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Abstract: Herein, we report a Kumada cross-coupling reaction of benzylic sulfonamides. The scope
of the transformation includes acyclic and cyclic sulfonamide precursors that cleanly produce
highly substituted acyclic fragments. Preliminary data is consistent with a stereospecific mechanism
that allows for a diastereoselective reaction.
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1. Introduction

Transition-metal catalyzed cross-coupling (XC) reactions have transformed modern
synthetic organic chemistry by creating an arsenal of carbon-carbon bond forming reac-
tions. [1] Nickel is a cost-effective metal that is capable of activating challenging electro-
philes such as amine derivatives. [2] Intense research efforts have been employed in the
development of nickel-catalyzed XC reactions of sluggish electrophiles. [3] However, the
XC reaction of alkyl amine derivatives has remained a significant challenge. [4,5] Histor-
ically, in order to facilitate nickel-catalyzed reactions, activation of these carbon-nitrogen
bonds has been achieved via incorporation into strained aziridine rings or transformation
to ammonium salts. [6]

Ring-strain-promoted XC of aziridines has been accomplished. [7] Early stoichio-
metric work by Hillhouse established that aziridines undergo facile oxidative addition
with nickel complexes. [8] Catalytic Negishi reactions of sulfonylaziridines have subse-
quently been established. The Doyle laboratory reported a regioselective Negishi XC re-
action of styrenyl aziridines with alkylzinc reagents with substitution at the benzylic po-
sition (Scheme 1a). [9] Key to their success was the use of an electron deficient fumarate
ligand. Shortly thereafter, the Doyle and Jamison groups independently described a regi-
oselective Negishi XC reaction of alkyl aziridines with alkylzinc reagents to forge the de-
sired carbon-carbon bond (Scheme 1b and c). [10] The differing regioselectivity of these
reactions can be explained by comparing the oxidative addition events of the C-IN bonds.
Styrenyl aziridines preferentially undergo oxidative addition at the benzylic center to af-
ford a n3-benzylnickel complex. In contrast, alkyl aziridines, which do not contain an ar-
omatic ring to direct the nickel complex, preferentially undergo oxidative addition at the
less hindered position. [8] These reports demonstrate the ability to activate the C-N bond
in strained rings.
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Scheme 1. Cross-Coupling (XC) Reactions of Aziridines

Development of XC reactions of acyclic benzylamine derivatives has relied upon for-
mation of highly reactive electrophiles (i.e. charged ammonium salts). [11] For example,
the Watson laboratory demonstrated that benzylic trimethylammonium salts are compe-
tent electrophiles in Suzuki-Miyaura XC reactions with aryl and vinylboronic acids
(Scheme 2a). [12] Similarly, the Wang laboratory disclosed the XC reaction of benzylic
trimethylammonium salts with organoaluminum reagents to forge the desired carbon-
carbon bond (Scheme 2b). [13]
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Scheme 2. XC Reactions of Trimethylammonium salts. Nap = Naphthyl.

The use of Katritzky salts to activate amines has proven to be sufficient for activation
of benzylic and alkyl amines for Suzuki-Miyaura and Negishi XC reactions. Previously, it
has been observed that Katritzky salts participate in Sx2, radical, and Minisci-type reac-
tions, and in recent years, many transition-metal catalyzed reactions have been developed.
[14,15] The Watson laboratory hypothesized that these air and moisture stable salts would
be suitable electrophiles in a XC reaction. [16] To test their hypothesis, primary amines
were converted to Katritzky salts via a condensation reaction with 2,4,6-tri-
phenylpyrylium tetrafluoroborate and the corresponding salts were subjected to Suzuki-
Miyaura XC reactions with aryl boronic acids. The desired cross-coupled products were
obtained in good yields (Scheme 3a). [17] This strategy was amenable to the coupling of
primary benzylic Katritzky salts as well (Scheme 3b). [18] Additionally, vinyl boranes and
alkylborane reagents, generated in situ by hydroboration of alkenes, participated in XC
with Katritzky salts (Scheme 3c and d). [19] This strategy has been extended beyond Su-
zuki-Miyaura reactions to include Negishi XC reactions with alkylzinc reagents (Scheme
3e). [20]
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Scheme 3. XC Reactions of Katritzky Salts

These methods establish strain- and charge-based strategies to activate amines for
use as the electrophilic partner in XC reactions, however, the requirement for aziridines
or functionalization as highly reactive ammonium salts remains a major limitation in
broad application of these methods. In this manuscript, we report the first nickel-cata-
lyzed Kumada XC reaction of simple benzylic sulfonamides with methylmagnesium io-
dide (Scheme 4). Previously, the Jarvo laboratory disclosed the Kumada XC reaction of
benzylic ethers which proceeded in excellent yields, and enantio- and diastereoselectivity.
[21] Building on this work, we aimed to develop an analogous reaction that employed
benzylic sulfonamides. Ethers and sulfonamides have similar leaving group abilities, as
the conjugate bases have similar pKa’'s, and we hypothesized sulfonamides would behave
similarly to ethers in a XC reaction. [22,23] In addition, these moieties are appealing be-
cause they are common functional groups in synthesis. Furthermore, we demonstrate that
sulfonamides undergo stereospecific XC reactions, in contrast to the stereoablative reac-
tivity typically observed with styrenyl aziridines and Katritzky salts. [24,25,26] This ste-
reospecific manifold allows for rapid diastereoselective construction of acyclic fragments
bearing 1,3-substitution. [27]

