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1. General Information

Unless otherwise stated, all manipulations were performed using standard Schlenk techniques under dry argon.
Flash chromatography: Merck silica gel 60 (40-63 pm). GC-MS (FID): GC-MS-QP2010 equipped (Shimadzu
Europe Analytical Instriuments). MS (EI): Finnigan MAT 8200 (70 eV), ESI-MS: ESQ 3000 (Bruker). Accurate
mass determinations: Bruker APEX I11 FT-MS (7 T magnet) or MAT 95 (Finnigan). NMR spectra were recorded
using a Bruker Avance VI11-300 or Bruker Avance |1l HD 400 MHz spectrometer. The 'H NMR (400 MHz)
chemical shifts were measured relative to tetramethylsilane as an internal standard (TMS: & = 0 ppm). The '*C
NMR (101 MHz) chemical shifts were given using CDCI3 as the internal standard (CDClz: 6 = 77.16 ppm).
Anhydrous THF, toluene (Na/K) and DMPU (CaH>) were distilled and were transferred under argon. Anhydrous
EtsN, DMF, DMSO, Dioxane and CH3CN were taken from solvent purification system. Anhydrous NMP, DMAc,
NiBrz-diglyme, 1,1’-Ferrocenediyl-bis(diphenylphosphine) (dppf), zinc dust (< 10 um) and KoHPO4 purchased
from Millipore-Sigma and stored in an argon-filled glove box. Unless otherwise noted, all reagents were obtained
from commercial suppliers and used without further purification. Most heterocyclic sulfides and alkyl bromides

were purchased from TCI and Millipore-Sigma in Germany.
2. Preparation of Substrates

(A) Sequence of cyclization and methylation from corresponding anilines according to literature
procedure?:

6-Fluoro-2-(methylthio)benzo[d]thiazole, 2-(Methylthio)benzo[d]thiazole-6-carbonitrile, 6-Methyl-2-
(methylthio)benzo[d]thiazole, Methyl 2-(methylthio)benzo[d]thiazole-6-carboxylate, 2-(Methylthio)-6-
(thiophen-2-yl)benzo[d]thiazole, 6-(4-Methoxyphenyl)-2-(methylthio)benzo[d]thiazole, and 2-(Methylthio)-5-
(trifluoromethyl)benzo[d]thiazole.

(B) Alkylation from corresponding thiols according to literature procedure or modified procedures:
5-Methoxy-2-(methylthio)benzo[d]thiazole,! 2-(Butylthio)benzo[d]thiazole,® 2-(Dodecylthio)benzo[d]thiazole,*
2-(Methylthio)pyrimidine?
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(C) Methylthiolation from corresponding chloride or bromide according to literature procedure#:

2-(Methylthio)nicotinonitrile,® 4-Methyl-2-(methylthio)quinolone,® 1-(Methylthio)isoquinoline,® 3-(Methylthio)-

6-phenylpyridazine,® 5-Methyl-2-(methylthio)pyridine®.

(D) Secondary alkyl bromides were prepared according to previous procedure®10:

Benzyl 4-bromopiperidine-1-carboxylate,® 4-Bromo-1-tosylpiperidine,® 3-Bromobutyl benzoate,” Methyl 5-

bromohexanoate,? ((5-Bromohexyl)oxy)(tert-butyl)dimethylsilane,® 5-Bromo-1-phthalimidohexane,®1°.

Synthesis and Characterization of compounds

5-Bromohexyl furan-2-carboxylate, S1

Furan-2-carbonyl chloride (507 mg, 3.9 mmol) was added to a stirred solution of 5-bromohexan-1-ol® (540 mg,
3.0 mmol) in pyridine (10 mL). The resulting mixture was stirred for 15 h, and then pyridine solvent was removed
under reduced pressure. Water was added to mixture, and the aqueous layer was extracted with EtOAc (2x30
mL). The combined organic layers were over anhydrous Na.SOg, filtered, and concentrated under vacuum. The

residue was purified by column chromatography, furnishing the product S1 as colorless oil (731 mg, 89%).

IH NMR (400 MHz, CDCls): § 1.51-1.69 (m, 2H), 1.72 (d, J = 6.4 Hz, 3H), 1.75-1.94 (m, 4H), 4.10-4.18 (m,
1H), 4.32 (t, J = 6.4 Hz, 2H), 6.51-6.52 (m, 1H), 7.18 (dd, J = 3.2 Hz, 0.8 Hz, 1H), 7.58-7.59 (m, 1H).

13C NMR (101 MHz, CDCls): § 24.4, 26.6, 28.2,40.7, 51.4, 64.7,111.9, 117.9, 144.9, 146.4, 158.9.
HRMS (EI): calc’d for C11HisBrOs* [M]* 274.019920; found 274.019760.
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5-Bromohexyl thiophene-2-carboxylate, S2

Thiophene-2-carbonyl chloride (569.4 mg, 3.9 mmol) was added to a stirred solution of 5-bromohexan-1-o0l® (540
mg, 3.0 mmol) in pyridine (10 mL). The resulting mixture was stirred for 15 h, and then pyridine solvent was
removed under reduced pressure. Water was added to mixture, and the aqueous layer was extracted with EtOAc
(2x30 mL). The combined organic layers were over anhydrous Na>SOs, filtered, and concentrated under vacuum.
The residue was purified by column chromatography, furnishing the product S2 as corlorless oil (740 mg, 85%).

IH NMR (400 MHz, CDCls): § 1.52-1.91 (m, 9H), 4.10-4.19 (m, 1H), 4.31 (t, J = 6.8 Hz, 2H), 7.09-7.11 (m,
1H), 7.55 (dd, J= 4.2 Hz, 1.2 Hz, 1H), 7.80 (dd, J= 3.6 Hz, 1.2 Hz, 1H).

13C NMR (101 MHz, CDCl): & 24.4, 26.6, 28.2, 40.7, 51.4, 65.0, 127.8, 132.4, 133.5, 134.0, 162.4.
HRMS (EI): calc’d for C11H1sBrO.S* [M]* 289.997078; found 289.997060.

3. Optimization Studies
General Procedure for Optimization

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole (1) (36.2
mg, 0.2 mmol), and then transferred to a glove box. Nickel catalyst (0.02 mmol), ligand (0.02 mmol), reductant
(0.5 mmol) and corresponding additives (if required) were added. The vial was taken out of the glovebox and
connected to a Schlenk line. Solvent (1.0 mL) and bromocyclohexane (50 pL, 0.4 mmol) were added to the vial
via a microsyringe under an argon atmosphere. Finally, the vial was sealed and the resulting mixture was stirred
at 100 °C for 24 h. After completion of the reaction, the vial was cooled to room temperature. The solution was

diluted with ethyl acetate (~10 mL). The yield was confirmed by GC-FID using dodecane as an internal standard.

Ligand Screening
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NiBr;.diglyme (10 mol%)

N .
©: \>—SMe . <:>—Br Ligand (10 mol%) C
S Zn (2.5 equiv), DMAc (1.0 mL)

100°C, 24 h

1, 0.2 mmol 2, 2.0 equiv

©|\Pph2 @*Pcy2 @l\PtBUZ ©|\Pipl'2 ©|\Pph2

Fe Fe Fe . Fe j e P8
Q/Pth :':: PCy, @/P Bu, Q/P’Prz <SS u,
L1, 47% L2, 23% L3, 8% L4, 28% L5, 45%

@\ Cy PPh, PPh, Ph
™ Np—ph  Cy p ) Ph Ph .
Fe PN ey b b Pho o~ Pp,
@7/ ¢ Ph” " pp |
y Ph

L6, Trace L9, 22% L10, 16%
L7, N.D. L8, 35% o °

O c
|
PPh, P< NN
+
PPh, Cy” Gy
OO L12, Trace
20% loading

L13,N.D.?
L11, 33% L14,N.D.7
— Me Me Me Me
Me Me
OO
Cl - -
N\ 7 N\ / Without ligand
N N
s N.D.

L15,N.D. L16, Trace

@20% ligand together with N,N-dimethylpyridin-4-amine (DMAP, 1.0 equiv, 0.2 mmol) was used.

