1\DATA\WIMLESH\VK1172 I1C-3 10%.D)
mAU ]
150 %
125 I 8
100 |\ s
75 “ “ﬁ‘l‘
50 | A
25 I | “-\
VI Ny S A N — ~ —
o 2 4 e s 0 T2 T T e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.832 VB 0.1466 17/52.72791 181.66571 50.0324
2 14.626 BB 0.3022 1750.46118 89.49341 49.9676

HPLC Chromatogram of Compound 4e (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\VK1181 IC-3 10%.D)
mAU E
80 s

|
50
& !
40 '
30
20 ,
10 \ ‘

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 6.863 MM ©.1355 150.35840 18.49384 9.9495
2 14.746 MM 0.3297 1360.85681 68.79140 90.0505
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HPLC Chromatogram of Compound 4f (Racemic)
O NTF
Me
4f CN

n;:)lé: Iﬁ ,@5\@“ : /\@@x
250 W
200 | \ a
150 [\ ‘w' \
100 — ! \\\ .“I \\
504 |
S Y R S
o 2 s | 6 | 8 1w me
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
Y Eaa— PESR P | wmmmmmnnes | wmmmmemne | ~nmmmee |
1 6.461 MM ©.3539 7097.61719 334.28638 49.8711
2 7.427 MM 0.4197 7134.30811 283.31888 50.1289
HPLC Chromatogram of Compound 4f (chiral)
DADT B, Sig=254,4 Ref=off (C:\CHEM32\1\ DATAWVIMLESH\K1456 AD-H 5% 0.9MLMIN.D)
E‘Sgé E. “55(’3\6’
1200 [\ s
1000 W
800 Do N
600 o ,5.190’('0
400 —; I rgi\}@rs-
200 | -
0] D | N Y S r\k/—\—jﬁﬁ\ S
0 2 S T T e T T e T T 0 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

0.3735 3.31575e4 1479.44995 90.9595

1 6.447 MM
©.3323 3295.53735 165.30466 9.0405

2 7.466 MM
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HPLC Chromatogram of Compound 4g (Racemic)

cl O NTf

49 CN

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATA\VIMLESH\VK1459P AD-H 5% 0.5MLMIN.D)

mAU 4 C’\ & 3 ®
140 E\\ & 7 0556&
120 & N
100 | v \ J.“/ "\
80 | \ [N\
o] | \\
40
204 / \*/ ~—
of— — —— — T
15 17‘5 2‘0 o 22|5 2‘5 - 2'r"5 ‘ 3|0 32‘5 ml1
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 21.7706 MM ©0.9905 9282.55762 156.18779 49.9335
2 24.001 MM 1.3959 9307.27734 111.12739 560.0665

HPLC Chromatogram of Compound 4g (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWVIMLESH\VK1460PPAA AD-H 5% 0.5MLMIN.D)

mAU % S
25 8\ -(L&Qq
] [ &
207 ks \
15 4 \
10 3 &1 \
5 & —
N -—
0T — 7‘ | T T T T T - T T | T T I T I
15 17.5 20 225 25 275 30 325 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.891 MM 0.8973 158.32405 2.94081 5.9093
2 22.603 MM 1.5356 2520.92065 27.36070 94.0907
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HPLC Chromatogram of Compound 4h (Racemic)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAVVIMLESH\VK 1451 AD-H 2% 0.5MLMIN.D)

b
500 I [
400 Iw‘ \ }.’ \
k| \ | \
300 [y ] \
2004 N
E N
100 /
IS g \f \\\%
o T T T T T T T T T T T T T e min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 52.938 MM 2.4574 9.46233e4 641.75934 47.6211
2 58.392 MM 2.8673 1.04077e5 604.96198 52.3789

HPLC Chromatogram of Compound 4h (Chiral)

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\VK 1457 AD-H 2% 0.5MLMIN.D)

mAUE ’g\ \@’@0
500 [l
400 ‘J‘ vf\
300 gb \\\
100 gjvsa""‘ / \
0 S — — - :\% —=
0 ‘ ‘ ‘ ‘ 10 ‘ ‘ ‘ 20 I I ‘ ‘ 3‘0 ‘ ‘ ‘ 4‘0 ‘ ‘ I 5‘0 ‘ I I ‘ 6|0 ‘ ‘ r;win
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 52.655 MM 2.0852 6676.47900 53.36424 6.1164
2 58.658 MM 2.7680 1.02480e5 617.04022 93.8836
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HPLC Chromatogram of Compound 4i (Racemic)