This Work
Ts
> 1
NMe R Ni Catalyst Me R!
2
Ar R MeMgl Ar R2

Ts<
S l\(j\ Ni Catalyst Me R
A R MeMgl Ar)\MNHTs
Scheme 4. Kumada XC Reactions of Benzylic Sulfonamides

2. Results and Discussion

We began our investigation into the Kumada XC reaction with benzylic sulfonamide
1, which was synthesized in three steps from the commercially available aldehyde. [28]
Previously, Kumada XC reactions of benzylic ethers employed Ni(cod). and racemic

66

67
68

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

85
86

87

88
89
90



Molecules 2021, 26, x FOR PEER REVIEW 4 of 25

BINAP as the optimal reaction conditions. [21] Under these conditions, we were excited 91
to observe 25% yield of the desired cross-coupled product 2. Increasing the catalyst load- 92
ing to 15 mol % improved the yield of the reaction (entry 2). However, it also increased 93
the yield of the undesired styrene product 3 arising from (3-hydride elimination. In an 94
effort to improve the ratio between desired product 2 and styrene product 3, we investi- 95
gated a series of bidentate phosphine, NHC, and pyridine ligands. DPEPhos improved 96
the yield of 2 and decreased the amount of styrene 3 (entry 3). However, all other ligands 97
evaluated did not improve the yield of 2 (entries 4-7). 98
99
We next investigated an alternative precatalyst. Previously, the Jarvo laboratory re- 100
ported the cross-electrophile coupling (XEC) reaction of benzylic and allylic sulfonamides 101
which employed a BINAP-ligated nickel (II) precatalyst. [23,29] Utilizing these conditions, 102
with 15 mol % of catalyst, we were delighted to observe the desired product in 54% yield 103
and 40% yield of styrene 3. We elected to proceed with the nickel (II) precatalyst as it 104

provided the desired product in the highest yield. 105
Table 1. Optimization of Kumada XC Reaction of Benzylic Sulfonamides 106
Tovy-Me Nickel Catalyst (15 mol %) Me s
s Ligand (15 mol %) S Ph
Ph Ph |
| MeMgl (2 equiv) | @j/\/\
1 PhMe, rt, 24 h 2 3 107
Entry  Nickel Catalyst Ligand  Yield 2 (%)! Yield 3 (%)! RSM 1 (%)!
12 Ni(cod)2 rac-BINAP 25 10 19
2 Ni(cod): rac-BINAP 34 30 7
3 Ni(cod)2 DPEPhos 42 20 0
4 Ni(cod): XantPhos 0 <5 37
5 Ni(cod)2 dppe 0 <5 65
6 Ni(cod)2 SiMes-BF4 12 0 86
7 Ni(cod): BPhen 0 0 61
8 (R-BINAP)NiCl» - 54 40 0
1Yield of 2 and 3 and Recovered Starting Material (RSM) determined by 'H NMR based on com- 108
parison to Ph'TMS as internal standard. 2 5 mol % Ni(cod)2 109
110

With optimized conditions in hand, we evaluated the scope of the Kumada XC reac- 111

tion (Scheme 5). Naphthyl substrates were well tolerated under the standard reaction con- 112
ditions and product 4 was observed in 84% yield. Notably, products such as 5 and 6 with 113
branching at the B-position provided good yields of cross-coupled products with lesser 114
amounts of styrenes formed from (-hydride elimination (20-30%) when compared to 115
product 2. We hypothesized that this increase in steric bulk destabilized the conformation 116
necessary for B-hydride elimination to proceed. 117
118
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Scheme 5. Scope of the Kumada XC Reaction of Acyclic Sulfonamides. 'Yield determined by 'H 120
NMR based on comparison to Ph\TMS as internal standard. 2Isolated yield. 121

We also sought to evaluate a series of arylpiperidines, with the expectation that a 122
stereospecific XC reaction at the benzylic position would provide synthetic access to 123
highly substituted acyclic fragments. Furthermore, products would bear a pendant sul- 124
fonamide moiety, available for subsequent functionalization. [23] Rapid synthesis of the 125
requisite cyclic sulfonamides was achieved by hetero Diels-Alder (HDA) cycloadditions 126
or aza-Prins reactions. [30,31] For substrates with alkyl substituents in the 4-position, [4+2] 127
HDA reactions provided the requisite starting materials (Scheme 6a). For substrates bear- 128
ing ether groups in the 4-position, an aza-Prins reaction provided the requisite 2-aryl-4- 129
hydroxylpiperidine that could be subsequently methylated or benzylated. (Scheme 6b). 130

131
a. Hetero Diels-Alder Reaction
Pd/C
)'\JI\TS j FeCly (5 mol %) TS/U\ H, Tsr\(l
+ i
Ar”H Z R CHCl,  ar R! CHoClp, MeOH A" R
; >6:1 dr
b. Aza-Prins Reaction R'=PhorMe
i PR TFA TN NaH Tsl\(l
+ Z —_— _—
Ar H NHTs CH,Cl, Ar OH R'-X Ar OR!
5:1dr 5:1dr
R'=Bnor Me 132