Catalyst Screening

Nickel catalyst (10 mol%)

N
DS Se— R W
s Zn (2.5 equiv), DMAc (1.0 mL) S

1, 0.2 mmol 2, 2.0 equiv 100°C, 24 h 3
NiBr,.diglyme  NiBr,.glyme NiCl,.glyme Ni(acac), Ni(COD),  without catalyst
47% 37% 4% 27% 38% 0%

Reductant Screening
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NiBr,.diglyme (10 mol%)

N dppf (10 mol%) N
\>—SMe + OBr > A\
S Reductant (2.5 equiv) s

DMAc (1.0 mL), 100°C, 24 h

1, 0.2 mmol 2, 2.0 equiv 3
Zn, 47% Mn, N.D. TDAE, N.D. Without reductant, N.D.
TDAE = Tetrakis(dimethylamino)ethylene N.D. = Not detected

Solvent Screening

NiBr,.diglyme (10 mol%)

N
©:\>—3M9 N Osr dppf (10 mol%) _ ©:”\>_<:>
s Zn (2.5 equiv) s

1, 0.2 mmol 2, 2.0 equiv Solvent (1.0 mL) 3
100°C, 24 h
Toluene Dioxane THF, at 80 °C CH3CN, at 80 °C
N.D. N.D. N.D. N.D.
DMSO DMF DMAc NMP DMPU

42% 40% 47% 36% N.D.
DMSO = Dimethyl sulfoxide DMF = N,N-Dimethylformamide DMAc = N,N-Dimethylacetamide
NMP = 1-Methyl-2-pyrrolidinone  DMPU = N,N'-dimethylpropylene urea N.D. = Not detected

Additive Screening

NiBr,.diglyme (10 mol%)

N dppf (10 mol%) N
©: H—sme + Osr > ©: \>_<:>
s Zn (2.5 equiv), DMAc (1.0 mL) I

Additive, 100°C, 24 h

1, 0.2 mmol 2, 2.0 equiv 3

Nal (1.0 equiv), 24% Pyridine (1.0 equiv), 26% CuTc (1.0 equiv), 11% KF (1.0 equiv), 55%

K3PO, (1.0 equiv), 44%  K,HPO, (1.0 equiv),60% K,HPO, (2.0 equiv), 65% Na,HPO, (2.0 equiv), N.D.

NaOAc (2.0 equiv), Trace NaHCO; (2.0 equiv), <10% KOAc (2.0 equiv), N.D. K;CO; (2.0 equiv), <10%

KH,PO, (2.0 equiv), 62% K,HPO, (2.0 equiv)+4A MS (25 mg), 77%

K,HPO, (2.0 equiv)+4A MS (25 mg) at 80 °C, 42% K,HPO, (2.0 equiv)+4A MS (25 mg) , 83%7 (72%)"

aDMAc (0.6 mL) was used and 6 h reaction time. “Isolated yield.

Evaluation of Alkyl Electrophiles
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NiBr,.diglyme (10 mol%)

N dppf (10 mol%) N
Ly - O - OO
S Zn (2.5 equiv), DMAc (0.6 mL) s

1,0.2 mmol 2,20equiv  K2HPO4 (2.0 equiv), 4A MS (25 mg) 3
100°C,6 h
from from from from
Br- : 17 : Cl” : TsO :
72%° 38% <5% N.D.

%solated yield.  N.D. = Not detected

4. General Procedure for Reductive Cross-Coupling

A dry 10 mL-reaction vial equipped with a round-edged stir bar (7 mm x 0.5 mm) was charged with
heterocyclic sulfides (0.2 mmol) and alkyl bromides (if solid) (0.4 or 0.6 mmol), and then transferred to an argon-
filled glove box. NiBr.-diglyme (7.0 mg, 10 mol%), dppf (11.0 mg, 10 mol%), activated Zn dust (32.6 mg, 0.5
mmol), K2HPO4 (69 mg, 2.0 equiv), 4A MS (25 mg) and DMACc ( 0.6 mL) were added successively. The vial was
sealed and taken out of the glovebox. The alkyl bromide (if liquid) was added under Ar with a microsyringe. The
resulting mixture was stirred (average speed= 600 rpm) at 100 °C (temperature of oil bath) for 6 h. After this time,
the vial was cooled to room temperature. The solution was diluted with ethyl acetate (~10 mL) and filtered through
a sintered funnel with a thin layer of celite, and the filtrate was evaporated to dryness. The crude mixture was
then purified by column chromatography on silica gel (Hexane/EtOAc, Pentane/Et20, or Hexane/DCM, 1% EtsN
was added to eluent) to afford the desired coupled product. Importantly, at the beginning of isolation, hexane or

pentane (50-100 mL) was used as eluent to remove high boiling-point DMAc on the column.
Note: In the case of products 13-19, zinc dust (< 10 um, from Millipore-Sigma) was used directly.

Zinc activation with acid according to Weix’s method.!! Zinc dust (10 g) was washed with 2% aqueous HCI
(25 mL) for 1 min in a 50 mL beaker. It is important that the zinc not to be exposed to the acidic solution for more

than ~1 min under argon. The zinc was collected by vacuum filtration and washed with water (3 x20 mL), ethanol
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(20 mL), and ether (20 mL). The zinc was dried under high vacuum for 4 h at 150 °C and then it was stored in

the argon-filled glove box.

5. Characterization Data

O

2-Cyclohexylbenzo[d]thiazole!?, 3

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 3 as colorless oil (31.3 mg, 0. 144 mmol, 72% yield).

IH NMR (400 MHz, CDCls): § 1.29-1.50 (m, 3H), 1.59-1.70 (m, 2H), 1.74-1.79 (m, 1H), 1.86-1.91 (m, 2H),
2.18-2.23 (m, 2H), 3.07-3.14 (m, 1H), 7.31-7.35 (m, 1H), 7.42-7.46 (m, 1H), 7.83-7.86 (m, 1H), 7.96-7.98 (m,
1H).

13C NMR (101 MHz, CDCls): § 25.9, 26.2, 33.6, 43.6, 121.7, 122.7, 124.6, 125.9, 134.7, 153.2, 177.7.

2-Cyclohexylbenzo[d]thiazole-6-carbonitrile, 4

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 4 as colorless oil (29.3 mg, 0. 121 mmol, 61% yield).

IH NMR (400 MHz, CDCls): & 1.22-1.31 (m, 1H), 1.34-1.45 (m, 2H), 1.53-1.63 (m, 2H), 1.69-1.74 (m, 1H),
1.81-1.86 (m, 2H), 2.13-2.17 (m, 2H), 3.04-3.11 (m, 1H), 7.63 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 7.96 (dd, J = 8.8
Hz, 0.8 Hz, 1H), 8.12 (dd, J= 1.6 Hz, 0.8 Hz, 1H).

13C NMR (101 MHz, CDCls): § 25.8, 26.1, 33.4, 43.8, 108.2, 119.0, 123.5, 126.5, 129.3, 135.3, 155.8, 182.4.
HRMS (ESI): calc’d for C14H15N2S* [M+H]* 243.095045; found 243.095020.

2-Cyclohexyl-6-fluorobenzo[d]thiazole, 5
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Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 5 as a pale solid (41.2 mg, 0. 175 mmol, 88% yield).

IH NMR (400 MHz, CDCls): & 1.22-1.29 (m, 1H), 1.32-1.43 (m, 2H), 1.50-1.60 (m, 2H), 1.67—1.72 (m, 1H),
1.79-1.84 (m, 2H), 2.10-2.15 (m, 2H), 2.97-3.05 (m, 1H), 7.10 (td, J = 8.8 Hz, 2.8 Hz, 1H), 7.45 (dd, J= 8.0 Hz,
2.4 Hz, 1H), 7.81-7.84 (m, 1H).

13C NMR (101 MHz, CDCls): § 25.9, 26.2, 33.5, 43.5, 107.9 (d, J = 26.7 Hz, 1C), 114.5 (d, J = 24.7 Hz, 1C),
123.5 (d, J= 9.3 Hz, 1C), 135.6 (d, J = 11.1 Hz, 1C), 149.8, 160.2 (d, J = 245.3 Hz, 1C), 177.4 (d, J= 3.2 Hz,
10).

1F NMR (282 MHz, CDCls): § ~117.2 (1F).
HRMS (ESI): calc’d for C1sHisFNS* [M+H]* 236.090375; found 236.090350.

2-Cyclohexyl-6-methylbenzo[d]thiazole'?, 6

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 6 as yellow oil (28.5 mg, 0.123 mmol, 62% vyield).

IH NMR (400 MHz, CDCls): & 1.18-1.42 (m, 3H), 1.50-1.60 (m, 2H), 1.66-1.71 (m, 1H), 1.78-1.83 (m, 2H),
2.09-2.14 (m, 2H), 2.39 (s, 3H), 2.97-3.04 (m, 1H), 7.16-7.19 (m, 1H), 7.55-7.56 (m, 1H), 7.77 (d, J = 8.4 Hz,
1H).

13C NMR (101 MHz, CDCls): 6 21.6, 25.9, 26.2, 33.6, 43.5, 121.4, 122.1, 127.5, 134.6, 134.8, 151.3, 176.7.

N :
\
MeOOC S

Methyl 2-cyclohexylbenzo[d]thiazole-6-carboxylate, 7
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 7 as a yellow solid (38.3 mg, 0.140 mmol, 70% vyield).

IH NMR (400 MHz, CDCls): & 1.20-1.31 (m, 1H), 1.33-1.44 (m, 2H), 1.53-1.63 (m, 2H), 1.68-1.73 (m, 1H),
1.80-1.85 (m, 2H), 2.12-2.17 (m, 2H), 3.02-3.10 (m, 1H), 3.88 (s, 3H), 7.91 (d, J = 8.4 Hz, 1H), 8.05 (dd, J =
8.8 Hz, 2.0 Hz, 1H), 8.50 (dd, J = 2.0 Hz, 0.8 Hz, 1H).

13C NMR (101 MHz, CDCl): § 25.9, 26.1, 33.5, 43.8, 52.4, 122.4, 124.0, 126.5, 127.2, 134.7, 156.2, 166.9,
181.6.