(o]
4 NHPh
B DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\VK990P IC-3 10 %.D)
200 % %@:\«“&\
. | &% &
300 \l““ |‘|F‘
200% “ “‘i
100% | “ ‘.‘ “‘,
Oé \,“',_E\Jﬁ‘, _\\,,_. —
O‘ o I2‘.5I o ‘5“ o ‘7!5‘ o ‘1‘0I o ‘12‘.5‘ B ‘1‘5‘ o ‘17".5‘ o ‘2‘0 o 22‘.5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU | 7
R e P R R R [ m e
1 9.626 MM 0.2723 7120.13330 435.83905 49.8842
2 10.477 MM 0.2550 7153.18945 467.51151 ©50.1158
HPLC Chromatogram of Compound 4i (Chiral)
) DAD1 B, Sig=254,4 Ref=off (C:\CHEM32\1\DATAWIMLESH\MMS1596 I1C-3 10%.D)
::)%lé—i :\ @ry"ut\
800 ‘||‘N@(""
o
400 - \\Qg,b“g
200 g&f \
E AVERN
0o > 6 810 12 14 16 18
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU | 7
R RESEEE P RS R R [ memee
1 8.936 MM 0.2495 1937.09180 129.38841 9.6125
2 9.627 MM 0.2763 1.82147e4 1098.87183 90.3875
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HPLC Chromatogram of Compound 4j (Racemic)

(o]
4 NHPh
DAD1 B, Sig=254,4 Ref=off (Snapshot.d)
mAU < > 5 o
500 F‘g \ \E"’%@ SE‘\‘-‘ \‘bb:\
300 é /J‘J \'\.\ “ I“"‘I
] [ [
200 [ \ / “-\
100 / “ / \
0 e —
I e e e O
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s | [mAU ] %

R P PR P ~mmmemnee |=mmmmeees PR
1 6.146 MM 0.6026 1.88583e4 521.60510 50.5093

2 8.171 MM 0.5612 1.84781e4 548.78101 49.4907

HPLC Chromatogram of Compound 4j (Chiral)

DAD1 B, Sig=254 4 Ref=off (C:\CHEM32\1\DATAWIMLESH\MMS1617HR AD-H 5 % SML-MIN.D)
mAU = 2

s 5 o
1200 ﬁl e
1000 \‘ ‘fq’
800 o |
600 PO
400 8 @;6@ ‘J \
200 o [\
ol e
0 > 4 6 8 10 12 14 16 18
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 6.282 MM 0.3861 3956.31323 170.76566 9.8543
2 8.011 MM 0.4021 3.61919e4 1500.10315 90.1457
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HPLC Chromatogram of Compound 4k (Racemic)

F
O NTf
(o]
4k
NHPh
DAD1 B, Sig=254,4 Ref=off (Snapshot.d)
mAU 1 3 @55 &
1200—§ % ._%@ ‘E .fb"‘h
1000 1S
800 | | ‘.‘
600 3 | “. R
AN
202 :; e J’\\‘ S ——— . M| _/L‘I I\% ——
N T m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.166 MM 0.2851 2.46401ed4 1440.24182 50.1460
2 11.621 MM 0.3057 2.44966e4 1335.60474 49.8540

HPLC Chromatogram of Compound 4k (chiral)

DAD/ B, Sig=254 .4 Ref=off (Snapshot.d)

mAU 7 b
300 {r;]
250 [
200
150 ‘w
100
50 I

0 e —

0 2 4 6 8 10 12 14 16 mil

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.692 MM ©0.3076 1058.63354 57.35867 13.5247
2 12.131 MM 0.3344 6768.78467 337.38974 86.4753
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HPLC Chromatogram of Compound 41 (Racemic)

NHPh

DAD1 B, Sig=254,4 Ref=cff (C:\CHEM32\1\DATAWVIMLESHIMMS1883RA AD-H 5% 0.9MLMIN.D)

mAU @

350 ﬁ q?;g;v
3003 M N
250 \‘ ¥ [
200 J' \
150
100 | : [\

50 I;“ N/ \\
03~ - - =
o o T4 N e

T 2189

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.289 MM 0.5499 1.25662e4 380.89542 50.4109
2 12.189 BB 0.5659 1.23613e4 319.09689 49.5891

HPLC Chromatogram of Compound 4l (chiral)