Scheme 6. Arylpiperidine Synthesis via (a) Hetero Diels-Alder (HDA) Reaction and (b) Aza-Prins 133
Reaction. 134

With rapid and diastereoselective access to the desired piperidines, we examined 135
these cyclic substrates in ring-opening Kumada XC reactions (Scheme 7). Phenyl and me- 136
thyl substituents (products 7 and 8) were well tolerated and minimal amounts (<5%) of 3- 137
hydride elimination were observed. Methylated and benzylated ethers were well toler- 138
ated and provided the desired products in good yields (9, 10, and 11). [32] It is important 139
to note that the diastereomeric ratio observed in the products is consistent with the dia- 140
stereomeric ratio of the starting material. [33] Therefore, preliminary data supports a ste- 141
reospecific Kumada XC reaction. 142

143
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Scheme 7. Scope of the Kumada XC Reaction of Cyclic Sulfonamides. *Isolated yield. 2R = OBn in 145
starting material and provided the free alcohol in product. *Yield determined by 'H NMR based on 146
comparison to PhTMS as internal standard. 147

To further develop the potential scope of this reaction, we sought to establish ring- 148
opening of a sulfonyl piperidine with an aryl Grignard reagent (Scheme 8). Such transfor- 149
mations would provide synthetic access to diarylalkanes bearing pendant sulfonamides, 150
including rapid assembly of stereochemically-rich analogs of ATPase inhibitor 14. [34,35] 151
We have previously observed that in Kumada XC reactions of benzylic ethers employing 152
aryl Grignard reagents, the optimal nickel catalyst is ligated by dppe. [36] We were 153
pleased to see that this trend applied to benzylic sulfonamides: employing the commer- 154
cially available precatalyst, (dppe)NiCls, the XC reaction proceeded smoothly to provide 155

the desired product 13 in 58% isolated yield. [37] 156
157
1 : |
(dppe)NiCl, (15 mol %) : '
ey e Houe O |
. (2 equiv) ' 1
12 PhMe, rt, 24 h | 14 N
5:1dr F ATPase inhibitor
: ICsp 1.4 uM 1
R ' 158
Scheme 8. Kumada XC Reaction with Aryl Grignard Reagent 159

We propose the following catalytic cycle for the Kumada XC reaction based on re- 160
lated mechanisms for the Kumada XC reaction of benzylic ethers and the XEC reaction of 161
benzylic sulfonamides (Scheme 9). [38] First, reduction of the nickel(Il) precatalyst with 162
the Grignard reagent provides the active Ni(0) catalyst 15. Next, oxidative addition of the = 163
benzylic sulfonamide affords the Ni(Il) intermediate 16. Based on the calculated reaction 164
coordinate diagram and transition state energies for related transformations, we hypoth- 165
esize that rate-determining oxidative addition occurs with inversion of the benzylic car- 166
bon. [21,38] This step is facilitated by Lewis acidic magnesium salts that activate the sul- 167
fonamide moiety. Transmetallation with the Grignard reagent provides alkylnickel com- 168
plex 17. Subsequent reductive elimination, which occurs with retention at the benzylic 169
center, affords the desired product and turns over the catalyst. Alternatively, intermediate 170
16 can undergo 3-hydride elimination to afford the observed styrene by-product. 171

172
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Scheme 9. Proposed Mechanism of Kumada XC Reaction. Speciation of magnesium complexes are 174
omitted for clarity. 175
3. Materials and Methods 176
3.1 General Procedures 177

All reactions were carried out under an atmosphere of N2, or Ar when noted. All 178
glassware was oven- or flame-dried prior to use. Tetrahydrofuran (THF), diethyl ether 179
(Et20), dichloromethane (CH2CLz), and toluene (PhMe) were degassed with Ar and then 180
passed through two 4 x 36 inch columns of anhydrous neutral A-2 alumina (8 x 14 mesh; 181
LaRoche Chemicals; activated under a flow of argon at 350 °C for 12 h) to remove H20. 182
[39] All other solvents utilized were purchased anhydrous commercially, or purified as 183
described. "H NMR spectra were recorded on Bruker DRX-400 (400 MHz 'H, 100 MHz 3C, 184
376.5 MHz F), GN-500 (500 MHz 'H, 125.4 MHz 3C), or CRYO-500 (500 MHz 'H, 125.8 185
MHz 3C) spectrometers. Proton chemical shifts are reported in ppm (d) relative to internal 186
tetramethylsilane (TMS, 6 0.00). Data are reported as follows: chemical shift (multiplicity 187
[singlet (s), broad singlet (br s), doublet (d), doublet of doublet (dd), doublet of doublet of 188
doublets (ddd), doublet of doublet of doublet of doublets (dddd), doublet of triplet (dt), 189
doublet of doublet of triplet (ddt), doublet of triplet of doublet (dtd), triplet (t), broad tri- 190
plet (br t), triplet of doublet (td), triplet of doublet of doublet (tdd), triplet of triplet (tt), 191
quartet (q), quartet of doublet (qd), quartet of doublet of doublets (qdd), quintet (quint), 192
apparent quintet (appar quint), sextet, apparent sextet (appar sextet), multiplet (m)]. cou- 193
pling constants [Hz], integration). Carbon chemical shifts are reported in ppm () relative 194
to TMS with the respective solvent resonance as the internal standard (CDCls, & 77.16 195
ppm). Unless otherwise indicated, NMR data were collected at 25 °C. Infrared (IR) spectra 196
were obtained on a Thermo Scientific Nicolet iS5 spectrometer with aniD5 ATR tip (neat) 197
and are reported in terms of frequency of absorption (cm™). Analytical thin-layer chroma- 198
tography (TLC) was performed using Silica Gel 60 F2s: precoated plates (0.25 mm thick- 199
ness). Visualization was accomplished by irradiation with a UV lamp and/or staining with 200
KMnO: or CAM. Flash chromatography was performed using SiliaFlash F60 (40-63 um, 201
60 A) from SiliCycle. Automated chromatography was carried out on a Teledyne Isco 202
CombiFlash Rf Plus. Melting points (m.p.) were obtained using a Mel-Temp melting point 203
apparatus and are uncorrected. High resolution mass spectrometry was performed by the 204
University of California, Irvine Mass Spectrometry Center. 205