HRMS (ESI): calc’d for C1sH1sNO2S™ [M+H]* 276.105276; found 276.105340.
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2-Cyclohexyl-6-(thiophen-2-yl)benzo[d]thiazole, 8
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 8 as a pale solid (33.4 mg, 0.112 mmol, 56% yield).

IH NMR (400 MHz, CDCls): § 1.23-1.43 (m, 3H), 1.53-1.63 (m, 2H), 1.67-1.72 (m, 1H), 1.81-1.85 (m, 2H),
2.12-2.16 (m, 2H), 2.99-3.07 (m, 1H), 7.01-7.03 (m, 1H), 7.22 (dd, J = 4.8 Hz, 0.8 Hz, 1H), 7.27 (dd, J = 3.6
Hz, 1.2 Hz, 1H), 7.63 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 7.88 (dd, J = 8.8 Hz, 0.8 Hz, 1H), 7.99 (dd, J = 2.0 Hz, 0.8
Hz, 1H).

13C NMR (101 MHz, CDCl): § 25.9, 26.2, 33.5, 43.6, 118.7, 122.8, 123.6, 124.6, 125.2, 128.3, 131.3, 135.6,
144.1, 152.6, 178.1 .

HRMS (EI): calc’d for C17H17NS,* [M]* 299.079694; found 299.079700.

o

2-Cyclohexyl-6-(4-methoxyphenyl)benzo[d]thiazole, 9
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 10/1,
v/v) afforded 9 as a light yellow solid (38.7 mg, 0.120 mmol, 60% yield).

IH NMR (400 MHz, CDCls): & 1.21-1.42 (m, 3H), 1.52-1.62 (m, 2H), 1.66-1.71 (m, 1H), 1.78-1.83 (m, 2H),
2.11-2.15 (m, 2H), 2.99-3.06 (m, 1H), 3.77 (s, 3H), 6.89-6.92 (m, 2H), 7.45-7.49 (m, 2H), 7.54 (dd, /= 8.4 Hz,
1.6 Hz, 1H), 7.89-7.92 (m, 2H).

13C NMR (101 MHz, CDCl): § 25.9, 26.2, 33.5, 43.6, 55.5, 114.4, 119.4, 122.6, 125.3, 128.5, 133.4, 135.4,
137.8,152.1, 159.3, 177.6.

HRMS (E): calc’d for CaoH21NOS* [M]* 323.133836; found 323.133800.

2-Cyclohexyl-5-(trifluoromethyl)benzo[d]thiazole4, 10

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 10 as yellow oil (37.5 mg, 0.132 mmol, 66% yield).
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IH NMR (400 MHz, CDCls): § 1.30-1.52 (m, 3H), 1.601.70 (m, 2H), 1.76-1.80 (m, 1H), 1.88-1.93 (m, 2H),
2.19-2.23 (m, 2H), 3.09-3.17 (m, 1H), 7.57 (d, J = 7.6 Hz, 1H), 8.24 (s, 1H).

13C NMR (101 MHz, CDCls): § 25.9, 26.1, 33.5, 43.6, 119.9 (q, J=4.1 Hz, 1C), 121.1 (q, /= 3.6 Hz, 1C), 122.3,
124.4 (d, J=273.1 Hz, 1C), 128.6 (q, J = 32.7 Hz, 1C), 138.3, 152.9, 179.9.

19F NMR (282 MHz, CDCls): § —61.7.

MeO N
T
S

2-Cyclohexyl-5-methoxybenzo[d]thiazole, 11
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 11 as yellow oil (32.2 mg, 0.130 mmol, 65% yield).

IH NMR (400 MHz, CDCls): § 1.27-1.50 (m, 3H), 1.58-1.68 (m, 2H), 1.73-1.79 (m, 1H), 1.86-1.91 (m, 2H),
2.17-2.22 (m, 2H), 3.03-3.11 (m, 1H), 3.87 (s, 3H), 6.98 (dd, J = 8.8 Hz, 2.4 Hz, 1H), 7.48 (d, J = 2.4 Hz, 1H),
7.68 (d, J= 8.4 Hz, 1H).

13C NMR (101 MHz, CDCls): § 25.9, 26.2, 33.5, 43.6, 55.7, 105.3, 114.7, 121.9, 126.4, 154.5, 158.9, 179.1 .
HRMS (EI): calc’d for C14H17NOS™ [M]* 247.102536; found 247.102660.

2-Cyclohexylbenzo[d]oxazole'?, 12

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 12 as colorless oil (25.2 mg, 0.125 mmol, 63% yield).

IH NMR (400 MHz, CDCls): & 1.30-1.49 (m, 3H), 1.66-1.79 (m, 3H), 1.84-1.89 (m, 2H), 2.15-2.20 (m, 2H),
2.92-2.99 (m, 1H), 7.26-7.31 (m, 2H), 7.45-7.49 (m, 1H), 7.66-7.70 (m, 1H).

13C NMR (101 MHz, CDCls): § 25.8, 25.9, 30.6, 38.1, 110.4, 119.7, 124.1, 124.4, 141.4, 150.7, 170.5.
7 N\
=N

2-Cyclohexylpyridine®®, 13

S12



Following the general procedure, bromocyclohexane (3.0 equiv) was used. Purification via column
chromatography on silica gel (Pentane/Et20 = 2/1, v/v) afforded 13 as colorless oil (19.2 mg, 0.119 mmol, 60%
yield).

IH NMR (400 MHz, CDCls): & 1.17-1.50 (m, 5H), 1.64—1.69 (m, 1H), 1.75-1.80 (m, 2H), 1.84-1.89 (m, 2H),
2.57-2.65 (m, 1H), 6.97-7.01 (m, 1H), 7.05 (dt, J= 8.0 Hz, 1.2 Hz, 1H), 7.50 (td, J= 7.6 Hz, 2.0 Hz, 1H), 8.43—
8.45 (m, 1H).

13C NMR (101 MHz, CDCls): § 26.1, 26.7, 33.0, 46.6, 121.0, 136.4, 149.1, 166.5. (1 C is not observable)

2-Cyclohexylnicotinonitrile, 14

Following the general procedure, bromocyclohexane (3.0 equiv) was used. Purification via column
chromatography on silica gel (Pentane/Et>0 = 8/1, v/v) afforded 14 as colorless oil (17.2 mg, 0.0923 mmol, 46%
yield).

IH NMR (400 MHz, CDCls): & 1.27-1.37 (m, 1H), 1.41-1.52 (m, 2H), 1.65-1.81 (m, 3H), 1.86-1.90 (m, 4H),
3.13-3.19 (m, 1H), 7.21-7.24 (m, 1H), 7.89 (dd, J= 8.0 Hz, 2.0 Hz, 1H), 8.73 (dd, J= 4.8 Hz, 1.6 Hz, 1H).

13C NMR (101 MHz, CDCls): § 25.9, 26.4, 32.1, 44.9, 108.3, 117.1, 120.9, 140.6, 152.6, 169.3.
HRMS (ESI): calc’d for C12H1sN2* [M+H]* 187.122972; found 187.122960.

Me

\

2-Cyclohexyl-4-methylquinoline!®, 15

Following the general procedure, bromocyclohexane (3.0 equiv) was used. Purification via column
chromatography on silica gel (Hexane/EtOAc = 15/1, v/v) afforded 15 as yellow oil (21.5 mg, 0.0956 mmol, 48%
yield).

'H NMR (400 MHz, CDCl3): & 1.31-1.52 (m, 3H), 1.57-1.68 (m, 2H), 1.76-1.81 (m, 1H), 1.87-1.92 (m, 2H),

1.99-2.03 (m, 2H), 2.68 (d, J = 0.8 Hz, 3H), 2.83-2.91 (m, 1H), 7.16 (d, J = 1.2 Hz, 1H), 7.47-7.51 (m, 1H),
7.64-7.68 (m, 1H), 7.93-7.95 (m, 1H), 8.03-8.06 (m, 1H).

13C NMR (101 MHz, CDCl): § 19.0, 26.3, 26.7, 33.0, 47.8, 120.4, 123.7, 125.5, 127.2, 129.1, 129.6, 144.4,
147.8, 166.7.
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1-Cyclohexylisoquinoline®’, 16

Following the general procedure, bromocyclohexane (3.0 equiv) was used. Purification via column
chromatography on silica gel (Hexane/EtOAc = 10/1, v/v) afforded 16 as colorless oil (18.9 mg, 0.0896 mmol,
45% yield).

'H NMR (400 MHz, CDCl3): & 1.30-1.37 (m, 1H), 1.41-1.51 (m, 2H), 1.72—1.81 (m, 3H), 1.84-1.94 (m, 4H),

3.45-3.53 (m, 1H), 7.41 (d, J=5.6 Hz, 1H), 7.49-7.53 (m, 1H), 7.56-7.60 (m, 1H), 7.73 (d, J= 7.6 Hz, 1H), 8.15
(d, J= 8.4 Hz, 1H), 8.41 (d, J = 5.6 Hz, 1H).

13C NMR (101 MHz, CDCl): & 26.4, 27.0, 32.7, 41.7, 119.0, 124.9, 126.4, 126.9, 127.7, 129.7, 136.5, 142.0,
165.8.