DAD1 B, Sig=254,4 Ref=off (CACHEM32\1\DATAWVIMLESH\MMS1883D AD-H 5% 0.9MLMIN.D)

mAU ] [ >
] :\ b'i\
400 FLr
] i
300 I
2004 o &
] S | \
100 o ‘ \_
07:‘ ——~ . - 7_—1./\7\‘ﬁqg _ 7\ —
o 2 T T T e T s T T T 2 % 18 mr
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.620 MM 0.5244 2167.60205 68.88584 9.1118
2 12.476 MM 0.7063 2.16213e4 510.22293 90.8882

7. Crystallographic Data of 3a
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Table 1

Identification code

UPS_UK_1163 Om_a

Empirical formula

C18H16F3NO3S
Formula weight 383.38
Temperature 124 K

Crystal system

orthorhombic

Space group

P212121

Unit cell dimensions a i10'274(2) A;
a=90 °
b=11.716(4) A;
B=90°
c=14.422(4) A;
y=90°

Volume 1736.0(8) As

Z 4

Density (calculated) 1.467 g/cm?®

Absorption coefficient 2.115 mm

F(000) 792.0

Crystal size 0.343 x0.32 x 0.12 mm?

Radiation CuKa (A =1.54178)

20 range for data collection

9.726 to 133.06

Index ranges

-12<h<12,-13<k<13,-17<1<17

Reflections collected

40412

Independent reflections

3009 [Rint = 0.0636, Rsigma = 0.0305]

Completeness of theta = 28.310°

98.00 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.508 and 0.776

Refinement method

Full-matrix least-square on F?

Data/restraints/parameters

3009/0/237

Goodness-of-fit on F2

1.063

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

R1=10.0317, wR2 = 0.0847

Final R indexes [all data]

R1=0.0318, wR2 = 0.0848

Largest diff. peak/hole

0.22/-0.30 A3
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Table 2 Fractional Atomic Coordinates (x104) and Equivalent Isotropic Displacement Parameters (A2x103) for
UPS_UK_1163_0m_a. Ueq is defined as 1/3 of the trace of the orthogonalised UlJ tensor.

Atom X Y z U(eq)

S11  9912.6(5)5150.5(5)5236.7(4)23.3(2)

013  10666.2(16) 5142.8(16) 4406.9(12) 31.0(4)
012  10389.7(17) 5649.5(16) 6073.2(12) 32.6(4)
F17  10898.0(17) 3134.3(15) 5570.6(14) 47.2(5)
FI5  9166(2) 3498.7(16) 6339.7(13) 54.1(5)

F1I6  9048(2) 3079.8(14) 4887.1(14) 54.0(5)

09 7066(2) 6670.0(16) 7604.5(12) 43.4(5)

N2 8496.8(19) 5642.3(17) 5023.8(12) 22.1(4)
C3A  6415(2) 5243.1(19) 4489.6(15) 22.6(5)

C18  7998(2) 6234(2) 3386.7(14) 21.8(5)

c3 7797(2) 5333.7(19) 4138.4(14) 21.7(5)

C21  8428(2) 7885(2) 2018.1(16) 28.6(6)

C23  8888(2) 6035(2) 2680.7(17) 26.5(5)

C7A  6294(2) 5661.8(19) 5388.3(15) 22.1(5)

C22  9108(3) 6857(2) 1998.7(17) 30.6(6)

c9 7408(2) 7439(2) 7100.1(15) 25.6(5)

C19  7307(2) 7265(2) 3394.0(15) 25.7(5)

c4 5342(2) 4838(2) 4008.7(16) 27.5(5)

cé 3997(2) 5331(2) 5332.7(18) 30.5(6)

c7 5077(2) 5737(2) 5812.8(16) 26.6(5)

C20  7525(2) 8080(2) 2715.1(16) 27.7(5)

c1 7600(2) 5965(2) 5800.9(15) 22.6(5)

cs 7770(2) 7217(2) 6088.0(15) 25.4(5)

c5 4131(2) 4870(2) 4445.9(18) 30.4(5)

C10  7507(3) 8652(2) 7429.7(17) 31.4(6)

Cl4  9728(2) 3620(2) 5528.1(18) 30.8(6)

Table 3 Anisotropic Displacement Parameters (A2x103) for UPS_UK_1163_0m_a. The Anisotropic displacement factor
exponent takes the form:

-2n2[h2a*2U11+2hka*b*Ul12+...].
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Atom U1l  U22  U33  U23  UI3  UI2
S11  17.5@3) 31.7(3) 20.8(3) -0.1(2) -0.1(2) -1.4(2)
013 22.2(8) 43.9(10) 26.98) 1.9(8) 6.3(7) 1.7(8)
012  25.6(9) 43.3(10) 29.09) -5.3(8) -8.0(7) -3.1(7)
F17  38.8(9) 45.8(9) 57.0(11) 7.7(8) -5.0(8) 14.9(7)
FI5  62.5(12) 50.9(10) 48.9(10) 18.6(8) 21.7(10) 3.2(9)
F16  65.6(12) 32.8(8) 63.6(12) 3.7(8) -31.6(10)-8.0(8)
09 73.1(15) 35.8(10) 21.1(9) 0.8(8) 7.7(10) -4.1(10)
N2 20.4(10) 29.7(10) 16.1(9) -1.6(7) 0.2(8) 0.7(8)
C3A  22.6(11) 26.2(11) 19.1(10) 3.6(9) -0.8(9) -0.4(9)
C18  20.1(11) 29.7(11) 15.4(10) -1.2(9) -1.1(9) -1.9(9)
c3 21.5(11) 27.7(11) 15.9(10) -2.7(9) -0.8(8) -1.0(9)
C21  31.2(13) 35.6(13) 19.0(11) 2.6(9)  0.0(10) -3.6(10)
C23  25.1(12) 31.5(12) 22.8(12) -1.09) 2.1(10) 2.8(9)
C7A  21.3(11) 26.5(11) 18.6(11) 2.1(9) -0.8(9) 1.0(9)
C22  28.4(13) 40.5(13) 22.8(12) 0.9(11) 6.5(10) 0.9(11)
c9 27.0(12) 32.6(12) 17.4(10) -0.7(11) -0.7(10) 2.1(10)
C19  26.0(12) 33.1(12) 17.8(10) -2.0(9) 1.5(9) 2.5(10)
c4 26.7(12) 33.6(13) 22.4(11) -1.3(9) -2.5(9) -3.3(10)
Ccé 20.1(11) 39.2(13) 32.1(13) 10.6(11) 2.6(9) 1.1(10)
c7 24.7(12) 34.1(12) 21.2(11) 4.9(9) 1.5(10) 3.0(10)

C20  27.7(13) 30.7(11) 24.8(12) -0.2(10) -1.4(11) 2.3(10)

c1 21.5(11) 29.7(11) 16.5(10) -0.2(8) 1.0(9)  -0.5(9)
cs 27.8(12) 30.6(12) 17.8(10) -2.0(9) 4.1(10) -1.6(9)
c5 21.1(11) 37.6(13) 32.6(12) 5.1(11) -4.1(10) -3.7(10)

C10  38.2(15) 35.1(13) 20.8(11) -6.8(11) -0.8(10) -0.5(11)

Cl4  26.0(13) 37.2(13) 29.1(12) 3.7(11) -3.2(11) 1.1(10)

Table 4 Bond Lengths for UPS_UK_1163_0m_a.
Atom Atom Length/A  Atom Atom Length/A
S11 013 1.4254(17) C18 C23 1.388(3)

S11 012  1.4274(18) C18  C19  1.401(3)
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S11

S11

F17

F15

F16

09

N2

N2

C3A

C3A

C3A

C18

N2

Cl4

C14

C14

C14

C9

C3

C1

C3

C7A

C4

C3

1.504(2) C21  C22

1.851(3) C21  C20

1.331(3) C23  C22

1.313(3) CTA  C7

1.321(3) CTA  C1

1.210(3) C9 c8

1.510(3) C9 C10

1.499(3) C19 C20

1.511(3) C4 C5
1.391(3) C6 c7
1.386(3) C6 C5
1.527(3) C1 c8

1.393(4)
1.386(3)
1.396(4)
1.395(3)
1.510(3)
1.528(3)
1.502(3)
1.386(3)
1.395(3)
1.392(4)
1.395(4)

1.535(3)

Table 5 Bond Angles for UPS_UK_1163_0m_a.

Atom Atom Atom Angle/

013

013

013

012

012

N2

C3

C1

C1

C7A

C4

C4

c23

c23

C19

N2

N2

S11

S11

S11

S11

S11

S11

N2

N2

N2

C3A

C3A

C3A

C18

C18

C18

C3

C3

012

N2

Cl4

N2

C14

C14

S11

S11

C3

C3

C3

C7A

C3

C19

C3

C3A

C18

121.71(11)
109.64(10)
103.89(11)
109.15(10)
103.89(12)
107.48(11)
120.73(15)
120.51(15)
113.58(17)
111.8(2) C19
127.1(2) N2
121.1(2) N2
119.6(2) C7A
119.0(2) C9
121.4(2) C4
100.43(16)

111.74(18)