Bis(1,5-cyclooctadiene)nickel was purchased from Strem, stored in a glove box 206
freezer (20 °C) under an atmosphere of N2 and used as received. All ligands were pur- 207
chased from Strem or Sigma Aldrich and were stored in a glovebox and used as received. 208
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The methylmagnesium iodide was titrated with iodine prior to use. [40] All other chemi- 209

cals were purchased commercially and used as received, unless otherwise noted. 210

211
3.2 Experimental 212
3.2.1 General Kumada Cross-Coupling Reaction Procedures 213
Method A: Kumada Cross-Coupling Reaction 214

In a glovebox, a flame-dried 7 mL vial equipped with a stir bar was charged with sulfon- 215
amide substrate (1.0 equiv), nickel precatalyst (15 mol %) and PhMe (0.10-0.20 M in sub- 216
strate). The Grignard reagent (2.0 equiv) was then added dropwise via a syringe. After 24 217
h, the reaction was removed from the glovebox, quenched with methano], filtered through 218
a plug of silica gel eluting with 100% Et2O and concentrated in vacuo. Phenyltrime- 219
thylsilane (PhTMS; 8.6 uL, 0.050 mmol) was added and the yield was determined by 'H 220
NMR based on comparison to Ph'TMS as internal standard before purification by column 221

chromatography. 222
223
For reactions in which 1.0 equiv of Mglz is added, the vial is wrapped in aluminum foil 224
for the duration of the reaction due to the light sensitivity of Mgla. 225
226

1) Preparation of Grignard Reagent Under a N2 atmosphere, a three-necked flask 227
equipped with a stir bar, reflux condenser, and Schlenk filtration apparatus was charged 228
with magnesium turnings (1.1 g, 45 mmol). The flask and magnesium turnings were then 229
flame-dried under vacuum and the flask was back-filled with N2. Anhydrous Et:O (7.0 230
mL) and a crystal of iodine (ca. 2.0 mg) were added to the flask. Freshly distilled iodome- 231
thane (1.9 mL, 31 mmol) or 4-iodoanisole as a solution in Et2O (4.7 g, 20. mmol, 6.7 M in 232
Et20) was slowly added over 30 min to maintain a gentle reflux. The mixture was stirred 233
for 2 h at room temperature then filtered through the fritted Schlenk filter into a Schlenk 234
flask under N2 atmosphere. The magnesium turnings were washed with Et2O (2x1.0mL) 235
then the Schlenk flask was sealed, removed, and placed under an N2 atmosphere. The 236
resulting methylmagnesium iodide was typically between 2.4 and 3.0 M as titrated by 237
Knochel’s method [40] and could be stored, sealed under N2 atmosphere or in a glovebox, 238
for up to 4 weeks. 239

240

2) Preparation of (R-BINAP)NiCl: This method was adapted from a procedure re- 241
ported by Jamison. [29a] To a flame-dried 50 mL round bottom flask equipped with a stir 242
bar was added NiCl-6H20 (0.24 g, 1.0 mmol, 1.0 equiv) The flask was placed under vac- 243
uum and flame-dried until nearly all of the nickel compound had turned from emerald 244
green to yellow-orange. Some of the green hexahydrate is necessary for the reaction to 245
proceed. The flask was allowed to cool to room temperature then (R-BINAP) (0.62 g, 1.0 246
mmol, 1.0 equiv) was added. The flask was then equipped with a reflux condenser and 247
was evacuated and backfilled with N2. Then the solids were dissolved in MeCN (20 mL, 248
0.05 M) and the reaction mixture was allowed to reflux for 24 h. Upon completion, the 249
reaction was cooled to room temperature and the black crystalline precipitate was filtered 250

under vacuum to yield a fine black powder (0.53 g, 0.71 mmol, 71% yield). 251
252
3.2.2 Characterization Data for Kumada Cross-Coupled Products 253
254
Me N
s I Ph o+ @I\Aph
2 8 255

