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General Information

Unless otherwise stated, all materials were used as received from commercial sources without further
purification. All glassware and magnetic stir bars were dried in an oven at 100 °C overnight unless
otherwise stated. All solvents were purchased from MilliporeSigma (Sure/Seal™) and used as received. 2-
Dram (8-mL) reaction tubes were purchased from Fisher (Cat#: 50976409). Caps with TFE septa were
purchased from Chemglass (Cat#: CG-4910-16). Ambient (room) temperature refers to 21-24 °C. Elevated
temperatures were maintained by an IKA heating block for 2-dram vials or a silicone oil bath for larger
vessels. Thin-layer chromatography (TLC) was performed using EMD Millipore 250 mm silica gel F-254
plates (250 um) with F-254 fluorescent indicator and visualized by UV fluorescence guenching, iodine,
Seebach’s stain, or potassium permanganate stain. SiliCycle SiliaFlash P60 silica gel (particle size 40—63
um) was used for flash chromatography. Analtech thin layer chromatography products (20 cm x 20 cm,
1000 micron) were used for preparative TLC. *H,*C and **F NMR spectra were recorded on a Bruker DRX
equipped with a5 mm DCH cryoprobe (600 MHz, 150 MHz, and 376 MHz, respectively). 'H NMR spectra
were reported relative to MesSi (8 0.0) unless otherwise stated. 3C NMR spectra were calibrated to residual
solvent signals (CDClsat 77.16 ppm). High-resolution mass spectra (HRMS) were recorded on an Agilent
LC/MSD TOF mass spectrometer by electrospray ionization time of flight experiments or atmospheric-
pressure chemical ionization time of flight experiments.

Commercial Suppliers of Chemicals:
The following chemicals were purchased from the suppliers indicated:

Ni(COD).: Strem (1295-35-8)

Tetrahydrofuran: MilliporeSigma (401757-100ML)

All commercial reagents were purchased from MilliporeSigma, Alfa Aesar, Oakwood, TCI or Strem and
used as received.
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Table of Substrates
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Scheme S1. List of alkene substrates used in this study.!™

O,
N/
S N,Me _p-Tol
é Ni(COD)(DMFU) (10 mol%) S
DGAH’\ +  MeO +  Etyzn - DG/\H)\/B
n THF, 60 °C, 20 h n
1.2 equiv Me 1.0 equiv
n=1,2
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Scheme S2. Limitations. N.D. = product not detected.
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Experimental Procedures

General Procedure A for the Synthesis of N-S Reagents

SH scl
Et3N (cat.)
ES + SO,Cl; > BN
R! . . ;
— _ CCly, 0 °C, 30 min R'—] P
o) o)
Et;N (2.0 equiv) R3
refl Y ¢l * RNH, s rl )N
P DCM, rt, 5-30 min i
o)
[} scl _RS®
R3 KH (1.5 equiv) r200 A N
A N~ + ES > i
R2— H R1-D —Z SN
P > THF, -78°Ctort, 1h _ e

Synthesis of sulfenyl chlorides: The reaction was carried out according to a modified literature procedure.®
To a solution of thiol (100 mmol) in CCl4 (100 mL) was added triethylamine (3 drops). The solution was
cooled to 0 °C. Sulfuryl chloride (110 mmol) was added dropwise. The reaction was kept stirring at 0 °C
for an additional 30 min. After this time, the solvent was removed, and the residue was used without further
purification.

Synthesis of N-alkylbenzamides: To a solution of the appropriate benzoyl chloride (1.0 equiv) in DCM
(0.7 M) were added triethylamine (2.0 equiv) and the appropriate alkyl amine (1.2 equiv) under 0 °C. The
reaction was warmed to room temperature and stirred for an additional 5-30 min, and reaction progress
was monitored by TLC. After this time, the reaction was quenched with water. The aqueous solution was
extracted with DCM (x3). The combined organic layers were dried over Na.SOa. The organic solvent was
removed under reduced pressure, and the residue was subjected to flash column chromatography on silica
gel with hexanes/ethyl acetate as the eluent to afford the product. For the synthesis of N-methybenzamides,
an aqueous solution of methylamine was used; in this case, no purification was required before subjecting
the residue to the next step.

Synthesis of N-S reagents: The reaction was carried out according to a modified literature procedure.* To
a solution of N-alkylbenzamide (5 mmol) in THF (10 mL) was added KH (1.5 equiv). The reaction mixture
was stirred at room temperature for 1 h. After this time, solution of ArSCI in THF (5 mL) was added
dropwise at —78 °C until a light-yellow color persisted, suggesting the reaction had reached completion.
The reaction was allowed to warm to room temperature and continue stirring for an additional 1 h, and
reaction progress was monitored by TLC. After this time, the reaction was quenched with water. The
aqueous solution was extracted with DCM (x3). The combined organic layers were dried over Na;SO.. The
organic solvent was removed under reduced pressure, and the residue was subjected to flash column
chromatography on silica gel with hexanes/ethyl acetate as the eluent to afford the product.

Large-scale synthesis of S10:

o) SCI ) _Me
Me KH (1.5 equiv) N
[Nig + > ¢
H THF, 78 °Ctort, 1 h \©\
Me

Me

20 mmol $10, 83%
Following General Procedure A, S10 was prepared on 20 mmol scale with 83% isolated yield.
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General Procedure B for Nickel-catalyzed Carbosulfenylation

o) : o 8]
2 cat. Ni 5
NJJ\A,R +  IN-S] +  RIzn] - NJ\('\I/R
O Ho & THF, 60 °C, 20 h O Hor R

Outside of the glovebox, to an oven-dried 1-dram (4-mL) reaction tube equipped with a magnetic stir bar
were added the appropriate alkene (0.1 mmol) and N-S reagent (0.12 mmol). The vial was then introduced
into an argon-filled glovebox antechamber. Once transferred inside the glovebox, Ni(COD)(DMFU)® (3.1
mg, 10 mol%) or Ni(COD): (2.8 mg, 10 mol%) was added to the vial, followed by THF (1.0 mL). The vial
was sealed with a screw-top septum cap and removed from the glovebox. The dialkylzinc reagent (0.1
mmol, 1 M in THF) or alkylzinc bromide (0.1 mmol, 0.5 M in THF) was added dropwise over the course
of 15 min as the reaction vessel was heated to 60 °C while stirring. The reaction was left to stir at 60 °C for
30 min. After this time, N-S reagent (0.06 mmol, 0.6 M in THF) was added in one portion followed by
dropwise addition of dialkylzinc reagent (0.05 mmol, 1 M in THF) or alkylzinc bromide (0.05 mmol, 0.5
M in THF) over the course of 10 min. Following addition of the reagents, the septum cap was sealed with
grease. The reaction was left to stir at 60 °C for 20 h. After this time, the reaction was diluted with saturated
NaHCOs; solution (10 mL). The aqueous solution was then extracted with ethyl acetate (3 x 2 mL). The
combined organic layers were dried by passage through a pad of silica gel with ethyl acetate as eluent. The
filtrate was concentrated and purified by preparative thin-layer chromatography (PTLC) to furnish the
desired product.

Large-Scale Experiment

o
o .Me )
N Ni(COD), (10 mol%) _p-Tol
| NJ\/\ . ©)Lé . Rz DMFU (20 mol%) o sP
H 240 - Et
2N \©\ THF, 60 °C, 20 h | HJ\)\/
1.8 equiv Me 1.5 equiv ZN
1 s10 2a, 70%

Outside of the glovebox, to an oven-dried 100-mL round-bottom flask equipped with a magnetic stir bar
were added alkene 1 (530 mg, 2.5 mmol), N-S reagent (770 mg, 3.0 mmol), and DMFU (72 mg, 0.5 mmol).
The vial was then introduced into an argon-filled glovebox antechamber. Once transferred inside the
glovebox, Ni(COD); (69 mg, 0.25 mmol) and THF (20 mL) were added to the flask. The flask was sealed
with a septum cap, removed from the glovebox and then equipped with a nitrogen-filled balloon. The
dialkylzinc reagent (2.5 mmol, 1 M in THF) was added dropwise over the course of 20 min as the reaction
vessel was heated to 60 °C while stirring. The reaction was left to stir at 60 °C for 30 min. After this time,
the N-S reagent (1.5 mmol, 0.6 M in THF) was added in one portion followed by dropwise addition of
dialkylzinc reagent (1.25 mmol, 1 M in THF) over the course of 15 min. The reaction was left to stir at 60
°C for 20 h. After this time, the reaction was concentrated, and the crude residue was purified by column
chromatography to furnish the desired product 2a in 70% yield (639 mg).
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Optimization of Reaction Conditions for Carbosulfenylation Using Et.Zn as Nucleophile
Using S1 as a benchmark, the reaction conditions were optimized under the following standard conditions:

Outside of the glovebox, to an oven-dried 1-dram (4-mL) reaction tube equipped with a magnetic stir bar
were added alkene 1 (21.2 mg, 0.1 mmol) and S1 (40 mg, 0.12 mmol). The vial was then introduced into
an argon-filled glovebox antechamber. Once transferred inside the glovebox, the appropriate nickel
catalyst® (0.01 mmol) and solvent (1.0 mL) were added to the vial. The vial was sealed with a screw-top
septum cap and removed from the glovebox. Diethylzinc (0.1 mL, 0.1 mmol) was added dropwise over the
course of 15 min at 60 °C while stirring. After the addition, the septum cap was sealed with grease. The
reaction was left to stir at 60 °C for 20 h.

Table S1: Optimization of Reaction Conditions for Carbosulfenylation Using Et.Zn as Nucleophile®

QP
(o] <., -Me
N . /©/ Z R Ni(COD)(DMFU) (10 mol%) - o sP™
| N Meo \©\ ’ THF, 60°C,20h NJJ\)\/Et
1.2 equiv . 1.0 equiv B | NN
(standard conditions)
1 S1 2a
Entry Deviation from Standard Condition Yield (%) (1/2a)"
1 None 22/76
2 Adding Et,Zn at room temperature dropwise then heating to 60°C 40/56
3 Ni(COD), + DMFU (20 mol%) in place of Ni(COD)(DMFU) 24[72
4 Other Ni precatalysts See below
5 2.0 equiv S1 in place of 1.2 equiv 27172
6 1.2 equiv Et2Zn in place of 1.0 equiv 12/76
7 2-MeTHF in place of THF 12/26
8 Dioxane in place of THF 26/74
9 DMF in place of THF 25/48
10 Toluene in place of THF 32/66
11 Portionwise (General Procedure B): S1 (1.2 + 0.6), EtoZn (1.0 + 0.5) 8/82

The reactions were performed on 0.1 mmol scale. ®Yields were determined by 'H NMR analysis of the
crude reaction mixture with CH,Br; as internal standard.

(o]

1
' /

Nt/

-ul R lLll @
t Bu Cy
E=CO,Et
Yield (%)
1/2a 35/66 61/36 24/70 22/68 17/68

Comparison Between Batchwise and Single-batch Addition with S10 as Electrophile

Using General Procedure B, a series of sulfenylating agents were evaluated (see manuscript Table 1), with
S10 giving the best yield.” The following experiments were performed with S10 to test the importance of
portionwise addition. In all cases diethylzinc solution was added in a dropwise fashion.

Table S2: Comparison Between Batchwise and Single-batch Addition with S10 as Electrophile®
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o .Me
| HM . ©)\z R Ni(COD)(DMFU) (10 mol%)= j\j;"j;'
2N \©\ THF, 60 °C, 20 h | N
1.8 equiv Me 1.5 equiv 2N
1 s10 (General Procedure B) 2a
Entry Deviation from General Procedure B Yield (%) (1/2a)°
1 None (batchwise): S10 (1.2 + 0.6), Et.Zn (1.0 + 0.5) 2/90
2 Single-batch: S10 (1.8), Et2Zn (1.5) 12/78
3 Single-batch: S10 (1.8), EtoZn (1.2) 6/80
4 Single-batch: S10 (1.8), Et>Zn (1.0) 10/80
5 Single-batch: S10 (1.5), Et,Zn (1.0) 10/78

The reactions were performed on 0.1 mmol scale. Yields were determined by *H NMR analysis of the
crude reaction mixture with CH,Br; as internal standard.

Comparison between S10, S23, S25, and Corresponding Aryldisulfides

Ni(COD)(DMFU) (10 mol%) _p-Tol

9 Et,Zn (1.5 equiv)
+ S-S 2 .
AQM / AQ)I\)\/ Et

THF (1.0 mL), 60 °C, 20 h

(0] (¢} (0]
Me Me Me Me OMe Cl
N N \ s s s
S\©\ S\©\ S\©\ /©/ * /©/ h /©/ h
M M |
S$10 Me S23 OMe S25 cl € eO Cl

90% 90% 88% 71% 67% 81%

Optimization of Reaction Conditions for Carbosulfenylation Using Alkylzinc Bromide as Nucleophile

Using (3-ethoxy-3-oxopropyl)zinc bromide or cyclohexylzinc bromide as nucleophile, we briefly
optimized the reaction condition according to General Procedure B.

Table S3: Optimization of Reaction Conditions for Carbosulfenylation Using Alkylzinc Bromide as
Nucleophile?

(0]
i Me
| NM . E‘ . EtO\n/\/ZnBr cat. Ni (10 mol%) o S,p—ToI o
N H Sp-Tol e} > NJ\)\/\/U\OEt
1

THF, 60 °C, 20 h |

AN H
1.8 equiv 1.5 equiv 2u
Entry Ni catalysts Yield% (1/2u)”

1 Ni(COD)(DMFU) 46/18
2 Ni(COD), 26/32
3 NiBr; 32/18
4 NiBrz-glyme 25/26
5 Ni(acac): 41/16

The reactions were performed on 0.1 mmol scale. Yields were determined by 'H NMR analysis of the
crude reaction mixture with CH,Br; as internal standard.
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Table S4: Optimization of Reaction Conditions for Carbosulfenylation Using Alkylzinc Bromide as
Nucleophile?

o
o} . ©)J\N‘Me . ZnBr cat. Ni (10 mol%) o g™
AQJ\/\ S\@\ Cr Solvent, 60°C,20h AQJ\)\’Cy
1 $10 Me

2x

Entry cat. Ni Solvent Yield (%) (1/2x)°
1 Ni(COD), THF (1.0 mL) 47/18
2° Ni(COD), THF (1.0 mL) trace/trace
3 Ni(COD)(DQ) THF (1.0 mL) 59/10
4 Ni(COD)(DMFU) THF (1.0 mL) 55/14
5 Ni(COD), THF (1.0 mL) + MeCN (0.1 mL) 70/6
6 Ni(COD), THF (0.6 mL) 53/14
7 Ni(COD), THF (1.5 mL) 42/20

The reactions were performed on 0.1 mmol scale. "Cy2Zn in place of CyZnBr. °Yields were determined
by *H NMR analysis of the crude reaction mixture with CHzBr; as internal standard.

Reactions of Internal Alkene 1g with S18 and S19 as Electrophiles
Using 1g as alkene substrate and S18 or S19 as the electrophile, the following experiments were carried out

following General Procedure B. Yields and diastereoselectivities were determined by *H NMR analysis of
the crude reaction mixture with CH2Br- as internal standard.

_p-Tol
9 Qp Ni(COD)(DMFU) (10 mol%) g 3
NJ\NMe + p-Tol ~S~g-p-Tol +  EtyZn > NJK/H/MQ
| N THF, 60 °C, 20 h | H
2N N Et
1.8 equiv 1.5 equiv
1g s18 (General Procedure B) 39, 84%, >20:1 dr.

1.8 equiv 1.5 equiv

_Ph
0 . o s
Ni(COD)(DMFU) (10 mol%)
NJWMe + pr S~ PN * Ebn X > | ”J\/KrMe
| N H THF, 60 °C, 20 h N L
19

s19 (General Procedure B) 39", 70%, >20:1 d.r.

Scheme S3. Reactions of Internal Alkene 1g with S18 and S19 as Electrophiles
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Representative Procedures and Analytical Data

N-methyl-N-(p-tolylthio)propane-2-sulfonamide (S6): The reaction was carried

Mew 5. Me out following a literature procedure® using N-methylpropane-2-sulfonamide (685

) mg, 5 mmol), 4-methylbenzenesulfenyl chloride, triethylamine (1.4 mL, 10 mmol),

Me S\©\ and CCl4 (10 mL). The reaction was run for 30 min at room temperature, and the

me Product was purified by column chromatography using silica gel to afford S6 as a

white solid. *H NMR (600 MHz, CDCls) & 7.47-7.42 (m, 2H), 7.20-7.17 (m, 2H),

3.52 (hept, J = 6.9 Hz, 1H), 3.30 (s, 3H), 2.35 (s, 3H), 1.38 (d, J = 6.9 Hz, 6H).*C NMR (151 MHz, CDCls)

0 138.91, 132.56, 130.04, 128.91, 53.45, 42.78, 21.31, 16.72. HRMS (ESI-TOF) Calcd for C11H1sNO2S,*
[M+H] 260.0779, found 260.0770.

N-phenyl-N-(p-tolylthio)acetamide (S8): The reaction was carried out following
General Procedure A using N-phenylacetamide (675 mg, 5 mmol), 4-
Me™ N methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
reaction was run for 1 h at room temperature, and the product was purified by column
chromatography using silica gel to afford S8 as a white solid. *H NMR (600 MHz,
CDCls) 8 7.35-7.29 (m, 2H), 7.28-7.24 (m, 3H), 7.18-7.11 (m, 4H), 2.35-2.18 (m,
6H). °C NMR (151 MHz, CDCls) § 174.10, 145.17, 138.41, 133.75, 130.00, 129.25, 128.27, 127.54,
126.99, 22.97, 21.19. HRMS (ESI-TOF) Calcd for C1sH1sNOS* [M+H] 258.0953, found 258.0949.

Me

N,4-dimethyl-N-(p-tolylthio)benzamide (S11): The reaction was carried out

Me following General Procedure A using N,4-dimethyl-benzamide (745 mg, 5

/@*'ﬂ' mmol), 4-methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF

Me S (10 mL). The reaction was run for 1 h at room temperature, and the product was

\©\Me purified by column chromatography using silica gel to afford S11 as a white

solid. 'H NMR (600 MHz, CDCls) & 7.45-7.41 (m, 2H), 7.17-7.12 (m, 4H),

7.03 (d, J = 7.8 Hz, 2H), 3.38 (s, 3H), 2.36 (s, 3H), 2.33 (s, 3H). *C NMR (151 MHz, CDCls) § 176.66,

140.68, 137.56, 133.84, 132.36, 130.20, 128.59, 128.03, 125.79, 40.65, 21.61, 21.19. HRMS (ESI-TOF)
Calcd for C16H1sNOS* [M+H] 272.1109, found 272.1104.

4-(tert-butyl)-N-methyl-N-(p-tolylthio)benzamide (S12): The reaction was

Me carried out following General Procedure A using 4-(tert-butyl)-N-

/©)‘\’}" methylbenzamide (955 mg, 5 mmol), 4-methylbenzenesulfenyl chloride, KH

tBu S (300 mg, 7.5 mmol), and THF (10 mL). The reaction was run for 1 h at room

\©\Me temperature, and the product was purified by column chromatography using

silica gel to afford S12 as a white solid. *tH NMR (600 MHz, CDCl3) § 7.50—

7.45 (m, 2H), 7.38-7.33 (m, 2H), 7.17-7.12 (m, 2H), 7.06-7.01 (m, 2H), 3.38 (s, 3H), 2.32 (s, 3H), 1.30 (s,

9H). *C NMR (151 MHz, CDCls) & 176.52, 153.72, 137.45, 133.91, 132.23, 130.17, 127.86, 125.69,

124.85, 40.58, 34.94, 31.28, 21.16. HRMS (ESI-TOF) Calcd for C19H2:NOS * [M+H] 314.1579, found
314.1577.

2,6-dimethoxy-N-methyl-N-(p-tolylthio)benzamide (S14): The reaction was

o 0 carried out following General Procedure A using 2,6-dimethoxy-N-

N-Me methylbenzamide (975 mg, 5 mmol), 4-methylbenzenesulfenyl chloride, KH (300

$ mg, 7.5 mmol), and THF (10 mL). The reaction was run for 1 h at room

Q \©\ temperature, and the product was purified by column chromatography using silica

Me gel to afford S14 as a white solid. tH NMR (600 MHz, CDCl3) 6 7.23 (t, J = 8.4

Hz, 1H), 7.09 (s, 4H), 6.50 (d, J = 8.4 Hz, 2H), 3.74 (s, 6H), 3.41 (s, 3H), 2.31 (s, 3H). *C NMR (151

MHz, CDCls) & 172.45, 156.77, 136.93, 133.76, 130.26, 129.69, 129.55, 126.19, 103.62, 55.62, 38.74,
21.05. HRMS (ESI-TOF) Calcd for C17H20NOsS* [M+H] 318.1164, found 318.1163.

Mey

1
Me
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N-ethyl-N-(p-tolylthio)benzamide (S15): The reaction was carried out following

Bt General Procedure A using N-ethylbenzamide (745 mg, 5 mmol), 4-
©)L. methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
reaction was run for 1 h at room temperature, and the product was purified by
column chromatography using silica gel to afford S15 as a white solid. *H NMR
(600 MHz, CDCls) & 7.52-7.47 (m, 2H), 7.35-7.31 (m, 1H), 7.30-7.24 (m, 2H),
6.80 (qd, J = 1.5, 0.9 Hz, 2H), 6.68 (s, 2H), 3.78 (g, J = 7.1 Hz, 2H), 2.33 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H).
13C NMR (151 MHz, CDCls) § 176.20, 138.99, 136.97, 135.10, 130.07, 128.73, 127.63, 127.45, 121.73,
40.39, 21.21. HRMS (ESI-TOF) Calcd for C16H1sNOS™* [M+H] 272.1109, found 272.1107.

Me

N-isopropyl-N-(p-tolylthio)benzamide (S16): The reaction was carried out

_iPr following General Procedure A using N-isopropylbenzamide (815 mg, 5 mmol), 4-
©)L'.“ methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by

column chromatography using silica gel to afford S16 as a white solid. *H NMR
(600 MHz, CDCls) & 7.49-7.45 (m, 2H), 7.39-7.33 (m, 1H), 7.33-7.29 (m, 2H),
7.07 (t, J = 7.2 Hz, 4H), 4.89 (s, 1H), 2.29 (s, 3H), 1.23 (d, J = 6.6 Hz, 6H).2*C NMR (151 MHz, CDCls)
0 176.83, 136.77, 136.71, 136.49, 129.87, 129.77, 127.94, 127.30, 124.88, 51.76, 21.20, 21.12. HRMS
(ESI-TOF) Calcd for C17H20NOS* [M+H] 286.1266, found 286.1268.

Me

N-benzyl-N-(p-tolylthio)benzamide (S17): The reaction was carried out following

Bn General Procedure A wusing N-benzylbenzamide (1.1 g, 5 mmol), 4-
©)L'.“ methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by

column chromatography using silica gel to afford S17 as a white solid. *H NMR
(600 MHz, CDCls) & 7.53-7.49 (m, 2H), 7.42-7.38 (m, 1H), 7.38-7.29 (m, 7H),
7.14-7.10 (m, 2H), 6.99 (d, J = 7.9 Hz, 2H), 4.90 (s, 2H), 2.33 (s, 3H).*C NMR (151 MHz, CDCls) §
176.43, 137.71, 137.42, 135.48, 133.64, 130.36, 130.18, 128.86, 128.67, 127.97, 127.83, 127.80, 126.17,
54.10, 21.22. HRMS (ESI-TOF) Calcd for C21H20NOS* [M+H] 334.1266, found 334.1263.

Me

o N-((4-(tert-butyl)phenyl)thio)-N-methylbenzamide (S22): The reaction was

Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5

©)L'}" mmol), 4-(tert-butyl)-benzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF

S (10 mL). The reaction was run for 1 h at room temperature, and the product was

\©\ ! purified by column chromatography using silica gel to afford S22 as a white solid.

IH NMR (600 MHz, CDCl3) & 7.55-7.50 (m, 2H), 7.42-7.38 (m, 1H), 7.37-7.32

(m, 4H), 7.06 (d, J = 8.2 Hz, 2H), 3.40 (s, 3H), 1.30 (s, 9H). *C NMR (151 MHz, CDCl3) § 176.57, 150.90,

135.39, 133.67, 130.33, 127.93, 127.89, 126.51, 125.62, 40.53, 34.70, 31.35. HRMS (ESI-TOF) Calcd for
CisH22NOS * [M+H] 300.1422, found 300.1414.

o N-((4-methoxyphenythio)-N-methylbenzamide (S23): The reaction was

Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5

©)L'.“’ mmol), 4-methoxybenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF

S (10 mL). The reaction was run for 1 h at room temperature, and the product was

\©\0M purified by column chromatography using silica gel to afford S23 as a white solid.

IH NMR (600 MHz, CDCls) § 7.54-7.50 (m, 2H), 7.45-7.41 (m, 1H), 7.40-7.36

(m, 2H), 7.15 (d, J = 8.3 Hz, 2H), 6.88-6.82 (m, 2H), 3.79 (s, 3H), 3.35 (s, 3H). *C NMR (151 MHz,

CDCls) 6 176.46, 160.45, 135.76, 131.48, 130.26, 128.15, 127.96, 127.08, 114.96, 55.52, 40.35. HRMS
(ESI-TOF) Calcd for C1sH1sNO2S* [M+H] 274.0902, found 274.0901.
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o N-((4-fluorophenyl)thio)-N-methylbenzamide (S24): The reaction was carried out
Me following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 4-
©)L'.“’ fluorobenzenesulfeny! chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by column
chromatography using silica gel to afford S24 as a white solid. *H NMR (600 MHz,
CDCls) 6 7.52-7.47 (m, 2H), 7.46-7.41 (m, 1H), 7.40-7.34 (m, 2H), 7.13 (t, J = 6.9
Hz, 2H), 7.08-7.01 (m, 2H), 3.39 (s, 3H). *C NMR (151 MHz, CDCls) 8 176.43, 163.40, 135.22, 132.20
(d, Jc-r=3.4 Hz), 130.51, 128.85, 128.04, 127.89, 116.71 (d, Jc-r = 22.4 Hz), 40.64.°F NMR (471 MHz,
CDCls) 6 —113.56. HRMS (ESI-TOF) Calcd for C14H1sFNOS* [M+H] 262.0702, found 262.0703.

F

N-((4-chlorophenyl)thio)-N-methylbenzamide (S25): The reaction was carried

Me out following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 4-

©)L“." chlorobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The

S reaction was run for 1 h at room temperature, and the product was purified by column

\©\0| chromatography using silica gel to afford S25 as a white solid. *H NMR (600 MHz,

CDCl3) 8 7.50-7.45 (m, 2H), 7.42-7.36 (m, 1H), 7.35-7.26 (m, 4H), 7.01 (d, J = 8.2

Hz, 2H), 3.40 (s, 3H). *C NMR (151 MHz, CDCls) § 176.21, 135.98, 134.85, 133.00, 130.46, 129.56,

127.92, 127.54, 125.88, 40.56. HRMS (ESI-TOF) Calcd for C14H13CINOS* [M+H] 278.0406, found
278.0406.

N-((4-bromophenyl)thio)-N-methylbenzamide (S26): The reaction was carried

Me out following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 4-
©)\'.“' bromobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
reaction was run for 1 h at room temperature, and the product was purified by column
chromatography using silica gel to afford S26 as a white solid. *H NMR (600 MHz,
CDCls) 8 7.50-7.45 (m, 4H), 7.44-7.39 (m, 1H), 7.36-7.32 (m, 2H), 6.97 (d, J = 8.3
Hz, 2H), 3.42 (s, 3H). ®°C NMR (151 MHz, CDCls) & 176.41, 136.82, 134.90, 132.58, 130.59, 128.04,
127.61, 125.97, 120.89, 40.65. HRMS (ESI-TOF) Calcd for CisH1sBrNOS* [M+H] 321.9901, found
321.9898.

Br

o N-methyl-N-((4-(trifluoromethyl)phenyl)thio)benzamide (S27): The reaction

Me was carried out following General Procedure A using N-methylbenzamide (675

©)L'.“’ mg, 5 mmol), 4-trifluoromethylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol),

S and THF (10 mL). The reaction was run for 1 h at room temperature, and the

\©\CF product was purified by column chromatography using silica gel to afford S27 as

* a white solid. *H NMR (600 MHz, CDCls) & 7.62-7.57 (m, 2H), 7.51-7.45 (m,

2H), 7.45-7.39 (m, 1H), 7.33 (dd, J = 8.3, 6.9 Hz, 2H), 7.15 (d, J = 8.2 Hz, 2H), 3.46 (s, 3H). 3C NMR

(151 MHz, CDCls) § 176.35, 143.12, 134.60 (d, Jc-r = 2.2 Hz), 130.76 (d, Jc-r = 2.1 Hz), 128.63 (q, Jc-~

=32.6 Hz), 128.11 (d, Jc-r = 2.2 Hz), 127.46 (d, Jc-r = 2.1 Hz), 126.44 (q, Jc-r = 4.2, 3.6 Hz), 124.02 (q,

Je-r = 271.7 Hz), 122.68, 40.70. °F NMR (471 MHz, CDCls) § —62.74. HRMS (ESI-TOF) Calcd for
Ci1sH13FsNOS* [M+H] 312.0670, found 312.0670.

o N-((3-methoxyphenyl)thio)-N-methylbenzamide (S28): The reaction was

Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5

©)\'}" mmol), 3-methoxybenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF

S OMe (10 mL). The reaction was run for 1 h at room temperature, and the product was

\©/ purified by column chromatography using silica gel to afford S28 as a white solid.