3-(Pyrimidin-2-yl)butyl benzoate, 17

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 2/1,
v/v) afforded 17 as colorless oil (24.2 mg, 0.094 mmol, 47% yield).
'H NMR (400 MHz, CDCls): & 1.41 (d, J = 6.8 Hz, 3H), 2.08-2.16 (m, 1H), 2.38-2.47 (m, 1H), 3.29-3.36 (m,

1H), 4.28-4.39 (m, 2H), 7.10 (t, J = 4.8 Hz, 1H), 7.39-7.43 (m, 2H), 7.51-7.56 (m, 1H), 7.95-7.97 (m, 2H), 8.67
(d, J= 4.8 Hz, 2H).

13C NMR (101 MHz, CDCls): § 20.5, 34.7, 40.4, 63.5, 118.8, 128.4, 129.7, 130.5, 132.9, 157.2, 174.2. (1 C is
not observable)

HRMS (ESI): calc’d for C1sH1sN2NaO* [M+Na]* 279.110396; found 279.110610.

ph— N

N=N

3-Cyclohexyl-6-phenylpyridazine!®, 18
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Following the general procedure, bromocyclohexane (3.0 equiv) was used and the reaction was performed at 50
°C for 24 h. Purification via column chromatography on silica gel (Hexane/EtOAc = 8/1, v/v) afforded 18 as a
light yellow solid (25.3 mg, 0.106 mmol, 53% yield).

'H NMR (400 MHz, CDCl3): § 1.30-1.38 (m, 1H), 1.42—1.54 (m, 2H), 1.59-1.69 (m, 2H), 1.78-1.83 (m, 1H),

1.89-1.94 (m, 2H), 2.03-2.07 (m, 2H), 2.97-3.05 (m, 1H), 7.39 (d, J = 8.8 Hz, 1H), 7.47-7.54 (m, 3H), 7.79 (d,
J=8.8 Hz, 1H), 8.07-8.10 (m, 2H).

13C NMR (101 MHz, CDCls): § 26.1, 26.6, 32.8, 44.6, 124.2, 125.4, 127.0, 129.1, 129.8, 136.7, 157.5, 166.2.

—N

2-Cyclohexyl-5-methylpyridine!’, 19

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 2/1,
v/v) afforded 19 as colorless oil (18.3 mg, 0.104 mmol, 52% yield).

'H NMR (400 MHz, CDCl3): § 1.25-1.55 (m, 5H), 1.71-1.77 (m, 1H), 1.82-1.87 (m, 2H), 1.91-1.95 (m, 2H),
2.28 (s, 3H), 2.62-2.70 (m, 1H), 7.04 (d, J = 8.0 Hz, 1H), 7.39-7.41 (m, 1H), 8.35-8.36 (m, 1H).

13C NMR (101 MHz, CDCl3): § 18.1, 26.2, 26.8, 33.1, 46.2, 120.5, 130.2, 137.1, 149.5, 163.7.

N
N\

CL—=0

2-Cyclobutylbenzo[d]thiazole!®, 20

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 20 as yellow oil (25.6 mg, 0.135 mmol, 68% yield).

IH NMR (400 MHz, CDCls): & 1.91-2.13 (m, 2H), 2.39-2.49 (m, 4H), 3.86-3.95 (m, 1H), 7.25-7.29 (m, 1H),
7.36-7.40 (m, 1H), 7.77-7.79 (m, 1H), 7.90-7.93 (m, 1H).

13C NMR (101 MHz, CDCls): 6 18.7, 29.8, 39.1, 121.7, 122.7, 124.8, 126.1, 135.0, 153.4, 176.3.

2-Cyclopentylbenzo[d]thiazole!?, 21
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 21 as yellow oil (29.6 mg, 0.146 mmol, 73% vyield).
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IH NMR (400 MHz, CDCls): & 1.72-1.77 (m, 2H), 1.84-2.00 (m, 4H), 2.22-2.30 (m, 2H), 3.52-3.60 (m, 1H),
7.31-7.35 (m, 1H), 7.42-7.46 (m, 1H), 7.82-7.85 (m, 1H), 7.95-7.98 (m, 1H).

13C NMR (101 MHz, CDCl3): § 25.7, 34.2, 44.9, 121.6, 122.6, 124.7, 126.0, 134.9, 153.3, 177.3.

2-Cycloheptylbenzo[d]thiazole®3, 22

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 22 as yellow oil (27.5 mg, 0.119 mmol, 60% yield).

'H NMR (400 MHz, CDCl): & 1.52-1.65 (m, 6H), 1.75-1.86 (m, 4H), 2.13-2.19 (m, 2H), 3.20-3.27 (m, 1H),
7.24-7.28 (m, 1H), 7.35-7.39 (m, 1H), 7.76-7.78 (m, 1H), 7.90 (d, J = 8.0 Hz, 1H).

13C NMR (101 MHz, CDCls): § 26.7, 28.2, 35.5, 45.6, 121.7, 122.6, 124.7, 126.0, 134.8, 153.0, 178.9.

=4

2-((1S,4R)-Bicyclo[2.2.1]heptan-2-yl)benzo[d]thiazole, 23
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 23 as a pale solid (39.5 mg, 0.172 mmol, 86% yield).

IH NMR (400 MHz, CDCls): & 1.26-1.35 (m, 2H), 1.42-1.48 (m, 1H), 1.58-1.71 (m, 3H), 1.86-1.92 (m, 1H),
2.10-2.16 (m, 1H), 2.43-2.45 (m, 1H), 2.63-2.64 (m, 1H), 7.31-7.35 (m, 1H), 7.41-7.46 (m, 1H), 7.82-7.84 (m,
1H), 7.95-7.98 (m, 1H).

13C NMR (101 MHz, CDCls): § 28.9, 29.9, 36.6, 36.7, 38.4, 44.5, 47.3, 121.6, 122.7, 124.6, 126.0, 135.0, 153.2,
177.9.

HRMS (E): calc’d for C1aH1sNS* [M]* 229.091971; found 229.092180.

N
CO-Cr

s
2-(Tetrahydro-2H-pyran-4-yl)benzo[d]thiazole, 24

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 24 as a light yellow solid (30.8 mg, 0.140 mmol, 70% yield).
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'H NMR (400 MHz, CDCls): § 1.90-2.07 (m, 4H), 3.25-3.33 (m, 1H), 3.51 (td, J= 11.6 Hz, 2.4 Hz, 2H), 4.01—-
4.05 (m, 2H), 7.27-7.31 (m, 1H), 7.37-7.41 (m, 1H), 7.78-7.80 (m, 1H), 7.90-7.93 (m, 1H).

13C NMR (101 MHz, CDCls):  33.0, 40.6, 67.6, 121.8, 122.8, 125.0, 126.2, 134.6, 153.1, 175.5.
HRMS (EI): calc’d for C12H13NOS* [M]* 219.071236; found 219.071240.

O
N N Ph
L -

Benzyl 4-(benzo[d]thiazol-2-yl)piperidine-1-carboxylate, 25

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 2/1,
v/v) afforded 25 as a yellow solid (40.7 mg, 0.116 mmol, 58% yield).

'H NMR (400 MHz, CDCls): & 1.72-1.85 (m, 2H), 2.08-2.12 (m, 2H), 2.90-2.96 (m, 2H), 3.16-3.24 (m, 1H),
4.23 (br, 2H), 5.08 (s, 2H), 7.24-7.30 (m, 6H), 7.36-7.40 (m, 1H), 7.76-7.79 (m, 1H), 7.88-7.91 (m, 1H).

13C NMR (101 MHz, CDCl): & 32.1, 41.4, 43.9, 67.3, 121.7, 122.8, 125.0, 126.2, 128.0, 128.1, 128.6, 134.6,
136.8, 153.1, 155.3, 174.9.

HRMS (ESI): calc’d for C2oH20NNaO2S* [M+Na]* 375.113769; found 375.113760.

2-(1-Tosylpiperidin-4-yl)benzo[d]thiazole, 26

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 3/1,
v/v) afforded 26 as a light yellow solid (56.3 mg, 0.152 mmol, 76% yield).
'H NMR (400 MHz, CDCl): § 2.00-2.09 (m, 2H), 2.21-2.27 (m, 2H), 2.44 (s, 3H), 2.50 (td, J = 12.0 Hz, 2.8

Hz, 2H), 3.01-3.08 (m, 1H), 3.86-3.90 (m, 2H), 7.27-7.37 (m, 3H), 7.43-7.47 (m, 1H), 7.68 (d, J = 8.4 Hz, 2H),
7.84 (d, J= 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H).

13C NMR (101 MHz, CDCl): & 21.7, 31.6, 40.5, 46.0, 121.7, 122.8, 125.1, 126.2, 127.8, 129.8, 133.3, 134.6,
143.8, 153.0, 174.2.

HRMS (ESI): calc’d for C1oH20N2NaO2S2" [M+Na]" 395.085842; found 395.086080.
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2-((8S,9S,10R,13R,14S,17S)-10,13-Dimethyl-17-(6-methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl)benzo[d]thiazole, 27

Following the general procedure, purification via column chromatography on silica gel (Hexane/CH2Cl, = 1/1,
v/v) afforded 27 as a light yellow solid (51.2 mg, 0.102 mmol, 51% vyield).