2-(4-Phenylbutan-2-yl)benzo[b]thiophene (2) was prepared according to Method A. The 256
following amounts of reagents were used: sulfonamide 1 (87 mg, 0.20 mmol, 1.0 equiv), 257
(R-BINAP)NiCl: (23 mg, 30. pmol, 15 mol %), PhMe (1.0 mL, 020 M), and 258
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methylmagnesium iodide (0.16 mL, 0.40 mmol, 2.0 equiv, 2.5 M in Et:0O). Before purifica- 259
tion, a 'H NMR yield of 54% was obtained containing 40% styrene 3 based on comparison 260
to PhTMS as an internal standard. The residue was purified by flash chromatography (0- 261
5% EtOAc/hexanes) to yield a mixture of the title compound and styrene 3. To separate 262
the major product and the styrene, an Upjohn dihydroxylation was performed. [31b] The 263
following amounts of reagents were used: substrate (30 mg, 0.12 mmol, 1.0 equiv), OsOs 264
(7.6 uL, 1.2 umol, 1.0 mol%, 4% solution in H20), N-methylmorpholine N-oxide (NMO) 265
(16 mg, 0.13 mmol, 1.1 equiv), acetone (0.25 mL) and H20 (0.05 mL). The residue was pu- 266
rified by flash column chromatography to afford the title compound as a colorless oil. (13 267
mg, 48 pumol, 24% yield over two steps) with a small amount of styrene 3 (1.1 mg, 4.5 umol, 268
2.2% yield). TLC Re = 0.8 (5% EtOAc/hexanes); 'H NMR (500 MHz, CDCls) 6 7.78 (d, ] = 269
79 Hz, 1H), 7.68 (d, ] = 7.9 Hz, 1H), 7.45-7.22 (m, 4H), 7.22-7.12 (m, 3H), 7.04 (s, 1H), 3.12 270
(sextet, ] = 7.0 Hz, 1H), 2.73-2.50 (m, 2H), 2.12-1.92 (m, 2H), 1.41 (d, | = 7.0 Hz, 3H); BC 271
NMR (125.7 MHz, CDCls) o 152.5, 142.1, 140.0, 139.0, 128.5 (2C), 128.4 (2C), 125.8, 124.1, 272
123.5, 122.9, 122.3, 119.5, 40.5, 35.8, 33.6, 23.1; IR (neat) 2927, 1456, 904, 726 cm'; HRMS 273

(TOF MS ES+) m/z: [M + Na]* caled for C1sH1sSNa 289.1027, found 289.1024. 274
275
Me
SO )

2-(5-Phenylpentan-2-yl)naphthalene (4) was prepared according to Method A. The fol- 277
lowing amounts of reagents were used: sulfonamide 19 (22 mg, 50. pmol, 1.0 equiv), (R- 278
BINAP)NiClL: (5.6 mg, 7.5. pmol, 15 mol %), PhMe (0.25 mL, 0.20 M), and methylmagne- 279
sium iodide (40. pL, 0.10 mmol, 2.0 equiv, 2.8 M in Et20). Before purification, a 'H NMR 280
yield of 84% was obtained containing 13% styrene 18 based on comparison to PhATMS as 281
an internal standard. The residue was purified by flash chromatography (100% hexanes) 282
to yield the title compound as yellow oil (10. mg, 36 umol, 74% yield) containing styrene 283
18 (1.3 mg, 5.0 umol, 10%) and CH:CL> (0.8 mg, 9.4 umol, 19%). TLC R¢ = 0.8 (5% 284
EtOAc/hexanes); tTH NMR (500 MHz, CDCls) o 7.81-7.74 (m, 3H), 7.60-7.55 (s, 1H), 7.42 285
(dddd, J=16.3, 8.2, 6.8, 1.4 Hz, 2H), 7.33 (dd, ] =8.4, 1.8 Hz, 1H), 7.23 (d, ] =7.5 Hz, 2H), 286
7.17-7.09 (m, 3H), 2.88 (sextet, ] = 7.0 Hz, 1H), 2.64-2.53 (m, 2H), 1.79-1.55 (m, 4H), 1.31 287
(d, ]=6.9 Hz, 3H); 3C NMR (126 MHz, CDCls) 6 145.2, 142.7, 133.8, 132.3, 128.5 (2C), 128.4 288
(20), 128.0, 127.7, 127.7, 125.9, 125.9, 125.8, 125.3, 125.2, 40.2, 38.0, 36.1, 29.7, 22.5; HRMS 289

(TOF MS Cl+) m/z: [M]* caled for CaiH22 274.1721, found 274.1710. 290
291
292
Me
S S AN
| * ]
5 20 293