'H NMR (600 MHz, CDCls)  7.52-7.46 (m, 2H), 7.39-7.34 (m, 1H), 7.32-7.27

(m, 2H), 7.23 (t, J = 8.0 Hz, 1H), 6.72 (ddd, J = 8.3, 2.5, 0.9 Hz, 1H), 6.67 (dd, J = 7.8, 1.8 Hz, 1H), 6.60

(d, J = 2.4 Hz, 1H), 3.73 (s, 3H), 3.41 (s, 3H). 3C NMR (151 MHz, CDCls) 6 176.28, 160.33, 138.92,

135.01, 130.30, 130.28, 127.79, 127.51, 116.06, 112.46, 109.29, 55.23, 40.56. HRMS (ESI-TOF) Calcd
for C1sH16NO2S * [M+H] 274.0902, found 274.0906.
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o N-((3-fluorophenyl)thio)-N-methylbenzamide (S29): The reaction was carried out

Me following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 3-

©)L'.“' fluorobenzenesulfeny! chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The

S F reaction was run for 1 h at room temperature, and the product was purified by column

\©/ chromatography using silica gel to afford S29 as a white solid. *H NMR (600 MHz,

CDCls) 6 7.51-7.46 (m, 2H), 7.44-7.40 (m, 1H), 7.37-7.28 (m, 3H), 6.90 (tdd, J =

8.4,2.5,0.9 Hz, 1H), 6.85 (dt, J = 7.9, 1.3 Hz, 1H), 6.80 (dt, J = 9.1, 2.1 Hz, 1H), 3.45 (s, 3H). ®C NMR

(151 MHz, CDCls) 6 176.39, 163.41 (d, Jc-r = 249.9 Hz), 140.37 (d, Jc-r = 7.2 Hz), 134.83, 131.00 (d,

Jc-r = 8.7 Hz), 130.61, 128.04, 127.55, 119.14, 113.78 (d, Jc-r = 21.5 Hz), 110.73 (d, Jc-r = 24.6 Hz),

40.76. °F NMR (471 MHz, CDCls) § —-110.99. HRMS (ESI-TOF) Calcd for C14H1sFNOS* [M+H]
262.0702, found 262.0702.

N-((2-chlorophenyl)thio)-N-methylbenzamide (S30): The reaction was carried out

Me following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 2-
©)L'}" chlorobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by column
D chromatography using silica gel to afford S30 as a white solid. *H NMR (600 MHz,
CDCls) 6 7.49-7.46 (m, 2H), 7.40 (ddt, J = 8.8, 7.1, 1.3 Hz, 1H), 7.37-7.28 (m, 4H),
7.15 (ddd, J = 8.0, 7.4, 1.5 Hz, 1H), 7.07 (dd, J = 7.9, 1.5 Hz, 1H), 3.45 (s, 3H). *C NMR (151 MHz,
CDCls) 6 176.54, 137.13, 134.57, 130.69, 130.11, 128.02, 127.80, 127.45, 126.96, 122.88, 40.45. HRMS
(ESI-TOF) Calcd for C14H13CINOS* [M+H] 278.0406, found 278.0407.

N-((2-bromophenyl)thio)-N-methylbenzamide (S31): The reaction was carried out
Me following General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 2-
©)L'}" bromobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by column
:@ chromatography using silica gel to afford S31 as a white solid. *H NMR (600 MHz,
CDCls) 6 7.50-7.44 (m, 3H), 7.43-7.37 (m, 2H), 7.31 (dd, J = 8.4, 7.0 Hz, 2H), 7.10-
7.02 (m, 2H), 3.46 (s, 3H). 3C NMR (151 MHz, CDCl3) § 176.51, 138.97, 134.55, 133.28, 130.72, 128.39,
128.04, 127.46, 127.13, 122.86, 116.34, 40.41. HRMS (ESI-TOF) Calcd for Ci;H:13BrNOS* [M+H]
321.9901, found 321.9897.

N-methyl-N-(o-tolylthio)benzamide (S32): The reaction was carried out following
Me General Procedure A using N-methylbenzamide (675 mg, 5 mmol), 2-
©)L'}" methylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10 mL). The
S reaction was run for 1 h at room temperature, and the product was purified by column
e]@ chromatography using silica gel to afford S32 as a white solid. *H NMR (600 MHz,
CDCl3) 6 7.51-7.46 (m, 2H), 7.39 (ddt, J = 8.0, 6.9, 1.3 Hz, 1H), 7.32-7.29 (m, 2H),
7.28-7.26 (m, 1H), 7.14-7.08 (m, 3H), 3.43 (s, 3H), 2.07 (s, 3H). *C NMR (151 MHz, CDCls) § 176.59,
136.65, 135.06, 132.82, 130.76, 130.39, 127.89, 127.49, 127.02, 126.16, 122.36, 40.55, 18.68. HRMS
(ESI-TOF) Calcd for C1sH1sNOS* [M+H] 258.0953, found 258.0954.

o N-((3-chloro-4-fluorophenyl)thio)-N-methylbenzamide (S33): The reaction was
Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5
©)‘\'}" mmol), 3-chloro-4-fluorobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and
S €' THF (10 mL). The reaction was run for 1 h at room temperature, and the product
\@[ was purified by column chromatography using silica gel to afford S33 as a white
solid. 'H NMR (600 MHz, CDCls) § 7.48 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 7.4 Hz,
1H), 7.33 (t, J = 7.5 Hz, 2H), 7.14-7.11 (m, 1H), 7.08 (t, J = 8.6 Hz, 1H), 6.97 (d, J = 8.2 Hz, 1H), 3.38 (5,
3H).3C NMR (151 MHz, CDCls) § 175.92, 157.39 (d, Jc-r = 250.3 Hz), 134.75, 133.79 (d, Jc-r = 3.8 Hz),
130.53, 127.98, 127.71, 127.65, 125.62 (d, Jc-r = 7.0 Hz), 122.23 (d, Jc-r = 18.6 Hz), 117.62 (d, Jc-r =
22.0 Hz), 40.66. *F NMR (471 MHz, CDCls) 8 —116.23. HRMS (ESI-TOF) Calcd for C14H:.CIFNOS *
[M+H] 296.0312, found 296.0310.

F
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N-((2,5-dichlorophenyl)thio)-N-methylbenzamide (S34): The reaction was
Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5
©)‘\'}" mmol), 2,5-dichlorobenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF (10
S €l mL). The reaction was run for 1 h at room temperature, and the product was purified
D/ by column chromatography using silica gel to afford S34 as a white solid. *H NMR
(600 MHz, CDCl3) 6 7.49-7.45 (m, 2H), 7.43-7.38 (m, 1H), 7.32 (t, J = 7.6 Hz, 2H),
7.19 (dd, J = 8.4, 1.3 Hz, 1H), 7.09 (ddd, J = 8.3, 2.4, 1.1 Hz, 1H), 7.02 (d, J = 2.3 Hz, 1H), 3.45 (s, 3H).
13C NMR (151 MHz, CDCls) 6 176.00, 139.04, 134.24, 134.15, 131.05, 130.80, 128.10, 127.30, 126.98,
125.75, 122.38, 40.55. HRMS (ESI-TOF) Calcd for C14H12CI2NOS™ [M+H] 312.0017, found 312.0013.

N-((3,5-dimethylphenyl)thio)-N-methylbenzamide (S35): The reaction was

Me carried out following General Procedure A using N-methylbenzamide (675 mg, 5

©)L'.“' mmol), 3,5-dimethylbenzenesulfenyl chloride, KH (300 mg, 7.5 mmol), and THF

S Me (10 mL). The reaction was run for 1 h at room temperature, and the product was

\Q/ purified by column chromatography using silica gel to afford S35 as a white solid.

'H NMR (600 MHz, CDCl3) § 7.52-7.47 (m, 2H), 7.35-7.31 (m, 1H), 7.30-7.24

(m, 2H), 6.80 (qd, J = 1.5, 0.9 Hz, 1H), 6.68 (s, 2H), 3.40 (s, 3H), 2.24 (s, 6H).°C

NMR (151 MHz, CDCls) 6 176.20, 138.99, 136.97, 135.10, 130.07, 128.73, 127.63, 127.45, 121.73, 40.39,
21.21. HRMS (ESI-TOF) Calcd for C16H1sNOS™ [M+H] 272.1109, found 272.1109.

N-(quinolin-8-yI)-3-(p-tolylthio)hexanamide (2a): The reaction was

Me " carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol), S10

o S/©/ (53.8 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

J\/l\/Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction

N was run for 20 h at 60 °C, and the product was purified by preparative thin-

N layer chromatography (PTLC) to afford 30.9 mg (85%) of 2a as a colorless

oil. *H NMR (600 MHz, CDCls) 5 9.88 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.75 (dd, J = 7.3, 1.7 Hz,

1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.55-7.47 (m, 2H), 7.44 (dd, J = 8.3, 4.2 Hz, 1H), 7.42-7.39 (m, 2H),

7.10-7.05 (m, 2H), 3.69-3.64 (m, 1H), 2.80 (dd, J = 14.9, 6.8 Hz, 1H), 2.72 (dd, J = 14.9, 6.9 Hz, 1H), 2.28

(s, 3H), 1.75-1.68 (m, 1H), 1.68-1.61 (m, 2H), 1.60-1.52 (m, 1H), 0.94 (t, J = 7.1 Hz, 3H).*C NMR (151

MHz, CDCls) 6 169.63, 148.25, 138.47, 137.58, 136.44, 134.52, 133.57, 130.38, 129.83, 128.04, 127.50,

121.72, 121.65, 116.68, 45.77, 44.15, 36.94, 21.20, 20.36, 13.98. HRMS (ESI-TOF) Calcd for
C22H25N,0S* [M+H] 365.1688, found 365.1680.

3-((4-(tert-butyl)phenyl)thio)-N-(quinolin-8-yl)hexanamide (2b): The

BU " reaction was carried out following General Procedure B using 1 (21.2 mg,

o S/©/ 0.1 mmol), S22 (53.8 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in

JJ\)\,Et toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The

N reaction was run for 20 h at 60 °C, and the product was purified by

N preparative thin-layer chromatography (PTLC) to afford 36.1 mg (89%) of

2b as a colorless oil. *H NMR (600 MHz, CDClz) 6 9.90 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.75 (dd,

J=7.2,1.8Hz, 1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.53-7.48 (m, 2H), 7.46-7.42 (m, 3H), 7.30-7.27 (m,

2H), 3.70 (dtd, J = 7.8, 6.7, 5.2 Hz, 1H), 2.83 (dd, J = 14.9, 6.6 Hz, 1H), 2.73 (dd, J = 15.0, 7.1 Hz, 1H),

1.78-1.71 (m, 1H), 1.70-1.63 (m, 2H), 1.62-1.53 (m, 1H), 1.27 (s, 9H), 0.95 (t, J = 7.2 Hz, 3H). *C NMR

(151 MHz, CDCls) 6 169.67, 150.62, 148.26, 138.49, 136.46, 134.53, 132.94, 130.58, 128.05, 127.52,

126.10, 121.73, 121.65, 116.69, 45.51, 44.30, 36.95, 34.63, 31.36, 20.39, 14.00. HRMS (ESI-TOF) Calcd
for CzsH3:1N.OS* [M+H] 407.2157, found 407.2155.
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3-((4-methoxyphenyl)thio)-N-(quinolin-8-yl)hexanamide (2c): The

OMe  reaction was carried out following General Procedure B using 1 (21.2 mg,

/©/ 0.1 mmol), S23 (49.1 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in

JO]\/?\/Et toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The

N reaction was run for 20 h at 60 °C, and the product was purified by

2N preparative thin-layer chromatography (PTLC) to afford 34.2 mg (90%) of

2c as a colorless oil. 'H NMR (600 MHz, CDCls) § 9.89 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.76 (dd, J

=7.3,1.7 Hz, 1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H), 7.54-7.49 (m, 2H), 7.48-7.47 (m, 2H), 7.45 (dd, J = 8.2,

4.2 Hz, 1H), 6.83-6.79 (m, 2H), 3.75 (s, 3H), 3.59-3.53 (m, 1H), 2.76 (dd, J = 14.9, 7.1 Hz, 1H), 2.70 (dd,

J=14.9, 6.7 Hz, 1H), 1.72-1.52 (m, 4H), 0.94 (t, J = 7.0 Hz, 3H). 3C NMR (151 MHz, CDCl3) & 169.67,

159.74, 148.26, 138.48, 136.46, 136.26, 134.53, 128.05, 127.52, 124.08, 121.73, 121.64, 116.70, 114.62,

55.38, 46.46, 44.12, 36.88, 20.35, 13.98. HRMS (ESI-TOF) Calcd for Cz:H2sN20,S* [M+H] 381.1637,
found 381.1632.

3-((4-fluorophenyl)thio)-N-(quinolin-8-yl)hexanamide (2d): The reaction

F was carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),

/©/ S24 (47.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

j\j\/a Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was

N run for 20 h at 60 °C, and the product was purified by preparative thin-layer

2N chromatography (PTLC) to afford 31.3 mg (85%) of 2d as a colorless oil. *H

NMR (600 MHz, CDCls) 6 9.87 (s, 1H), 8.81 (dd, J =4.2, 1.7 Hz, 1H), 8.74

(dd, J=7.1, 1.9 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.55-7.47 (m, 4H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H),

7.00-6.92 (m, 2H), 3.67-3.61 (m, 1H), 2.81-2.71 (m, 2H), 1.75-1.68 (m, 1H), 1.68-1.60 (m, 2H), 1.60—

1.52 (m, 1H), 0.94 (t, J = 7.2 Hz, 3H). *C NMR (151 MHz, CDCl3) & 169.43, 162.59 (d, Jc-r = 247.7 Hz),

148.29, 138.44, 136.52, 135.67 (d, Jc-»= 8.3 Hz), 134.39, 129.20 (d, Jc-»= 3.3 Hz), 128.06, 127.51, 121.79,

121.77,116.74, 116.13 (d, Jc-r = 21.5 Hz), 46.42, 44.12, 37.05, 20.32, 13.95. **®F NMR (376 MHz, CDCls)
0 -116.72. HRMS (ESI-TOF) Calcd for C21H22FN2OS* [M+H] 369.1437, found 369.1431.

3-((4-chlorophenyl)thio)-N-(quinolin-8-yl)hexanamide (2e): The reaction

Cl"was carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),

/©/ S25 (50.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

JO]\/?\/Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction

| N was run for 20 h at 60 °C, and the product was purified by preparative thin-

ZN layer chromatography (PTLC) to afford 30.3 mg (79%) of 2e as a colorless

oil. 'H NMR (600 MHz, CDCl3) & 9.86 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz,

1H), 8.73 (dd, J=7.1, 1.9 Hz, 1H), 8.16 (dd, J = 8.3, 1.7 Hz, 1H), 7.55-7.48 (m, 2H), 7.46 (dd, J=8.2,4.2

Hz, 1H), 7.44-7.38 (m, 2H), 7.24-7.18 (m, 2H), 3.72 (dtd, J = 7.9, 6.8, 5.4 Hz, 1H), 2.83-2.71 (m, 2H),

1.79-1.70 (m, 1H), 1.70-1.59 (m, 2H), 1.59-1.50 (m, 1H), 0.94 (t, J = 7.3 Hz, 3H). *C NMR (151 MHz,

CDCls) 6 169.29, 148.30, 138.43, 136.51, 134.36, 134.00, 133.42, 133.08, 129.19, 128.06, 127.51, 121.81,

121.77, 116.71, 45.85, 44.17, 37.13, 20.35, 13.96. HRMS (ESI-TOF) Calcd for C,1H2CIN,OS* [M+H]
385.1141, found 385.1134.

3-((4-bromophenyl)thio)-N-(quinolin-8-yl)hexanamide (2f): The reaction

BT was carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),

o S/©/ S26 (57.8 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
Jj\)\/Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
N run for 20 h at 60 °C, and the product was purified by preparative thin-layer
N chromatography (PTLC) to afford 33.4 mg (78%) of 2f as a colorless oil. *H
NMR (600 MHz, CDCls) 6 9.86 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.73 (dd, J = 7.1, 1.9 Hz, 1H), 8.16
(dd, J = 8.3, 1.7 Hz, 1H), 7.61-7.49 (m, 1H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.35 (d, J = 1.5 Hz, 3H), 3.74
(dtd, J=7.9, 6.9, 5.4 Hz, 1H), 2.83-2.71 (m, 2H), 1.80-1.69 (m, 1H), 1.70-1.59 (m, 2H), 1.58-1.49 (m,
1H), 0.94 (t, J = 7.2 Hz, 3H). *C NMR (151 MHz, CDCls) & 169.27, 148.30, 138.43, 136.51, 134.35,

S14



134.11, 133.81, 132.11, 128.06, 127.52, 121.82, 121.77, 121.39, 116.72, 45.70, 44.18, 37.14, 20.36, 13.97.
HRMS (ESI-TOF) Calcd for Ca1H22BrN,0S* [M+H] 429.0636, found 429.0632.

cr, N-(quinolin-8-yl)-3-((4-(trifluoromethyl)phenyl)thio)hexanamide  (29):

/©/ The reaction was carried out following General Procedure B using 1 (21.2

0 s mg, 0.1 mmol), S27 (56.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in

NJI\/'\,Et toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The

| H reaction was run for 20 h at 60 °C, and the product was purified by

preparative thin-layer chromatography (PTLC) to afford 25.1 mg (60%) of

2g as a colorless oil. *H NMR (600 MHz, CDCls) 6 9.86 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.71 (dd,

J=6.1,2.9 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.54-7.50 (m, 4H), 7.48-7.44 (m, 3H), 3.91 (dtd, J =

8.1, 6.8, 5.3 Hz, 1H), 2.89-2.79 (m, 2H), 1.81 (ddt, J = 14.0, 10.1, 5.7 Hz, 1H), 1.75-1.67 (m, 1H), 1.63

(dddd, J=13.1, 10.2, 7.6, 3.9 Hz, 1H), 1.56 (dddd, J = 13.2, 10.2, 7.3, 5.9 Hz, 1H), 0.95 (t, J = 7.3 Hz, 3H).

13C NMR (151 MHz, CDCls) § 169.10, 148.32, 140.65 (d, Jc-r = 1.4 Hz), 138.42, 136.53, 134.29, 130.54,

128.47 (9, Jc-r = 32.5 Hz), 128.06, 127.49, 125.80 (0, Jc-+ = 3.9 Hz), 124.20 (q, Jc-+ = 271.8 Hz), 121.88,

121.80, 116.71, 44.68, 44.25, 37.23, 20.39, 13.97. *F NMR (376 MHz, CDCls) & —65.19. HRMS (ESI-
TOF) Calcd for CyH22FsN2OS* [M+H] 419.1405, found 419.1402.

3-((3-methoxyphenyl)thio)-N-(quinolin-8-yl)hexanamide (2h): The reaction
OMe was carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),
S28 (49.1 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
o s Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
Jl\/l\,Et run for 20 h at 60 °C, and the product was purified by preparative thin-layer
N chromatography (PTLC) to afford 23.9 mg (63%) of 2h as a colorless oil. *H
2N NMR (600 MHz, CDCls) 6 9.89 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.75
(dd,J=7.1, 1.9 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.55-7.48 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H),
7.18(dd, J=8.3, 7.6 Hz, 1H), 7.08 (ddd, J = 7.6, 1.6, 0.9 Hz, 1H), 7.04 (dd, J = 2.5, 1.6 Hz, 1H), 6.75 (ddd,
J=8.3,2.6,1.0 Hz, 1H), 3.78 (dtd, J = 8.0, 6.8, 5.2 Hz, 1H), 3.75 (s, 3H), 2.85 (dd, J = 14.9, 6.6 Hz, 1H),
2.77 (dd, J = 15.0, 7.1 Hz, 1H), 1.81-1.73 (m, 1H), 1.72-1.61 (m, 2H), 1.59-1.53 (m, 1H), 0.94 (t, J = 7.3
Hz, 3H). 3C NMR (151 MHz, CDCls) 6 169.54, 159.89, 148.30, 138.49, 136.47, 135.83, 134.50, 129.86,
128.06, 127.52, 124.55, 121.76, 121.71, 117.48, 116.70, 113.20, 55.38, 45.28, 44.20, 37.05, 20.39, 14.02.
HRMS (ESI-TOF) Calcd for C22H2sN.0.S* [M+H] 381.1637, found 381.1628.

3-((3-fluorophenyl)thio)-N-(quinolin-8-yl)hexanamide (2i): The reaction was
£ carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol), S29
(47.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
o s Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
Jl\/'\,Et for 20 h at 60 °C, and the product was purified by preparative thin-layer
N chromatography (PTLC) to afford 25.0 mg (68%) of 2i as a colorless oil. *H
N NMR (600 MHz, CDCl3) § 9.89 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.75 (dd,
J=7.0,2.0Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.54-7.49 (m, 2H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H), 7.27—
7.24 (m, 1H), 7.24-7.19 (m, 2H), 6.91-6.86 (m, 1H), 3.80 (dtd, J = 8.0, 6.8, 5.4 Hz, 1H), 2.83 (dd, J = 15.0,
6.7 Hz, 1H), 2.79 (dd, J = 15.0, 6.9 Hz, 1H), 1.78 (ddt, J = 13.7, 9.9, 5.6 Hz, 1H), 1.72-1.59 (m, 2H), 1.59—
1.52 (m, 1H), 0.94 (t, J = 7.3 Hz, 3H).3C NMR (151 MHz, CDCl3) 5 169.15, 162.71 (d, Jc-r = 248.7 Hz),
148.23, 138.35, 137.12 (d, Jc-»= 7.7 Hz), 136.39, 134.28, 130.18 (d, Jc-r = 8.8 Hz), 127.96, 127.40, 127.35
(d, Jo-r = 3.2 Hz), 121.70, 121.68, 118.57 (d, Jc-r = 22.5 Hz), 116.61, 113.94 (d, Jc-r = 21.0 Hz), 45.28,
43.99, 36.97, 20.26, 13.87. %F NMR (376 MHz, CDCls) § -112.10. HRMS (ESI-TOF) Calcd for
Ca1H2FN2OS* [M+H] 369.1437, found 369.1433.
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3-((2-chlorophenyl)thio)-N-(quinolin-8-yl)hexanamide (2j): The reaction was
C'@ carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol), S30
(50.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
Jl\/'\,Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
| N run for 20 h at 60 °C, and the product was purified by preparative thin-layer
N chromatography (PTLC) to afford 22.7 mg (59%) of 2j as a colorless oil. *H
NMR (600 MHz, CDCls) 6 9.89 (s, 1H), 8.80 (dd, J =4.2, 1.7 Hz, 1H), 8.72 (dd, J = 6.6, 2.4 Hz, 1H), 8.15
(dd, J=8.3,1.7 Hz, 1H), 7.55 (dd, J = 7.9, 1.6 Hz, 1H), 7.53-7.49 (m, 2H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H),
7.34(dd,J=7.9,1.4 Hz, 1H), 7.18 (td, J = 7.6, 1.4 Hz, 1H), 7.10 (td, J = 7.7, 1.6 Hz, 1H), 3.95 (tt, J = 7.9,
5.5 Hz, 1H), 2.91 (dd, J = 15.1, 5.8 Hz, 1H), 2.81 (dd, J = 15.1, 7.7 Hz, 1H), 1.83 (ddt, J = 13.9, 10.2, 5.5
Hz, 1H), 1.77-1.70 (m, 1H), 1.69-1.62 (m, 1H), 1.58 (dddd, J = 13.3, 10.2, 7.3, 5.9 Hz, 1H), 0.94 (t, J =
7.3 Hz, 3H). ¥C NMR (151 MHz, CDCls) § 169.33, 148.33, 138.45, 136.46, 135.50, 134.61, 134.39,
131.67,130.02, 128.03, 127.56, 127.46, 127.36, 121.79, 121.77, 116.68, 44.11, 43.94, 36.94, 20.35, 14.03.
HRMS (ESI-TOF) Calcd for C2:H2CIN,OS* [M+H] 385.1141, found 385.1140.

3-((2-bromophenyl)thio)-N-(quinolin-8-yl)hexanamide (2k): The reaction
Br was carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),
:@ S31 (57.8 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
JJ\/'\,Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
run for 20 h at 60 °C, and the product was purified by preparative thin-layer
2N chromatography (PTLC) to afford 20.5 mg (48%) of 2k as a colorless oil. *H
NMR (600 MHz, CDCls) 6 9.89 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.73
(dd, J=6.7, 2.3 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.55-7.49 (m, 4H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H),
7.24 (td, J = 7.6, 1.4 Hz, 1H), 7.01 (td, J = 7.6, 1.6 Hz, 1H), 3.95 (tt, J = 7.9, 5.4 Hz, 1H), 2.93 (dd, J =
15.1, 5.6 Hz, 1H), 2.81 (dd, J = 15.2, 7.8 Hz, 1H), 1.84 (ddt, J = 14.0, 10.7, 5.6 Hz, 1H), 1.78-1.71 (m,
1H), 1.66 (dddd, J = 15.2, 10.3, 7.4, 5.1 Hz, 1H), 1.60-1.54 (m, 1H), 0.95 (t, J = 7.3 Hz, 3H). 3C NMR
(151 MHz, CDCls) & 169.34, 148.34, 138.45, 136.79, 136.47, 134.39, 133.32, 131.12, 128.04, 128.03,
127.54, 127.46, 125.72, 121.81, 121.78, 116.69, 44.22, 44.01, 36.87, 20.37, 14.05. HRMS (ESI-TOF)
Calcd for C21H22BrN2OS* [M+H] 429.0636, found 429.0631.

Me N-(quinolin-8-yl)-3-(o-tolylthio)hexanamide (21): The reaction was carried
@ out following General Procedure B using 1 (21.2 mg, 0.1 mmol), S32 (46.3 mg,
1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene), Ni(COD)(DMFU) (3.1
NJ\/'\,Et mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C, and
| H the product was purified by preparative thin-layer chromatography (PTLC) to
afford 26.2 mg (72%) of 2l as a colorless oil. 'H NMR (600 MHz, CDCls) &
9.88 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.74 (dd, J = 7.1, 1.9 Hz, 1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H),
7.54-7.48 (m, 4H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H), 7.17-7.11 (m, 2H), 7.09 (td, J = 7.3, 1.5 Hz, 1H), 3.81
(tt, J=7.7,5.6 Hz, 1H), 2.86 (dd, J = 15.0, 5.9 Hz, 1H), 2.77 (dd, J = 15.0, 7.6 Hz, 1H), 2.42 (s, 3H), 1.81
(ddt, J = 13.7, 10.0, 5.6 Hz, 1H), 1.74-1.66 (m, 1H), 1.66-1.54 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H). *C NMR
(151 MHz, CDCls) & 169.59, 148.27, 139.65, 138.47, 136.46, 134.48, 134.34, 131.58, 130.46, 128.04,
127.51, 126.87, 126.61, 121.74, 121.70, 116.67, 44.32, 44.06, 37.06, 20.91, 20.36, 14.08. HRMS (ESI-
TOF) Calcd for C22H2sN20S* [M+H] 365.1688, found 365.1682.

3-((3-chloro-4-fluorophenyl)thio)-N-(quinolin-8-yl)hexanamide  (2m):

F The reaction was carried out following General Procedure B using 1 (21.2 mg,

/@ 0.1 mmol), S33 (53.1 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in
j\j\/a " toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The
N reaction was run for 20 h at 60 °C, and the product was purified by preparative
2N thin-layer chromatography (PTLC) to afford 30.2 mg (75%) of 2m as a
colorless oil. *H NMR (600 MHz, CDCls) § 9.87 (s, 1H), 8.82 (dd, J = 4.2,

1.7 Hz, 1H), 8.73 (dd, J = 6.6, 2.4 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.56 (dd, J = 6.9, 2.3 Hz, 1H),
7.53-7.50 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.37 (ddd, J = 8.5, 4.5, 2.3 Hz, 1H), 7.01 (t, J = 8.7 Hz,
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1H), 3.71-3.66 (m, 1H), 2.79 (dd, J = 14.3, 5.8 Hz, 1H), 2.76 (dd, J = 14.4, 6.8 Hz, 1H), 1.77-1.70 (m,
1H), 1.69-1.59 (m, 2H), 1.59-1.52 (m, 1H), 0.95 (t, J = 7.3 Hz, 3H). 3C NMR (151 MHz, CDCl5) 5 169.13,
158.61, 148.36, 138.43, 136.53, 135.20, 134.30, 133.21 (d, Jc_r= 7.1 Hz), 130.99 (d, Jc_r= 4.3 Hz), 128.08,
127.50, 121.86, 121.80, 121.41 (d, Jc-r = 18.1 Hz), 117.08 (d, Jc—r = 21.4 Hz), 116.71, 46.65, 44.23, 37.16,
20.33, 13.96. 9F NMR (376 MHz, CDCls) § ~116.38. HRMS (ESI-TOF) Calcd for C1HaCIFN,OS*
[M+H] 403.1047, found 403.1031.

3-((2,5-dichlorophenyl)thio)-N-(quinolin-8-yl)hexanamide (2n): The
cl reaction was carried out following General Procedure B using 1 (21.2 mg, 0.1
KJ\ mmol), S34 (56.0 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
J\/'\,Et Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
| N run for 20 h at 60 °C, and the product was purified by preparative thin-layer
2N chromatography (PTLC) to afford 20.9 mg (50%) of 2n as a colorless oil. *H
NMR (600 MHz, CDCl3) 6 9.89 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.72 (dd, J = 6.4, 2.6 Hz, 1H), 8.16
(dd, J=8.2, 1.7 Hz, 1H), 7.55-7.50 (m, 3H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 7.04
(dd, J = 8.5, 2.4 Hz, 1H), 3.98-3.91 (m, 1H), 2.89 (dd, J = 15.1, 6.4 Hz, 1H), 2.84 (dd, J = 15.1, 7.1 Hz,
1H), 1.84 (ddt, J = 14.0, 10.2, 5.7 Hz, 1H), 1.74 (dddd, J = 14.1, 10.2, 7.8, 5.1 Hz, 1H), 1.64 (dddd, J =
14.4,7.0, 5.1, 3.5 Hz, 1H), 1.61-1.53 (m, 1H), 0.96 (t, J = 7.3 Hz, 3H). *C NMR (151 MHz, CDCl5) &
168.94, 148.36, 138.45, 136.67, 136.48, 134.31, 133.52, 133.08, 130.87, 130.76, 128.04, 127.49, 127.48,
121.85, 121.79, 116.75, 44.18, 44.10, 36.99, 20.30, 14.03. HRMS (ESI-TOF) Calcd for C2:H.:CI>N,OS*
[M+H] 419.0752, found 419.0741.