'H NMR (400 MHz, CDCls): & 0.63 (s, 3H), 0.79-0.81 (m, 6H), 0.86 (d, J = 6.8 Hz, 3H), 0.96-1.09 (m, 10H),
1.16-1.33 (m, 6H), 1.41-1.56 (m, 7H), 1.73-1.88 (m, 2H), 1.90—1.99 (m, 3H), 2.02-2.07 (m, 1H), 2.43-2.48 (m,

1H), 2.54-2.62 (m, 1H), 2.98-3.06 (m, 1H), 5.37-5.38 (m, 1H), 7.25-7.29 (m, 1H), 7.36-7.40 (m, 1H), 7.77—
7.80 (m, 1H), 7.92 (d, J = 8.0 Hz, 1H).

13C NMR (101 MHz, CDCls): § 12.0, 18.9, 19.6, 21.1, 22.7, 23.0, 24.0, 24.5, 28.2, 28.4, 29.7, 32.0, 32.1, 36.0,
36.4, 37.2, 39.3, 39.4, 39.7, 39.9, 42.5, 44.9, 50.4, 56.3, 56.9, 121.6, 121.7, 122.7, 124.7, 126.0, 134.6, 141.3,
153.2,177.0.

HRMS (ESI): calc’d for CasHsoNS* [M+H]* 504.365846; found 504.365726.

Me
2-(Heptan-2-yl)benzo[d]thiazole?, 28

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 28 as yellow oil (35.3 mg, 0.151 mmol, 76% yield).
'H NMR (400 MHz, CDCls): & 0.77-0.81 (m, 3H), 1.21-1.24 (m, 6H), 1.38 (d, J = 6.8 Hz, 3H), 1.61-1.68 (m,

1H), 1.76-1.84 (m, 1H), 3.18-3.26 (m, 1H), 7.25-7.29 (m, 1H), 7.36-7.40 (m, 1H), 7.77-7.79 (m, 1H), 7.90-7.92
(m, 1H).

13C NMR (101 MHz, CDCl3): § 14.2,21.4,22.7,27.2,31.9, 37.8,39.7, 121.7, 122.7, 124.7, 126.0, 134.8, 153.1,
178.4.
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2-(Heptan-2-yl)benzo[d]thiazole?!, 29
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,

v/v) afforded 29 as yellow oil (15.3 mg, 0.070 mmol, 35% yield).

IH NMR (400 MHz, CDCls): 5 0.87-0.91 (m, 3H), 1.31-1.37 (m, 4H), 1.41-1.47 (m, 2H), 1.84-1.92 (m, 2H),
3.11 (t, J= 7.6 Hz, 2H), 7.32-7.36 (m, 1H), 7.43-7.47 (m, 1H), 7.83-7.85 (m, 1H), 7.96-7.98 (m, 1H).

13C NMR (101 MHz, CDCl): § 14.2, 22.6, 29.0, 29.8, 31.6, 34.5, 121.6, 122.6, 124.7, 126.0, 135.3, 153.4, 172.6.

2-(1-Phenylpropan-2-yl)benzo[d]thiazole, 30
Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,

v/v) afforded 30 as light yellow oil (25.1 mg, 0.0992 mmol, 50% yield).

IH NMR (400 MHz, CDCls): 5 1.43 (d, J = 6.8 Hz, 3H), 2.92-2.97 (m, 1H), 3.30-3.35 (m, 1H), 3.54-3.63 (m,
1H), 7.18-7.22 (m, 3H), 7.25-7.29 (m, 2H), 7.33-7.37 (m, 1H), 7.44-7.48 (m, 1H), 7.83-7.85 (m, 1H), 7.98—
8.01 (m, 1H).

13C NMR (101 MHz, CDCls): § 20.5, 41.2, 43.6, 121.7, 122.8, 124.8, 126.0, 126.5, 128.5, 129.3, 134.8, 139.4,
153.3,177.0.

HRMS (E): calc’d for C1sH1sNS* [M]* 253.091972; found 253.092250.

o 7
Ph)J\O/\/\(Me

3-(Benzo[d]thiazol-2-yl)butyl benzoate, 31

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 12/1,
v/v) afforded 31 as light yellow oil (35.1 mg, 0.112 mmol, 56% yield).
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IH NMR (400 MHz, CDCls): & 1.55 (d, J = 6.8 Hz, 3H), 2.18-2.27 (m, 1H), 2.41-2.49 (m, 1H), 3.50-3.59 (m,
1H), 4.38-4.49 (m, 2H), 7.33-7.38 (m, 3H), 7.43-7.47 (m, 1H), 7.49-7.54 (m, 1H), 7.82-7.85 (m, 1H), 7.92—
7.99 (m, 3H).

13C NMR (101 MHz, CDCl): § 21.5, 36.1, 36.7, 62.9, 121.7, 122.9, 124.9, 126.1, 128.4, 129.6, 130.2, 133.0,
134.8, 153.3, 166.6, 176.4.

HRMS (EI): calc’d for C1gH17NO2S™ [M]* 311.097451; found 311.097250.

S N
)cL/\I
MeO Me

Methyl-5-(benzo[d]thiazol-2-yl)hexanoate, 32

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 12/1,
v/v) afforded 32 as light yellow oil (27.3 mg, 0.104 mmol, 52% vyield).
'H NMR (400 MHz, CDCl): & 1.47 (d, J= 6.8 Hz, 3H), 1.65-1.83 (m, 3H), 1.88-1.97 (m, 1H), 2.34 (t, J=7.2

Hz, 2H), 3.26-3.36 (m, 1H), 3.65 (s, 3H), 7.33-7.37 (m, 1H), 7.43-7.47 (m, 1H), 7.84-7.86 (m, 1H), 7.96-7.98
(m, 1H).

13C NMR (101 MHz, CDCl): § 21.3,22.9, 34.0, 37.0, 39.4, 51.7, 121.7, 122.8, 124.8, 126.0, 134.8, 153.2, 173.9,
177.4.

HRMS (EI): calc’d for C14H17NO2S* [M]* 263.097451; found 263.097420.

sS__N
Me

tBu\Sli /\/\/\(

Me” ~O Me

2-(6-((tert-Butyldimethylsilyl)oxy)hexan-2-yl)benzo[d]thiazole, 33

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 15/1,
v/v) afforded 33 as light yellow oil (43.8 mg, 0.126 mmol, 63% yield).

IH NMR (400 MHz, CDCls): 5 0.01 (s, 6H), 0.85 (s, 9H), 1.32-1.46 (m, SH), 1.49-1.58 (m, 2H), 1.73-1.80 (m,
1H), 1.85-1.94 (m, 1H), 3.25-3.34 (m, 1H), 3.58 (t, J= 6.8 Hz, 2H), 7.32-7.36 (m, 1H), 7.42-7.46 (m, 1H), 7.83—
7.86 (m, 1H), 7.96-7.98 (m, 1H).
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13C NMR (101 MHz, CDCls): § -5.1, 18.5, 21.3, 23.8, 26.1, 32.8, 37.6, 39.7, 63.1, 121.7, 122.7, 124.7, 125.9,
134.8, 153.2, 178.1.

HRMS (El): calc’d for C1gH:1NOSSI™ [M]* 349.189015; found 349.188830.

o

S.__N
i /\/\/\(
N Me
o
2-(5-(Benzo[d]thiazol-2-yl)hexyl)isoindoline-1,3-dione, 34

Following the general procedure, purification via column chromatography on silica gel (Hexane/EtOAc = 5/1,
v/v) afforded 34 as light yellow oil (45.3 mg, 0.124 mmol, 62% vyield).
'H NMR (400 MHz, CDCls): & 1.37-1.46 (m, 5H), 1.68—1.82 (m, 3H), 1.89-1.98 (m, 1H), 3.26-3.31 (m, 1H),

3.66 (t,J=7.2 Hz, 2H), 7.31-7.35 (m, 1H), 7.41-7.45 (m, 1H), 7.68-7.70 (m, 2H), 7.80-7.84 (m, 3H), 7.94-7.96
(m, 1H).

13C NMR (101 MHz, CDCls): § 21.3,24.7, 28.6, 37.1,37.9,39.5, 121.7, 122.7, 123.3, 124.7, 125.9, 132.2, 134.0,
134.7, 153.2, 168.5, 177.6.

HRMS (ESI): calc’d for C21H21N20,S* [M+H]" 365.131825; found 365.132090.

S N
i /\/\I
X (o] Me

5-(Benzo[d]thiazol-2-yl)hexyl furan-2-carboxylate, 35

Following the general procedure with 12 h as reaction time, purification via column chromatography on silica gel
(Hexane/EtOAc = 6/1, v/v) afforded 35 as yellow oil (42.5 mg, 0.130 mmol, 65% vyield).
'H NMR (400 MHz, CDCl3): & 1.46-1.58 (m, 5H), 1.74-1.84 (m, 3H), 1.91-2.01 (m, 1H), 3.27-3.36 (m, 1H),

428 (td, J = 6.4 Hz, 1.2 Hz, 2H), 6.46-6.47 (m, 1H), 7.10 (dd, J= 3.6 Hz, 1.2 Hz, 1H), 7.33-7.37 (m, 1H), 7.43—
7.47 (m, 1H), 7.54-7.55 (m, 1H), 7.84 (d, J= 8.0 Hz, 1H), 7.97 (d, J= 8.0 Hz, 1H).