2-(1-Cyclohexylpropan-2-yl)benzo[blthiophene (5) was prepared according to Method 294
A. The following amounts of reagents were used: sulfonamide 21 (43 mg, 0.10 mmol, 1.0 295
equiv), (R-BINAP)NiClz (11 mg, 15 umol, 15 mol %), PhMe (0.50 mL, 0.20 M), and methyl- 296
magnesium iodide (70. uL, 0.20 mmol, 2.0 equiv, 2.8 M in Et20). The residue was purified 297
by flash column chromatography (0-15% Et2O/pentanes) to afford the title compound as 298
a clear, colorless oil (12 mg, 46 umol, 46% yield) containing styrene 20 (7.3 mg, 30. umol, 299
30%) and minimal amounts of solvent. TLC Rf = 0.7 (100% pentanes); TH NMR: (600 MHz, 300
CDCls)©7.83(d, J=72Hz, 1H), 7.72 (d, ] = 7.8 Hz, 1H), 7.30 (td, ] = 7.6, 1.2 Hz, 1H), 7.26—~ 301
7.22 (m, 1H), 7.00 (s, 1H), 3.27 (sextet, ] =12.6 Hz, 1H), 1.84-1.76 (m, 1H), 1.70-1.57 (m, 5H), 302
1.53-1.44 (m, 1H), 1.34 (d, ] = 6.9 Hz, 3H), 1.32-1.23 (m, 2H), 1.19-1.11 (m, 2H), 0.96-0.85 303
(m, 2H).3C NMR (150.9 MHz, CDCls)  153.6, 140.2, 138.9, 124.1, 123.4, 122.9, 122.4, 119.0, 304
66.0, 46.7, 35.2, 33.7, 33.3, 26.8, 26.4, 23.8, 15.4;, HRMS (TOF MS CI+) m/z [M]+ caled for 305
Ci7H2:S 258.1442, found 258.1453. 306

307
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308

Me
6 22 309

2-(1-Cyclohexylpropan-2-yl)naphthalene (6) was prepared according to Method A. The 310
following amounts of reagents were used: sulfonamide 23 (44 mg, 0.10 mmol, 1.0 equiv), 311
(R-BINAP)NiCl: (11 mg, 15 pmol, 15 mol %), PhMe (0.50 mL, 0.20 M), and methylmagne- 312
sium iodide (70. pL, 0.20 mmol, 2.0 equiv, 2.9 M in Et20). Before purification, a 'H NMR 313
yield of 69% was obtained with 22% styrene 22 based on comparison to PhTMS as an 314
internal standard. The residue was purified by flash column chromatography (0-20% 315
EtOAc/hexanes) to afford the title compound as a colorless oil (14 mg, 54 pmol, 54% yield) 316
with a small amount of styrene 22 (3.7 mg, 15 umol, 15% yield). TLC R¢= 0.7 (100% hex- 317
anes); 'TH NMR (500 MHz, CDCls) & 7.85-7.73 (m, 3H), 7.60 (s, 1H), 7.47-7.38 (m, 2H), 7.35 318
(dd, J=8.4, 1.8 Hz, 1H), 2.99 (sextet, | = 6.8 Hz, 1H), 1.81 (d, ] =13.0 Hz, 1H), 1.63 (tdd, J= 319
14.2, 8.1, 5.0 Hz, 5H), 1.50-1.41 (m, 1H), 1.28 (d, | = 6.9 Hz, 3H), 1.19-1.06 (m, 4H), 0.95- 320
0.83 (m, 2H); ®C NMR (125.8 MHz, CDCI3) 6 145.8, 133.8, 132.3, 128.0, 127.72,127.68,126.0, 321
125.9, 125.2, 125.1, 46.3, 37.0, 35.3, 33.9, 33.5, 26.9, 26.4, 26.4, 23.1;, HRMS (TOF MS CI+) 322

m/z: [M]+ calcd for CioHa4 252.1878, found 252.1868. 323
324
3.2.3 Characterization Data for Ring Opening Kumada Cross-Coupled Products 325
326
Me Ph
S I : NHTs
7
327

N-(5-(benzo[b]thiophen-2-yl)-3-phenylhexyl)-4-methylbenzenesulfonamide (7) was 328
prepared according to Method A. The following amounts of reagents were used: piperi- 329
dine 24 (38 mg, 80 pmol, 1.0 equiv), (R-BINAP)NiClz (9.0 mg, 12 umol, 15 mol %), methyl- 330
magnesium iodide (60. pL, 0.16 mmol, 2.0 equiv, 2.6 M in Et20), and PhMe (0.5 mL). Before 331
purification, a "H NMR vyield of 64% was obtained. The residue was purified by column 332
chromatography (0-20% EtOAc/hexanes) to afford the title compound as pale yellow oil 333
(23 mg, 49 umol, 62% yield). The ratio of diastereomers was determined by integration of = 334
the resonances attributed to amine hydrogen in the 'H NMR spectrum. The relative con- 335
figuration of 7 was assigned based on analogy to a compound that has been previously 336
reported. [21b] TLC R¢ = 0.8 (20% EtOAc/hexanes); 1H NMR (400 MHz, CDCls)  7.74 (d, 337
J =79 Hz, 1H), 7.67-7.56 (m, 3H), 7.37-7.13 (m, 9H), 7.07-7.00 (m, 2H), 6.93 (s, 1H), 2.85 338
(g, ] = 6.7 Hz, 1H), 2.83-2.69 (m, 2H), 2.70-2.59 (m, 1H), 2.40 (s, 3H), 2.07-1.95 (m, 1H), 339
1.93-1.77 (m, 2H), 1.76-1.64 (m, 1H), 1.30 (d, ] = 6.8 Hz, 3H); ¥C NMR (151 MHz, CDCls) 340
0152.7,143.5, 143.4, 140.0, 138.9, 136.9, 129.9, 129.8 (2C), 128.9 (2C), 127.7,127.6 (2C), 127.2 341
(20), 126.8, 124.2, 123.6, 123.0, 122.3, 119.1, 45.8, 41.5, 40.9, 36.6, 33.4, 22.0, 21.7, HRMS 342
(TOF MS ES+) m/z [M+Na] caled for C2zH20NO25:Na 486.1537, found 486.1524. 343