3-((3,5-dimethylphenyl)thio)-N-(quinolin-8-yl)hexanamide (20): The

reaction was carried out following General Procedure B using 1 (21.2 mg, 0.1

/@\ mmol), S35 (48.8 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

o s ve Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was

)J\/I\/Et run for 20 h at 60 °C, and the product was purified by preparative thin-layer
| N chromatography (PTLC) to afford 24.2 mg (64%) of 20 as a white solid. *H
N NMR (600 MHz, CDCls) 3 9.89 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.76

(dd, J=7.2, 1.8 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.54-7.48 (m, 2H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H),
7.11 (dd, J = 1.5, 0.8 Hz, 2H), 6.81 (dt, J = 1.6, 0.8 Hz, 1H), 3.76-3.70 (m, 1H), 2.82 (dd, J = 14.9, 6.7 Hz,
1H), 2.74 (dd, J = 14.9, 7.0 Hz, 1H), 2.23 (d, J = 0.8 Hz, 6H), 1.79-1.72 (m, 1H), 1.70-1.62 (m, 2H), 1.61—
1.52 (m, 1H), 0.95 (t, J = 7.2 Hz, 3H). ®C NMR (151 MHz, CDCl3) 5 169.67, 148.26, 138.59, 138.48,
136.45, 134.53, 133.77, 130.40, 129.15, 128.05, 127.50, 121.71, 121.65, 116.66, 45.33, 44.31, 36.96, 21.27,
20.36, 14.01. HRMS (ESI-TOF) Calcd for CasH27N,0S* [M+H] 379.1844, found 379.1836.

3-(phenylselanyl)-N-(quinolin-8-yl)hexanamide (2p): The reaction was

G SePh  carried out following General Procedure B using 1 (21.2 mg, 0.1 mmol),

N Et diphenyldiselenide (56.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in

| N M toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The

reaction was run for 20 h at 60 °C, and the product was purified by preparative

thin-layer chromatography (PTLC) to afford 20.2 mg (51%) of 2p as a colorless oil. 'H NMR (600 MHz,

CDCls) 6 9.83 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.76-8.66 (m, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H),

7.81-7.58 (m, 2H), 7.55-7.48 (m, 2H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H), 7.30-7.20 (m, 3H), 3.94-3.66 (m,

1H), 2.88 (d, J = 7.1 Hz, 2H), 1.87-1.69 (m, 2H), 1.69-1.61 (m, 1H), 1.59-1.49 (m, 1H), 0.93 (t, J=7.3

Hz, 3H). 3C NMR (151 MHz, CDCls) 6 169.79, 148.26, 138.49, 136.49, 135.60, 134.47, 129.15, 128.50,

128.06, 127.85, 127.54, 121.75, 121.68, 116.71, 45.07, 41.15, 37.76, 21.27, 13.90. HRMS (ESI-TOF)
Calcd for C21H23N,0Se* [M+H] 393.1035, found 393.1021.

S17



N-(quinolin-8-yI)-3-(p-tolylthio)pentanamide (2q): The reaction was carried

o s°P™  outfollowing General Procedure B using 1 (21.2 mg, 0.1 mmol), S10 (46.3 mg,

NJ\/'\,Me 1.8 mmol), dimethylzinc (0.15 mmol, 1.0 M in THF), Ni(COD)(DMFU) (3.1

| N H mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C, and

the product was purified by preparative thin-layer chromatography (PTLC) to

afford 28.4 mg (81%) of 2q as a colorless oil. *H NMR (600 MHz, CDCls3) § 9.89 (s, 1H), 8.81 (dd, J =

4.2,1.7Hz, 1H),8.75 (dd, J = 7.3, 1.7 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.54-7.48 (m, 2H), 7.45 (dd,

J=8.2,4.2 Hz, 1H), 7.43-7.39 (m, 2H), 7.10-7.06 (m, 2H), 3.62 (qd, J = 7.1, 5.3 Hz, 1H), 2.79 (dd, J =

14.9, 6.9 Hz, 1H), 2.74 (dd, J = 15.0, 6.9 Hz, 1H), 2.29 (s, 3H), 1.79 (dqd, J = 14.7, 7.4, 5.3 Hz, 1H), 1.73-

1.65 (m, 1H), 1.12 (t, J = 7.3 Hz, 3H). ¥C NMR (151 MHz, CDCls) & 169.63, 148.26, 138.48, 137.60,

136.46, 134.51, 133.59, 130.39, 129.84, 128.05, 127.51, 121.73, 121.67, 116.69, 47.62, 43.68, 27.71, 21.20,
11.62. HRMS (ESI-TOF) Calcd for C2:H23N>OS* [M+H] 351.1531, found 351.1529.

N-(quinolin-8-yI)-3-(p-tolylthio)heptanamide (2r): The reaction was carried

o P outfollowing General Procedure C using 1 (21.2 mg, 0.1 mmol), S10 (46.3 mg,

J_A_npr 1.8 mmol), n-propylzinc bromide (0.15 mmol, 0.5 M in THF), Ni(COD). (2.8

| _N N mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C,

and the product was purified by preparative thin-layer chromatography (PTLC)

to afford 18.1 mg (48%) of 2r as a colorless oil. tH NMR (600 MHz, CDCls) § 9.88 (s, 1H), 8.81 (dd, J =

4.2,1.7Hz, 1H),8.75 (dd, J =7.2, 1.7 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.56-7.48 (m, 2H), 7.46 (dd,

J=8.2,4.2Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 7.7 Hz, 1H), 3.66 (dtd, J = 8.0, 6.8, 5.3 Hz, 1H),

2.99-2.58 (m, 2H), 2.29 (s, 3H), 1.88-1.70 (m, 1H), 1.70-1.50 (m, 3H), 1.41-1.29 (m, 2H), 0.90 (t, J =7.3

Hz, 3H). 3C NMR (150 MHz, CDCls) 5 169.65, 148.27, 138.51, 137.61, 136.47, 134.55, 133.60, 130.41,

129.86, 128.07, 127.54, 121.74, 121.66, 116.71, 46.01, 44.15, 34.48, 29.28, 22.64, 21.22, 14.15. HRMS
(ESI-TOF) Calcd for Ca3H2sN2OS* [M+H] 379.1844, found 379.1832.

o oPTo 5-phenyI-N-(quin9Iin-8-yl)-3-(p-tolylthio)pen_tanamide (2s): The reaction was

JJ\/K/Bn carried out following Genera_l Procedyre C using 1 (21.2 mg, 0.1 mm_ol), S10

N (46.3 mg, 1.8 mmol), benzylzinc bromide (0.15 mmol, 0.5 M in THF), Ni(COD),

2N (2.8 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C,

and the product was purified by preparative thin-layer chromatography (PTLC)

to afford 29.0 mg (68%) of 2s as a colorless oil. tH NMR (600 MHz, CDCls)  9.88 (s, 1H), 8.80 (dd, J =

4.2,1.7Hz, 1H), 8.75 (dd, J= 7.3, 1.8 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.54-7.48 (m, 2H), 7.45 (dd,

J=8.2,4.2Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.29-7.22 (m, 2H), 7.22-7.17 (m, 2H), 7.17-7.12 (m, 1H),

7.11-7.04 (m, 2H), 3.77-3.61 (m, 1H), 3.07-2.93 (m, 1H), 2.92-2.81 (m, 2H), 2.76 (dd, J = 14.9, 6.8 Hz,

1H), 2.29 (s, 3H), 2.12-2.02 (m, 1H), 2.00-1.91 (m, 1H). *°C NMR (150 MHz, CDCl3) § 169.36, 148.26,

141.65, 138.49, 137.82, 136.47, 134.48, 133.77, 129.99, 129.92, 128.62, 128.52, 128.06, 127.52, 126.04,

121.74, 121.71, 116.74, 45.64, 44.12, 36.43, 33.36, 21.23. HRMS (ESI-TOF) Calcd for Cy7H27N20OS *
[M+H] 427.1844, found 427.1842.

6-(1,3-dioxolan-2-yl)-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide

_p-Tol
o s77® 0’> (2t): The reaction was carried out following General Procedure C using 1
Nwo (21.2 mg, 0.1 mmol), S10 (46.3 mg, 1.8 mmol), (2-(1,3-dioxolan-2-

I N H yl)ethyl)zinc bromide (0.15 mmol, 0.5 M in THF), Ni(COD), (2.8 mg,

0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C,
and the product was purified by preparative thin-layer chromatography (PTLC) to afford 10.9 mg (25%) of
2t as a colorless oil. 'H NMR (600 MHz, CDCls) § 9.87 (s, 1H), 8.81 (dd, J=4.2, 1.7 Hz, 1H), 8.74 (dd, J
=7.2,1.8 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.59-7.49 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.41
(d, 3 =8.0 Hz, 2H), 7.07 (d, J = 7.8 Hz, 2H), 5.02-4.74 (m, 1H), 4.10-3.90 (m, 2H), 3.87-3.74 (m, 2H),
3.68-3.61 (m, 1H), 2.91-2.57 (m, 2H), 2.29 (s, 3H), 1.89-1.75 (m, 2H), 1.76-1.65 (m, 4H). 3C NMR (150
MHz, CDCls) 6 169.49, 148.27, 138.50, 137.71, 136.46, 134.53, 133.75, 130.22, 129.87, 128.06, 127.53,
121.74,121.67, 116.72, 104.50, 65.00, 64.99, 46.03, 44.03, 34.57, 33.66, 21.60, 21.23. HRMS (ESI-TOF)
Calcd for CstngzOsSJr [M+H] 437.1899, found 437.1883.
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ethyl 7-oxo-7-(quinolin-8-ylamino)-5-(p-tolylthio)heptanoate (2u):

o gPl 4 The reaction was carried out following General Procedure C using 1 (21.2
I A A~N mg, 0.1 mmol), S10 (46.3 mg, 1.8 mmol), (3-ethoxy-3-oxopropyl)zinc
| N OBt promide (0.15 mmol, 0.5 M in THF), Ni(COD), (2.8 mg, 0.01 mmol), and

N THF (1.0 mL). The reaction was run for 20 h at 60 °C, and the product

was purified by preparative thin-layer chromatography (PTLC) to afford 8.3 mg (19%) of 2u as a colorless
oil. *H NMR (600 MHz, CDCls) 5 9.87 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.74 (dd, J = 7.1, 1.9 Hz,
1H), 8.16 (dd, J = 8.3, 1.7 Hz, 1H), 7.58-7.49 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.41 (d, J = 8.1 Hz,
2H), 7.08 (d, J = 7.7 Hz, 2H), 4.10 (g, J = 7.1 Hz, 2H), 3.74-3.52 (m, 1H), 3.01-2.65 (m, 2H), 2.43-2.31
(m, 2H), 2.29 (s, 3H), 2.04-1.94 (m, 1H), 1.92-1.83 (m, 1H), 1.81-1.73 (m, 1H), 1.72-1.64 (m, 1H), 1.23
(t,J=7.1Hz, 3H). ¥C NMR (150 MHz, CDCls) § 173.46, 169.38, 148.29, 138.49, 137.83, 136.48, 134.48,
133.80, 130.04, 129.91, 128.07, 127.52, 121.76, 121.73, 116.73, 60.44, 45.74, 43.96, 34.15, 34.12, 22.59,
21.23, 14.36. HRMS (ESI-TOF) Calcd for C2sH2oN203sS* [M+H] 437.1899, found 437.1897.

ethyl 8-oxo0-8-(quinolin-8-ylamino)-6-(p-tolylthio)octanoate (2v):

o g-PT The reaction was carried out following General Procedure C using 1
M/\/\[foa (21.2 mg, 0.1 mmol), S10 (46.3 mg, 1.8 mmol), (4-ethoxy-4-

| T N I oxobutyl)zinc bromide (0.15 mmol, 0.5 M in THF), Ni(COD). (2.8 mg,

Z 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C,
and the product was purified by preparative thin-layer chromatography (PTLC) to afford 8.1 mg (18%) of
2v as a colorless oil. 'H NMR (600 MHz, CDCls) § 9.87 (s, 1H), 8.81 (dd, J = 4.2, 1.6 Hz, 1H), 8.74 (dd,
J=7.2,1.8Hz, 1H), 8.16 (dd, J = 8.3, 1.6 Hz, 1H), 7.81-7.48 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.40
(d, J =8.2 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 4.24-4.02 (m, 2H), 3.81-3.51 (m, 1H), 2.93-2.61 (m, 2H),
2.36-2.19 (m, 5H), 1.95-1.71 (m, 1H), 1.71-1.60 (m, 3H), 1.24 (t, J = 7.1 Hz, 2H). *C NMR (150 MHz,
CDCls) 6 173.74, 169.48, 148.29, 138.50, 137.78, 136.48, 134.50, 133.74, 130.13, 129.90, 128.07, 127.54,

121.76, 121.71, 116.73, 60.37, 45.87, 44.08, 34.37, 26.66, 24.89, 21.23, 14.39. HRMS (ESI-TOF) Calcd
for Cz6H31N20sS* [M+H] 451.2055, found 451.2055.

4-cyclobutyl-N-(quinolin-8-yl)-3-(p-tolylthio)butanamide ~ (2w):  The

o gl reaction was carried out following General Procedure C using 1 (21.2 mg, 0.1

mmol), S10 (46.3 mg, 1.8 mmol), cyclobutylzinc bromide (0.15 mmol, 0.5 M

| TR in THF), Ni(COD); (2.8 mg, 0.01 mmol), and THF (1.0 mL). The reaction was

Z run for 20 h at 60 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 19.5 mg (50%) of 2w as a colorless oil. *H NMR (600 MHz, CDCls) §

9.87 (s, 1H), 8.81 (dd, J = 4.2, 1.7 Hz, 1H), 8.75 (dd, J = 7.3, 1.7 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H),

7.58-7.48 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.40 (d, J = 8.1 Hz, 2H), 7.14-7.01 (m, 2H), 3.72-3.47

(m, 1H), 3.01-2.56 (m, 3H), 2.28 (s, 3H), 2.15-2.03 (m, 2H), 1.92-1.75 (m, 4H), 1.73-1.61 (m, 2H). *C

NMR (150 MHz, CDCls) 8 169.59, 148.26, 137.55, 136.46, 134.55, 133.47, 130.50, 129.84, 128.07,

127.54,121.73, 121.65, 116.71, 44.34, 44.13, 42.06, 33.94, 28.80, 28.62, 21.22, 18.69. HRMS (ESI-TOF)
Calcd for C24H27N2OS* [M+H] 391.1844, found 391.1842.

4-cyclohexyl-N-(quinolin-8-yl)-3-(p-tolylthio)butanamide (2x): The reaction

o s P was carried out following General Procedure C using 1 (21.2 mg, 0.1 mmol), S10

cy (46.3 mg, 1.8 mmol), cyclohexylzinc bromide (0.15 mmol, 0.5 M in THF),

| _N N Ni(COD); (2.8 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20

h at 60 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 7.5 mg (18%) of 2x as a white solid. 'H NMR (600 MHz, CDCls) § 9.87
(s,1H),8.81 (dd, J=4.2,1.7 Hz, 1H), 8.75 (dd, J = 7.2, 1.8 Hz, 1H), 8.16 (dd, J = 8.3, 1.7 Hz, 1H), 7.60—
7.48 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.10-7.01 (m, 2H), 3.80-3.70 (m,
1H), 3.04-2.59 (m, 2H), 2.29 (s, 3H), 1.85 (d, J = 12.9 Hz, 1H), 1.83-1.61 (m, 4H), 1.59-1.51 (m, 2H),
1.30-1.20 (m, 3H), 1.19-1.04 (m, 1H), 1.01-0.69 (m, 2H). *C NMR (150 MHz, CDCls) & 169.66, 148.26,
138.52, 137.62, 136.47, 134.56, 133.67, 130.24, 129.85, 128.07, 127.55, 121.74, 121.64, 116.73, 44.64,
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43.18, 42.58, 35.09, 33.80, 32.76, 26.71, 26.44, 26.28, 21.23. HRMS (ESI-TOF) Calcd for C2sH31N20OS*
[M+H] 419.2157, found 419.2147.

4-phenyl-N-(quinolin-8-yl)-3-(p-tolylthio)butanamide (2y): The reaction was
o s carried out following General Procedure C using 1 (21.2 mg, 0.1 mmol), S10 (46.3
NJ\/K/F’h mg, 1.8 mmol), phenylzinc bromide (0.15 mmol, 0.5 M in THF), Ni(COD). (2.8
| N H mg, 0.01 mmol), and THF (1.0 mL). The reaction was run for 20 h at 60 °C, and
the product was purified by preparative thin-layer chromatography (PTLC) to
afford 11.5 mg (28%) of 2y as a colorless oil. *H NMR (600 MHz, CDCls) § 9.84 (s, 1H), 8.80 (dd, J = 4.2,
1.7 Hz, 1H), 8.74 (dd, J = 7.1, 1.8 Hz, 1H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.71-7.49 (m, 2H), 7.46 (dd, J
=8.2, 4.2 Hz, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.30-7.24 (m, 3H), 7.23-7.17 (m, 1H), 7.07 (d, J = 7.8 Hz,
2H), 4.10-3.85 (m, 1H), 3.35-2.90 (m, 2H), 2.86-2.66 (m, 2H), 2.48-2.08 (m, 3H). *C NMR (150 MHz,
CDCls) 6 169.35, 148.25, 138.68, 138.49, 137.77, 136.48, 134.49, 133.63, 130.33, 129.90, 129.64, 128.53,
128.06, 127.54, 126.73, 121.74, 121.68, 116.75, 47.09, 42.61, 41.18, 21.24. HRMS (ESI-TOF) Calcd for
C26H2sN20S* [M+H] 413.1688, found 413.1682.

_p-Tol

2-methyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3a): The reaction was
o s-PTo carried out following General Procedure B using la (22.6 mg, 0.1 mmol), S1
J\H\/Et (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 28.4 mg (75%, 1.3:1 d.r.) of 3a as a colorless oil. 'H NMR (600 MHz,
CDCls) (major) 6 9.94 (s, 1H), 8.85-8.79 (m, 1H), 8.76 (d, J = 7.3 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H),
7.57-7.48 (m, 2H), 7.45 (dd, J = 8.3, 4.2 Hz, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.08
(d, J=7.9 Hz, 2H), 3.64-3.54 (m, 1H), 2.87-2.74 (m, 1H), 2.31 (s, 3H), 1.87-1.66 (m, 2H), 1.60-1.49 (m,
2H), 1.41 (d, J = 7.0 Hz, 3H), 0.92 (t, J = 7.1 Hz, 3H); (minor) 6 10.1 (s, 1H), 8.85-8.79 (m, 1H), 8.76 (d,
J=7.3Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H), 7.57-7.48 (m, 2H), 7.45 (dd, J = 8.3, 4.2 Hz, 1H), 7.42 (d,
J=8.1Hz, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.05 (d, J = 7.9 Hz, 2H), 3.41-3.37 (m, 1H), 2.87-2.74 (m, 1H),
2.28 (s, 3H), 1.87-1.66 (m, 2H), 1.60-1.49 (m, 2H), 1.45 (d, J = 7.0 Hz, 3H), 0.91 (t, J = 7.0 Hz, 4H). *C
NMR (151 MHz, CDCls) (major) & 173.26, 148.26, 138.65, 137.09, 136.44, 134.55, 132.63, 131.89,
129.88, 128.05, 127.54, 121.70, 121.55, 116.64, 52.44, 46.48, 33.01, 21.23, 20.45, 14.09, 13.63; (minor) &
173.00, 148.25, 138.70, 137.27, 136.39, 134.65, 133.00, 131.54, 129.83, 128.07, 127.52, 121.69, 121.56,
116.67, 53.92, 46.82, 34.62, 21.20, 20.93, 15.74, 13.95. HRMS (ESI-TOF) Calcd for C23H27N.OS* [M+H]
379.1844, found 379.1830.

| N
~N Me

2-ethyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3b): The reaction was
o g-P T carried out following General Procedure B using 1b (24.0 mg, 0.1 mmol), S1
)H)\/Et (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 24.3 mg (62%, 3.1:1 d.r.) of 3b as a colorless oil. 'H NMR (600 MHz,
CDCls) (major) 4 9.90 (s, 1H), 8.85-8.77 (m, 2H), 8.16 (d, J = 8.2 Hz, 1H), 7.60-7.32 (m, 5H), 7.13 (dt, J
=7.9,0.7 Hz, 2H), 3.34-3.30 (m, 1H), 2.54 (ddd, J = 9.2, 6.7, 5.1 Hz, 1H), 2.34 (s, 3H), 2.00-1.75 (m, 3H),
1.57-1.50 (m, 3H), 0.99 (t, J = 7.4 Hz, 3H), 0.91 (t, J = 7.1 Hz, 3H); (minor) & 10.02 (s, 1H), 8.85-8.77 (m,
2H), 8.16 (d, J = 8.2 Hz, 1H), 7.60-7.32 (m, 5H), 7.15-7.00 (m, 2H), 3.45 (ddd, J = 8.7, 6.7, 3.9 Hz, 1H),
2.59 (ddd, J = 10.0, 6.7, 4.3 Hz, 1H), 2.32 (s, 3H), 2.00-1.75 (m, 3H), 1.57-1.50 (m, 3H), 0.95 (t, J = 7.4
Hz, 3H), 0.89 (t, J = 7.1 Hz, 3H). 3C NMR (151 MHz, CDCls) (major) & 172.53, 148.25, 138.64, 137.13,
136.42,134.54,132.89, 132.08, 129.84, 128.06, 127.57, 121.69, 121.52, 116.70, 54.79, 52.56, 33.79, 22.46,
21.26, 20.25, 14.08, 12.55; (minor) & 172.42, 148.27, 138.66, 137.33, 136.41, 134.58, 132.96, 131.64,
129.93, 128.11, 127.56, 121.71, 121.61, 116.67, 54.87, 52.84, 34.10, 24.34, 21.26, 20.87, 13.97, 12.31.
HRMS (ESI-TOF) Calcd for C2sH2oN-OS* [M+H] 393.2001, found 393.2011.

I N
~-N Et
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2-isopentyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3c): The reaction
o s-PT° was carried out following General Procedure B using 1c (28.2 mg, 0.1 mmol), S1

J\C/Et (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
I

N
| H

! o Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run

for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 22.6 mg (52%, 1.8:1 d.r.) of 3c as a colorless oil. *H NMR (600 MHz,
CDCls) (major) 6 9.89 (s, 1H), 8.84-8.76 (m, 2H), 8.16 (d, J = 8.2 Hz, 1H), 7.56-7.48 (m, 2H), 7.48-7.44
(m, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 3.49-3.43 (m, 1H), 2.64-2.60 (m, 1H), 2.33 (s,
3H), 1.96-1.64 (m, 4H), 1.58-1.49 (m, 3H), 1.33-1.15 (m, 2H), 0.96-0.82 (m, 9H); (minor) & 10.02 (s,
1H), 8.84-8.76 (m, 2H), 8.16 (d, J = 8.2 Hz, 1H), 7.56-7.48 (m, 2H), 7.48-7.44 (m, 1H), 7.39 (d, J = 8.1
Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H), 3.33-3.29 (m, 1H), 2.60-2.55 (m, 1H), 2.34 (s, 3H), 1.96-1.64 (m, 4H),
1.58-1.49 (m, 3H), 1.33-1.15 (m, 2H), 0.96-0.82 (m, 9H). *C NMR (151 MHz, CDCls) (major) & 172.61,
148.24, 138.65, 137.10, 136.41, 134.57, 132.79, 132.17, 129.86, 128.07, 127.58, 121.70, 121.51, 116.69,
53.31, 52.86, 37.15, 33.75, 28.36, 26.87, 22.85, 22.46, 21.27, 20.41, 14.09; (minor) & 172.49, 148.26,
138.69, 137.34, 136.40, 134.61, 133.04, 131.67, 129.92, 128.11, 127.57, 121.71, 121.57, 116.67, 53.27,
52.85, 36.82, 34.06, 28.96, 26.87, 22.74, 22.52, 20.93, 20.41, 13.98. HRMS (ESI-TOF) Calcd for
C27H3sN20S* [M+H] 435.2470, found 435.2463.

2-(cyclopropylmethyl)-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3d):
o s-PTel The reaction was carried out following General Procedure B using 1d (26.6 mg,
gt 0.1 mmol), S1 (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
| ! N Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
Z for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 21.7 mg (52%, 2.9:1 d.r.) of 3d as a colorless
oil. 'H NMR (600 MHz, CDCls) (major) 8 9.93 (s, 1H), 9.05-8.60 (m, 2H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H),
7.55-7.49 (m, 2H), 7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.14-7.05 (m, 2H), 3.64-3.36
(m, 1H), 2.96-2.66 (m, 1H), 2.33 (s, 3H), 1.99-1.90 (m, 1H), 1.87-1.77 (m, 1H), 1.68-1.61 (m, 1H), 1.56—
1.44 (m, 3H), 1.01-0.84 (m, 3H), 0.80-0.71 (m, 1H), 0.51-0.32 (m, 2H), 0.20-0.10 (m, 1H), 0.08-0.01 (m,
1H); (minor) 6 10.09 (s, 1H), 9.05-8.60 (m, 2H), 8.16 (dd, J = 8.2, 1.7 Hz, 1H), 7.55-7.49 (m, 2H), 7.46
(dd, J = 8.2, 4.2 Hz, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.17-7.11 (m, 2H), 3.42-3.32 (m, 1H), 2.76-2.67 (m,
1H), 2.34 (s, 3H), 1.92-1.87 (m, 1H), 1.87-1.77 (m, 1H), 1.68-1.61 (m, 1H), 1.56-1.44 (m, 3H), 1.01-0.84
(m, 3H), 0.71-0.66 (m, 1H), 0.36-0.28 (m, 2H), 0.13-0.07 (m, 1H), 0.08-0.01 (m, 1H). 3C NMR (151
MHz, CDCls) (major) 6 172.77, 148.26, 138.66, 137.11, 136.42, 134.64, 132.82, 132.13, 129.86, 128.08,
127.60, 121.69, 121.49, 116.71, 53.38, 52.49, 34.20, 33.76, 21.28, 20.23, 14.09, 9.74, 5.37, 4.30; (minor)
0 172.70, 148.28, 138.68, 137.29, 136.40, 134.68, 132.87, 131.58, 129.91, 128.11, 127.57, 121.71, 121.57,
116.67, 53.55, 52.48, 36.14, 34.08, 21.26, 20.82, 13.98, 9.47, 4.98, 4.51. HRMS (ESI-TOF) Calcd for
CasH3:N,0S* [M+H] 419.2157, found 419.2153.

2-(cyclobutylmethyl)-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3e): The

o s-P ol reaction was carried out following General Procedure B using 1e (28.0 mg, 0.1

gt mmol), S1 (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

| | N Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
Z for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 22.5 mg (52%, 3.7 d.r.) of 3e as a colorless oil.

'H NMR (600 MHz, CDCls) (major) & 9.83 (s, 1H), 8.98-8.68 (m, 2H), 8.16 (dd, J = 8.2, 1.8 Hz, 1H),
7.56-7.48 (m, 2H), 7.48-7.43 (m, 1H), 7.38 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 3.43 (ddd, J =
8.5, 6.5, 3.8 Hz, 1H), 2.60-2.55 (m, 1H), 2.32 (s, 3H), 2.40-2.27 (m, 1H), 2.11-1.94 (m, 3H), 1.86-1.71
(m, 4H), 1.69-1.59 (m, 2H), 1.57-1.49 (m, 2H), 0.91 (t, J = 7.1 Hz, 3H); (minor) & 10.00 (s, 1H), 8.98—
8.68 (m, 2H), 8.16 (dd, J = 8.2, 1.8 Hz, 1H), 7.56-7.48 (m, 2H), 7.48-7.43 (m, 1H), 7.38 (d, J = 8.1 Hz,
2H), 7.13 (d, J = 7.8 Hz, OH), 3.30-3.26 (m, 1H), 2.57-2.51 (m, 1H), 2.34 (s, 3H), 2.40-2.27 (m, 1H), 2.11—
1.94 (m, 3H), 1.86-1.71 (m, 4H), 1.69-1.59 (m, 2H), 1.57-1.49 (m, 2H), 0.88 (t, J = 6.3 Hz, 3H). *C NMR
(151 MHz, CDCls) (major) 6 172.59, 148.28, 138.64, 137.08, 136.41, 134.56, 132.82, 132.15, 129.83,
128.07, 127.58, 121.70, 121.51, 116.68, 52.79, 51.03, 36.32, 34.62, 33.70, 28.78, 28.22, 21.27, 20.18,
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18.49, 14.12; (minor) & 172.53, 148.31, 138.67, 137.34, 136.41, 134.62, 133.00, 131.62, 129.91, 128.12,
127.58,121.72, 121.60, 116.67, 53.07, 51.14, 38.38, 34.48, 34.12, 28.63, 28.31, 20.88, 20.18, 18.54, 13.98.
HRMS (ESI-TOF) Calcd for Co7HzsN;0S* [M+H] 433.2314, found 433.2307.

2-(3-phenylpropyl)-N-(quinolin-8-y1)-3-(p-tolylthio)hexanamide (3f): The
o s-PTo reaction was carried out following General Procedure B using 1f (33.0 mg, 0.1
gt mmol), S1 (58.9 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
| ! ﬁ)‘\C Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
Z Pph for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 24.6 mg (51%, 1.7:1 d.r.) of 3f as a colorless oil. *H NMR (600 MHz,
CDCls) (major) 8 9.93 (s, 1H), 8.92-8.70 (m, 2H), 8.23-8.14 (m, 1H), 7.60—7.51 (m, 2H), 7.49 (dd, J = 8.2,
4.2 Hz, 1H), 7.40 (d, J = 8.1 Hz, 2H), 7.26-7.20 (m, 2H), 7.18-7.14 (m, 3H), 7.13-7.10 (m, 2H), 3.50-3.44
(m, 1H), 2.72-2.56 (m, 3H), 2.36 (s, 3H), 2.05-1.63 (m, 6H), 1.58-1.51 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H);
(minor) 10.06 (s, 1H), 8.92-8.70 (m, 2H), 8.23-8.14 (m, 1H), 7.60-7.51 (m, 2H), 7.49 (dd, J = 8.2, 4.2 Hz,
1H), 7.46 (d, J = 8.1 Hz, 2H), 7.26-7.20 (m, 2H), 7.18-7.14 (m, 3H), 7.13-7.10 (m, 2H), 3.34-3.27 (m,
1H), 2.72-2.56 (m, 3H), 2.38 (s, 3H), 2.05-1.63 (m, 6H), 1.58-1.51 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H). *C
NMR (151 MHz, CDCIls) (major) 6 172.42, 148.26, 142.23, 138.62, 137.16, 136.42, 134.50, 132.85,
132.07,129.88, 128.52, 128.37, 128.06, 127.55, 125.84,121.70, 121.58, 116.71, 52.97, 52.74, 36.12, 33.74,
29.89, 28.88, 21.27, 20.35, 14.06; (minor) & 172.29, 148.28, 142.23, 138.65, 137.45, 136.41, 134.54,
133.19, 131.53, 129.97, 128.54, 128.36, 128.11, 127.55, 125.82, 121.72, 121.65, 116.69, 53.26, 52.96,
35.95, 33.98, 30.84, 29.54, 21.28, 20.94, 13.96. HRMS (ESI-TOF) Calcd for Cs1HssN.OS* [M+H]
483.2470, found 483.2465.