13C NMR (101 MHz, CDCls): 6 21.4,23.8,28.7,37.2,39.5,64.8,111.9, 117.7,121.7, 122.8, 124.8, 126.0, 134.7,
144.9, 146.3, 153.2, 158.9, 177.6.
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HRMS (EI): calc’d for C1sH1sNOsS* [M]* 329.108016; found 329.108170.

S N
i /\/\I
X (o] Me

5-(Benzo[d]thiazol-2-yl)hexyl thiophene-2-carboxylate, 36

Following the general procedure with 12 h as reaction time, purification via column chromatography on silica gel
(Hexane/EtOAc = 8/1, v/v) afforded 36 as yellow oil (40.6 mg, 0.118 mmol, 59% yield).
'H NMR (400 MHz, CDCls): § 1.42-1.59 (m, 5H), 1.74-1.85 (m, 3H), 1.91-2.00 (m, 1H), 3.28-3.36 (m, 1H),

427 (t,J = 6.4 Hz, 2H), 7.05-7.07 (m, 1H), 7.32-7.36 (m, 1H), 7.43-7.47 (m, 1H), 7.50 (dd, J = 4.8 Hz, 1.2 Hz,
1H), 7.74 (dd, J = 3.6 Hz, 1.2 Hz, 1H), 7.83-7.85 (m, 1H), 7.96-7.98 (m, 1H).

13C NMR (101 MHz, CDCls): § 21.4,23.9,28.7,37.2, 39.5, 64.9, 121.7, 122.8, 124.8, 126.0, 127.8, 132.3, 133.4,
134.1, 134.8, 153.2, 162.4, 177.7.

HRMS (ESI): calc’d for C1sH1sNNaO,S,* [M+Na]* 368.074943; found 368.074930.

6. Gram-scale Synthesis and Synthetic Applications

6.1 Gram-scale synthesis

NiBr,.diglyme (10 mol%)
dppf (10 mol%)

N Zn (2.5 equiv N
©: \>—SMe + <:>—Br ( quiv) > N
S KoHPO4 (2.0 equiv) S
_ 4A MS s
1, 10 mmol 2, 2.0 equiv DMAc, 100 °C, 24 h 1.46 g, 67%

A dry 100-mL Schlenk tube equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole (1.81
g, 10 mmol), and then transferred to an argon-filled glove box. NiBr,-diglyme (350 mg, 10 mol%), dppf (550 mg,
10 mol%), activated Zn dust (1.63 mg, 25 mmol), KoHPO4 (3.45 g, 20 mmol), 4A MS (1.25 g) and DMAc ( 30
mL) were added in sequence. The vial was taken out of the glovebox and connected to a Schlenk line.

Bromocyclohexane (2.5 mL, 20 mmol) were added to vial via a syringe under an argon atmosphere. The vial was
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sealed and the resulting mixture was stirred at 100 °C for 24 h. After this time, the vial was cooled to room
temperature. The solution was diluted with ethyl acetate (~30 mL), filtered through a glass funnel with a thin
layer of celite and washed with ethyl acetate (~50 mL). The filtrate was washed with brine water (3 x30 mL). The
organic phase was over anhydrous Na SO, filtered, and concentrated under reduced pressure. The mixture was
then purified by column chromatography on silica gel (Hexane-Hexane/EtOAc(15/1), 1% EtsN was added to

eluent) to afford the desired coupled product as yellow oil (1.46 g, 67%).

6.2 C—F Amination with 4-Methoxyaniline via Ni Catalysis?

MeO—QNHZ

Ni(COD), (5 mol%)

/©:N\ Dcype (7.5 mol%) \©\ /@[ >—<:>
E s C

tBuONa (3.0 equw)
Toluene (1.0 mL)
120 °C, 20 h

5 41, 81%

A dry 10 mL-reaction vial equipped with a stir bar was charged with 5 (47.1 mg, 0.2 mmol) and 4-
methoxyaniline (73.9 mg, 0.6 mmol), and then transferred to an argon-filled glove box. [Ni(cod).] (2.8 mg, 0.01
mmol, 5 mol%), 1,2-bis(dicyclohexylphosphino)ethane (6.3 mg, 0.015 mmol, 7.5 mol%), tBuONa (57.7 mg, 0.6
mmol) and toluene (1.0 mL) were added successively. The tube was sealed with a screw cap and was removed
from the glove box. The mixture was stirred at 120 °C for 20 h. After this time, the vial was cooled to rt and the
mixture diluted with ethyl acetate (~10 mL), filtered through a glass funnel with a thin layer of celite and washed
with ethyl acetate (~10 mL). The volatiles were removed under reduced pressure. The crude product was purified
by silica gel column chromatography (Hexane/EtOAc, 5/1) to give product 41 as pale yellow oil (54.5 mg, 0.161
mmol, 81% yield).

'"H NMR (400 MHz, CDCl;): § 1.26-1.46 (m, 3H), 1.55-1.65 (m, 2H), 1.71-1.76 (m, 1H), 1.83-1.88 (m, 2H),
2.14-2.18 (m, 2H), 2.98-3.06 (m, 1H), 3.79 (m, 3H), 5.66 (br, 1H), 6.86-6.89 (m, 2H), 6.97 (dd, /= 8.8 Hz, 2.4
Hz, 1H), 7.07 (d, J= 8.8 Hz, 2H), 7.30 (d, /= 2.0 Hz, 1H), 7.77 (d, J= 8.8 Hz, 1H) ppm.

13C NMR (101 MHz, CDCL): § 25.9, 26.2, 33.5, 43.3, 55.7, 106.5, 114.9, 116.3, 122.4, 123.0, 135.8, 136.2,
142.9, 147.1, 155.6, 174.1 ppm.

HRMS (ESI): calc’d for C20H23N20S™ [M+H]* 339.152560; found 339.152490.
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6.3 C—F Amination with 2-Phenylethan-1-amine via Ni Catalysis??

NiBr,.diglyme (10 mol%)
dppf (10 mol%)

N Zn (2.5 equiv) N /9
> . \ -
/@ ) She * BI'_<:>N—TS . > N s\\
F S K,HPO, (2.0 equiv) F S (o]

4A MS (25 mg)
40, 0.2 mmol 0.4 mmol DMAc, 100°C, 12 h $3, 71%

Following the general procedure (0.2 mmol scale), reaction time is 12 h. Purification via column chromatography
on silica gel (Hexane/EtOAc = 2/1, v/v) afforded alkylated product S3 as a light yellow solid (55.3 mg, 0.142
mmol, 71% yield).

'H NMR (400 MHz, CDCls): § 1.98-2.08 (m, 2H), 2.20-2.26 (m, 2H), 2.45-2.53 (m, 5H), 2.98-3.06 (m, 1H),

3.86-3.91 (m, 2H), 0.86 (td, J = 8.8 Hz, 2.4 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.34 (dd, J = 8.0 Hz, 2.4 Hz, 1H),
7.68 (d, J = 8.4 Hz, 2H), 7.86-7.89 (m, 1H).

13C NMR (101 MHz, CDCls): § 21.7, 31.5, 40.5, 46.0, 107.9 (d, J = 26.8 Hz, 1C), 114.8 (d, J = 24.7 Hz, 1C),
123.8(d, J=9.4 Hz, 1C), 127.8, 129.8, 133.2, 135.6 (d, J= 11.1 Hz, 1C), 143.8, 149.7 (d,J= 1.9 Hz, 1C), 160.4
(d, J=246.3 Hz, 1C), 173.8 (d, J = 3.2 Hz, 1C).

19F NMR (282 MHz, CDCl3): 5 -116.3.
HRMS (ESI): cale’d for C1H20FN20,S2" [M+H]* 391.094471; found 391.094580.

Ni(COD), (5 mol%)

N O Dcype (7.5 mol%)  Ph N o)
O e L OO
E S \O tBuONa (3.0 equiv) S \b
Toluene (1.0 mL) N
s3 120°C, 20 h

42, 43%

A dry 10 mL-reaction vial equipped with a stir bar was charged with 6-fluoro-2-(1-tosylpiperidin-4-
yl)benzo[d]thiazole S3 (39.0 mg, 0.1 mmol), and then transferred to an argon-filled glove box. [Ni(COD).] (1.4
mg, 0.005 mmol, 5 mol%), 1,2-bis(dicyclohexylphosphino)ethane (3.2 mg, 0.0075 mmol, 7.5 mol%), tBuONa
(29 mg, 0.3 mmol) were added successively. The vial was taken out of the glovebox and connected to a Schlenk
line. Toluene (0.5 mL) and 2-phenylethan-1-amine (38 pL, 0.3 mmol) were added to vial via a syringe under an
argon atmosphere. The vial was sealed and the resulting mixture was stirred at 120 °C for 20 h. After being cooled
to r.t., the mixture was diluted with ethyl acetate (~10 mL), filtered through a glass funnel with a thin layer of
celite and washed with ethyl acetate (~10 mL). The volatiles were removed under reduced pressure. The crude
product was purified by silica gel column chromatography (Hexane/EtOAc, 2/1) to give product 42 as colorless
oil (21.2 mg, 0.043 mmol, 43% yield).
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IH NMR (400 MHz, CDCls): § 1.95-2.05 (m, 2H), 2.16-2.21 (m, 2H), 2.44-2.51 (m, 5H), 2.92-3.00 (m, 3H), 3.43
(t, J = 6.8 Hz, 2H), 3.83-3.88 (m, 2H), 6.71 (dd, J = 8.8 Hz, 2.4 Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H), 7.20-7.26 (m,
3H), 7.30-7.34 (m, 4H), 7.66-7.70 (m, 3H).