344
Me Me

“)\/\/\ NHTs
OO 8
345

4-Methyl-N-(3-methyl-5-(naphthalen-2-yl)hexyl)benzenesulfonamide (8) was prepared 346
according to Method A. The following amounts of reagents were used: piperidine 25 (10. 347
mg, 30. pmol, 1.0 equiv), (R-BINAP)NiCl2 (3.0 mg, 40. pmol, 15 mol %), methylmagnesium 348
iodide (10. pL, 60. pumol, 2.0 equiv, 2.9 M in Et20), and PhMe (0.30 mL). Before purification, 349
a '"H NMR yield of 48% and 10:1 dr was obtained based on comparison to PhATMS as an 350
internal standard. The residue was purified by flash column chromatography (0-15% 351
EtOAc/hexanes) to afford the title compound as a colorless oil (5.4 mg, 14 umol, 50% yield, 352
6:1 dr) with a small amount of styrene (0.6 mg, 0.2 umol, 6%). The ratio of diastereomers 353
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was determined by integration of the resonances attributed to amine hydrogen in the 'H 354
NMR spectrum. The relative configuration of the major 8 was assigned based on analogy 355
to ring opened compound 7. For clarity, the 'H NMR and *C NMR data of the major and 356

minor diastereomers have been tabulated individually. 357
358
TLC R¢= 0.7 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS E+) m/z [M+Na] 359
caled for C2aH20NO2SNa, 418.1817; found, 418.1830. 360
361

Major Diastereomer: tH NMR (500 MHz, CDCls) o 7.81-7.76 (m, 3H), 7.69 (d, ] =8.3 Hz, 362
2H), 7.6 (s, 1H), 7.47-7.40 (m, 2H), 7.31-7.26 (m, 3H), 4.29 (t, ] =5.9 Hz, 1H), 3.03-2.82 (m, 363
3H), 2.41 (s, 3H), 1.49 (t, | = 6.2 Hz, 1H), 1.43-1.46 (m, 1H), 1.30-1.25 (m, 3H), 1.25(d, = 364
6.9 Hz, 3H), 0.79 (d, ] = 6.5 Hz, 3H); 3C NMR (125.8, CDCls) d 145.1, 148.4, 133.7, 132.2, 365
129.7 (2C), 128.1, 127.6, 127.6, 127.1 (2C), 126.0, 125.6, 125.2, 125.0, 45.6, 41.1, 37.2, 36.5,28.1, 366
29.1,22.1,21.5, 19.6. 367

368
Minor Diastereomer: 'H NMR (500 MHz, CDCls) d 7.81-7.76 (m, 3H), 7.69 (d, ] =8.3, 2H), 369
7.63 (s, 1H), 7.47-7.40 (m, 2H), 7.31-7.26 (m, 3H), 4.39 (t, ] = 5.5 Hz, 1H), 3.03-2.82 (m, 3H), 370
241 (s,3H), 1.49 (t, ] = 6.2 Hz, 1H), 1.43-1.46 (m, 1H), 1.30-1.25 (m, 3H), 1.25(d, ]=6.9Hz, 371
3H), 1.08 (d, | = 6.7, 3H); 3C NMR (125.8, CDCls) o 145.1, 148.4, 133.7, 132.2, 129.7 (2C), 372
128.1,127.6, 127.6, 127.1 (2C), 126.0, 125.7, 125.2, 125.0, 45.6, 41.5, 37.2, 36.5,29.7,29.1,22.1, 373
21.5, 19.6. 374

375
Me OH

NHTS
9 376

N-(3-hydroxy-5-(naphthalen-2-yl)hexyl)-4-methylbenzenesulfonamide (9) was pre- 377
pared according to Method A. The following amounts of reagents were used: piperidine 378
26 (93 mg, 0.20 mmol, 1.0 equiv), (R-BINAP)NiClz (23 mg, 30. umol, 15 mol %), methyl- 379
magnesium iodide (0.14 mL, 0.40 mmol, 2.0 equiv, 2.9 M in Et20), and PhMe (2.0 mL). The 380
residue was purified by flash column chromatography (0-15% EtOAc/hexanes) to afford 381
the title compound as a colorless oil (42 mg, 0.11 mmol, 53% yield, 5:1 dr). The ratio of 382
diastereomers was determined by integration of the resonances attributed to amine hy- 383
drogen in the '"H NMR spectrum. The relative configuration of the major 9 was assigned 384
based on analogy to ring opened compound 7. For clarity, the 'lH NMR and *C NMR data 385

of the major and minor diastereomers have been tabulated individually. 386
387
TLC Rt = 0.5 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS E+) m/z [M+Na] 388
caled for C2sH2zNOsSNa, 420.1609; found, 420.1604. 389
390