4-methyl-N-(quinolin-8-yI)-3-(p-tolylthio)hexanamide (3g): The reaction was
o g-P™ carried out following General Procedure B using 1g (22.6 mg, 0.1 mmol), S10
)J\/I\rMe (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
run for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 33.6 mg (89%) of 3g as a white solid. *H NMR (600 MHz, CDCls) &
9.92 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.73 (dd, J = 7.3, 1.7 Hz, 1H), 8.15 (dd, J = 8.3, 1.7 Hz, 1H),
7.53-7.47 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.40-7.36 (m, 2H), 7.02-6.98 (m, 2H), 3.79 (ddd, J =
8.8, 5.0, 3.8 Hz, 1H), 2.84 (dd, J = 15.1, 4.9 Hz, 1H), 2.67 (dd, J = 15.1, 8.8 Hz, 1H), 2.21 (s, 3H), 1.81
(dddd, J=13.4, 6.6, 4.8, 3.3 Hz, 1H), 1.63-1.53 (m, 1H), 1.38-1.31 (m, 1H), 1.09 (d, J = 6.8 Hz, 3H), 0.92
(t, J=7.4 Hz, 3H).*°C NMR (151 MHz, CDCls) 5 169.99, 148.24, 138.49, 137.10, 136.42, 134.58, 132.72,
131.71, 129.75, 128.03, 127.49, 121.70, 121.59, 116.68, 51.83, 40.52, 38.82, 26.68, 21.12, 16.00, 12.15.
HRMS (ESI-TOF) Calcd for CasH27N.OS™ [M+H] 379.1844, found 379.1838. X-ray (single-crystal)
Colorless crystals of X-ray diffraction quality were obtained by vapor diffusion of hexane to a saturated
solution of 4g in ethyl acetate (CCDC 2154909).”

| N
~-N Et

_pTol 4-methyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3h): The reaction was

QS carried out following General Procedure B using 1h (24.0 mg, 0.1 mmol), S10

NJ\/'\(Et (46.3 mg, 1.8 mmol), dimethylzinc (0.15 mmol, 1.0 M in THF),

l N H Me  Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run

for 20 h at 60 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 29.1 mg (77%) of 3h as a colorless oil. *H NMR (600 MHz, CDCls) &

9.87 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.72 (dd, J = 7.2, 1.7 Hz, 1H), 8.14 (dd, J = 8.3, 1.7 Hz, 1H),

7.53-7.47 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.41-7.36 (m, 2H), 7.01-6.99 (m, 2H), 3.82 (ddd, J =

7.8, 6.3, 3.4 Hz, 1H), 2.85 (dd, J = 15.0, 6.4 Hz, 1H), 2.79 (dd, J = 15.0, 7.8 Hz, 1H), 2.22 (s, 3H), 1.87—

1.78 (m, 1H), 1.73 (dqd, J = 12.8, 7.4, 5.3 Hz, 1H), 1.36 (ddqg, J = 13.4, 8.4, 7.3 Hz, 1H), 1.05 (d, J = 6.8

Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) § 169.91, 148.26, 138.46, 137.05, 136.43,

134.54,132.72, 131.80, 129.78, 128.03, 127.48, 121.71, 121.61, 116.65, 52.17, 42.39, 39.00, 27.18, 21.12,
15.71, 12.15. HRMS (ESI-TOF) Calcd for C23H2zN.OS* [M+H] 379.1844, found 379.1834.

S22



4-ethyl-N-(quinolin-8-yI)-3-(p-tolylthio)octanamide (3i): The reaction was

o s7P™ carried out following General Procedure B using 1i (26.8 mg, 0.1 mmol), S10

NJJ\/'\rEt (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

| _n H Bu Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run

for 20 h at 60 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 31.1 mg (74%) of 3i as a colorless oil. *H NMR (600 MHz, CDCls) &

9.89 (s, 1H), 8.80 (dd, J = 4.2, 1.7 Hz, 1H), 8.72 (dd, J = 7.2, 1.8 Hz, 1H), 8.14 (dd, J = 8.3, 1.7 Hz, 1H),

7.52-7.47 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.40-7.36 (m, 2H), 7.01-6.97 (m, 2H), 3.91 (ddd, J =

8.5,5.7, 3.1 Hz, 1H), 2.85 (dd, J = 15.0, 5.7 Hz, 1H), 2.73 (dd, J = 15.0, 8.3 Hz, 1H), 2.21 (s, 3H), 1.74 (tt,

J=13.6, 7.3 Hz, 1H), 1.60 (pd, J = 6.5, 3.1 Hz, 1H), 1.50-1.22 (m, 7H), 0.95 (t, J = 7.4 Hz, 3H), 0.86 (t, J

= 7.0 Hz, 3H). BC NMR (151 MHz, CDCls) 6 169.98, 148.22, 138.47, 137.07, 136.41, 134.55, 132.72,

131.75, 129.75, 128.03, 127.48, 121.69, 121.58, 116.66, 49.86, 43.94, 41.48, 30.44, 30.09, 24.00, 23.07,
21.11, 14.18, 12.43. HRMS (ESI-TOF) Calcd for C2:H2:CIN2OS* [M+H] 421.2314, found 421.2305.

4-ethyl-6-phenyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide  (3j): The
reaction was carried out following General Procedure B using 1j (31.6 mg, 0.1
Et mmol), S10 (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
Ph Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 34.6 mg (74%) of 3j as a colorless oil. *H NMR (600 MHz, CDCls) &
9.85 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.71 (dd, J = 7.1, 1.8 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H),
7.54-7.47 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.38-7.35 (m, 2H), 7.18 (tt, J = 7.6, 1.7 Hz, 2H), 7.14—
7.11 (m, 2H), 7.09-7.05 (m, 1H), 7.01-6.98 (m, 2H), 3.96 (ddd, J = 8.1, 5.9, 3.3 Hz, 1H), 2.82 (dd, J =
15.0, 5.9 Hz, 1H), 2.73 (dd, J = 15.1, 8.1 Hz, 1H), 2.63 (t, J = 7.9 Hz, 2H), 2.22 (s, 3H), 1.84-1.71 (m, 3H),
1.71-1.65 (m, 1H), 1.49-1.41 (m, 1H), 0.96 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) & 169.81,
148.23, 142.41, 138.45, 137.21, 136.42, 134.51, 132.90, 131.54, 129.81, 128.53, 128.39, 128.02, 127.47,
125.79, 121.71, 121.61, 116.67, 49.68, 43.31, 41.47, 34.01, 32.70, 23.86, 21.13, 12.29. HRMS (ESI-TOF)
Calcd for C3oH33NOS* [M+H] 469.2314, found 469.2310.

_p-Tol

4-benzyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3k): The reaction was
0 carried out following General Procedure B using 1k (30.2 mg, 0.1 mmol), S10
NJ\)\rEt (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
| N H Bn Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was run
for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 23.2 mg (51%) of 3k as a colorless oil. *H NMR (600 MHz, CDCls) &
9.85 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.73 (dd, J = 7.0, 2.0 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H),
7.53-7.48 (m, 2H), 7.45 (dd, J = 8.2, 4.2 Hz, 1H), 7.24-7.20 (m, 4H), 7.18-7.14 (m, 3H), 6.98-6.90 (m,
2H), 3.90 (ddd, J = 8.6, 5.9, 2.8 Hz, 1H), 2.89 (dd, J = 15.0, 5.9 Hz, 1H), 2.81-2.72 (m, 2H), 2.69 (dd, J =
13.8, 7.5 Hz, 1H), 2.22 (s, 3H), 1.98 (pd, J = 6.9, 2.8 Hz, 1H), 1.77 (ddd, J = 13.7, 7.4, 6.3 Hz, 1H), 1.35
(dp, J=14.3, 7.2 Hz, 1H), 0.94 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) & 169.70, 148.22, 140.84,
138.48, 136.89, 136.41, 134.52, 132.16, 131.54, 129.75, 129.36, 128.47, 128.03, 127.49, 126.04, 121.71,
121.64, 116.72, 48.62, 46.16, 41.35, 37.12, 23.56, 21.11, 12.27. HRMS (ESI-TOF) Calcd for C9H3:N,OS*
[M+H] 455.2157, found 455.2151.

_p-Tol
g7P°

4-phenyl-N-(quinolin-8-yl)-3-(p-tolylthio)hexanamide (3l): The reaction was
o S carried out following General Procedure B using 1l (28.8 mg, 0.1 mmol), S10
NJ\/'\(Et (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),

| N M ph Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The reaction was
run for 20 h at 60 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 15.4 mg (35%) of 3l as a colorless oil. 'H NMR (600 MHz, CDCls) &
9.78 (s, 1H), 8.78 (dd, J = 4.2, 1.7 Hz, 1H), 8.72 (dd, J = 7.2, 1.8 Hz, 1H), 8.15 (dd, J = 8.2, 1.7 Hz, 1H),
7.53-7.48 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.40-7.37 (m, 2H), 7.34-7.29 (m, 4H), 7.28-7.24 (m,
1H), 7.05-7.00 (m, 2H), 4.03 (td, J = 7.0, 4.5 Hz, 1H), 2.98 (dt, J = 9.8, 4.9 Hz, 1H), 2.75 (dd, J = 15.2, 6.8
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Hz, 1H), 2.66 (dd, J = 15.2, 7.3 Hz, 1H), 2.25 (s, 3H), 2.11-2.01 (m, 1H), 2.03-1.93 (m, 1H), 0.83 (t, J =
7.3 Hz, 3H). ®C NMR (151 MHz, CDCls) § 169.77, 148.25, 141.11, 138.49, 137.19, 136.43, 134.52,
132.69, 131.91, 129.87, 129.31, 128.38, 128.05, 127.49, 126.95, 121.73, 121.66, 116.71, 52.32, 51.20,
42.47, 25.64, 21.17, 12.52. HRMS (ESI-TOF) Calcd for CasHasCIN:OS* [M+H] 441.2001, found
441.1989.

N-(quinolin-8-yl)-3-(p-tolylthio)-4-(2-

o s P o-TPS ((triisopropylsilyl)oxy)benzyl)hexanamide (3m): The reaction was
N carried out following General Procedure B using 1m (47.4 mg, 0.1
| _n H I mmol), S10 (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in

toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL).
The reaction was run for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 35.1 mg (56%) of 3m as a colorless oil. *H NMR (600 MHz, CDCls) &
9.85 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.67 (dd, J = 6.7, 2.2 Hz, 1H), 8.14 (dd, J = 8.3, 1.7 Hz, 1H),
7.50-7.46 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.35-7.32 (m, 2H), 7.15 (dd, J = 7.5, 1.8 Hz, 1H), 7.00
(td, J=7.7, 1.8 Hz, 1H), 6.96-6.93 (m, 2H), 6.80 (td, J = 7.4, 1.2 Hz, 1H), 6.75 (dd, J = 8.1, 1.2 Hz, 1H),
3.91 (ddd, J=8.5, 5.5, 2.9 Hz, 1H), 2.94-2.83 (m, 3H), 2.73 (dd, J = 14.8, 8.5 Hz, 1H), 2.18 (s, 3H), 2.16—
2.09 (m, 1H), 1.55 (dp, J = 14.4, 7.2 Hz, 1H), 1.46 (ddd, J = 14.1, 7.5, 6.5 Hz, 1H), 1.28 (dq, J = 14.9, 7.4
Hz, 3H), 1.07 (dd, J = 7.5, 4.6 Hz, 18H), 0.90 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz, CDCls) § 169.74,
154.45, 148.18, 138.48, 136.87, 136.35, 134.60, 132.32, 131.66, 131.01, 130.81, 129.71, 127.98, 127.45,
126.85, 121.63, 121.47, 120.70, 118.05, 116.65, 49.41, 44.52, 41.56, 31.52, 23.56, 21.09, 18.26, 18.23,
13.32, 12.50. HRMS (ESI-TOF) Calcd for CasHs1N20.SSi* [M+H] 627.3441, found 627.3432.

tert-butyl (4-ethyl-7-oxo-7-(quinolin-8-ylamino)-5-(p-
o g-PTo tolylthio)heptyl)carbamate (3n): The reaction was carried out
)l\/l\(\/\ following General Procedure B using 1n (36.9 mg, 0.1 mmol), S10
B N f NHBoc (46,3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
Z Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The
reaction was run for 20 h at 60 °C, and the product was purified by preparative thin-layer chromatography
(PTLC) to afford 14.1 mg (27%) of 3n as a colorless oil. *H NMR (600 MHz, CDCls) § 9.88 (s, 1H), 8.81
(dd, J=4.2,1.7 Hz, 1H), 8.72 (dd, J = 7.0, 2.0 Hz, 1H), 8.16 (dd, J = 8.3, 1.7 Hz, 1H), 7.55-7.47 (m, 2H),
7.46 (dd, J = 8.2, 4.2 Hz, 1H), 7.41-7.35 (m, 2H), 7.04-6.99 (m, 2H), 4.53 (s, 1H), 3.91 (ddd, J = 8.5, 5.6,
3.1 Hz, 1H), 3.11 (s, 2H), 2.84 (dd, J = 15.1, 5.6 Hz, 1H), 2.72 (dd, J = 15.2, 8.3 Hz, 1H), 2.22 (s, 3H), 1.71
(ddd, J = 12.9, 10.3, 6.0 Hz, 1H), 1.61-1.40 (m, 13H), 1.37-1.24 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). *C
NMR (151 MHz, CDCl3) 6 169.83, 156.13, 148.29, 138.48, 137.24, 136.45, 134.52, 132.71, 131.64,
129.86, 128.05, 127.50, 121.74, 121.67, 116.70, 79.15, 49.62, 43.77, 41.14, 40.83, 28.60, 28.25, 28.01,
23.79, 12.40. HRMS (ESI-TOF) Calcd for C30HoN3OsS* [M+H] 522.2790, found 522.2791.

oo 7-(1,3-dioxoisoindolin-2-yl)-4-ethyl-N-(quinolin-8-yl)-3-(p-

o s o) tolylthio)heptanamide (30): The reaction was carried out
NJ\/'\(\/\N following General Procedure B using 10 (39.9 mg, 0.1 mmol), S10

| N Et (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in toluene),
0 Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0 mL). The

reaction was run for 20 h at 60 °C, and the product was purified by preparative thin-layer chromatography
(PTLC) to afford 39.7 mg (72%) of 30 as a colorless oil. 'H NMR (600 MHz, CDCl3) § 9.86 (s, 1H), 8.80
(dd, J = 4.2, 1.7 Hz, 1H), 8.70 (dd, J = 6.9, 2.0 Hz, 1H), 8.14 (dd, J = 8.3, 1.7 Hz, 1H), 7.83 (dd, J = 5.4,
3.0 Hz, 2H), 7.69 (dd, J = 5.4, 3.0 Hz, 2H), 7.53-7.47 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz, 1H), 7.37-7.34
(m, 2H), 7.01-6.97 (m, 2H), 3.90 (ddd, J = 8.5, 5.5, 3.1 Hz, 1H), 3.76-3.64 (m, 2H), 2.83 (dd, J=15.2,5.5
Hz, 1H), 2.70 (dd, J = 15.1, 8.4 Hz, 1H), 2.21 (s, 3H), 1.83-1.70 (m, 3H), 1.68-1.60 (m, 1H), 1.52-1.41
(m, 2H), 1.42-1.34 (m, 1H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) & 169.73, 168.51,
148.24, 138.44, 137.22, 136.39, 134.50, 133.94, 132.83, 132.29, 131.45, 129.81, 128.00, 127.46, 123.28,
121.68, 121.59, 116.68, 49.59, 43.71, 41.02, 38.36, 28.09, 27.05, 23.76, 21.12, 12.39. HRMS (ESI-TOF)
Calcd for CzsH34N303S* [M+H] 552.2321, found 552.2325.
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9-(1,3-dioxoisoindolin-2-yl)-4-ethyl-N-(quinolin-8-yl)-3-(p-
S o tolylthio)nonanamide (3p): The reaction was carried out
NJ\/'\(\/\AN following General Procedure B using 1p (42.7 mg, 0.1 mmol),
l H S10 (46.3 mg, 1.8 mmol), diethylzinc (0.15 mmol, 1.0 M in
toluene), Ni(COD)(DMFU) (3.1 mg, 0.01 mmol), and THF (1.0
mL). The reaction was run for 20 h at 60 °C, and the product was purified by preparative thin-layer
chromatography (PTLC) to afford 35.9 mg (62%) of 3p as a colorless oil. 'H NMR (600 MHz, CDCls) &
9.88 (s, 1H), 8.79 (dd, J = 4.2, 1.7 Hz, 1H), 8.71 (dd, J = 7.3, 1.7 Hz, 1H), 8.14 (dd, J = 8.2, 1.7 Hz, 1H),
7.84 (dd, J=5.4, 3.1 Hz, 2H), 7.69 (dd, J = 5.4, 3.0 Hz, 2H), 7.53-7.45 (m, 2H), 7.44 (dd, J = 8.2, 4.2 Hz,
1H), 7.40-7.35 (m, 2H), 7.02-6.94 (m, 2H), 3.91 (ddd, J = 8.5, 5.3, 3.1 Hz, 1H), 3.69-3.64 (m, 2H), 2.82
(dd, J =15.1, 5.3 Hz, 1H), 2.69 (dd, J = 15.2, 8.6 Hz, 1H), 2.20 (s, 3H), 1.74-1.63 (m, 3H), 1.59 (pd, J =
6.4, 3.0 Hz, 1H), 1.49-1.42 (m, 2H), 1.42-1.24 (m, 5H), 0.92 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz,
CDCl3) 6 169.91, 168.55, 148.22, 138.44, 137.08, 136.38, 134.54, 133.93, 132.72, 132.31, 131.69, 129.74,
128.00, 127.47, 123.26, 121.67, 121.55, 116.65, 49.66, 43.99, 41.09, 38.16, 30.67, 28.66, 27.44, 27.31,
23.82, 21.09, 12.39. HRMS (ESI-TOF) Calcd for CssH3sN3OsS* [M+H] 580.2634, found 580.2643.

_p-Tol 3-(p-tolylthio)hexanoic acid (4): The reaction was carried out following a modified

o S literature procedure! using 2a (36.4 mg, 0.1 mmol) and HCI (6 M, 1 mL). The reaction

Ho)l\)\/Et was run for 40 h at 70 °C, and the product was purified by preparative thin-layer

chromatography (PTLC) to afford 20.0 mg (84%) of 4 as a colorless oil. *H NMR (600

MHz, CDCls) 8 7.35 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.5 Hz, 1H), 3.59-3.19 (m, 1H), 2.90-2.44 (m, 2H),

2.33 (s, 3H), 1.75-1.42 (m, 4H), 0.92 (t, J = 7.0 Hz, 2H). **C NMR (151 MHz, CDCls) & 177.81, 138.01,

134.07, 129.88, 129.67, 44.97, 40.36, 36.67, 21.27, 20.23, 13.90. HRMS (ESI-TOF) Calcd for C13H170,S™
[M—H] 237.0949, found 237.0941.

S25



X-Ray Crystallography
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Experimental Summary

The single crystal X-ray diffraction studies were carried out on a Bruker APEX Il Ultra diffractometer
equipped with Mo K radiation (A = 0.71073). Crystals of the subject compound were used as received
(grown from Hexane). A 0.200 x 0.035 x 0.035 mm colorless crystal was mounted on a Cryoloop with
Paratone oil.

Data were collected in a nitrogen gas stream at 100(2) K using ¢ and @ scans. Crystal-to-detector distance
was 45 mm using exposure time 2.0 s (depending on the detector 211 position) with a scan width of 0.70°.
Data collection was 99.7% complete to 25.242° in 6. A total of 13350 reflections were collected. 2508
reflections were found to be symmetry independent, with a Rin; 0f 0.0422. Indexing and unit cell refinement
indicated a Primitive, Monoclinic lattice. The space group was found to be P2:/n. The data were integrated
using the Bruker SAINT Software program and scaled using the SADABS software program. Solution by
direct methods (SHELXT) produced a complete phasing model consistent with the proposed structure.

All nonhydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-2014). All
carbon bonded hydrogen atoms were placed using a riding model. Their positions were constrained relative
to their parent atom using the appropriate HFIX command in SHELXL-2014.

Crystallographic data are summarized in Table S5.

Notes: Excellent data and refinement.
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Table S5: Crystal data and structure refinement for S10 (CCDC 2149662).

Report date
Identification code
Empirical formula
Molecular formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Crystal color, habit

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)

Largest diff. peak and hole

2022-02-01

Engle389

CI5H1I5NOS

CI5H1I5NOS

257.34

100.0 K

0.71073 A

Monoclinic

P121/n1

a=15.7788(18) A a=90°.
b = 5.6659(7) A B=116.848(3)°.
¢ = 16.0675(19) A y=90°,
1281.6(3) A3

4

1.334 Mg/m3

0.239 mm-!

544

0.2 x 0.035 x 0.035 mm3

colorless plank

1.501 to 26.029°.

-19<=h<=14, -7<=k<=7, -19<=I<=19
13350

2508 [R(int) = 0.0422]

99.7 %

Semi-empirical from equivalents
0.6465 and 0.6136

Full-matrix least-squares on F2
2508/0/165

1.087

R1 =0.0403, wR2 = 0.0912

R1 =0.0456, wR2 = 0.0935

0.314 and -0.276 e. A3
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Table S6: Atomic coordinates (x10% and equivalent isotropic displacement parameters (A?x10°%) for S10.
U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
S(1) 6197(1) 5994(1) 8282(1) 14(1)
O(1) 4514(1) 7166(3) 9317(1) 18(1)
N(1) 5587(1) 7492(3) 8749(1) 15(1)
C(1) 6124(2) 9283(4) 9456(1) 19(1)
C() 4773(1) 6564(3) 8742(1) 13(1)
C@3) 4212(1) 4804(4) 7997(1) 13(1)
C(4) 3937(1) 5214(4) 7053(1) 15(1)
C(5) 3348(1) 3619(4) 6391(1) 17(1)
C(6) 3037(1) 1598(4) 6658(1) 18(1)
C@) 3316(1) 1173(4) 7599(1) 18(1)
C(8) 3898(1) 2775(4) 8264(1) 16(1)
C(9) 6134(1) 7901(4) 7381(1) 14(1)
C(10) 5638(1) 10024(4) 7156(1) 16(1)
C(11) 5642(1) 11417(4) 6446(1) 16(1)
C(12) 6125(1) 10733(4) 5942(1) 16(1)
C(13) 6604(1) 8576(4) 6170(1) 17(2)
C(14) 6619(1) 7175(4) 6883(1) 15(1)
C(15) 6146(2) 12275(4) 5188(1) 20(1)
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Table S7: Bond lengths [A] and angles [°] for S10.

S(1)-N(1) 1.6924(17) C(4)-C(3)-C(2) 122.54(18)
S(1)-C(9) 1.771(2) C(8)-C(3)-C(2) 117.76(17)
0(1)-C(2) 1.217(2) C(8)-C(3)-C(4) 119.52(18)
N(1)-C(1) 1.472(3) C(3)-C(4)-H(4) 120.1
N(1)-C(2) 1.383(3) C(5)-C(4)-C(3) 119.85(19)
C(1)-H(1A) 0.9800 C(5)-C(4)-H(4) 120.1
C(1)-H(1B) 0.9800 C(4)-C(5)-H(5) 119.7
C(1)-H(1C) 0.9800 C(4)-C(5)-C(6) 120.58(19)
C(2)-C(3) 1.502(3) C(6)-C(5)-H(5) 119.7
C(3)-C(4) 1.395(3) C(5)-C(6)-H(6) 120.1
C(3)-C(8) 1.394(3) C(5)-C(6)-C(7) 119.73(19)
C(4)-H(4) 0.9500 C(7)-C(6)-H(6) 120.1
C(4)-C(5) 1.385(3) C(6)-C(7)-H(7) 120.1
C(5)-H(5) 0.9500 C(8)-C(7)-C(6) 119.89(19)
C(5)-C(6) 1.389(3) C(8)-C(7)-H(7) 120.1
C(6)-H(6) 0.9500 C(3)-C(8)-H(8) 119.8
C(6)-C(7) 1.392(3) C(7)-C(8)-C(3) 120.43(18)
C(7)-H(7) 0.9500 C(7)-C(8)-H(8) 119.8
C(7)-C(8) 1.386(3) C(10)-C(9)-S(1) 123.91(15)
C(8)-H(8) 0.9500 C(10)-C(9)-C(14) 119.67(18)
C(9)-C(10) 1.391(3) C(14)-C(9)-S(1) 116.42(16)
C(9)-C(14) 1.396(3) C(9)-C(10)-H(10) 120.2
C(10)-H(10) 0.9500 C(11)-C(10)-C(9) 119.59(19)
C(10)-C(11) 1.390(3) C(11)-C(10)-H(10) 120.2
C(11)-H(11) 0.9500 C(10)-C(11)-H(11) 119.1
C(11)-C(12) 1.393(3) C(10)-C(11)-C(12) 121.72(19)
C(12)-C(13) 1.396(3) C(12)-C(11)-H(11) 119.1
C(12)-C(15) 1.506(3) C(11)-C(12)-C(13) 117.65(19)
C(13)-H(13) 0.9500 C(11)-C(12)-C(15) 121.46(19)
C(13)-C(14) 1.385(3) C(13)-C(12)-C(15) 120.89(19)
C(14)-H(14) 0.9500 C(12)-C(13)-H(13) 119.2
C(15)-H(15A) 0.9800 C(14)-C(13)-C(12) 121.61(19)
C(15)-H(15B) 0.9800 C(14)-C(13)-H(13) 119.2
C(15)-H(15C) 0.9800 C(9)-C(14)-H(14) 120.1
C(13)-C(14)-C(9) 119.75(19)
N(1)-S(1)-C(9) 102.88(9) C(13)-C(14)-H(14) 120.1
C(1)-N(1)-S(1) 116.34(13) C(12)-C(15)-H(15A) 109.5
C(2)-N(1)-S(1) 121.20(14) C(12)-C(15)-H(15B) 109.5
C(2)-N(1)-C(1) 118.48(16) C(12)-C(15)-H(15C) 109.5
N(1)-C(1)-H(1A) 109.5 H(15A)-C(15)-H(15B) 109.5
N(1)-C(1)-H(1B) 109.5 H(15A)-C(15)-H(15C) 109.5
N(1)-C(1)-H(1C) 109.5 H(15B)-C(15)-H(15C) 109.5
H(1A)-C(1)-H(1B) 109.5
H(1A)-C(1)-H(1C) 109.5
H(1B)-C(1)-H(1C) 109.5
0(1)-C(2)-N(1) 121.13(18)
0(1)-C(2)-C(3) 120.82(18)
N(1)-C(2)-C(3) 118.05(16)
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Table S8: Anisotropic displacement parameters (A?x10%) for S10. The anisotropic displacement factor
exponent takes the form: -2x?[h? a*2U+ ... + 2 h k a* b* U*?].

Ull U22 U33 U23 U13 U12
S(1) 15(1) 14(1) 16(1) 1(1) 9(1) 2(1)
0(1) 22(1) 19(1) 18(1) -3(1) 13(1) -1(1)
N(1) 16(1) 15(1) 15(1) -3(1) 9(1) -2(1)
c(1) 20(1) 19(1) 18(1) -6(1) 9(1) -5(1)
c(2) 14(1) 12(1) 13(1) 4(1) 6(1) 3(1)
c(@) 13(1) 13(1) 16(1) -1(1) 8(1) 2(1)
C(4) 15(1) 15(1) 17(1) 2(1) 9(1) 2(1)
C(5) 16(1) 20(1) 15(1) 1(1) 7(1) 3(1)
C(6) 15(1) 17(1) 22(1) -5(1) 8(1) -1(1)
c(7) 16(1) 14(1) 25(1) 3(1) 12(1) 0(1)
Cc(8) 15(1) 18(1) 16(1) 4(1) 8(1) 3(1)
C(9) 13(1) 15(1) 13(1) -2(1) 6(1) -5(1)
C(10) 15(1) 18(1) 17(1) -3(1) 8(1) -1(1)
C(11) 16(1) 13(1) 19(1) 0(1) 7(1) -2(1)
C(12) 15(1) 17(1) 15(1) -2(1) 6(1) -6(1)
C(13) 17(1) 18(1) 18(1) -5(1) 11(1) -5(1)
C(14) 15(1) 14(1) 17(1) -2(1) 8(1) -1(1)
C(15) 24(1) 21(1) 18(1) 1(1) 11(1) -4(1)
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Table S9: Hydrogen coordinates (x10%) and isotropic displacement parameters (A2x10%) for S10.

X y z U(eq)
H(1A) 6604 8504 10015 29
H(1B) 5688 10176 9619 29
H(1C) 6437 10361 9205 29
H(4) 4153 6584 6866 18
H(5) 3156 3911 5749 21
H(6) 2635 509 6200 22
H(7) 3108 -213 7786 21
H(8) 4083 2488 8906 19
H(10) 5298 10520 7485 19
H(11) 5308 12872 6300 20
H(13) 6926 8056 5828 20
H(14) 6959 5727 7033 18
H(15A) 5560 13208 4901 31
H(15B) 6196 11283 4713 31
H(15C) 6694 13337 5460 31
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Experimental Summary

The single crystal X-ray diffraction studies were carried out on a Bruker Apexll-Ultra CCD
diffractometer equipped with Mo Ka radiation (A =0.7107 A).

Crystals of the subject compound were used as received. A 0.21 x 0.18 x 0.17 mm piece of a
colorless crystal was mounted on a Cryoloop with Paratone oil. Data were collected in a nitrogen gas stream
at 100(2) K using o scans. Crystal-to-detector distance was 50 mm and exposure time was 5 seconds per
frame using a scan width of 0.70°. Data collection was 100 % complete to 25.242° in 0. A total of 44094
reflections were collected covering the indices, —9<=h<=9, —13<=k<=13, —31<=I<=31. 8011 reflections
were found to be symmetry independent, with a Rint of 0.0445. Indexing and unit cell refinement indicated
a Primitive, Monoclinic lattice. The space group was found to be P,. The data were integrated using the
Bruker SAINT Software program and scaled using the SADABS software program. Solution by direct
methods (SHELXT) produced a complete phasing model consistent with the proposed structure.

All nonhydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-2014).
All carbon bonded hydrogen atoms were placed using a riding model. Their positions were constrained
relative to their parent atom using the appropriate HFIX command in SHELXL-2014. Crystallographic data

are summarized in Table S10.