13C NMR (101 MHz, CDCls): 6 21.7, 31.6, 35.4, 40.3, 45.4, 46.0, 102.6, 114.5, 123.1, 126.7, 127.8, 128.8, 128.9,
129.8, 133.3, 136.6, 139.1, 143.7, 145.5, 146.0, 169.2.

HRMS (ESI): calc’d for C27H20N302S2* [M+H]* 492.177396; found 492.177490.
7. Mechanistic Studies

7.1 Radical Ring-opening

N Same as
Table 1

S 9%
1 D:0O, 1:2

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole 1 (36.2
mg, 0.2 mmol), and then transferred to a glove box. NiBrz-diglyme (7.0 mg, 10 mol%), dppf (11.0 mg, 10 mol%),
activated Zn dust (32.6 mg, 0.5 mmol), K;HPO4 (69 mg, 2.0 equiv), 4A MS (25 mg) and DMAc ( 0.6 mL) were
added successively.  The vial was taken out of the glovebox and connected to a Schlenk line.
(Bromomethyl)cyclopropane (39 pL, 0.4 mmol) was added to the vial via a microsyringe under an argon
atmosphere. Finally, the vial was sealed and the resulting mixture was stirred at 100 °C for 6 h. After this time,
the vial was cooled to room temperature. The solution was diluted with ethyl acetate (~10 mL) and filtered through
a glass funnel with a thin layer of celite, and concentrated in vacuo. The mixture was subjected to short silica gel
column (hexane as eluent) to remove DMAc. The yield and ratio was confirmed by '"H NMR using mesitylene as

an internal standard.
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Figure S1. Ratio confirmed by *H NMR.

7.2 Radical Scavengers

N 10 mol% NiBrydiglyme
@E H—sme 10 mol% dppf TEMPO Ny
S — Zn (2.5 equiv.) —> >_Cy
1 KoHPO, (2.0 equiv.) S
+ 4A MS, DMA, 100 °C 3
Br—Cy 1.0 equiv TEMPO, 28%
2 2.0 equiv TEMPO, Trace

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole 1 (36.2

mg, 0.2 mmol) and TEMPO (1.0 or 2.0 equiv), and then transferred to a glove box. NiBrz-diglyme (7.0 mg, 10

mol%), dppf (11.0 mg, 10 mol%), activated Zn dust (32.6 mg, 0.5 mmol), K2HPO4 (69 mg, 2.0 equiv), 4A MS

(25 mg) and DMACc ( 0.6 mL) were added successively. The vial was taken out of the glovebox and connected

to a Schlenk line. Bromocyclohexane (50 pL, 0.4 mmol) was added to the vial via a microsyringe under an argon

atmosphere. Finally, the vial was sealed and the resulting mixture was stirred at 100 °C for 6 h. After this time,

the vial was cooled to room temperature. The solution was diluted with ethyl acetate (~10 mL). The yield was

confirmed by GC-FID using dodecane as an internal standard.
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Ph

10 mol% NiBry'diglyme
Ph

N 10 mol% dppf N Ph
2.0 equiv. \
©i \>—SMe + Br—Cy — Zn (2.5 equiv.) (_q)» S>—Cy + Ph)\\/cy
S

2 KoHPOy4 (2.0 equiv.)
1 4A MS, DMA, 100 °C

w/ Ni/dppf 3 (19%) 44 and 44-H, (36%)
w/o Ni/dppf  (nd) (N.D.)

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole 1 (36.2
mg, 0.2 mmol), and then transferred to a glove box. NiBr-diglyme (7.0 mg, 10 mol%), dppf (11.0 mg, 10 mol%),
activated Zn dust (32.6 mg, 0.5 mmol), K:HPO4 (69 mg, 2.0 equiv), 4A MS (25 mg) and DMAc ( 0.6 mL) were
added successively. The vial was taken out of the glovebox and connected to a Schlenk line. Bromocyclohexane
(50 pL, 0.4 mmol) and 1,1-diphenylethylene (70 uL, 0.4 mmol) were added to the vial via a microsyringe under
an argon atmosphere. Finally, the vial was sealed and the resulting mixture was stirred at 100 °C for 6 h. After
this time, the vial was cooled to room temperature. The solution was diluted with ethyl acetate (~10 mL). The
yield (19%) of product was confirmed by GC-FID using dodecane as an internal standard. The yield (36%) of
product 44 and 44-H, (inseparable) was confirmed by *H NMR using mesitylene as internal standard after

isolation by silica gel column chromatography.
7.3 Radical 5-exo-trig Cyclization

N % x mol% Ni N /
x mol% dppf N\
\>—SMe + Q > (j:
S Br Zn, KoHPO, S

1 45 4A MS, DMA 46-U

\

100 °C +
5 -
45 ©:N\
4 4
Q 35 S
g 5 46-C
2 25
g 2 xmol% | 43-U/43-C
£ 15 e
g 1 . 20 1.56
1 30 1.37
05 - 40 1.74
0 T T T T .
10 20 30 40 50 60 50 1.78

x mol% Ni/L

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole 1 (36.2
mg, 0.2 mmol), and then transferred to a glove box. NiBr2-diglyme, dppf, activated Zn dust (32.6 mg, 0.5 mmol),
K2HPO, (69 mg, 2.0 equiv), 4A MS (25 mg) and DMAc (0.6 mL) were added successively. The vial was taken
out of the glovebox and connected to a Schlenk line. 6-Bromohex-1-ene (53 pL, 0.4 mmol) was added to the vial
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via a microsyringe under an argon atmosphere. Finally, the vial was sealed and the resulting mixture was stirred
at 100 °C for 6 h. After this time, the vial was cooled to room temperature. The solution was diluted with ethyl

acetate (~10 mL). The ratio of two isomers was confirmed by GC-FID.

7.4 Formation of Organozinc Species
Preparation of Secondary Alkylzinc Reagent®*
M
(1) Br~B" (5 mol%) ©/\( ¢
THF, 60 °C, 20 min Br Me
Zn + LiCl > Zn* > ZnBr
(2) TMSCI (1 mol%), 60 °C, 24 h

2.0 equiv I, (0.5 mol%)
THF, 60 °C, 20 min

0.83 mol/L

In a glovebox, a 50 mL round-bottom flask equipped with a magnetic stir bar was charged with LiCl (0.848 g,
20 mmol) and zinc dust (1.3 g, 20 mmol) then sealed with a rubber septum and moved outside the glovebox.
Under high vacuum, the flask was heated with a heat gun for 15 min with occasional stirring then cooled to r.t.
and carefully backfilled with argon. After repeating this process once more, THF (10 mL) and 1,2-dibromoethane
(43 pL, 0.5 mmol) were added via syringe and the reaction mixture was heated at 60 °C for 20 min. After cooling
to rt, TMSCI (13 pL, 0.1 mmol) and a solution of iodine (10 mg, 0.04 mmol) were added to reaction system. The
reaction mixture was heated at 60 °C for 20 min and then cooled to rt. The (2-bromopropyl)benzene (1.54 mL,
10 mmol) was added dropwise over 5 min after which the flask was sealed and allowed to stir at 60 °C for 24 h.
After that, it was cooled to r.t. and allowed to stand for 3 h. The concentration (0.83 mol/L) of the organozinc

solution was determined by iodometric titration of the resulting supernatant using Knochel’s procedure.?*

10 mol% NiBr,-diglyme
10 mol% dppf
\>—SMe . ph\)\ ———
Me K2HPO4’ 4A MS
@ o
equiv)  DMA, 100°C 30-8 (branched) 30-L (linear)

X = Br, 50%2, >99:1 b:/
X = ZnBr, 21%", 1.5:1 b:l

32.5 equiv. of Zn was added. °GC Yield.

Reaction of 1 with (2-Bromopropyl)benzene: Following General Procedure.
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Procedure for Reaction of 1 with Alkylzinc Reagent:

A dry reaction vial (10 mL) equipped with a stir bar was charged with 2-(methylthio)benzo[d]thiazole 1 (36.2
mg, 0.2 mmol), and then transferred to a glove box. NiBrz-diglyme (7.0 mg, 10 mol%), dppf (11.0 mg, 10 mol%),
K2HPO4 (69 mg, 2.0 equiv), 4A MS (25 mg) and DMAc ( 0.6 mL) were added successively. The vial was taken
out of the glovebox and connected to a Schlenk line. The solution of (1-Phenylpropan-2-yl)zinc(ll) bromide in
THF (0.83 M) (0.48 mL, 0.4 mmol) was added added to the vial via syringe under an argon atmosphere. Finally,
the vial was sealed and the resulting mixture was stirred at 100 °C for 6 h. After this time, the vial was cooled to
room temperature. The solution was diluted with ethyl acetate (~5 mL) and quenched by water (~2 mL). The

crude yield and ratio of isomers were confirmed by GC-FID using dodecane as an internal standard.