Atom Atom Atom Angle/®

Cc7

Cc21

09

09

C10

C20

C3A

c7

C6

C20

C1

C1

F17

F15

C7A

C22

C9

C9

Cc9

C19

C4

C6

Cc7

c21

C7A

C8

C8

C1

C6

Cl4

C14

c1 127.49(19)
C23  120.1(2)
cs 121.2(2)
Cl0  1223(2)
cs 116.5(2)
Cl18  120.4(2)
c5 118.3(2)
c5 120.6(2)
C7TA  1183(2)
120.5(2)

101.07(17)
111.90(19)

115.6(2)

113.11(19)

120.9(2)

S11  109.40(18)

S11  110.62(18)

77



C3A C3 C18  114.45(19) F15
C20 C21 €22  1195(Q)F15  Cl4
Cl18 €23 C22  1205(2) F16  Cl4
C3A CIA C7 120.72) F16  Cl4

C3A C7A C1 111.8(2)

Table 6 Torsion Angles for UPS_UK_1163_0m_a.
A B C D Angle/* A

S11 N2 C3 C3A 142.96(16) C3C3AC4 C5

S11 N2 C3 C18 -95.3(2) C3 C18 C23 C22 -178.5(2)

S11 N2 C1 C7A -146.37(16) C3 C18 C19 C20 178.7(2)

SI1N2 C1 C8 90.0(2) C23C18C3 N2 101.7(2)

O13S11N2C3 39.5(2) C23C18C3 C3A-145.0(2)

O13S11N2C1 -167.55(17) C23 C18 C19 C20 -1.1(3)

013 S11 C14 F17 54.3(2) C7A C3AC3 N2 10.8(2)

013 S11 C14 F15 173.24(17) C7AC3AC3 C18-109.1(2)

013 S11 C14 F16 -64.5(2) CTAC3AC4 C5 0.6(4)

012 S11 N2 C3  175.11(16) C7TAC1C8 C9 92.1(2)

012 S11N2C1 -31.9(2) C22 C21 C20 C19 0.6(4)
012 S11 C14 F17 -73.9(2) C19 C18 C3 N2 -78.0(3)

012 S11 C14 F15 45.0(2) C19 C18 C3 C3A35.3(3)

012 S11 C14 F16 167.23(19) C19 C18 C23 C22 1.3(3)
09 C9 C8 Cl 21(3) C4C3AC3 N2 -171.2(2)
N2 S11 C14 F17 170.48(17) C4 C3AC3 C18 69.0(3)

N2 S11 C14 F15 -70.60(19) C4 C3AC7TACT -3.2(3)

N2 S11 C14 F16 51.6(2) C4 C3AC7ACl 175.4(2)

N2 C1 C8 C9 -152.93(19) C7C7AC1 N2 177.4(2)

C3AC7TAC7 C63.2(3) C7C7ACL C8 -61.6(3)
C3AC7TACL N2-11(2) C7 C6 C5 C4 -2.0(4)
C3ACTACL C8 119.9(2) C20 C21 C22 C23 -0.4(4)
C3ACAC5 C6 2.0(4) Cl N2 C3 C3A-11.7(2)

C18 C23C22 C21-0.5(4) C1 N2 C3 C18 110.0(2)

Cl4

F16

S11

F17

B

-177.3(2)

FI7  108.1(2)
109.8(2)
111.07(17)

107.8(2)

C

O

Angle/®
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C18 C19 C20 C21 0.2(4)
C3 N2 Cl C7A8.4(2)
C3 N2 C1 C8
C3 C3AC7AC7 175.0(2) C14 S11 N2 C3

C3 C3AC7AC1 -65(3) Cl4Sli1N2C1

-115.2(2)C10 C9 C8 C1

C1C7AC7 C6

-175.2(2)

C5 C6 C7 C7A-0.6(3)

-178.2(2)
-72.82(19)

80.14(19)

Table 7 Hydrogen Atom Coordinates (Ax104) and Isotropic Displacement Parameters (A2x103) for UPS_UK_1163_0m_a.

Atom

H3

H21

H23

H22

H19

H4

H6

H7

H20

H1

HB8A

H8B

H5

H10A

H10B

H10C

X

8101

8580

9349

9724

6684

5429

3160

4987

7053

7774

8688

7220

3389

6934

8408

Experimental

y

7245

z

4573

8449

5333

6716

7406

4547

5368

6058

8777

5462

7443

7702

4574

9137

8917

3911

1557

2662

1521

3867

3397

5611

6414

2728

6347

5988

5685

4136

7056

7366

8695

U(eq)
26
34
32
37
31
33
37
32
33
27
31
31
37
47

47

8082 47
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