Notes: Great data! Absolute stereochemistry was conclusively assigned (Flack = -0.03(4)). There are two
copies of the compound in the asymmetric unit. The crystal was a pseudomerohedral twin. There is excess
electron density near the H17 hydrogen that could not be modeled. The chemical formula of the compound

is: CaxH26N20S
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Table S10: Crystal data and structure refinement for 3a (CCDC 2154909).

Identification code pn

Empirical formula C23H26 N20O S

Formula weight 378.52

Temperature 100.15 K

Wavelength 0.71073 A

Crystal system Monaoclinic

Space group Pinl

Unit cell dimensions a=7.7413(14) A a=90°.
b =10.5757(19) A B=98.727(5)°.
¢ =25.507(5) A y=90°,

Volume 2064.1(7) A3

z 4

Density (calculated) 1.218 Mg/m3

Absorption coefficient 0.171 mm-!

F(000) 808

Crystal size 0.21x0.18 x 0.17 mm3

Theta range for data collection 1.615 to 26.066°.

Index ranges -9<=h<=9, -13<=k<=13, -31<=I<=31

Reflections collected 19359

Independent reflections 8011 [R(int) = 0.0445]

Completeness to theta = 25.242° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7453 and 0.5793

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 8011/2/494

Goodness-of-fit on F2 1.072

Final R indices [I>2sigma(l)] R1=0.0529, wR2 = 0.1285

R indices (all data) R1=0.0541, wR2 = 0.1298

Absolute structure parameter -0.03(4)

Largest diff. peak and hole 1.357 and -0.293 e.A3
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Table S11: Atomic coordinates (x10%) and equivalent isotropic displacement parameters (A2x10°) for 3a.
U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
S(1A) 4789(2) 2278(1) 6091(1) 20(1)
O(1A) 6362(6) 2606(5) 7445(2) 37(1)
N(1A) 3533(6) 2154(4) 7512(2) 19(1)
N(2A) 712(6) 771(4) 7605(2) 18(1)
C(9A) 4843(9) 4930(5) 6073(2) 22(1)
C(6A) 6874(10) 1174(5) 5454(2) 25(1)
C(19A) 2276(8) -508(5) 8324(2) 22(1)
C(20A) 746(10) -1201(5) 8329(2) 26(1)
C(16A) 5240(9) 953(6) 8226(2) 27(1)
C(14A) 4799(7) 2790(6) 7311(2) 20(2)
C(7A) 6833(7) 1745(5) 5947(2) 16(1)
C(23A) 2207(8) 478(5) 7936(2) 19(1)
C(15A) 3718(7) 1201(5) 7901(2) 16(1)
C(21A) -753(9) -908(6) 8001(3) 30(1)
C(8A) 5231(8) 3791(5) 6443(2) 17(2)
C(18A) 3881(10) -733(6) 8661(2) 29(2)
C(11A) 2920(9) 5026(6) 5823(2) 28(1)
C(4A) 11496(8) -16(6) 5549(3) 27(1)
C(22A) -715(9) 111(6) 7644(2) 26(1)
C(13A) 4125(8) 3780(5) 6894(2) 18(1)
C(3A) 9907(8) 596(5) 5684(2) 21(1)
C(1A) 8361(8) 1753(6) 6309(2) 22(1)
C(10A) 6112(10) 4995(7) 5662(3) 33(2)
C(17A) 5330(10) 1(7) 8626(3) 40(2)
C(5A) 8367(8) 612(5) 5327(2) 19(1)
C(12A) 2477(13) 6230(8) 5505(3) 45(2)
C(2A) 9877(8) 1208(6) 6172(2) 23(1)
S(1) 5986(2) 4725(1) 3886(1) 23(1)
0(1) 6070(9) 5504(7) 2472(2) 69(2)
N(2) 573(6) 3238(4) 2451(2) 18(1)
N(1) 3441(6) 4653(4) 2542(2) 19(1)
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C(6)
C(8)
C(22)
C(15)
C(23)
C(16)
C(13)
c(3)
C(9)
c(2)
c(7)
C(11)
c(1)
C(5)
C(18)
c(21)
C(19)
Cc(17)
C(4)
C(14)
C(20)
C(10)
C(12)

8664(8)
6139(8)
-839(8)
3311(8)
1758(7)
4532(8)
4555(9)
11493(7)
6231(8)
11029(8)
8173(8)
4596(10)
9379(8)
10268(8)
2783(10)
-1203(9)
1502(8)
4226(9)
13232(8)
4772(8)
-18(10)
7920(9)
4593(16)

3696(5)
6278(5)
2529(6)
3703(5)
2949(5)
3450(6)
6356(5)
3168(5)
7389(5)
3694(5)
4220(5)
7497(6)
4206(5)
3174(6)
1701(6)
1516(6)
1934(5)
2462(7)
2536(7)
5475(6)
1211(5)
7311(7)
8631(8)

4560(2)
3579(2)
2418(2)
2155(2)
2122(2)
1824(2)
3131(2)
4347(2)
3972(2)
3853(2)
4056(2)
4239(2)
3698(2)
4695(2)
1420(2)
2062(2)
1752(2)
1458(2)
4497(3)
2686(2)
1742(2)
4382(3)
4605(3)

19(1)
19(1)
24(1)
19(1)
17(1)
28(1)
21(1)
18(1)
22(1)
23(1)
20(1)
29(1)
20(1)
22(1)
32(2)
28(1)
23(1)
31(2)
27(1)
25(1)
30(1)
30(2)
53(2)
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Table S12: Bond lengths [A] and angles [°] for 3a.

S(1A)-C(7A)
S(1A)-C(8A)
O(1A)-C(14A)
N(1A)-H(1A)
N(LA)-C(14A)
N(LA)-C(15A)
N(2A)-C(23A)
N(2A)-C(22A)
C(9A)-H(9A)
C(9A)-C(8A)
C(9A)-C(11A)
C(9A)-C(10A)
C(6A)-H(6A)
C(6A)-C(7A)
C(6A)-C(5A)
C(19A)-C(20A)
C(19A)-C(23A)
C(19A)-C(18A)
C(20A)-H(20A)
C(20A)-C(21A)
C(16A)-H(16A)
C(16A)-C(15A)
C(16A)-C(17A)
C(14A)-C(13A)
C(7A)-C(1A)
C(23A)-C(15A)
C(21A)-H(21A)
C(21A)-C(22A)
C(8A)-H(8A)
C(8A)-C(13A)
C(18A)-H(18A)
C(18A)-C(17A)
C(11A)-H(11A)
C(11A)-H(11B)

1.770(5)
1.840(5)
1.222(7)
0.8800
1.352(7)
1.405(7)
1.360(8)
1.323(8)
1.0000
1.531(7)
1.532(10)
1.543(9)
0.9500
1.398(8)
1.381(9)
1.394(9)
1.432(8)
1.419(9)
0.9500
1.360(10)
0.9500
1.360(8)
1.426(8)
1.528(7)
1.387(8)
1.412(8)
0.9500
1.414(9)
1.0000
1.534(7)
0.9500
1.378(10)
0.9900
0.9900
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C(11A)-C(12A)
C(4A)-H(4AA)
C(4A)-H(4AB)
C(4A)-H(4AC)
C(4A)-C(3A)
C(22A)-H(22A)
C(13A)-H(13A)
C(13A)-H(13B)
C(3A)-C(5A)
C(3A)-C(2A)
C(1A)-H(1AA)
C(1A)-C(2A)
C(10A)-H(10A)
C(10A)-H(10B)
C(10A)-H(10C)
C(17A)-H(17A)
C(5A)-H(5A)
C(12A)-H(12A)
C(12A)-H(12B)
C(12A)-H(12C)
C(2A)-H(2A)
S(1)-C(8)
S(1)-C(7)
0(1)-C(14)
N(2)-C(22)
N(2)-C(23)
N(1)-H(1)
N(1)-C(15)
N(1)-C(14)
C(6)-H(6)
C(6)-C(7)
C(6)-C(5)
C(8)-H(8)
C(8)-C(13)

1.521(9)
0.9800
0.9800
0.9800
1.477(9)
0.9500
0.9900
0.9900
1.386(8)
1.406(8)
0.9500
1.398(9)
0.9800
0.9800
0.9800
0.9500
0.9500
0.9800
0.9800
0.9800
0.9500
1.832(6)
1.766(6)
1.215(8)
1.317(7)
1.369(7)
0.8800
1.401(7)
1.355(7)
0.9500
1.400(8)
1.355(9)
1.0000
1.546(8)



C(8)-C(9)
C(22)-H(22)
C(22)-C(21)
C(15)-C(23)
C(15)-C(16)
C(23)-C(19)
C(16)-H(16)
C(16)-C(17)
C(13)-H(13C)
C(13)-H(13D)
C(13)-C(14)
C(3)-C(2)
C(3)-C(5)
C(3)-C(4)
C(9)-H(9)
C(9)-C(11)
C(9)-C(10)
C(2)-HQ)
C(2)-C(1)
C(7)-C(1)
C(11)-H(11C)
C(11)-H(11D)
C(11)-C(12)
C(1)-H(1B)
C(5)-H(5)
C(18)-H(18)
C(18)-C(19)
C(18)-C(17)
C(21)-H(21)
C(21)-C(20)
C(19)-C(20)
C(17)-H(17)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(20)-H(20)

1.540(7)
0.9500
1.405(9)
1.435(8)
1.385(8)
1.424(7)
0.9500
1.398(9)
0.9900
0.9900
1.497(8)
1.373(8)
1.395(8)
1.500(8)
1.0000
1.530(9)
1.547(9)
0.9500
1.389(9)
1.400(8)
0.9900
0.9900
1.519(9)
0.9500
0.9500
0.9500
1.419(9)
1.368(10)
0.9500
1.357(10)
1.400(9)
0.9500
0.9800
0.9800
0.9800
0.9500
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C(10)-H(10D)
C(10)-H(10E)
C(10)-H(10F)
C(12)-H(12D)
C(12)-H(12E)
C(12)-H(12F)

C(7A)-S(1A)-C(8A)
C(14A)-N(1A)-H(1A)
C(14A)-N(1A)-C(15A)
C(15A)-N(1A)-H(1A)
C(22A)-N(2A)-C(23A)
C(8A)-C(9A)-H(9A)
C(8A)-C(9A)-C(11A)
C(8A)-C(9A)-C(10A)
C(11A)-C(9A)-H(9A)
C(11A)-C(9A)-C(10A)
C(10A)-C(9A)-H(9A)
C(7A)-C(6A)-H(6A)
C(5A)-C(6A)-H(6A)
C(5A)-C(6A)-C(7A)
C(20A)-C(19A)-C(23A)
C(20A)-C(19A)-C(18A)
C(18A)-C(19A)-C(23A)
C(19A)-C(20A)-H(20A)
C(21A)-C(20A)-C(19A)
C(21A)-C(20A)-H(20A)
C(15A)-C(16A)-H(16A)
C(15A)-C(16A)-C(17A)
C(17A)-C(16A)-H(16A)
O(1A)-C(14A)-N(1A)
O(1A)-C(14A)-C(13A)
N(LA)-C(14A)-C(13A)
C(6A)-C(7A)-S(1A)
C(1A)-C(7A)-S(1A)
C(1A)-C(7A)-C(6A)

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

105.8(3)
1158
128.4(5)
1158
118.4(5)
106.1
113.3(5)
111.6(5)
106.1
113.1(5)
106.1
119.0
119.0
122.0(6)
116.5(5)
124.9(5)
118.5(5)
119.3
121.4(5)
119.3
1195
121.1(6)
1195
124.0(5)
121.5(5)
114.5(5)
117.9(5)
123.9(4)
117.9(5)



N(2A)-C(23A)-C(19A)
N(2A)-C(23A)-C(15A)
C(15A)-C(23A)-C(19A)
N(1A)-C(15A)-C(23A)
C(16A)-C(15A)-N(LA)
C(16A)-C(15A)-C(23A)
C(20A)-C(21A)-H(21A)
C(20A)-C(21A)-C(22A)
C(22A)-C(21A)-H(21A)
S(1A)-C(8A)-H(8A)
C(9A)-C(8A)-S(1A)
C(9A)-C(8A)-H(8A)
C(9A)-C(8A)-C(13A)
C(13A)-C(8A)-S(1A)
C(13A)-C(8A)-H(8A)
C(19A)-C(18A)-H(18A)
C(17A)-C(18A)-C(19A)
C(17A)-C(18A)-H(18A)
C(9A)-C(11A)-H(11A)
C(9A)-C(11A)-H(11B)
H(11A)-C(11A)-H(11B)
C(12A)-C(11A)-C(9A)
C(12A)-C(11A)-H(11A)
C(12A)-C(11A)-H(11B)
H(4AA)-C(4A)-H(4AB)
H(4AA)-C(4A)-H(4AC)
H(4AB)-C(4A)-H(4AC)
C(3A)-C(4A)-H(4AA)
C(3A)-C(4A)-H(4AB)
C(3A)-C(4A)-H(4AC)
N(2A)-C(22A)-C(21A)
N(2A)-C(22A)-H(22A)
C(21A)-C(22A)-H(22A)
C(14A)-C(13A)-C(8A)
C(14A)-C(13A)-H(13A)
C(14A)-C(13A)-H(13B)

122.2(5)
118.2(5)
119.6(5)
115.9(5)
123.7(5)
120.4(5)
120.9
118.1(6)
120.9
108.5
112.3(3)
108.5
112.8(5)
106.0(4)
108.5
119.6
120.8(6)
119.6
108.8
108.8
107.7
113.8(6)
108.8
108.8
109.5
109.5
109.5
109.5
109.5
109.5
123.3(6)
118.4
118.4
110.9(5)
109.5
109.5

S40

C(8A)-C(13A)-H(13A)
C(8A)-C(13A)-H(13B)
H(13A)-C(13A)-H(13B)
C(5A)-C(3A)-C(4A)
C(5A)-C(3A)-C(2A)
C(2A)-C(3A)-C(4A)
C(7A)-C(LA)-H(1AA)
C(7A)-C(1A)-C(2A)
C(2A)-C(LA)-H(1AA)
C(9A)-C(10A)-H(10A)
C(9A)-C(10A)-H(10B)
C(9A)-C(10A)-H(10C)
H(10A)-C(10A)-H(10B)
H(10A)-C(10A)-H(10C)
H(10B)-C(10A)-H(10C)
C(16A)-C(17A)-H(17A)
C(18A)-C(17A)-C(16A)
C(18A)-C(17A)-H(17A)
C(6A)-C(5A)-C(3A)
C(6A)-C(5A)-H(5A)
C(3A)-C(5A)-H(5A)
C(11A)-C(12A)-H(12A)
C(11A)-C(12A)-H(12B)
C(11A)-C(12A)-H(12C)
H(12A)-C(12A)-H(12B)
H(12A)-C(12A)-H(12C)
H(12B)-C(12A)-H(12C)
C(3A)-C(2A)-H(2A)
C(1A)-C(2A)-C(3A)
C(1A)-C(2A)-H(2A)
C(7)-S(1)-C(8)
C(22)-N(2)-C(23)
C(15)-N(1)-H(1)
C(14)-N(1)-H(1)
C(14)-N(1)-C(15)
C(7)-C(6)-H(6)

109.5
109.5
108.0
121.0(5)
116.6(6)
122.4(5)
120.1
119.7(5)
120.1
109.5
109.5
109.5
109.5
109.5
109.5
1203
119.4(7)
1203
121.2(5)
119.4
119.4
109.5
109.5
109.5
109.5
109.5
109.5
118.8
122.5(5)
118.8
104.7(3)
117.4(5)
1158
1158
128.4(5)
119.8



C(5)-C(6)-H(6)
C(5)-C(6)-C(7)
S(1)-C(8)-H(8)
C(13)-C(8)-S(1)
C(13)-C(8)-H(8)
C(9)-C(8)-S(1)
C(9)-C(8)-H(8)
C(9)-C(8)-C(13)
N(2)-C(22)-H(22)
N(2)-C(22)-C(21)
C(21)-C(22)-H(22)
N(1)-C(15)-C(23)
C(16)-C(15)-N(1)
C(16)-C(15)-C(23)
N(2)-C(23)-C(15)
N(2)-C(23)-C(19)
C(19)-C(23)-C(15)
C(15)-C(16)-H(16)
C(15)-C(16)-C(17)
C(17)-C(16)-H(16)
C(8)-C(13)-H(13C)
C(8)-C(13)-H(13D)
H(13C)-C(13)-H(13D)
C(14)-C(13)-C(8)
C(14)-C(13)-H(13C)
C(14)-C(13)-H(13D)
C(2)-C(3)-C(5)
C(2)-C(3)-C(4)
C(5)-C(3)-C(4)
C(8)-C(9)-H(9)
C(8)-C(9)-C(10)
C(11)-C(9)-C(8)
C(11)-C(9)-H(9)
C(11)-C(9)-C(10)
C(10)-C(9)-H(9)
C(3)-C(2)-H(2)

119.8
120.4(5)
108.0
105.5(4)
108.0
113.9(4)
108.0
113.2(5)
118.0
124.0(6)
118.0
114.2(5)
125.8(5)
120.0(5)
118.3(5)
122.5(5)
119.3(5)
120.3
119.3(6)
120.3
109.4
109.4
108.0
111.0(6)
109.4
109.4
118.3(5)
121.0(5)
120.7(5)
107.0
110.5(5)
112.8(5)
107.0
112.0(5)
107.0
119.3
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C(3)-C(2)-C(1)
C(1)-C(2)-H(2)
C(6)-C(7)-S(1)
C(6)-C(7)-C(1)
C(1)-C(7)-S(1)
C(9)-C(11)-H(11C)
C(9)-C(11)-H(11D)
H(11C)-C(11)-H(11D)
C(12)-C(11)-C(9)
C(12)-C(11)-H(11C)
C(12)-C(11)-H(11D)
C(2)-C(1)-C(7)
C(2)-C(1)-H(1B)
C(7)-C(1)-H(1B)
C(6)-C(5)-C(3)
C(6)-C(5)-H(5)
C(3)-C(5)-H(5)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(17)-C(18)-C(19)
C(22)-C(21)-H(21)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(18)-C(19)-C(23)
C(20)-C(19)-C(23)
C(20)-C(19)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(3)-C(4)-H(4A)
C(3)-C(4)-H(4B)
C(3)-C(4)-H(4C)
H(4A)-C(4)-H(4B)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
0(1)-C(14)-N(1)

121.3(5)
119.3
117.5(4)
118.7(5)
123.5(4)
108.7
108.7
107.6
114.3(7)
108.7
108.7
119.6(5)
120.2
120.2
121.7(5)
119.2
119.2
1203
1203
119.5(5)
1206
118.8(6)
1206
119.2(5)
117.1(5)
123.8(5)
1186
122.8(6)
1186
109.5
109.5
109.5
109.5
109.5
109.5
122.8(5)



O(1)-C(14)-C(13) 121.4(6)

N(L)-C(14)-C(13) 115.9(5)
C(21)-C(20)-C(19) 120.2(5)
C(21)-C(20)-H(20) 119.9
C(19)-C(20)-H(20) 119.9
C(9)-C(10)-H(10D) 109.5
C(9)-C(10)-H(10E) 109.5
C(9)-C(10)-H(10F) 109.5
H(10D)-C(10)-H(10E) 109.5
H(10D)-C(10)-H(10F) 109.5
H(LOE)-C(10)-H(10F) 109.5
C(11)-C(12)-H(12D) 109.5
C(11)-C(12)-H(12E) 109.5
C(11)-C(12)-H(12F) 109.5
H(12D)-C(12)-H(12E) 109.5
H(12D)-C(12)-H(12F) 109.5
H(12E)-C(12)-H(12F) 109.5

Symmetry transformations used to generate equivalent atoms
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Table S13: Anisotropic displacement parameters (A2x10%) for 3a. The anisotropic displacement factor
exponent takes the form: -2x?[h? a*?U+ ... + 2 h k a* b* U*?].

Ull U22 U33 U23 U13 U12
S(1A)  20(1) 15(1) 27(1) -5(1) 4(1) -1(1)
o(1A)  21(2) 44(3) 43(2) 21(2) -3(2) -11(2)
N(LA)  22(2) 21(2) 16(2) 5(2) 2(2) 7(2)
N@2A)  19(2) 16(2) 19(2) 4(2) 7(2) 1(2)
C(9A)  39(3) 11(2) 16(2) -3(2) 11(2) -1(3)
C(6A)  37(4) 12(3) 22(2) 0(2) -4(3) 0(3)
C(19A)  25(3) 102) 32(3) 0(2) 9(2) 6(2)
C(20A)  42(4) 12(2) 26(3) 3(2) 15(3) 1(3)
C(16A)  28(4) 25(3) 28(3) 9(2) 5(3) A(3)
C(14A)  21(3) 17(3) 21(2) 2(2) 2(2) -1(2)
C(7A)  13(3) 15(2) 19(2) 5(2) 3(2) 4(2)
C(23A)  27(3) 13(3) 19(2) -3(2) 3(2) 4(2)
C(15A)  17(3) 10(2) 22(2) 2(2) 8(2) 6(2)
C(21A)  33(4) 21(3) 40(3) -2(3) 15(3) -11(3)
C(8A)  25(3) 11(2) 14(2) 2(2) 3(2) 2(2)
C(18A)  44(4) 24(3) 21(3) 7(2) 9(3) 9(3)
C(11A)  38(3) 16(3) 29(3) 6(2) 6(3) 2(3)
C(4A)  24(3) 15(3) 42(4) 0(2) 2(3) -1(2)
C(22A)  31(4) 24(3) 25(3) -6(2) 10(3) 0(3)
C(13A)  21(3) 15(3) 20(3) 0(2) 7(2) -3(2)
C(3A)  22(3) 12(2) 29(3) 8(2) 3(2) 2(2)
C(1A)  26(3) 23(3) 17(2) 0(2) 1(2) -10(2)
C(10A)  41(4) 34(4) 26(3) 2(3) 10(3) -13(3)
C(17A)  39(4) 31(4) 57(4) 28(3) 28(3) 21(3)
C(5A)  23(3) 12(2) 22(3) -6(2) 2(2) 0(2)
C(12A)  54(5) 41(4) 40(4) 20(3) 12(4) 14(4)
C(2A)  20(3) 24(3) 21(3) 2(2) -5(2) -10(3)
S(1) 19(1) 12(1) 39(1) 5(1) 8(1) -2(1)
0(1) 66(4) 94(5) 59(3) -55(4) 47(3) -56(4)
N(2) 17(2) 17(2) 19(2) 3(2) -1(2) 2(2)
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N(L)
C(6)
C(8)
C(22)
C(15)
C(23)
C(16)
C(13)
C@3)
C(9)
C(2)
C(7)
C(11)
C()
C(5)
C(18)
c(21)
C(19)
Cc(17)
C(4)
C(14)
C(20)
C(10)
C(12)

18(2)
23(3)
19(3)
25(3)
27(3)
23(3)
23(3)
35(4)
18(3)
27(3)
22(3)
21(3)
44(4)
31(3)
28(3)
40(4)
35(4)
26(3)
31(3)
20(3)
30(3)
45(4)
35(4)
91(7)

20(2)
19(3)
14(3)
23(3)
14(2)
9(2)
35(3)
11(2)
15(3)
12(2)
24(3)
12(3)
24(3)
15(2)
25(3)
24(3)
20(3)
17(3)
48(4)
31(3)
21(3)
11(3)
20(3)
40(4)

19(2)
16(2)
26(3)
24(3)
16(2)
18(2)
27(3)
16(2)
20(2)
25(3)
23(2)
27(3)
22(3)
14(2)
15(2)
30(3)
29(3)
21(3)
18(3)
29(3)
23(3)
31(3)
36(3)
33(3)

-10(2)
0(2)
1(2)
4(2)
0(2)
4(2)

-11(3)
3(2)
-1(2)
-5(2)
0(2)
1(2)
-5(2)
3(2)
0(2)
-9(2)
6(2)
-4(2)
-4(3)
11(3)
-1(2)
-4(2)
0(3)

-17(3)

5(2)
9(2)
5(2)
5(2)
12)
-3(2)
9(3)
-3(2)
-2(2)
1(2)
6(2)
5(2)
11(3)
7(2)
4(2)
13)
4(3)
-5(2)
15(2)
4(2)
6(3)
-3(3)
3(3)
27(4)

-9(2)
-2(2)
-1(2)
-8(3)

1(2)
4(2)

-4(3)
-5(2)
-4(2)
-3(2)
-7(3)
-1(2)

3(3)
7(2)

73)

8(3)

-15(3)

6(2)

-1(3)

7(3)

-13(3)
-3(3)

3(3)

-11(4)
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Table 14. Hydrogen coordinates (x 10 and isotropic displacement parameters (A2x103) for 3a.

X y z U(eq)
H(1A) 2452 2365 7383 23
H(9A) 5089 5697 6302 26
H(6A) 5843 1172 5199 29
H(20A) 752 -1893 8567 31
H(16A) 6259 1422 8187 32
H(21A) -1796 -1374 8011 36
H(8A) 6493 3815 6602 20
H(18A) 3957 -1398 8914 35
H(11A) 2623 4289 5588 33
H(11B) 2184 4983 6108 33
H(4AA) 12085 563 5333 41
H(4AB) 11172 -792 5348 41
H(4AC) 12285 -223 5875 41
H(22A) -1767 332 7420 31
H(13A) 4165 4626 7061 22
H(13B) 2893 3593 6747 22
H(1AA) 8378 2126 6648 27
H(10A) 5972 4236 5439 50
H(10B) 7317 5041 5847 50
H(10C) 5853 5747 5440 50
H(17A) 6381 -126 8865 48
H(5A) 8338 230 4989 23
H(12A) 3021 6203 5183 67
H(12B) 2919 6963 5719 67
H(12C) 1207 6300 5408 67
H(2A) 10927 1252 6419 27
H(L) 2543 4725 2714 23
H(6) 7868 3706 4809 23
H(8) 7226 6292 3411 23
H(22) -1661 2714 2648 29

S45



H(16)
H(13C)
H(13D)
H(9)
H(2)
H(11C)
H(11D)
H(1B)
H(5)
H(18)
H(21)
H(17)
H(4A)
H(4B)
H(4C)
H(20)
H(10D)
H(10E)
H(10F)
H(12D)
H(12E)
H(12F)

5566
3476
4432
6306
11854
3559
4484
9070
10566
2639
-2261
5055
13443
13235
14154
-219
8141
8907
7781
4874
5468
3434

3944
6136
7233
8182
3708
7549
6718
4545
2802
1021
1052
2312
1957
2060
3179

506
8131
7089
6663
9397
8507
8722

1846
3275
2995
3764
3613
3961
4447
3352
5036
1174
2046
1226
4214
4827
4549
1510
4558
4201
4647
4418
4921
4711

33
26
26
26
27
35
35
23
27
38
34
38
40
40
40
36
46
46
46
79
79
79
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DFT Calculations

Computational Details

All calculations were performed with Gaussian 16, Revision B.01. The M052X density functional and a
basis set of 6-31+G* were used in geometry optimizations. Single-point energies were calculated with
M052X and a mixed basis set of 6-311+G**. For bond dissociation energy calculation, all structures have
been optimized considering solvent effects using the SMD model for acetonitrile. The reported Gibbs free
energies and enthalpies include zero-point vibrational energies and thermal corrections at 298 K.

Complete Citation for Gaussian 16

Gaussian 16, Revision B.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.;
Cheeseman, J. R.; Scalmani, G.; Barone, V.; Petersson, G. A.; Nakatsuji, H.; Li, X.; Caricato, M.; Marenich,
A. V.; Bloino, J.; Janesko, B. G.; Gomperts, R.; Mennucci, B.; Hratchian, H. P.; Ortiz, J. V.; Izmaylov, A.
F.; Sonnenberg, J. L.; Williams-Young, D.; Ding, F.; Lipparini, F.; Egidi, F.; Goings, J.; Peng, B.; Petrone,
A.; Henderson, T.; Ranasinghe, D.; Zakrzewski, V. G.; Gao, J.; Rega, N.; Zheng, G.; Liang, W.; Hada, M.;
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Vreven, T.; Throssell, K.; Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M. J.; Heyd, J.
J.; Brothers, E. N.; Kudin, K. N.; Staroverov, V. N.; Keith, T. A.; Kobayashi, R.; Normand, J.;
Raghavachari, K.; Rendell, A. P.; Burant, J. C.; lyengar, S. S.; Tomasi, J.; Cossi, M.; Millam, J. M.; Klene,
M.; Adamo, C.; Cammi, R.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Farkas, O.; Foresman, J. B.;
Fox, D. J. Gaussian, Inc., Wallingford CT, 2016.
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Data Analysis for DFT Calculation

Table S15: Calculated BDE (kcal/mol) of Sulfenylating Agents?