Intensity

| |
2000 @[s\ e
:

min

Peak Table - Channel 1

Peak# Ret. Time Area Height Conc. Name
1 10,69 3625 2367 100,0
Total 3625 2367 100,0

Figure S1. GC-FID for reaction with alkyl bromide
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] . Ph
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1000 H |
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J | | (L
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07
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7 9 10 11
min
Peak Table - Channel 1
Peak# Ret. Time Area Height Conc. Name
1 10,60 3089 2092 39.6
2 10,69 4714 2780 60.4
Total 7803 4872 1000

Figure S2. GC-FID for reaction with alkyl zinc reagent

8. References

1. Otsuka, S.; Nogi, K.; Yorimitsu, H. Angew. Chem. Int. Ed. 2018, 57, 6653.

2. Rioz-Martinez, A.; de Gonzalo, G.; Pazmifio, D. E. T.; Fraaije, M. W.; Gotor, V. Eur. J. Org. Chem. 2010,
6409.

3. Melzig, L.; Metzger, A.; Knochel, P. J. Org. Chem. 2010, 75, 2131.
4. Zhang, C.; Zhou, Y.; Huang, J.; Tu, C.; Zhou, X.; Yin, G. Org. Biomol. Chem.2018, 16, 6316.

5. Liu, J.-H.; Yang, C.-T.; Lu, X.-Y.; Zhang, Z.-Q.; Xu, L.; Cui, M.; Lu, X.; Xiao, B.; Fu, Y.; Liu, L. Chem.
Eur. J. 2014, 20, 15334.

6. Yang, C.-T.; Zhang, Z.-Q.; Liang, J.; Liu, J.-H.; Lu, X.-Y.; Chen, H.-H.; Liu, L. J. Am. Chem. Soc. 2012,
134, 11124.

7. Levin, V. V.; Zemtsov, A. A,; Struchkova, M. I.; Dilman, A. D. J. Fluorine Chem. 2015, 171, 97.
8. Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389.
9. Sargent, B. T.; Alexanian, E. J. J. Am. Chem. Soc. 2016, 138, 7520.

10. LaMontagne, M. P.; Markovac, A.; Menke, J. R. J. Med. Chem. 1977, 20, 1122.

S30



11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

Biswas, S.; Weix, D. J. J. Am. Chem. Soc. 2013, 135, 16192.

Dong, J.; Xia, Q.; Lv, X.; Yan, C.; Song, H.; Liu, Y.; Wang, Q. Org. Lett. 2018, 20, 5661.

Li, Z.-1.; Jin L.-k.; Cai, C. Org. Chem. Front. 2017, 4, 2039.

Lim, H.-J.; Myung, D.; Lee, I. Y. C.; Jung, M. H. J. Comb. Chem. 2008, 10, 501.

Bergmann, A. M.; Oldham, A. M.; You, W.; Brown, M. K. Chem. Commun. 2018, 54, 5381.
Sutherland, D. R.; Veguillas, M.; Oates, C. L.; Lee, A.-L. Org. Lett. 2018, 20, 6863.

Fang, L.; Chen, L.; Yu, J.; Wang, L. Eur. J. Org. Chem. 2015, 1910.

Calimsiz, S.; Organ, M. G. Chem. Commun. 2011, 47, 5181.

Babu, K. R.; Zhu, N.; Bao, H. Org. Lett. 2017, 19, 46.

Ghaderi, A.; lwasaki, T.; Fukuoka, A.; Terao, J.; Kambe, N. Chem. Eur. J. 2013, 19, 2951.
Yang, Z.; Chen, X.; Wang, S.; Liu, J.; Xie, K.; Wang, A.; Tan, Z. J. Org. Chem. 2012, 77, 7086.
Harada, T.; Ueda, Y.; Iwai, T.; Sawamura, M. Chem. Commun. 2018, 54, 1718.

Pompeo, M.; Froese, R. D. J.; Hadei, N.; Organ, M. G. Angew. Chem. Int. Ed. 2012, 51, 11354.
Krasovskiy, A.; Knochel, P. Synthesis 2006, 5, 890.

S31



9. NMR spectra

Me

O

S5
o)

\

S1
H NMR (400 MHz, CDCls)

1.90 1.85 1.80 1.75 1.70 1.65 1.60 1.55 1.50
f1 (ppm)

1.95

CD

(A4
WN.M
194

F00'T
01T

*86'0

=96'0

*56'0

0.5 0.0

1.0

12,0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

12.5

3.0

f1 (ppm)

69€'HT .
895°97 —
so1'87

0L 0 —
TSE' TS —

VL9 —

£48°9L
ooﬁ.hhw
6LV’ LL

TEETIT —
6 LIT —

988 P T ~
9LE YT

658°8ST —

Me

O

S

\_o

S1
13C NMR (101 MHz, CDCl3)

cocl,

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

10

S32



000°0-
SIS'T 7
TES'TH
T45°TH
€997 |
189°T
60L°T
STL T
02L T
STl
1641
8c/'T
ZsLT
VRE
RS
94T
98/'T1
1647
€601
€08'T
$08'T
608'T
5281
8€8°T |
0b8'T 1
8587 |
0S8'T 1
€58°T 1
198°T |
$98°T
/8T
9/8'T |
€88'T 1
688°T 1
968°T |
606'T 1
02Tt
ZETY
9ETb |
0bT'b 1
6vT"b 1
€STb 1
76Tt
60E"t 1
STEY
260°L 1
T0T°2
$OT'L |
PITL
bS]
1bSL
165721
095"/ 1
964
66LL 1
508°Z 1
8082 "

Br

Me

(0]

X
S

S2
H NMR (400 MHz, CDCl;)

= Tm.m

—==< 1560

CDCI

v0'C

960
260
560

12.0 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

12.5

3.0

f1 (ppm)

8 bT
€65°97 —
ve182 7

L0 —

SOP'1S —

€969 —

€489
owﬁ.hhw
8LV LL

048°LTT
Ter'eet
mDu.mmﬂW
PrObET

08€'¢9T —

Br

Me

S2
13C NMR (101 MHz, CDCl;)

cDcl,

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

10

S33



H NMR (400 MHz, CDCls)

890°€
LL0°E
980°€
£60°E
SQW
STTE—
wﬁ.mw
mmﬁ.m\

bp1'€

21 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3
f1 (ppm)

2.2

3.20 3.15 3.10 3.05 3.00

f1 (ppm)

cDCly

wmm.o
oot
060
260

0.0

0.5

1.0

1.5

12,5 12,0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

3.0

f1 (ppm)

1€6'SC 7
mﬁN.WN\
€45'€€—

€65'€y —

r8'9L
owHNNW
LLYVLL

949°1CT

989°¢CT V
129°vCT 7
L16°STT \
8L9VET —

8bC'EST —

9¢LLLT —

N
\
s

3

cDCly)

13C NMR (101 MHz,

cDCl;

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

200

S34



1

N
\
S

NC

4

H NMR (400 MHz, CDCl5)

mmo.m/
bb0'E

mmo.m%
$90°€\"
€L0°E~
780°€
€60°€ 7
z01°€

1.8 1.7 1.6 1.5 1.4 1.3 1.2
f1 (ppm)

1.9

2.0

2.1

2.2

cDCl,

3.00

3.05
f1 (ppm)

3.10

(AN
Wﬁm.m
bese
M(N.ﬁ

x4
R

FS6'0

£26°0
406°0
£78°0

0.0

0.5

1.0

1.5

12,5 12,0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

3.0

f1 (ppm)

S18°'SC 7
¥80°9¢ /
8EP'EE —

€08°€ —

£¥8°9L

UL T

LLY'LL

cDcly

£9T°80T —

bTO'6TT —
£05°€2T —
0v5'92T —
gszeet
bTESET ~

4

LSL°SST— 2770

NC
13C NMR (101 MHz, CDClj;)

STP'C8T —

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

10

S35



€¥8L-

N
N\
S

5
H NMR (400 MHz, CDClj)

cDCly

T
fore
Ee1'e
H/Mﬁ.ﬁ

1°C
H/vo.N

60

10'T
=160
JE6°0

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0

125

3.0

f1 (ppm)

L68°SC 7
99T1°9¢ /
68b°€E —

07s' ey —

£¥8°9L
ooﬁ.mhw
LIV LL

9L L0T N
010°'80T
0SEHTIT
s65°bTT 7
8Sb'ETT
0SS'€ZT

G96'SET
G/9'S€ET

Y6L'6vT —
0€0°6ST ~
6SH 19T —

0ov'LLT
cEYLLT

N
\
S

5
3¢ NMR (101 MHz, CDCl;)

WA

CDGly

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

10

S36



-117.226

19F NMR (282 MHz, CDCl;)
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H NMR (400 MHz, CDClj)
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