0o, 0 0.0 Me o O 0.0 o)
\ 7/ \ /, \ 7/
‘siN,Me ‘siN,Et ‘\s'QN,Me Me ‘siN,Me
) ) ) N=S
/C EN /(j S< S Me So N ol
R! p-Tol MeO' p-Tol Me' Me ~ “p-Tol p-Tol p-1o

$1, R'=0Me, 50.8
s2,R'=Me, 50.8 S4,50.6 S5,49.1 S6,49.8 S7,55.3
s3,R'=Cl, 51.2

2
o o §9, R°=F, 522 R® O o

$10, R?=H, 524 4
_Ph .Me ' ’ R
Me)j\’\,‘ O)Ll;l S11, R2=Me, 51.9 y:rMe N
S So $12, R?=tBu, 52.7 S S
-Tol 2 -Tol ' ' 395, -Tol
P R P $13, R2=0OMe, 51.0 R® p-Tol P
S15, R*=Et, 52.8

S8, 43.4 S14, R®=0Me, 58.4 S16, R*=/-Pr, 51.8
$17,R*=Bn, 53.2

o o
0,0
% SeerPh
S<a-p-Tol Ph" 7 s” N=S§, N=8Ph
p-Tol 7S \p—Tol
0 o)
$18,39.8 $19,53.7 $20,73.6 $21,79.2

%Solution phase BDE (kcal/mol) calculated at SMD(acetonitrile)/M05-2X/6-311+G(d,p),
SMD(acetonitrile)//M05-2X/6-31+G(d) level of theory.®
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Cartesian Coordinates (A) and Energies of Optimized Structures

H -5.06085400 -2.25975000 -0.70299700
S6 H -5.88552900 -0.73299100 -0.39909300
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - C 1.68056100 1.98294400 -0.64235700
1431.044826 a.u. ] 2.56281000 1.78266600 -1.46672300
Thermal correction to Gibbs free energy at 298 K: 0.227144 a.u. C 1.83576400 -0.35327700 0.04631700
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD C 1.52348000 -1.11771300 -1.07650700
(acetonitril)]: -1430.81768 a.u. C 2.66960700 -0.85772900 1.04201300

C 2.05906800 -2.39822200 -1.20398900
01 H 0.87650200 -0.70658200 -1.84150900
S 2.35239500 0.08345700 -0.11006000 C 3.19545200 -2.14158000 0.91242700
0 3.06017000 0.11881900 -1.39823600 H 2.89884800 -0.24796600 1.90841700
O 3.16679100 -0.10109400 1.10104300 C 2.89209700 -2.91251100 -0.21038400
N 1.19441100 -1.14793500 -0.26217300 H 1.82082000 -2.99375500 -2.07698200
S 0.24080100 -1.41915300 1.16257000 H 3.84423400 -2.53602200 1.68502700
(¢} -1.32166900 -0.75440000 0.62165800 H 3.30330000 -3.90973900 -0.31003700
C -1.90790600 0.27910600 1.34916700 C 1.02720200 3.33062000 -0.47770600
C -1.96845400 -1.27361600 -0.50469500 H -0.05962000 3.26525200 -0.54099700
o -3.14358600 0.79205200 0.94992100 H 1.28277300 3.76387600 0.49123400
H -1.40376200 0.68937000 2.21695900 H 1.40325900 3.97490000 -1.26956900
Cc -3.18495700 -0.73692600 -0.90628100
H -1.51683700 -2.08313300 -1.06686600
Cc -3.79359900 0.29973100 -0.18289600
H -3.59710300 1.59530900 1.51992800 S11
H -3.67925400 -1.13382300 -1.78652700 SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): -
Cc -5.12211700 0.85532700 -0.62423700 1148.249908 au.
H -5.42918000 1.68621800 0.01195600 Thermal correction to Gibbs free energy at 298 K: 0.247741 a.u.
H -5.07117500 1.21024300 -1.65634400 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
H -5.89630800 0.08470300 -0.58171400 (acetonitril)]: -1148.002167 a.u.
Cc 1.69192600 -2.36901400 -0.93156800
H 2.41494600 -2.91149900 -0.31783800 01
H 2.14502300 -2.08765300 -1.87934100 -3.44971200 0.48136600 0.10157500
H 0.82835000 -3.00197900 -1.12348100 -4.13526900 -0.72531300 0.22339600
o 1.35368400 1.57279900 0.08096800 -3.49929000 -1.94160200 -0.04122200
H 0.74883000 1.38752000 0.97014000 -2.15438300 -1.91850200 -0.43209100
C 2.31506100 2.73284400 0.33260600 -1.45716600 -0.72013700 -0.53443900
H 2.97914500 2.88173000 -0.52150200 -2.10225200 0.48985500 -0.26032900
H 1.71896600 3.63786100 0.46301600 -3.95810700 1.41900000 0.29178700
H 2.91137800 2.57839800 1.23155400 -5.17882600 -0.72123500 0.51840400
C 0.48090100 1.79177400 -1.14689500 -1.64905400 -2.85091800 -0.65968000
H -0.16857100 0.93915300 -1.34653600 -0.41955800 -0.73023300 -0.84568600
H -0.14545700 2.66695100 -0.96125000 -0.16121600 2.00762400 0.02924800
H 1.09761700 1.98745100 -2.02604600 0.44440100 1.12510600 1.36097300

1.81546400 0.25233700 0.62925600
2.62993400 -0.47790900 1.50194600
2.10475700 0.28033900 -0.73210700

S8 3.71848800 -1.18227400 1.00155400
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - 2.41772700 -0.49827500 2.56600200
1108.932349 a.u. 3.20608500 -0.42938000 -1.21593600

Thermal correction to Gibbs free energy at 298 K: 0.221796 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -1108.710553 a.u.

1.48276500 0.84605100 -1.41565400
4.02757700 -1.16971000 -0.36508800
4.34260600 -1.74847300 1.68493600
3.42392800 -0.40154500 -2.27805400
0.47710500 3.29659800 -0.26239400
0.04591200 4.09213700 0.34849000
1.54074000 3.20658000 -0.05207000
0.33529600 3.53158900 -1.31522100
5.21601200 -1.93430300 -0.88837700
5.31026100 -1.81559400 -1.96869500
6.14100500 -1.58373200 -0.42375700
5.12288200 -3.00065600 -0.66765400
-1.43748700 1.81552500 -0.45248500
-2.00815300 2.72102400 -1.05448600
-4.23148300 -3.24993300 0.10102900
-3.92157800 -3.76487800 1.01474900
-5.30962200 -3.09200400 0.15072100
-4.01333400 -3.91281900 -0.73875900

1.26682200 0.95803800 0.19418800
0.10637500 1.18079700 1.43644400
-1.35656100 0.47191300 0.69821600
-2.24703800 -0.19672800 1.54208300
-1.64772100 0.60318800 -0.65854800
-3.43160100 -0.71362900 1.02505000
-2.01591800 -0.32064800 2.59436100
-2.82520000 0.05618800 -1.16588900
-0.96258900 1.11612500 -1.32332500
-3.73738300 -0.60154600 -0.33570800
-4.12008300 -1.22894200 1.68646200
-3.04025500 0.15190000 -2.22451900
-5.01501100 -1.18281100 -0.88299900
-5.09340700 -1.01065100 -1.95721900
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-2.76820800 -0.13615900 -0.58649300

S12 -1.84257100 0.39663600 0.31501200
SCF energy [M05-2X]/6-311+G**/SMD  (acetonitrile): - -1.63231900 3.55930400 -0.94417700
1266.205428 a.u. -3.99944000 0.25392900 -2.32433400

Thermal correction to Gibbs free energy at 298 K: 0.332122 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -1265.873306 a.u.

-0.30867000 -1.30525100 1.20014000
0.21227100 -1.66149500 -0.39028800
1.84067400 -0.93002800 -0.38866400
2.84274000 -1.57024100 -1.11641000
2.11449600 0.27085400 0.27069200
4.11277400 -0.99733000 -1.19692200
2.64283600 -2.51284400 -1.61406300
3.39229600 0.81571700 0.20107600
1.33778400 0.77295600 0.83530000
4.40967600 0.19727700 -0.53788200
4.88627500 -1.49973500 -1.76733400
3.60112600 1.74426600 0.72250500
0.18514800 -2.14046600 2.29778700
-0.48654200 -2.98364100 2.47207400
1.17504500 -2.50695300 2.03457300
0.25134100 -1.53790900 3.20130200
5.78509000 0.80887500 -0.60622600
6.22966000 0.88086000 0.38956700
6.44682600 0.21118300 -1.23441800
5.74114600 1.82025800 -1.01793500
-1.33576800 -0.43863100 1.45611600
-1.81660800 -0.34467700 2.58060500
-3.25329500 2.59045900 -2.52146900
-0.55041300 2.15507100 1.13003100
-3.08276500 -1.44033800 -0.38423600
0.02451700 3.45249800 0.96378700
0.73936400 3.56210400 1.77527000
0.54029600 3.52501400 0.00408700
-0.73872500 4.22846500 1.04132700
-3.98275200 -2.05824500 -1.30628600
-4.95615000 -1.56543800 -1.28303600
-3.57292200 -2.03604300 -2.31763700
-4.08421600 -3.08728700 -0.97215000

01

-2.28757100 1.86199600 0.08666700
-3.31954900 0.93730200 0.19346700
-3.11721000 -0.42125700 -0.09687100
-1.83456400 -0.81460900 -0.49572700
-0.78834300 0.10292500 -0.58329900
-1.00649700 1.44703800 -0.28644300
-2.46993300 2.90846500 0.30057900
-4.29868700 1.28490100 0.50059100
-1.63080100 -1.84702500 -0.74520200
0.18998100 -0.23747500 -0.90074600
1.31046200 2.26834700 0.04475800
1.57968300 1.22745300 1.37162100
2.58127800 -0.05305100 0.63853900
3.05117700 -1.05279400 1.49761000
2.91178600 -0.08718700 -0.71329600
3.83768400 -2.08164700 0.99277200
2.80485300 -1.03330300 2.55446700
3.70686500 -1.12650300 -1.20148900
2.55491700 0.68253300 -1.38722000
4.17964700 -2.13825100 -0.36486600
4.19341300 -2.85440500 1.66603900
3.95914400 -1.14409200 -2.25629000
2.32980900 3.29115900 -0.21955500
2.16428900 4.17475000 0.40019000
3.30653200 2.86511500 -0.00030600
2.28534000 3.57240300 -1.26971900
5.02771900 -3.26531300 -0.89573300
5.24865200 -3.12122500 -1.95418100
5.97369700 -3.33231200 -0.35296800
451633800 -4.22463000 -0.78116400
0.04838700 2.49237800 -0.46022800
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-0.19532200 3.53166800 -1.06662600 S15

-4.28357000 -1.40199300 0.01954100 SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): -
-3.87481800 -2.83642200 -0.32714800 1148.249608 a.u.
-3.52100800 -2.91996200 -1.35821200 Thermal correction to Gibbs free energy at 298 K: 0.250117 a.u.
-3.09210500 -3.20635300 0.34056200 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
-4.74483600 -3.48921900 -0.21810900 (acetonitril)]: -1147.999491 a.u.

-4.82020200 -1.38914800 1.46037600

-5.17867400 -0.39876300 1.74933800 01

-5.65639100 -2.08920200 1.54697900
-4.04332100 -1.69354900 2.16738400
-5.40495100 -0.97284800 -0.94131500
-6.23919400 -1.67697300 -0.87094300
-5.78202400 0.02351000 -0.70026900
-5.04822700 -0.96487400 -1.97504000

-3.57974700 -0.76418600 0.10194100
-3.99915300 -2.06725800 0.36137100
-3.11051100 -3.12991100 0.20095300
-1.80110700 -2.88738900 -0.21627500
-1.37261400 -1.58405300 -0.45534500
-2.26197000 -0.51921600 -0.28997500
-4.26848800 0.06549400 0.20730600
-5.01788300 -2.25187200 0.68021400
-1.11264500 -3.71212700 -0.35516500
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S14 -0.35569600 -1.40263100 -0.78179700
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - -0.74996800 1.44072500 -0.09787600
1338.016432 a.u. 0.02237300 0.79826700 1.28273100

Thermal correction to Gibbs free energy at 298 K: 0.285951 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -1337.730481 a.u.

1.56225400 0.21625500 0.59657500
2.53020900 -0.22056600 1.50500200
1.83149400 0.19163000 -0.77090500
3.75408600 -0.69092100 1.03789300
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01 2.33737900 -0.19210800 2.57246900
C -1.44189200 1.72977300 0.19886300 3.06671000 -0.27523600 -1.22019200
C -1.94203600 2.53006200 -0.83319300 1.09130800 0.53596500 -1.48342600
C -2.85866400 1.97440300 -1.72234700 4.04426400 -0.72756200 -0.33047800
C -3.28642600 0.65188800 -1.61674800 4.49841500 -1.02805700 1.75111800
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H 3.26930200 -0.28436000 -2.28585400 Thermal correction to Gibbs free energy at 298 K: 0.297119 a.u.

C -0.39749600 2.82257200 -0.47724600 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD

H 0.68030400 2.91995100 -0.34613900 (acetonitril)]: -1339.727293 a.u.

H -0.62442700 2.93294200 -1.53617200

C 5.36273300 -1.25922800 -0.83067300 01

H 5.66459100 -0.75460500 -1.75012600 -0.66671100 3.59225800 -0.01146900

H 6.14774400 -1.12310300 -0.08488900 0.04265900 4.69258800 -0.48808200

H 5.29185700 -2.32931200 -1.04691100 1.43661600 4.66353900 -0.51612600

C -1.89415100 0.89382400 -0.62946200 2.12050100 3.53176300 -0.07023100

0 -2.60571200 1.55210600 -1.38329200 1.41450200 2.42146500 0.38584000

H -3.43773400 -4.14452500 0.39423600 0.01822500 2.45043800 0.40954400

(¢} -1.14339500 3.85679600 0.35313500 -1.74954400 3.61146900 0.02717300

H -0.91996600 3.73466200 1.41565800 -0.49124900 5.57114600 -0.82947400

H -0.83588000 4.86140200 0.05427300 3.20359300 3.51235100 -0.07880600

H -2.22031500 3.76478500 0.20505500 1.94903700 1.54501300 0.73156600
-0.61338400 0.05226900 0.47381200
0.14138000 -0.25457900 -1.02750100

S16 1.67163000 -1.02221800 -0.52524900

SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - 2.49736500 -1.49068700 -1.55291500

1187.566341 a.u. 2.05855500 -1.17779300 0.80305600

Thermal correction to Gibbs free energy at 298 K: 0.27579 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -1187.290551 a.u.

3.70573200 -2.10309800 -1.24146700
2.20179600 -1.38095500 -2.59135800
3.27277200 -1.80243700 1.09672800
1.42805200 -0.81871500 1.60794800
4.11460400 -2.27199000 0.08766900
4.34026900 -2.46096200 -2.04533300
3.56431500 -1.92282800 2.13443800
-1.39906900 -1.03984000 1.05391700
-0.79851600 -1.94804400 0.99129600
5.42921200 -2.93628400 0.40645200
5.52566600 -3.11645300 1.47805100
5.51978000 -3.89254700 -0.11372000
6.26824200 -2.31068200 0.09012900
-0.79651400 1.32576100 0.97104300
-1.61907500 1.53477100 1.85592600
1.98923100 5.52206800 -0.87869300
-1.54448000 -0.80726900 2.10871500
-2.73848100 -1.26595700 0.38073000
-3.33906300 -0.31390100 -0.44387500
-3.40341300 -2.47329200 0.61843000
-4.58489800 -0.56437200 -1.02144300
-2.84321500 0.62883100 -0.64548700
-4.64928900 -2.72274700 0.04787300
-2.93853300 -3.22173500 1.25219500
-5.24493900 -1.76682000 -0.77639300
-5.03724800 0.18350100 -1.66203600
-5.15135100 -3.66337000 0.24124100
-6.21160600 -1.95986300 -1.22609800

01

-3.43393700 -1.23031600 0.22042100
-3.69786700 -2.59728000 0.27679900
-2.73500900 -3.51126100 -0.15015000
-1.50633000 -3.05649000 -0.63146800
-1.23169800 -1.69189200 -0.66875200
-2.19435600 -0.77685500 -0.23503500
-4.18159000 -0.51276300 0.53684400
-4.65411000 -2.94671000 0.64681500
-0.76205900 -3.76340600 -0.97768000
-0.27731600 -1.34275400 -1.04388200
-0.81443400 1.24865800 0.12852300
0.00866500 0.49302200 1.42664400
1.57250200 0.05895200 0.69027700
2.53041300 -0.50200600 1.54146600
1.87481500 0.26578100 -0.65299800
3.77573200 -0.86156300 1.03741100
2.31053900 -0.65683400 2.59285000
3.13203700 -0.09545300 -1.14009600
1.14112500 0.70244600 -1.31886200
4.09890200 -0.66733800 -0.31140500
451065200 -1.29762900 1.70566300
3.35819600 0.07314200 -2.18746300
-0.52516600 2.70081700 -0.05958100
0.52093600 2.79305400 0.23592400
5.44252300 -1.08564000 -0.85067300
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5.65694000 -0.58409500 -1.79563700 S20

6.24043300 -0.85058800 -0.14350900 SCF energy [M05-2X]/6-311+G**/SMD  (acetonitrile): -
5.46834800 -2.16433100 -1.03029400 1029.336635 a.u.
-1.99091500 0.70550600 -0.34261800 Thermal correction to Gibbs free energy at 298 K: 0.161871 a.u.
-2.85270300 1.40541800 -0.86332800 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
-2.94279400 -4.57400100 -0.11424400 (acetonitril)]: -1029.174764 a.u.

-1.37551900 3.56332800 0.86712300

-1.25534700 3.25182600 1.90780200 01
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-1.05846400 4.60585200 0.78549900 C 3.15916200 -0.76500100 -1.35343300
-2.42929200 3.49581400 0.59424100 C 3.15906700 0.76507700 -1.35347900
-0.62737600 3.13646900 -1.51944100 H 2.80065700 -1.19416100 -2.28929000
-1.66061500 3.28156100 -1.82792900 H 4.13736400 -1.19437900 -1.13432000
-0.09268700 4.08292800 -1.62881800 H 2.80040600 1.19412200 -2.28932900
-0.16137700 2.40563500 -2.18433100 H 413723300 1.19460300 -1.13450200

C 2.20749700 -1.16690000 -0.25118700

C 2.20744400 1.16692700 -0.25117900

S17 O 1.90068100 -2.28799000 0.08543900
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - 0] 1.90060600 2.28799800 0.08548300
1340.024412 a.u. N 1.70990400 -0.00000100 0.34312300
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S 0.62557200 -0.00002800 1.67842700 H -3.43538300 -1.20238100 0.99885900

C -0.93900800 -0.00001600 0.82156300 H -2.54084800 0.02625500 1.89357800

C -1.55639200 1.21058100 0.49802700 H -3.90389900 0.51549700 0.84274400

C -1.55637200 -1.21060900 0.49796500

C -2.78286300 1.20354800 -0.16100200 N11

H -1.07704500 2.14745000 0.75501100 SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): -
C -2.78284200 -1.20356200 -0.16106300 478.9844197 au.
H -1.07700400 -2.14748000 0.75489900 Thermal correction to Gibbs free energy at 298 K: 0.133837 a.u.
C -3.41250400 -0.00000300 -0.49782000 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
H -3.25799600 2.14414200 -0.41692800 (acetonitril)]: -478.8505827 a.u.

H -3.25796200 -2.14414900 -0.41703700

(¢} -4.75185800 0.00000000 -1.18607800 02

H -5.55907300 0.00000600 -0.44767200 0.54083700 1.28942900 0.06433100

H -4.87166600 0.88751100 -1.80939800 1.91739300 1.13667900 0.13867000

H -4.87167100 -0.88751300 -1.80939300 2.50755400 -0.13289400 0.04615700

1.67783000 -1.24499900 -0.12178500
0.29459700 -1.10212300 -0.19691000
-0.28133400 0.16863500 -0.10755100

N6 0.09143200 2.27182900 0.14014900
SCF  energy [M05-2X]/6-311+G**/SMD  (acetonitrile): - 2.54962500 2.00799200 0.27153900
761.7852733 a.u. 2.11894900 -2.23214800 -0.20006400

Thermal correction to Gibbs free energy at 298 K: 0.111984 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -761.6732893 a.u.

-0.33230800 -1.97325600 -0.33850100
-2.51626700 -0.79382800 -0.21370600
-3.79449600 -0.72760400 0.43926200
-4.53377500 -0.41562400 -0.31120900
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02 -4.07617800 -1.73120000 0.75920700
S 0.25507400 -0.35819700 0.08961000 -3.82646400 -0.02199100 1.27142200
0 0.35131800 -0.18972000 1.54681900 -1.75047900 0.36394200 -0.16916000
0 0.49851200 -1.69716600 -0.47045700 -2.27874600 1.47037300 -0.23957000
N 1.35594200 0.67813300 -0.67205400 4.00267200 -0.28063800 0.13176500
C 2.69285500 0.52820600 -0.14648800 4.49686400 0.36593100 -0.59718900
H 2.95432300 -0.51236800 0.06924900 4.36101400 0.01077600 1.12262600
H 2.75978900 1.09328500 0.79262000 4.30723200 -1.31105700 -0.05415800
H 3.39178700 0.95769900 -0.86067900
C -1.31219400 0.28232800 -0.50600500
H -1.18933700 0.28881700 -1.59136900
C -2.41393400 -0.68802600 -0.09041300 N12
H -2.49770300 -0.73954000 0.99726800 SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): -
H -3.35868500 -0.31306300 -0.48757300 596.9398151 a.u.
H -2.24538100 -1.68898400 -0.48800200 Thermal correction to Gibbs free energy at 298 K: 0.215538 a.u.
C -1.53008600 1.69030100 0.03385600 Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
H -0.70670400 2.35992600 -0.22010900 (acetonitril)]: -596.7242771 a.u.
H -2.44316700 2.08599100 -0.41475500
H -1.65618200 1.67069000 1.11738400 02
0.58329200 -1.33338500 0.04337300
-0.79729400 -1.21975100 0.09897800
N8 -1.43476100 0.02936900 -0.01211400
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - -0.62755600 1.16005700 -0.17794700
439.6814539 a.u. 0.76151600 1.05597400 -0.23349600

Thermal correction to Gibbs free energy at 298 K: 0.106526 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -439.5749279 a.u.

1.37681400 -0.19262000 -0.12686900
1.05726900 -2.30291400 0.13440700
-1.38785400 -2.11808300 0.23308300
-1.07180200 2.14149800 -0.27147400
1.36036300 1.94692200 -0.37351300
3.58380700 0.83534200 -0.20023800
4.85443000 0.80437200 0.46988600
5.60895800 0.49497400 -0.26643500
5.11266700 1.81733500 0.77923600
4.88928000 0.11076800 1.31201400
2.85176600 -0.34462300 -0.16597700
3.41280500 -1.43536000 -0.22587800
-2.95939800 0.10471400 0.04877100
-3.47731700 1.53813000 -0.09713500
-3.11227200 2.18508900 0.70493700
-3.18832700 1.97601200 -1.05623800
-4.56927600 1.52748400 -0.04891600
-3.55819000 -0.74208000 -1.08713300
-3.27462500 -1.79327700 -1.00204800
-4.64991700 -0.68321100 -1.04986000

-1.01828600 -0.87294000 -0.14507800
-2.12083600 -0.02486200 -0.19636100
-2.32556100 0.70722800 -1.15335700
0.22433200 -0.39142200 -0.05901800
1.30181200 -1.32684500 -0.15009400
0.53727400 0.99106800 0.14523800
2.61070500 -0.90152400 -0.05678700
1.05582600 -2.37088200 -0.29805500
1.85319000 1.39465300 0.23936500
-0.26338700 1.71460700 0.22726000
2.89531700 0.45899200 0.13667400
3.41967200 -1.61728600 -0.13210700
2.08432200 2.44088100 0.39592700
3.92323400 0.78955800 0.21107900
-3.06963400 -0.17397600 0.95817100
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H -3.22823900 -0.37486100 -2.06279600 H -3.79353500 -1.91450000 -0.20407500
C -3.44270500 -0.44973200 1.40007700 H -4.83642900 -0.84261200 0.74660200
H -4.53443900 -0.39798500 1.44565600 H -4.39169600 -0.40190100 -0.91126400
H -3.14829500 -1.49241500 1.53872500
H -3.03617000 0.13559600 2.22942900

N16
N14 SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): -
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - 518.3026912 a.u.
668.7436483 a.u. Thermal correction to Gibbs free energy at 298 K: 0.162384 a.u.
Thermal correction to Gibbs free energy at 298 K: 0.168988 a.u. Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD (acetonitril)]: -518.1403072 a.u.
(acetonitril)]: -668.5746603 a.u.

02

02 1.73797100 1.20237100 0.32864500
3.05552100 0.80746700 0.53381700
3.46131000 -0.48026000 0.17664900
2.55005500 -1.37332300 -0.38685200
1.22988200 -0.98169700 -0.59492100
0.82341100 0.30767900 -0.23585400
1.40776100 2.19607800 0.60398400
3.76510700 1.49886500 0.97145800
2.86665500 -2.37053200 -0.66637500
0.52395400 -1.67263600 -1.04041100
-1.46162400 -0.18007800 -0.96025600
-2.47815100 -0.76771000 -0.09586900
-2.82477200 -1.66332600 -0.61297200
-0.58749400 0.75283900 -0.41734300
-0.95999400 1.89602000 -0.18261000
4.48827300 -0.78617100 0.33695600
-3.66104300 0.21306300 -0.00210100
-4.00798300 0.50475900 -0.99456700
-4.47676100 -0.28795600 0.52316200
-3.37606500 1.10735900 0.55229200
-1.95578300 -1.13695100 1.29133100
-1.63677200 -0.24537700 1.83829600
-2.75581200 -1.61752100 1.85832800
-1.11633900 -1.83202500 1.22750700

0.65557200 1.07901600 0.05573700
0.08101900 2.34980600 -0.01031800
-1.30635200 2.44440400 -0.07860800
-2.12852100 1.32121300 -0.08270100
-1.54426100 0.05204800 -0.01065900
-0.14686700 -0.07240200 0.06489900
0.68703500 3.24404300 -0.00571500
-3.19988300 1.44095600 -0.14768500
1.47852500 -1.66407000 -0.79986000
2.71510500 -2.24291900 -0.34888600
3.05435800 -2.98963800 -1.06663300
3.46329900 -1.44007600 -0.32731400
2.63092900 -2.67110900 0.65264400
0.51110400 -1.40655900 0.16181800
0.18573300 -2.27129300 0.96374400
-1.76215500 3.42585000 -0.13175300
1.98946500 0.85542700 0.14562700
-2.25059600 -1.09824700 -0.04431600
2.86346800 1.98704000 0.12540300
3.86909300 1.58056300 0.19252600
2.75002400 2.54327200 -0.80628000
2.66986400 2.63559500 0.98104100
-3.67200800 -1.00856100 -0.15972700
-4.09729000 -0.48368200 0.69727600
-3.95414100 -0.50759200 -1.08749900
-4.02718500 -2.03530000 -0.17376000
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N17
SCF energy [M05-2X]/6-311+G**/SMD  (acetonitrile): -
N15 670.7581486 a.u.
SCF energy [MO05-2X]/6-311+G**/SMD  (acetonitrile): - Thermal correction to Gibbs free energy at 298 K: 0.181717 a.u.
478.9837656 a.u. Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
Thermal correction to Gibbs free energy at 298 K: 0.133678 a.u. (acetonitril)]: -670.5764316 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD
(acetonitril)]: -478.8500876 a.u. 02
C 3.59527800 0.87592200 0.17134100
02 C 4.77565800 0.14351000 0.11588800
C 1.72040400 1.14580700 0.08526000 C 4.73607800 -1.22069400 -0.18137700
C 3.02701800 0.68501100 0.20294600 C 3.51664600 -1.85261700 -0.42388000
C 3.29311300 -0.68401800 0.12655300 C 2.33144100 -1.12295900 -0.37124100
C 2.25253900 -1.59232900 -0.06670900 C 2.37185500 0.24357900 -0.07412600
C 0.94240100 -1.13521900 -0.18742900 H 3.60970700 1.93295300 0.40524500
C 0.67635100 0.23600600 -0.11171700 H 5.72388500 0.63156400 0.30463900
H 1.49834100 2.20381200 0.14586200 H 3.48852800 -2.90998400 -0.65650600
H 3.83667100 1.38827600 0.35417300 H 1.38414000 -1.60969900 -0.56744000
H 2.46091600 -2.65338500 -0.12739400 N -0.06563200 0.36238600 -0.18833100
H 0.13411200 -1.83805400 -0.34670300 C -1.05979000 0.51652600 0.84410600
N -1.71409200 -0.18637000 -0.39430300 H -0.75333800 -0.09206600 1.70641700
C -2.81401500 -0.13776900 0.53795500 C 1.12691700 1.05104700 0.01741600
H -2.46261700 -0.59366400 1.47546200 ] 1.12201400 2.26284600 0.19454600
H -3.03443000 0.91097200 0.76942900 H 5.65679600 -1.79006000 -0.22481300
C -0.71286200 0.75971800 -0.21129700 H -1.04478300 1.56074200 1.18452400
0 -0.97904100 1.95609900 -0.20704900 C -2.43646000 0.11760000 0.37718100
H 4.31176900 -1.04161600 0.21726800 C -2.96551900 0.67076900 -0.79318900
C -4.03363700 -0.87079500 0.00729800 C -3.20364400 -0.78689300 1.11200000
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-4.24349500
-2.37352300
-4.48599600
-2.79655000
-5.00774800
-4.64467400
-5.07203100
-6.00216500
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N20

SCF energy [MO05-2X]/6-311+G**/SMD

360.0374169

Thermal correction to Gibbs free energy at 298 K: 0.048217 a.u.
Gibbs free energy at 298 K [M05-2X]/6-311+G**/SMD

0.32120500
1.37572900
-1.13598000
-1.22205200
-0.58349200
0.75488100
-1.84109400
-0.85552000

(acetonitril)]: -359.9891999 a.u.

-1.22272700
-1.36748500
0.68537100
2.01824300
-0.48286000
-2.13106500
1.26286300
-0.81607900

(acetonitrile):

S54
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-0.76440700
0.76442500
-1.19827600
-1.19817500
1.19817200
1.19832700
-1.13322400
1.13322900
-2.25282200
2.25280700
-0.00001100

1.23533900
1.23533900
1.70617000
1.70608000
1.70606400
1.70616300
-0.23129600
-0.23129900
-0.70848600
-0.70850400
-1.07672100

-0.00003900
0.00006900
0.88305600
-0.88323300
0.88328600

-0.88301100
0.00001700
0.00004000
-0.00013700

-0.00019100
0.00028600



References
1.J. A, Gurak Jr., K. S.Yang, Z. Liu and K. M. Engle, J. Am. Chem. Soc. 2016, 138, 5805-5808

2. X. Wang, Z.-Q. Li, B. K. Mai, J. A., Gurak Jr., J. E. Xu, V. T. Tran, H.-Q. Ni, Z. Liu, Z. Liu, K. S.
Yang, R. Xiang, P. Liu and K. M. Engle, Chem. Sci. 2020, 11, 11307-11314.

3. D. N. Harpp, B. T. Friedlander and R. A. Smith, Synthesis 1979, 181-182.
4.R. H. Li, Y. Zhou, K. Y. Yoon, Z. Dong and G. B. Dong, Nat. Commun. 2019, 10, 8.

5. N. Kim, V. T. Tran, O. Apolinar, S. R. Wisniewski, M. D. Eastgate and K. M. Engle, Synlett 2021,
32, 1570-1754.

6. V. T. Tran, N. Kim, C. Z. Rubel, X. Wu, T. Kang, T. C. Jankins, Z.-Q. Li, M. V. Joannou, S. Ayers,
M. Gembicky, J. Bailey, E. J. Sturgell, B. B. Sanchez, J. S. Chen, S. Lin, M. D. Eastgate, S. R.
Wisniewski and K. M. Engle, ChemRxiv 2022, DOI: 10.26434/chemrxiv-2022-7zjvh.

7. CCDC 2149662 (S10) and 2154909 (4a) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

8.Z.-Q. Li, Y. Cao, T. Kang and K. M. Engle, ChemRxiv 2021, DOI: 10.26434/chemrxiv-2021-bj205.

S55


http://www.ccdc.cam.ac.uk/data_request/cif

NMR Spectra

A-iPr. 1. fid - 5
PR P I P, A
———
e
Me
|
|
M 1 JW
4 &b 4 d
< cQ < <
- o - © ) ©
T T T T T T T_ T T T T T T T T T T T T T T T
12.5 12,0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7. 6.5 6.0 5 50 4.5 3.5 3. 2.5 2.0 L5 0. 0. 0.5 -1
£1 (ppm)
A-iPr. 2. fid =
O\\!O
e S.N,Me
Me é
Me
A
ot 4
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S56

L1800

L1700

L1600

L 1400

L 1300

L1200

L1100

L 1000

L 900

L800

L 700

L 600

L 400

L300

L 200

L 100

L -100

L 650

L 300

L 250

L 200

L 100

L 50




A-Me. 1. fid

L

Me

- 800

- 700

k600

- 400

k300

200

100

A-Me. 2. fid B

— 1517

—138.41

L

£1

T
6.0
(ppm)

L 4200

L 4000

L 3800

L 3600

L 3400

L 3200

L 3000

L 2800

L 2600

L 2400

L 2200

L 2000

L 1800

L 1600

L 1400

L 1200

L 1000

L 800

L 600

L 100

L 200

T T T T T T
220 210 200 190 180 170 160 150 140

T
130

120

£1

T
110
(ppm)

50



A-tol. 1. fid TEaWNYL L LG e

[N

4500

_-2.36
<233

4000
Me

Me

k3500

k3000

k2500

k2000

k1500

k1000

k500

T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0
£1 (ppm)
A-tol. 2. fid

700

176. 66
10. 6

Me

400

300

200

- 100

T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

S58



A-tBuPh. 1. fid

2.32

e « - 1 L 3200
e D )
SR —

L 3000

e

L 2800

[Ea Lol

Bu

Me k2600

L 2400

L 2200

k2000

L 1800

k1600

L 1400

k1200

L 1000

{800

L 600

k400

L 200

(
T
o

L -200

2 00\‘
2.00—=
2.00=
2.007
3.00=
3.00=
9.00-

T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 25 20 15 .5

£1 (ppm)

o
@
|
o
°
=
@
S
o
©,
@
©,
o
9
o
o
°.
.
°
I
o
@
|
o

F oouu

A-tBuPh. 2. fid

21.16

3600

3491

3128

3400
-Me

wn-=

IBu 3200
Me 3000
k2800
2600
2400
L2200
k2000
- 1800
- 1600
k1400
1200
1000
- 800
k600
- 400

200

L -200

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

S59



A=dOMP. 1. fid

2.30

5.41

L 4500

=) k4000

Me

L 3000

L 2500

k2000

L 1500

| [N Ill_ | L,
S

1.92=
2.97-

T T

10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50
£1 (ppm)

A-dOMP. 2. fid o S

&

<

L1100

103. 62

38

ME"O

L 1000

[ {900
Me e

L 800
k700
k600
k500
k400
k300
k200

k100

T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S60



he

—

2.33

1.32
30

L
X

d N $
< @ @
N o S
T T T T T T T T T T T T T T T T T T T T
12,0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 6.5 6.0 55 5.0 4.0 3.5 3 2.5 . 0.5 0. -0.
£1 (ppm)
N-Et. 2. fid = N .
[}
WEt
=)
Me
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 30 20 10 0
£1 (ppm)

Sé61

L 600

L 400

L350

k300

L 200

L 150

L 100

L 280

L 260

k240

L 220

k200

L 180

L 160

L 140

120

L 100

k8o

L 60




N-iPr. 1. fid x 282323588 g B R
P i ‘\;
o]
JPr
N
1
S
Me
|
I
|
|
A\ v J
SRR & & d
S99o09 © S =
N~ N M o el ©
.

N-iPr. 2. fid

T T T
11,0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 4.5 40 3.5 3.0 25 20 15
£1 (ppm)

51.62

21.06
o

T T
220 210 200

T T T
120 110 100 90 80 70 60 50 40 30
£1 (ppm)

T T T T T
190 180 170 160 150 140

S62

T
10

k900

- 800

700

k600

500

400

300

200

k100

L-100

k420

L 400

k380

k360

L340

k320

L 300

k280

b 260

L 240

k220

L 200

L 180

k160

L 140

120

L 100

k8o

L 60

L-10



.

Me

2.33

=

400

k200

k100

3.03-

N-Bn. 2. fid

Me

SIS

T
6.0

£1 (ppm)

o

21.07

T T T
220 210 200 190

T
180

T
140

120

£1

T
110
(ppm)

T
100

S63

T
90

T
10

L 200

k150

L 100




S-P-tBu

3. 10

1 L 5000

L 4500
=)

Bu

L 1000

/ L 3500

L 3000

L 2000

L 1500

k1000

{500

212
2.97=

T T T T T T T
12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0
£1 (ppm)

S-P—tBu. 2. fid

L 1600

a NSNS
I 1500
| 1400
By
|- 1300
L1200
1100
- 1000
|- 900
- 800
- 700

k600

{500

L 400
L300
k200
| L 100
L1 1
I L Lo

L -100

T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S64



S—P-OMe. 1. fid
L 1800

—3.35

o] L 1700

L 1600

L 1500

e

L 1400

L 1300

L 1200

L1100

L 1000

L 900

{800

L 700

L 600

k500

L 400

k300

L 200

L 100

“3; L -100
™

3.11=

T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 L5 1.0 05 00 -0.5
£1 (ppm)

S-P-OMe. 2. fid < o

L
10.35

L 450

L 400

Me

L 300

k250

L 200

L 150

L 100

T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S65



S-P-F. 1. fid zgsgsse

3.39

\\\LLLLLLLLkLi 340

o]

n-=

300

- 280

260

240

220

200

- 180

160

140

120

100

1 (ppm)
S-P-F.2.fid

260

Q I
Me L 240

220

200

- 180

k160

140

k120

100

k8o

T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S66



S-P-F. 3. fid

56

-113,

F3.0x10?

F2.5x10?

F2.0x10?

F1.0x10?

F5.0x10"

0.0

Q
Me
“.‘
S
F
T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110  -120  -130 -140  -150  -160  -170
£1 (ppm)
S-P-CL. 1. fid 2
O ™ T
e
il
)
=
Cl
|
]
U
8% 3
N <
N~ < - ®
T T T T T T T T T_ T T T T T T T _ T T T T T
12.5 12.0 11.5 11.0 10. 5 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6. 6.0 5.0 3.5 3.0 5 .0 1. 1.0 0.5 0.0 0.5
£1 (ppm)

L 3600

L 3400

L 3200

L 3000

L 2800

L 2600

L 2400

b 2200

L 2000

L 1800

L 1600

b 1400

k1200

L 1000

L 800

k600

k400

L 200

k- -200




S-P-=Cl. 2. fid

0 WAL
e
N
1
5
Cl
|
|
) l Il
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o
1 (ppm)
SP-Br.l.fidesssessssns ]
o}
Me
N
|
S
Br
|
|
J I
£
=)
RN
T T T T T T T T T T T T T T T T T
12.5 12.0 11 1.0 10.5 10.0 9. 0 85 80 7.5 7.0 6.0 55 5.0 4. 3. 2.5 2.0 0. 0.0 -0.5 -
£1 (ppm)

L 900

L850

L 800

{700

k650

L 600

k500

L 450

k400

k350

L 300

k200

L 150

L 100

k50

400

300

200

100




S-P-Br.2. fid

L 700

10. 6

o L 650

Br

L 400

k350

k300

L 250

L 200

L 150

L 100

T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

ozew

S-P-CF3. 1. fid =323 2

nnon
=3 2

SIS B

B I TSI SRR e
L\ ) O

Me L 400

CF;

300

k200

- 100

k50

£1 (ppm)



S-P-CF3. 2. fid 3 - L 240
0 3 L 230
N‘ME 220
1
S k210
Fa k200
k190
L 180
k170
L 160
L 150
L 140
L 130
L 120
110
|- 100
|90
|- 80
70
- 60
|50
L0
L 30
L 20
1| k1o
\] |
u I} h " o
L-10
L 20
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
S-P-CF3.3. fid N fooxiu
(e} L7.0x10°
Me
N
S| Le.5x10
CF; Le.ox10
F5.5x10°
L5 0x10°
Fa.5x10°
L4.0x10°
F3.5x10"
L3 ox1d®
F2.5x10°
L2 ox1d
Li.5x10
Lioxid
L5 0x10
A fo.0
L-5.0x10
T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -10 -50 -60 -70 -80 -90 -100  -110  -120  -130  -140  -150  -160  -170
£1 (ppm)

S70



SM-OMe. 1. fidzgg 2

Lo

AW
N

Otle

— .7

T T
12,5 12.0 1

56

10.

S-M-OMe. 2. fid
o]
Me
M
1
5
T T
220 210

5.0
1 (ppm)

E3 2

s
OMe
|
1 ot
T T T T T T T T T T T T
200 190 180 170 160 150 110 130 120 110 100 90

£1 (ppm)

S71

L 2800

L 2600

L 2400

L 2200

L 2000

L 1800

L 1600

L 1400

k1200

L 1000

L 800

k600

k100

L 200

L 2500

L 2000

L 1500

L 1000

L 500




|- 380
k360
é F f-340
L 320
L 300
L 280
k260
L 240
k220
|- 200
k180
|- 160
k140
120
L 100
|- 80

L 60

ka0

L -20

o\
3.08-=

58

176. 3¢
164. 24

ez

— 119,14

e
é F I 400

k350

k300

L 250

k200

L 150

L 100

k50

A 1 ) J

T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S72



S-M-F. 3. fid
L8 5x10°

L8 0x10"°

-Me L7.5x10°

wn-=2

L7.0x10°

51017

L6.0x10°

F5.5%x10%

F5.0x10?

L4.5x10°

L4.0x10"°

F1ox10”

F5.0x10"

0.0

L-5.0x10"

T T T T T
20 10 0 -10 -20 -30 —40 ~50 ~60 -70 ~80 -90 -100 -110 -120 -130 ~140 ~150 -160 ~170

L\ oo k340

320

S k300

Cl k280

260

220

200

- 180

- 160

140

L 120

100

k8o

k40

o

4.074
~] 1.00f

1.9
~10.9

@

1.01

f
~ L 20
©

T

T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.

=)



b 2100

L 2000

1900

1800

1700

1600

1500

1400

1300

S-0-Cl. 2. fid
Sile
E
Cl
. A
T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5 10 30 20 10 0
£1 (ppm)
$-0-Br. 1. fid 2 58888833
N R R e N R e R R R e R e R e OO o
———— 5
Q
Me
N
|
S
Br
i I
eeeQ
[ RN
T T T T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6. 6.0 5.5 50 4.5 4 3. 2. 2.0 0.0 -0.5 -

£1 (ppm)

k1200

L1100

L 1000

{900

{800

{700

k600

{500

k400

k300

k200

L 100

Lo

L -100

-200

300

- 280

260

240

220

200

- 180

160

k140

k120

100




S5-0-Br. 2. fid

N

Q
N,Me
Br
|
) . . /
T
T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
—— U
u]
e
Me
AA L
eooenr~ondo e <
N-aocom o )
T T T T T T T T T T T T T T T
12.0 11.5 11.0 10. 5 10. 0 9.0 8.5 8.0 7.5 7.0 5 5.0 1.0 3.0 .5 2.0 0 0.5 0.0 -0.5

L 750

L 700

k600

L 500

k400

k350

L300

L 250

L 200

k150

L 100

k280

L 260

k240

k220

L 200

k180

L 160

k140

L 100

k80

L 60




5-0-Me. 2. fid

59

u]
e
N
i
5
e
T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 130 120 110 100 90 80 70 61 50 40 30 20 10 [
1 (ppm)
S—CIF. 1. fid
o
.Me
b
S Cl
F
\\ A Y j«_
$ee d
2QQ <
o~ v ©
T T T T T T T T T T T T 1
3.0 125 12.0 11.5 11.0 10.5 10.0 7.0 6.5 6.0 55 50 4.5 4. 3.5 3. 2.5 2.0 1.5 0.0 0.5 -I.

£1 (ppm)

L 350

k300

L 250

k200

k150

k100

k50

L 1600

L 1400

1300

1200

1100

I 1000

k900

- 800

700

- 600

500

400

300

k200

k100

L -100




175. 9

3400

NN

.Me L3200

3000

- 2800

2600

L2400

2200

2000

- 1800

L 1600

L 1400

1200

L 1000

- 800

k600

400

k200

L -200

T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)
S-CIF. 3. fid ]

F7.0x10°

N,Me L6.5%10°

-

Cl
L6.0x10°

L5.5%x10'°
16

L 5.0X10

16

L4.5X 10

F4.0x10°

F3.5x10°

L3.0x10°

F2.5x10°

F2.0x10°

F1.5x10°

16

E1.0x10

L5 0x10"°

L-5.0x10°

T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -10 -50 -60 -70 -80 -90 -100  -110  -120  -130  -140 150  —160  -170
£1 (ppm)

S77



S-diCl. 1. fid

L 2200

3.45

Y

Cl

L2100
L 2000
L 1900
L 1800
L 1700
L 1600
L 1500
L 1400
L 1300
L 1200
L1100
L 1000
{900
L 800
k700
k600
L 500
k400
L 300

k200

l k100
Lo

L -100

3.11=

L -200

S-diCl. 2. fid

Cl

T T T
6.0 55 5.0

(ppm)

o
©,
@
,
o
.
@«
S
o
o
o
@
o,
o

£1

10.

k600

L 550

L 500

k450

L 400

k350

k300

L 250

L 200

k150

L 100

L 50

50

T
200

T T T T T T
190 180 170 160 150 140 130

T T T T T
110 100 90 60 10 0

£1 (ppm)

T
120

S78



S-diMe. 1. fid= 2 2

k5000

é e

k4000

L 3500

L 3000

b 2500

L 2000

k1500

L 1000

L 500

3.02=

T T T T T
12.5 12,0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0
£1 (ppm)

S-diMe. 2. fid °

21,21

‘ L 6000

e

{5000

L 4500

L 1000

L 3500

k3000

L 2000

L 1500

L 1000

L 500

T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

S79



10

20

) ) ° o o o o )
S S S S S S S S o o o o o e o ) o ) o o o o o ) o o o 5 ) e o
= @ ) = & 5] = S S S S S 3 S S S S 2 S 2 S S 2 S ? S I S ) ] o I
= = = = = = = = =3 @ = @ @ s 2 ] = o = = © @ 3 < < @ @ & 5 = = ? °
L I I I I I I I I L I I I I I I L I I I I I I I I I I I I I I
It
[ -
T
o
[
- 86761
e
98707~

=

0z°1z =

30

=90°€ |2
- 0L L2 ]
——— = 0T roron— -
€L | o
X

~G6Z [
M 0L [
—— = 200'L

40

0

100 90 80 70 60 5

S80

110

£1 (ppm)

120

130

o
—_— ———— 0}
LS
-
2Lz [ .
G 2
o &
2 s
=3 - T
bz
e
- /661 L2 Yoo\
16°L =
— i = 0 e -
Ysoz [T L7
o wn
. [« —
- =20'L sz gt —
_ ~/56°0
oL | e
&
©
LS oo — -

e
e

Et
E

3a.2. fid

T T T
200 190 180 170 160 150 140

210

220




0.89= —-

1.02,

0.96~

hwj-A-78-p. 2. Fid

@
o

—160.67

—20.39

T T T T
220 210 200 190 180

4000

3500

3000

k2500

2000

k1000

500

L 2400

L 2300

L 2200

L2100

L 2000

L 1900

L 1800

L 1700

L 1600

L 1500

L 1400

L 1300

L 1200

L1100

L 1000

{900

{800

L 700

L 600

L 500

k400

k300

L 200




hy B ek fidecuan g
L 3000
OMe
o S
| WA E
_N H L 2500
L 2000
L 1500
L 1000
L 500
[

0.91= L
;L
=
T
T

o

.
o
o

|
-
o

|
o

hwj-A-82-p. 2. fid

98
T
S

—148.26

— 36
—13

k140
OMe

k130

120

=N

110

100

k50

T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



hy S48 ek 3 2 g 8 &
R i A S S A B A S SRR
—— B —
F
o S
Et
=N
j\ |
g 33 ¢ g8y s 8 g3 ¢
o -Oo - <+ - - - o N+~ o
125 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0 35 1.
1 (ppm)
hwj-A-73-p. 2. fid 2 2 w0 8w
8 R
g g g : €3 s g =
Y ISP YW (N I
F
l/N
A L]
Aiowshp y
220 | 210 200 150 150 170 160 150 140 150 120 1o 100 30 5o 70 50 30 o o 2o To 0
£1 (ppm)

S83

L1400

1300

1200

L 1100

k1000

k900

- 800

700

- 600

500

400

300

200

k100

L -100

80

k60

50

k1o




- 18000000

hwj-A-73-p p-F-

-116.

L 17000000
E
L 16000000
o S
| N J\/k/Et k- 15000000
H
=N
L 14000000
L 13000000

k12000000

L 11000000

- 10000000

- 9000000

k- 8000000

- 7000000

- 6000000

k5000000

- 4000000

- 3000000

I 2000000

- 1000000

- —1000000

T T T T T T T T T T T
70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230
£1 (ppm)

by EATR PR EEEREE] te
e e R R S S S
—
Cl k4500
o s
)J\/'\/Et
| H |- 4000
=N
L 3500
3000
L 2500
k2000
L 1500
L 1000
L 500
|
| 8 L
Lo
d o 4R d & <aR 4
] e ©Q coa@ < N eYe <o
o ~ O - N+ - - - N -~ N [se]
T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 30 25 20 1.5 10 05 00 -0.5 -1.0



hwj-A-72-p_p-C1-S. 2. fid

29

L 1000

| S\ Y

169,

Cl

k900

2N L 800

L 700

k600

L 500

k400

L 300

k200

L 100

T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

by agyrek fiden

G055 66 06 o6 o6 o6 05 6 %6 98 o6 11

—— T L

2400
Br

2200

k2000

- 1800
1600
L 1400
1200
1000
800
- 600

L 100

L L 200
l Lo

k)

o ) > )

o

T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 2.5 2.0 1.5 I
£1 (ppm)




hwj-A-71-p. 2. fid

NN AN
Br
Et
| HM\’
=N
‘ . L
2‘20 2‘10 2‘00 ll?O 180 1‘70 1‘60 1‘50 l‘lU 1‘30 1“20 1‘10 l‘DU E“)O 8‘0 7‘0 6‘0 5‘ /1‘0 3‘0 2‘0 1‘0 ‘O

£1 (ppm)

CF;
o S
| Wy A
=N H
3 g% 3 £
o o o o ™ N
125 12.0 11.5 11.0 10.5 10.0 9.5 90 85 80 75 70 65 60 55 5
£1 (ppm)

{800

L 700

L 650

L 600

L 500

k450

k400

k350

k300

L 200

L 150

L 100

L 50

- 400

k300

200




hwj-A-74-p. 2. fid

CFaz

169. 10

3

/

23

— a7

hwj-A-74-p. 3. fid

CF;

-65. 19

120

T
110
£1 (ppm)

T
100

k400

L350

L 300

k200

L 150

L 100

k50

L-s0

- 18000000

- 17000000

k16000000

- 15000000

- 14000000

- 13000000

= 12000000

- 11000000

- 10000000

9000000

- 8000000

- 7000000

- 6000000

k5000000

4000000

3000000

2000000

1000000

=0

- ~1000000

 -2000000

T T T T T T T T T T T T T T T T
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230

£1 (ppm)

S87



hyEaPi ek tidene g

TREE

v @

OMe

———

- 800

k700

- 650

- 600

k450

400

350

300

k200

150

100

k-50

hwj-A-91-p. 4. fid

OMe

n

7.05

k240

4120

_-15.28

—3

k230

k220

210

200

190

- 180

170

160

k130

k120

L 110

100

|
1/
P
T

T T T
150 140 130 120 110

£1 (ppm)

T
100

T T
90 80 70 60 50 40 30 20 10 0

S88



;3] 2 8 8 8 8 8 8 8 g8 8 g8 88 8 ¢ 2 2 2 92 2 2 9 ¢ g g
! 8§ 2 8 &8 8 8 8 8 ¢ 8 8§ = 8 8 g g8 g8 8 & 8 8 8 S 8 2 8§ g8 g 8 g g &8 €& & 8§ 8 9 g o 9 2
;8 5 8§ 2 02 %02 2 T 2. 8 2 2 8§ 88 B 8 8B 2 8§82 o 7 0% _ %X @& g & § 3 s £ 2 I f = 8 2 2 3 o j
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 VO. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[T
o
[ —
7
o
re
0 &1 —
re
9707 — =
o] e
=0L'¢ |- B
e E
- s 3
— 102 Lo9s— E
20°L LS 3
o
o~
n=
o
[Med
—_— o'l
ale
60 L2
o
[[e3
—_— ———— HIOO—\ o
o
o
[
c 2
<2 A
51 -~ _
rs >
_. m\om.o e
- 9rg 3
% 0°C e ¢ W
, R A H\ -
0z "L - 0 ¢
0z 2 - WrwoFJ:. \
_u\u e
17 o |6
1] Fos B
1 . .
;. =+0'L A
L o
5] o
1] .
2] [ /€60
L Nooy [ 2 _
] ©
] Foo steon—
] _ -—— =480 [2
] ]
ﬁ s
] - Fo
i [T w - L
] o
vs L] 5] - o
5]
5] ©
918 ] =
s ] O = o
48 ] ZzT o |z =T
o] >z
R P
&5 A
o851 = v S =
Fusq B Lo 2
=8 - < —
As N
g z

60

T T T T T
210 200 190 180 170 160 5

T
220

(ppm)

£1

S89



112,10

1zq-wj-90-F
.
o s
| WA A
N
T T
-90 —95

1 (ppm)

0.9

L -0.01

1100

- 1000

900

- 800

k700

- 600

k500

k400

k300

k200

100

O S
i H Et
=N
I
@
<]
125 12.0 11.5 11.0 10.5 10.0 9.5

T
6.0 55 50 45 4.0
£1 (ppm)

27 3.02=

- —100



hwj~A-75-p. 2. fid L 700

169. 33

. | =SSV .

L 600

L 400
k350
k300
L 250
L 200

k150

I M ' !

T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

.

s s e S i

1600

,u\\,,J\\‘,Et L 1400

1300
I ” } ] / [ / }/ // k- 1200
L 1100
- 1000
900
- 800
700
600
k500
k400
300
200

100

L —-100

1.01=

T
6.5 6.0 55 5.0
£1 (ppm)

T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0

S91



hwj-A-76-p. 2. id

| SSSNe

1L

14,22
14.01

< s

—36.87

— 1105

{700

k650

L 600

{500

L 450

L 400

k350

k300

L 250

L 200

k150

k100
L 50
T

50

hy g AL Pk pide

T
110
(ppm)

%@

coo

2EREERRTERERE

T T
100 90

B oo e

[ S S S S A A e e e e N O e B R R RN R RN I R N RN
LYy
St e N
2600
Me.
2400
2200
| =N
- 2000
- 1800
- 1600
- 1400
1200
- 1000
800
- 600
400
|
| 200
| |
l ! [,
& ge b S 4 e b A &
@ Q@ O 2o RQ Q @QoN wou O 200
o oo - v+ O - O~ @+~ v+« o [
T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£1 (ppm)



hwj-A-77-p. 2. fid

Me [ oSS YO %
o 3
| NJKVJ\/B
) A
w ' T Y B
! st T
2‘20 2‘10 2‘00 1130 1‘80 1‘70 1‘60 1‘50 l"lU 1‘30 1‘20 1‘10 1‘00 9‘70 8‘0 7‘0 éO :")0 1‘0 310 2‘0 1‘0

oo
22

hy By PR Rids o

G EBBLLBL L BB BB 6 e e e

£1 (ppm)

fe NG
L

Cl

Ay 4 THERD
20 © 9Kaa0
o o -~ — v O OO
T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

T
6.0 55 50 4.5
£1 (ppm)

L 1000

L 900

L 800

k700

k- 600

L 100

L 300

k200

L 100

L -100

1000

k900

- 800

- 600

500

k400

300

200

100




hwj-A-81-p. 2. fid ] 2 g
3 EI
g s 0=
[o]]
E
o S
MB
0N
=N
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 0
£1 (ppm)
1zq-wj-81-F 2
b
Cl
F
o S
MEI:
[ W
=N
T T T T T T T T T T
-95 ~100 -105 -110 ~115 -120 -125 ~130 -135 -140

f1

(ppm)

S94

40

0.

-0

k50

. 0020

. 0019

. 0018

. 0017

. 0016

. 0015

. 0014

. 0013

. 0012

. 0011

. 0010

. 0009

. 0008

. 0007

. 0006

. 0005

. 0004

. 0003

. 0002

. 0001

0000

. 0001



91

=N

cl

l L e
& do & «mow & b Sde b
@ Qe o eQaoe ] QQ @ Q
=) oo ©o ov-oo -~ < coa ®
T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.5 12.0 1.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 L5 1.0 O 0.0 0.5 -1
£1 (ppm)
hwj-A-99-p. 2. id H e -
g 9 s
a Y [
[ORS Cl
I A e
LA
=N
L Ll | h
f L Y
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

£1 (ppm)

S95

- 400

300

200

L 100

- 180

170

160

k140

130

120

110

100

k8o

30

k20

k1o




hygadere

o S Me
H A et
[ i}
=N
1
[ h ‘ ‘ | L
& g2 4 Jdod 4 go d¥d &
@ ea Qo Qo xe Q QC Ko« a
<) o - o~ - Oo - O+ W+ aN«— o
T T T T T T T T T T T T T T T T T T T T T T T T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5 50 4.5 4.0 3.5 3.0 25 20 L5 10 0.5 0.0 -0.5 -
£1 (ppm)
b j-A-89-p. 2. Fid 5 - e
he [ [ Ve
o 5 Ml e
MB
(T H
=l
Lok
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

- 2800

2600

2400

2200

2000

k1800

- 1600

1400

1200

k1000

L 800

- 600

- 400

k200

L —200

k400

k350

L 300

k250

k200

L 150

k100




900
800
700

600

500

400

300

200
100
-0

~-100

f 1400
1300

1200

1100

- 1000

900

800

700

{600

500

400

300
200
I 100
Lo

~-100

F-200

mn.HL

vLe ]
(745

b1
51

mm.m;

Et

ok

Foee

Z0'T

(1x4

F10'C

v8EE
0
[a4

M/ém.
=80T

0T
T

0.5

1.0

1.5

2.5

3.5

4.0

4.5

5.0

6.5

7.0

8.5

9.5

T T T T
12.0 11.5 11.0 105

T
12.5

06°€T —

LZre—

ouULE~"
STTP —
L0°Sh ~

67691 —

1zq-EP-133-3-f1.2.fid

L

110
f1 (ppm)

210

S97



hwij-A-96-1-p. 1. fid 2 I EEERT 2 28855
T AP D N i
o S,p-ToI
Me
WA AL
| H
=N
|
|
[
|
|
h m J
d KR 3 i‘%—c\'j <2 4
@ ] Q ceo® Qe @
=) - o - & s+« o
T T T T T T T T T T T T T T T T T T T T T T T
12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 .5 6.0 55 50 4.5 4.0 3.5 3.0 2 2.0 1.5 1.0 0.5 0.0 -0.5 -l
£1 (ppm)
hwj-A-96-1-p. 2. fid 2 2 ~ -
a S,p-TD\
e
NJL\/k’
H
| 2l
L ‘ ) ) | m
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

|- 800

700

- 600

500

400

300

200

100

L 1000

L 900

{800

k600

{500

{400

k300

k200

k100

L -100



|

F00'1T

86T
6T
T10°C
660
=560

=660

60

12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

12.5

o o o o o o o o o o o o o o o o o o o o o o o
3 2 3 2 3 a 53 2 3 2 3 2 3 o 2 2 5] 2 3 2 3 a 3 o 2
R S 3 o A < ¥ = @ B4 ] 2 S 2 o T < ? = a < ] 2 S 3 :
L L L L L L L L L L L L L Il Il Il o Il Il Il Il Il Il Il L L L L
-
)
<
=
=
i ST — _—
=]
T~
=8Te | o v9TT—
-
8767 —
= Foyz | 1
// b'E bl 8b'PE —
- 60
e
o~ STvb ~
667 1090 —

LT8YT —

59°69T —

1zg-E-N-nPr.2.fid

110
f1 (ppm)
S99

120

130

170 160 150 140

nPr

o p-Tal
I 2
210 200 190 180

220




-850

800

750
700
650
600

550

500

450

400

350

300

250

{200

150
100
50
Fo

r-50

450

400
350
300
250
k200
150
I 100
50

r-50

96'T
96T
96'T
26T
16T
16T
86T
66T |
62 |
vrT
stz
e
8,7
187
£€8'7 1
£8°7 1
¥8°7 |
¥8'7
S8°Z
98'7
98'7
18T~
877
88'7 )
96°C -]
167
867
867
66
66'C
00°€
99°€
99°€
99°€ |

—

=

= Nr—

19¢ ]
B.J
L9

89°€

L0°L
L0°L
60°L
60°L
61°L
oT'L
0TL
€TL

s
L]
[
2y ]

vz

veL
stL
sTL u
ovL
oz

—

S,p—TDI

A

WNO.H
10'T
B10€

T
o
0T

Eee0

T T T
12.0 11.5 11.0

T
12.5

0.5

1.0

1.5

40 35 30 25

4.5

5.0

7.0

T
100 9.5 9.0 85

T
10.5

€I —

9€7€E —
£p'9€ —

vy~
b9'Sh

bLOTT

~ 1T

€ vr121

S v09z1

s
90°821
25821
29821
26°621
66621
et
SyHET ~\
49T —
egLeT
6v°8€T A
S9'THT
9T'8pT —

9€'69T —

S,pTD|

1zg-E-N-Bn.2.fid

)

150

180

120 110
f1 (ppm)

130

140

160

170

210 200 190

220

S100



700

650

600
550
500
450
400
350
300
250
200

150

~-50

=400
350
300

250

200

150

100

50

~-50

9T
89'T

89'T

89'T

69T

69'T |
69°T |
0T |
0T
0L°T |
04T
s
8T
8L°T
8L

!

6L'T
6L°T /
6L°T

62T

we
€7
vlT
stz
8.2
6.2
08
18T
18°€ ]
28'c
8¢ ]
28
28
78 |
€8¢ |
€8° |
£6¢
s6'c |
g6'c ]
€6'€
6’
v6'e
v6'E
6’
s6'€
s6'€
S8t
sg'h
98y
98t
98t
8%
202
202
202
802 ]
802
80,
ov'z ]

—

L

S,p—TuI

o]

|rN

Wmﬁuw

=C0'€

o1
FOT'C
Fere

Feoz

6T
0'T
x4

0'T
0T

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00 -05 -1.0

12,5

£TTT~
0912~

99°€E ~
18vE "

£0°'vb ~
£€0°9r —

66'v9 <

00°S9

66691 — ﬂ\/O
o

5 Lo-Tol

|/N

1zg-E-N-O2cyp.2.fid

260
Mt

ITT
oot

it
Bzt

Teee

110
f1 (ppm)

210

T
220

S101



2300
{2200
2100
2000
- 1900
{1800
1700

- 1600
- 1500
{1400
1300
1200
1100
{1000
900
800
700
{600
500
400
300
{200
100

=Y

~-100
{-200

850
800

750

700
650
600
550
500
450
400
350
300
F250
200
F 150
100
F50

-50

S€'T
A%

b7
SLT
6.
owi
18T

87
v9'e |
v9'e
+9°€
59'¢ ]
so¢ ]
m.m.i
99°€

80y

60
o1y
jass

[ e

—_—

[487
80°L
80°L
80°L
60°L
60°L
60°L
op'L
e
]

—

Et

FTE

6°0
6°0
6°0

0T
T0°E
6T

Fo0z

0T

0'C
10°'T
0'C

860
5160

Feeo

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00 -05 -1.0

12,5

9T —

ETTT~
657

(4823
ST'bE

96'€ ~
YLSE

bp09 —

8E'69T —
O ELT —

1zq-E-158-f1.3.fid

S_,,:)-TDI

Et

|/N

110
f1 (ppm)

210

T
220

5102



650

600
550

500
450

400

350

300

250

200

150

100
50
-0

F-50

250

{200

150

100

50

@y
€271
veT
sz
297
+9'7
v9'7 1
ST 1
597 9
99'7
2979

£9°T
89'T
69T
ST %
9L'T
9T
o1/

62T
cm.NWu
T€T

RS
A
NNN

S

OEt

S,p-ToI

|

'S
0T

Froe

Foor
Froz

Fsoe
16'T
mo.ﬂ
T
ot

wﬂwm.o

T0°T

Fse0

1.5 1.0

2.0

2.5

3.5

5.0

6.5

7.0

8.5

T T T T T
12.0 115 11.0 105 100 9.5

T
12,5

6EPT —
€I —
68'vT ~—
999 —

LEVE —

80'vh ~
L8'St—

L8709 —

.hml

8b'69T —
YLELT —

Izq-E-N-esterc3.2.fid

S,p—TuI

OEt

110
f1 (ppm)

210

T
220

S103



- 1800

1700

- 1600

1500

- 1400

1300

1200

1100

1000

900

{800

700

600

500

400
300
200
k100
Lo

-100

450

400

350

300

250

200

150

100

50

-50

S9'T
S9'T

91
89’1
89T
27
214
8.1
8.1
8.1
60T
601
08T
187
18T ;T
8T ¢
Nm.ﬁx

981

L0t

80°C -]
60
60 4
60'C ]
60
607 |
o1z
877
897 1

89
697 1
e
[ 754
vlT
stz
o'z
ue
8s'€
65°€
65°€
65°€
09
%0,
20,
90
%07,
L0t
L0,
80,

6cL

=T

I/N

sz
Ty
F€0C
=66

Fsoe

86T
6T
70T
112
660

6°0
0'T

0.5

1.0

1.5

2.5

4.0 35

4.5

5.0

6.5

7.0

8.5

T T T T T
12.0 11.5 11.0 105 100 95

T
12.5

f1 (ppm)

69°8T —
wie—

798¢
08'8C
P6'EE —

902 ~_
ETvb ~
14344 <

TL91T
S9°TCT /
€L1et H/.
vSLTT
no.wu/
¥8'6CT
0S°0€T V
LYEET V
SSPET
9P 9ET \

SSLET

9T 8YT —

65°69T —

1zg-E-N-CBu.2.fid

110
f1 (ppm)

210

T
220

S104



900

800

700

600

500

400

300

200
100
-0

600

550

500

450
400
350
300
k250
=200
150
100
50

-50

88'0 7
88°0 4
68°0
68°0 1
16°0
26°0

2670
21y
€T
v2'1
ST
STTA
ST
o1
97’1
z1
81
SS'T
551
951
95'T
95'T
51
297
191
897 ]
89’1
89’1
69T
69'T
o1
ot
ot
7wt
622

e

—— |

—

e

ovz

—

E<ad
260
Hgge
LTT
TSLh
960

=96'C

Feet

10T

T0°C
0T

6°0
16°0

E16'0

120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0

12,5

99'69T —

1zg-EP-CY.2.fid

= p-Tal
Cy

I.'N

110
f1 (ppm)

210

T
220

S105



800

t750
700
650
600
550
500
450
400
350
300
250
200
F 150
100
k50

-50

350

300

250

200

150

100

50

-50

62T
6T'C
[Vax4
e
we
€L'T
SL'T

mm.Ng

~
e
=
=

{

|zg-E-N-ph.1.fid

=L0E

Feoz
Froz

M\.wm“ﬂ
Lo
40T

»Mﬁ.ﬁ
44
=TT
=60

BerT

10T

0.5

1.0

1.5

2.5

4.0 35

4.5

5.0

T
6.0

6.5

7.0

8.5

9.5

T T T T
12.0 11.5 11.0 105

T
12.5

Y1 —

81T —
1920~
60'Lb —

52911

—~89°TeT

€ vr121

Eeroun

o bsal
90'821
£5°821
9’621
06'621
££°0ET
€9cel
60°bET -
85°9ET —

wst-f

6b'8ET

89°'8€T

sT8pT —

SE'69T —

1zg-E-N-ph.2.fid

S,p—Tn\

Ph

I/N

150

120 110
f1 (ppm)

130

140

210 200 190 180 170 160

220

S106



o o o o ° o o © © © © © o o o o o o 9 o o
3 3 38 8 o o o ) o o ) o ) 8 s 8 8 8 8 8 8 8 8 8 8 8 &8 8 o o 9o o 8 8
a ] = 3 3 3 3 3 3 3 3 3 3 S g § &8 8 3 8 ¥ & & & 8@ § & 8 8 & 8 8 2 g
2 B =t S ) 2 R 3 a g & I E o : ® & & 8 &8 & ¥ 8 R & 2 3 o =2 88 8 & R’ o D ;
L L L L L L L L L L L L L L L o L L L L L L L L L L L L L L L L L L L L L
68'0 7 =]

1604
260 0
. o —
W 7
T
[Za% = €9°€T
Sb'T mm.mﬁW
1S°T 60bT e —
1577 2 wsi— —
7514 SH'0Z~_ _ 3
€5°T €607 T—
) - .
€571 FSTE L2 orie
£5°T €T'1e
$S°T —3
PSTN B ———— = T6C || 1 oEE~
ber 0T [<X ke 1
557 E— Feet
95°T -] 2 B
wm”J - o6z 89k~ N
€1 n o
v N s~
YT eo—
A% —_— 460 [ o 6
s «
mm.l
oLt in
) . Ts. :
o't T re
e ﬁ
oLt
1
wr o
see] ¢ bo9TIY
sk L9911 1]
082 ] oSS
19 ] ¥ 9STeI
1824 69121 1
187 o ocizl
zec W zseen
el 5221
2821 1 S0'8ZT
€87 ] n L0821
sl £ €861
posl o 588621
65°€ = hsUTeT o
65°€ 1 Sesrerff
09°€ - N £9°ZET o —
0L S ooeer P
- SSPET
ooxW 07 S S9ObET ——
8Ly —_— 1 | N 6£9eT 9
60°L —=
8L~ - 280 roeT \E
6t f —_— 01 12 60erL —
NE% 17 LTLET -, 7
€L o Svser \
b @ ouser
Sb'L ] — 60T T8~
9L . T8I
w.\& %
8L - 0T
mt& I 1T | o
6L o
05 ]
0S°L wn
15°2 ] @00 ELT N
s o T ]
[ _ >
€57 ﬁ {f \u Tm.o S o
$T°8 - R
518 ] i o
9T'8 @ S X
91'8 ] = e W
s8] i
218 b=} o
188 ] =T in =T
18'8 =

988 ] = z

' E o & =

i 5d S

¥8'8 — [ W

881 b =

uE8'8 n 0

83 d |3

4466 w

@o1- g

110
f1 (ppm)

210

S107



{650

600

550

500

450
k400
350
I 300
250
200
k150
I 100
50
Lo

+-50

450

400

350

300

250

200

150

100

50

-50

Fsts
Bt

Fere

Tm.o

0.5

1.0

1.5

2.5

3.5

4.0

4.5

5.0

T
6.0

6.5

7.0

8.5

9.5

T T T T
12.0 11.5 11.0 105

T
12.5

€21
ss°zt H/
L6°€T
80°bT
ST0T~_
18027
wu.ﬁ\
ov.NN\
YEPT
6L°€E ~
oT'bE

95°2s
¥8'2S
6LbS
L8PS

29911 7
0L'9TT
7§12
19'12T
69121
L7721
95221
£5°£TT
90821
_Tvser
£ v8'62T
2 €6'621
= Y9TET
& g0°zeT o
68°Z€T
96'ZET
PSHET
8GHET
TH'9ET
TH'9ET
ETLET
€ETLET
b9'8ET \.
99'8€T

ST8PT v

LT8PT

VT T p—p—

WLt
£5°¢ULT

1zq-E-155-A-5-f1.2.fid

S,p-ToI

0'T
50
LZ1°0

11T
€0

110
f1 (ppm)

210

5108



s o o o o o o o s o o © © © o © 9o ©o o o o o o e o
g 8 8 8 8 8 8 o © © © 9o o o 9o o 5 g 8 8 8 8 &8 8 &8 8 &8 8 &8 8 8 8 o o o o 2 8
© A < ) I - S S S S 1S3 S S =1 1= =] 2 =} ©° 3 I S @ © 53 I S @ © < I S S S 153 S Q ?
S 2 3 2 & Z 2 &8 8 R 8 8 8 88 /& & o % 8 &S 5 R & B ¥ R 2 2 3 8 2 8 8 8 R o o ¥
L L L L L L L L L L L L L L L L L L o L L L L L L L L L L L L L L L L L L L L L L
80 F
8704
$8°0 1 0
La ]
S8°0 1 g
580
2809 Le
88°0 S 3
680 86°€T
06°0 L2 sov1-" 1
06°0 0T~
160 e60e 72 ——
60— H/e LS e E
0T T~ 8'6 9v'ze —
sz17 T = Roez . s
Pras e LN vz —————
157 T Yoos [~ sg'ze —
75’1 / = T o 89 E
Nm.ﬂ Fa  ST8 4
<3 9€'82
£5°T I —_ Eeoe [, 29682 3
€51 Fa SLEE
sl - ot 90'bE —_—
vST] o 89
51 Feo  sTee
ss1 S8'7s
SS°T ] To.ﬁ n 98°¢s
851 M Fe  lz6s
95°T 1E°€S
=] Egp
pynal 69°9TT 1
8] n  ISTCI
81 Fs  (STe1
o814 0LTeT
S8'1 ] o 12T
et re  cszen
el 85421
29z n  L0'821 ]
801 [w _1rser
orz £ 98'627
v | o Sze6e1 |
Pl 8 /9°TET
8c Soreerf
6Ly [ @ 6LzeT E—
Py © poeeT o ﬁ [
Sb'L LSVET
9b s W Lo 1overqy w
obs —_ == Rqpz | OV9ET
ob s e TroeT \E —
t\ntw s— Tz L2 orzert
i vELET =2 -
6L ° mo.mﬂ\
052 Fo 6981
052 TooT vT8eT
052 97T
G.ﬁ e
15
16z ] — Fere [ o
25 ro
€57 ]
€52 | »n
€52 ] @ ereLl B
Vel ] - toen
S8 - d
- — 0 Fo [
t.w;.m jin] Tmo = c O
scsf s " 4
8L8 N Lo By
AR = = m =
6.8 M o M
08'8 T o o iy
08'8
1881 =T - =T
18'8 L
88 ] = Tl =
8’8 L o & B
¢8'8 | ra 2
88 = = =
598 | " &
88 ] rd &
upg'g | U
B85 N

210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

220

S109



° ° ° ° ° o ° ° ° ° ° ° ° ° ° ° ° ° °
2 8 2 8 2 8 3 8 ] 8 ° 3 8 2 8 2 8 3 8 ° 2
f R ? 2 = a & ] ] B 3 ° ? S = a ] I ] S 2 ° 7
L L L L L L L L L L L L o L L L L L L L L L L L
$0°0 ol 6T
$0'0 5%
00 L2 osv
500 g 86 —
500 9€'s
500 Lo  we
ST'0 T H/m ° Nm.mW. .
9107 — e b6
w:@ﬁ e o1
91’0 T 20T~ E
8c70 — ese 280
8€°0 LS oz \
8€°0 ] z1e 3
6€0 " SLEE —3
660 - _ a9z [ wo.vme ——
60 . 0Tbe —
ot0] = 20'€ Z.mm\ =
o.\i — = Fseo |2
0v'0
?.i =667 | 1n .
o =
WM.M_ i - Fue0 ss'Es
)
057 ] Fe
151
e ~— Foos [
jongl ﬁ £9°9TT
(SN o 0L9TTq
] Fs  0vTen]
poel 8v°121
ponal L N LSTT
e Fv  Lo7ery
2914 89°121
w91 o Wizl
o1 ] Fe eszen
co1] 29'cer |
€97 w081
o1 [ _1rserd
61 £ 58'621
Pl | o S1e6er
26'T © 85TIET
6T Eerzerf |
€€ [ 187ZeT o
bez Cayrend | o
e £9°ET
o oo
Pyl Lo sowvery 1
8,72 — Ob'9ET |
] TH9ET =
08
P T L2 orzer~i _ —
obe - 6CLET —
s omf
b Fo 6
oy —_ sT8pT
posyll . 8TBHT
6] o
4
ovL
4 —
e o
| E
SbL a
SbL
o' | n
RN [ eren— -
6v° o 3
6v°L ] \‘d L2
052 ﬁ [J - To.ﬁ B
s = = R
o & W L2 s 4
eseq = - o
stsd n ° Y
ST'8 Lo
91’8 -
orgd O n o
%Mm‘ =T e =T
T o
o . &
88 = N =
%831 : b p
88 | — P —
88 | Fe =
U€8'8 1 w
Z6'6 g

150

180

120 110
f1 (ppm)

130

140

160

170

210 200 190

220

S110



g 8 8 <o 9 o g o 2 o o 9 2 8 8 8 8 8 8 8 8 8 8 o © © o 9 o 9 o o g £
8 = = g g S g g g 8 g g o = g g2 5 g 2 § 8§ 5 8 8 8 8 g8 28 8 8 ] g8 o % W
L L L L L L L L L L L L L L o L L L L L L L L L L L L L L L L L L L L L L

0601 -

160 |

26'0 1 n o geEr

257 Q@ [4841 =

mm.ag 6v°8T

€57 g vser

£5°T ©  sroz

vS'T 88°0C

45T (L4 24

291 e aw

T9°T TE'8C

€07 e Feoe la e -

£9'7 8L'8¢

€9°T ON.mm/ M

[REN _ A, D Tre —

$o'T — —_— 0T 8b'bE

vo1 /P I = Wwﬂ.m No.vm\ —

ST _— RoEY ] ~m.mm\ ]

8.& LE°E 8€'8€

99T —_— FOT'v €0'1S 3

aE | M 20T e bTIS .

€1 — 5 ¥ 6425

(7% o lo€s

b1 o

b1

sct] R 5 Foor [

LT «

SLT

9T o

o1 -

9T

71 n L9911

v < 899TT

o1 15721 4

081 o 09Tl

81 W oster o

1 [IRTas

86'7 w85

pocte w081

00z € 21821

107 o Se8'6CT

o S = 16621

20z Szorerf|

€0z 0 STTET o — 1

jipchs S el

5z 00°€ET

o 2 95bElr

ptis —_ — Reer [N zower JW

MS% - o [, WWOEINE

60 ﬁ —_— = 7 b2 sozer~ 1

oyl bELET ¢ =

posyll $9°8ET \.

b S coser

St ] — F60'1 8T8L

op's ] o TESHT

mv.ﬁ ﬁ %

9L .

s ] — Fsre [ o

602 o

6v'L

05z n

0S°L o £5°2LT

15 . e 3

157 \‘d 6°0 M

e = i = = @

[ =

€52 & 3 'y

vS'L Y - S

ST'8 o

s1g =

] o a] o

418

or'g =T w =T

2o -

8 =
Te 2 S 9 by
s — g _

8 n 8

s g%

€8'8 w

&6 g

110
f1 (ppm)

210

T
220

S111



o
o 8
o 3 E
8 2 8 w w m m W o ,_ .
S 2 =} n (=3 Q 5] , , ,
RoR B 8 B B R 2B FORORC
2
m H m e ',O JJ L L L
8 § m < L L L L ]
5 —
8 g g § : , |
8 8 8 8 8 : ,
o g ,
3 m T L L 0
T L L i -
| re
| 96°ET i
S.MA o 90T )
Mm.l [S  scoz : -
| 60T -
MM.T n Tt
qm.L > wu.mw :
. : —_——
- Feze | @ vs6z
. “E R 68'62
. °
SS°T =) \4
WM.MU - IR AN
. E€0Z [~ ggeg -
£9°7 | 0
= s6's€ y
m.L 9 12 eree
om.T ﬁ — - N s |
w : 9625 )
| B0 [ w el ;
. [™ ores —
- N = Froe 69°911 7
| : : \m
£ [ serer]
NW.M ' o S9'TZT |
0 To.ﬁ L ortznd §
i TTer o
. 28'seT
e : .
4 F<  peser -
5 SS°L2T 9
5 i 90821
o <  1r8er :
5 9£°82T §
5 o LE8TT
A [© 58T
A 5821 §
i n 8861 | :
A [ c6621
it EesTeT o
& S 2 /0°2€T .
2 [[© = sgzer
e £
: Sereetf
- 05T *
- [ vever :
ww.ﬁ TH'OET
STL Ay 20T | 9 gpoer R w
2 10e [ orzerF .
v =10 svLeTE
i 0T L2 zoeer~f :
Q.L — 201 [ goger X N
8L B ' i |
| o o oot
A :
mwn ] N - 9T~ i §
m.\ wor 8T'8pT 1
05°2 :
252 :
€572 :
| 207 | o :
mw.h; W :
bS'L 0
-, 4 oo
vS'L : \
] !f_ [@ ezer =
mm,& et
. : 0
95z ] \ ki h :
G - Tm 0o rs -5 =
5L T
3.& : : m
818 ] _ — : : :
ol R TR 0
08'8 : 0
088} 4 : ; \n
18'8 ] Y : -
188 ] :
788 : d N \m
€8'8 | O | | 2
€8'8 ] - i,
- =4
881 ; -
+8'8 1
) IR
TSR A 1
588 :
588 _ ' g
D88 :
©8'8 |
Ug6'6
o1

f1 (ppm)

S112



t 1000

900
{800
700
600
500
400
300
200
100

2600

I 2400
{2200

{2000

{1800

1600

t 1400

{1200

t 1000

I 800

I 600
{400
200

~-200

16707
1604
260
€60
£6°0
80°T
80°T
60'T
60°T
1€T
[R8
7€
£€°T

/]
NI

———

=

1]

H/Nﬁ.m

Bort
20T
Z¥O'T
=00°¢

F00°T
20T

00T

=160
TR

F16'0

-1.0

T
0.0

T T T T
11.0 10.5 10.0 9.5

T
12,5 12.0 11.5

f1 (ppm)

ST°CT
0091
e —
89°9¢ L

788 ~

50r

£€8°'TS —

66'69T —

|zq-E-155-B-5.2.fid

f1 (ppm)

S113



0 R — ——— 1600

N k1400

=N Me

1300

L1200

L1100

- 1000

900

k800

700

- 600

L 500

k400

300

200

] L 100

1.01=
0
9

T T T T T T T T
12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 05 00 0.5 -1.0
£1 (ppm)

52.
—a2.39
—39.00

— o718
T

TSPV

k450

L 400

k300

k250

L 200

k100

k50

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



1700
{1600
1500

{1400

{1300

1200

1100

{1000

900

{800

700

600

500

{400
300
200
100
0

f-100

- ouuu
{5500

{5000
{4500
{4000
3500
{3000
{2500
2000
1500
{1000
500

t-500

5 p-Tol
Et
B

o

=08'C
9T
Feee
=00'T
E16'0

560
560

=587
/98T
£66°0

6'T

=16'0
86'0

-1.0

T
0.0

T T T T T T
11.,5 11.0 10.5 10.0 9.5

12.5 12.0

f1 (ppm)

£b°TT ~
8THT
T T2~
1062~
00z
60°0E
A

8y Ty~
¥6'Er
98°6b ~_

99911

)

69°1CT

8'LTT
€0°8¢T /
SL°6CT /

86'69T —

S,;.7-T0I

|zq-E-155-B-1.2.fid

f1 (ppm)

S115



s p-Tol
Et

Ph

=N

0'C
0T
96'T

“eoe
ENCR
»wc.ﬁ

1T
=201

=660
=601

*=86'0

4.5

5.0

5.5

T
6.0
f1 (ppm)

T T T T T T T T T T T T
12,5 12.0 11.5 11.0 10.5 100 95 90 85 80 75 70 65

] 2 o =] ] ] o o o o o o o o o
o =] o o o (=] o o o (=] (=] (=3 o o (=] o o o I=3 I=3 [=] o (=3 o 1<)
2 ¥ 2 & ° 2 & 8 R 8 B # 8 ]R 8 o % ? 0 & 8 5 a S ? ° o
L L L L L L L Il Il Il Il Il Il Il Il Il Il o L L L L L L L L Il Il
i
n
?
<
o
6771 —
v
K=}
€177 —
. o ez —
=ggz |[Q 98
Eery L 0LTE~~
Wm: = 10ve"
D £0°E
[ | i~
N 1€°€r —
=+0'€
L 896 —
seoz [N
£90'T
201 | o
o
\
el
. <
=007 |

£9°9TT
19121
TLren

64°STT

Ly'LTT
08T W

18°69T —

|zq-E-155-B-4.2.fid

20

30

40

50

60

70

S116

f1 (ppm)

120

130

170 160 150 140

g ~p-Tol
Et
Ph
200 190 180

=M
210

220




{1100
1000

900

{800

700

I 600

500

400

300

k200
100
Lo

f-100

f- 1700
- 1600

- 1500
- 1400

1300

1200

1100

- 1000

900

{800

700

600

500

400

300
200
100
o

~-100

~-200

—
N
N
—
—

=16'C

Bort
=0T
>56'C

0'T

[A%4

Re6'

=00'T

~/68'T
JLOE
=88'€

Am:.ﬁ

AN4
=60'T
=S6'0

oot

F66'0

-1.0

T
0.0

T T T T T T T
9.0

12.0 11.5 11.0 10.5 10.0 9.5

T
12.5

f1 (ppm)

L7 —

e —
95'€C —

e
SETY —
99k ~_
298 ~_

(72144
b9'TZT
j74 241
09T
62T
€0°821
1821
9€'62T
SL°62T
bSTET
9T'ZET V
TSPET ~
TH9Er —

68'9€T \
weerd

w8yt —

04691 —

|zq-E-155-B-3.2.fid

S,p-To\
Et
Bi

W\

20

30

90 70

110
f1 (ppm)

210

T
220

S117



320
300

280

260

240

220

200

180

160

-20

120U
1100

t 1000

{900

I 800

700

I 600

500

{400

300

200

100

--100

5” -Tol

=€0'€

F90'T
o001
“voe
FE0'T
e
=00'T

=00'T

=16'0

-1.0

T
0.0

T T T T T
11.,5 11.0 10.5 10.0 9.5

12.5 12.0

f1 (ppm)

(A4 S

L1 —
¥9'ST —

LTy —

0TS~
zees

TL9TT
99°1CT
€L°1CT
§6°9¢T
6b°LTT
50°8¢T
8€°8CT
TE°6CT
£8°6CT
T6'TET /
69°CET
TSPET M
EPOET —=
6T°LET
6V'8ET \
TTTPT
ST8PT —

LL769T —

|zq-E-155-B-2.2.fid

=N

f1 (ppm)

S118



3500

3000
{2500

{2000

1500

{1000

500

Lo

900

{800

700

- 600

500

400

300

200

100

--100

68°0
060
160
160
90T
90°T
L0'T
80°'T
80°'T
60°T

9zt
e
8z'1
0e'T
€T N.
o1
w
€57
SS'T
E.N\
TN
2w
MN.NN

SLT

Em
NS
AN

o-TIPS

jul
%

5 p-Tol
Et

w |

|

Il o

= 00T

or'1
M or'T
10T
=901
1071
2007

bT'T

817

=0rT

= 560
81T

=160

-1.0

T
0.0

2
re

5.5

T
6.0

1 (]

T T T T T T T
9.0

12.0 11.5 11.0 10.5 10.0 9.5

T
12.5

£
8
g

05°2T~\_
zeer —
€281

A
6012 7
95°€7

eSTE—

95Ty
[ R
T6b ~

§9°9TT
S0°'8TT
o0s0zt
Ly'TITT
€9°TCT
§8°9¢T
Sv'LTT
86°LTT
TL62T
T8°0ET
TO°TET
99°TET &
ZETET T
09'bET
SE9ET “\
Nm.mma\‘
8P'8ET
8T'8YT —

SP'PST —

vL69T —

1zq-E-156-4.2.fid

o TIPS

S,,'J-Tol

Et

Ln

f1 (ppm)

S119



340
320

300

280

260

240

220

200

180

160

140

120

100

80
60
4
L20
0

-20

210
200

190

180

170

160

150

140

130
120
110
100
90
80
-70
60
50

+40
30
t20
k10

F-10

r-20

——

Lp-Tol
SP‘

NHBoc

Et

=N

Vi

| MH

=z0€
B 161
Fogzr
660
= L0°€
=007

T0°T
F et

10T

Fos0

= 00T
./ 00C
wﬂ 0T

£0C

= €01

= 160
=860

=880

-1.0

T
0.0

T T
9.0

T T T
11.5 11.0 10.5 10.0 9.5

12.5 12.0

f1 (ppm)

o'z —

6°€7~\_
10'82
14514
098z

£8°0b —
14334 “
LLEY

096y —

i

ST'6L—

£€8°69T —

1zq-E-156-1.2.fid

S,pToI

NHBoC

=M

20

40

90 70 50

110
f1 (ppm)

210

T
220

S120



1800

1700

{1600
1500

t 1400

{1300

1200

1100

{1000

900

{800

700

I 600

500

400

300
200
100

f-100

1300

1200

1100

- 1000

900

{800

700

{600

500

400

300

200

100

~-100

“ L 1o

Et

T

0'Z
=TT
Rgoe
16T
=16'0
=96'0

Fsre
=00'T

=661
w\/wm.ﬂ
0'T
MQ.N
)ﬁﬁ.N
10T
“vo'r

=€6'0
=o't

=80

-1.0

T
0.0

10.0 9.5

T
11.0 10.5

T
12,5 12.0 11.5

f1 (ppm)

67T —

T~
9L'EC~
S0°LT~
60'87 "

9€'8 —
0T —
ey —

656 —

89°9TT
65°T2T
89'T¢T
8TETT
9 LT
00'8¢T
18°62T

SPIET
6C°CET
€8°CET

b6'€€T ~
05bET \

6E°9ET
TTLET
bb8ET

vT8YT —

15891 ~
€£°691

1zq-E-156-5.2.fid

L)

5,,:J—Tol

=T

Ln

180

160 150 140 130 120 110
f1 (ppm)

170

210 200 190

220

S121



1100
{1000

900

{800

700

I 600

500

{400

300
200
100
Lo

}--100

k400
380
360
340

320

300

280

260

240

220

{200

180

160

140

120

100

80

60

k40

20

~-20

9T

9% T
S9'T |
99'T |

T6°€

Tol
Sal—"- o
Et

H\dﬂ.m
90T
£60'T

0°E

=860
=001

=0T'C
=00'T

M\JMO.N
0'T
Jﬁﬁ.N

14
Jﬁﬁ.N

901

=860
“vo'r

=760

-1.0

T
0.0

T T T T T
11.0 10.5 10.0 9.5 9.0

T
12,5 12.0 11.5

f1 (ppm)

6£°CT —

60°TC
8'€T ”
1€
bb'LT -
99'82
£9°0€ 7

or'8e
60Ty~
66'ct =
99°6t ~\_

S9°9TT
SS° 1T
49121
9reTt
Ly'LTT
00'82T
vL'6CT

69°TET
TEZET
wTET

€6°EET ~—
PSPET 7
8E9ET \
80°LET
bb'8ET
T8l —

GS'89T ~
16'691 =~ =

S,,:}Tul
Et

1zq-E-156-6.3.fid
=

130

150

110
f1 (ppm)

140 120

210 200 190 180 170 160

220

S122



380

360
340
320
300
280
260
240
k220
200
180
160
I 140
k120
100
F-20

750

160
260
£6'0
9’14
1514
as
1y
16T

6T
6T
66T
05T

251

-0.5

0.0

0.5

VY CU— Y

8¥'T
8b'T 4~w

1.5 1.0

2.0

mm.a;

60 55 50 45 40 35 3.0 25

f1 (ppm)

6.5

7.0

U
100 95 90 85 80 7.5

10.5

|zg-E-wj-deprotection. 1.fid

11.0

11.5

HO

12.0

12.5
I1zq-E-wj-deprotection.2.fid

06°€T —

€207~
e

19°9€ "
9£'0p —
L6'vY ~_

700
650
600
550
500
450
400
350
300
250
200
k150
100
50
F-50
I--100
I--150

ek,

L9621 —#
sgerr 7
over "
TO'8ET —

18°LLT—

oo
$123

120

130

180 170 160 150 140

Et
190

S,p-TnI
210 200

HO!

220