Major Diastereomer: TH NMR (500 MHz, CDCl3)  7.79-7.75 (m, 3H), 7.69 (d, | =8.15Hz, 391
2H), 7.59 (s, 1H), 7.43 (appar quint, ] = 7.44 Hz, 2H), 7.31 (d, ] =8.82 Hz, 1H), 7.23 (d, ] = 392
8.17 Hz, 2H), 5.27 (t, ] = 5.55 Hz, 1H), 3.74-3.70 (m, 1H), 3.12-3.06 (m, 1H), 3.01-2.93 (m, 393
2H), 2.37 (s, 3H), 1.89 (br s, 1H), 1.86-1.80 (m, 1H), 1.72-1.62 (m, 2H), 1.53-1.46 (m, 1H), 394
1.28 (d, ] = 7.23 Hz, 3H); ®C NMR (125.8, CDCLs) d 144.4, 143.3, 136.9, 133.7, 132.3, 129.7 395
(2C), 1284, 127.7, 127.6, 127.1 (2C), 126.1, 125.5, 124.4, 125.0, 69.2, 45.9, 40.8, 37.0, 36.0, 22.2, 396
21.5. 397

398
Minor Diastereomer: tH NMR (500 MHz, CDCls) d 7.79-7.75 (m, 3H), 7.65 (d, ] =8.14 Hz, 399
2H), 7.59 (s, 1H), 7.43 (appar quint, ] = 7.44 Hz, 2H), 7.29 (d, ] =8.91 Hz, 1H), 7.19 (d, ] = 400
8.05 Hz, 2H), 5.19 (t, ] = 5.57 Hz, 1H), 3.43-3.39 (m, 1H), 3.12-3.06 (m, 1H), 2.91-2.82 (m, 401
2H), 2.35 (s, 3H), 1.86-1.80 (m, 1H), 1.76 (br s, 1H), 1.72-1.62 (m, 2H), 1.53-1.46 (m, 1H), 402
1.29 (d, ] = 6.40 Hz, 3H); ®C NMR (125.8, CDCLs) d 143.7, 143.3, 136.8, 133.7, 132.3, 129.7 403
(2C), 1284, 127.7, 127.6, 127.1 (2C), 126.1, 125.5, 124.4, 125.0, 68.7, 45.6, 40.8, 36.45, 36.42 404
232, 21.5. 405
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406
407

NHTs
10 408

N-(3-methoxy-5-(naphthalen-2-yl)hexyl)-4-methylbenzenesulfonamide (10) was pre- 409
pared according to Method A. The following amounts of reagents were used: piperidine 410
12 (58 mg, 0.15 mmol, 1.0 equiv), (R-BINAP)NiClz (15 mg, 20. umol, 15 mol %), methyl- 411
magnesium iodide (0.11 mL, 0.30 mmol, 2.0 equiv, 2.8 M in Et20), and PhMe (1.5 mL). The 412
residue was purified by flash column chromatography (0-25% EtOAc/hexanes) to afford 413
the title compound as a colorless oil (32 mg, 80. umol, 52% yield, 5:1 dr). The ratio of dia- 414
stereomers was determined by integration of the resonances attributed to amine hydrogen 415
in the 'H NMR spectrum. The relative configuration of the major 10 was assigned based 416
on analogy to ring opened compound 7. For clarity, the 'H NMR and *C NMR data of the 417

major and minor diastereomers have been tabulated individually. 418
419
TLC Rt = 0.4 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS E+) m/z [M+Na] 420
caled for C24H20NOsSNa, 424.1766; found, 434.1775. 421
422

Major Diastereomer: TH NMR (500 MHz, CDCl3) & 7.81-7.76 (m, 3H), 7.68 (d, ] =8.37 Hz, 423
2H), 7.55 (s, 1H), 7.47-7.40 (m, 2H), 7.29 (dd, ] = 8.48, 1.70 Hz, 1H), 7.26-7.24 (m, 1H), 7.21 424
(d, ] =7.97 Hz, 1H), 5.11 (t, ] = 5.53 Hz, 1H), 3.15 (s, 3H), 3.08-2.91 (m, 3H), 2.86 (appar 425
sextet, | = 7.37 Hz, 1H), 2.34 (s, 3H), 1.96 (ddd, ] = 14.3, 8.50, 5.78 Hz, 1H), 1.82-1.76 (m, 426
1H), 1.58-1.50 (m, 2H), 1.28 (d, ] = 6.98 Hz, 3H); 3C NMR (125.8, CDCL) d 144.1, 143.2, 427
136.8, 133.6, 132.3, 129.7 (2C), 128.3, 127.7, 127.6, 127.1 (2C), 126.1, 125.4, 125.24, 125.17 78.4, 428
56.3,40.9, 40.5, 36.3, 32.0, 22.9, 21.5. 429

430
Minor Diastereomer: tH NMR (500 MHz, CDCLs) b 7.81-7.76 (m, 3H), 7.70 (d, ] =8.60 Hz, 431
2H), 7.55 (s, 1H), 7.47-7.40 (m, 2H), 7.29 (dd, ] = 8.48, 1.70 Hz, 1H), 7.26-7.24 (m, 1H), 7.21 432
(d, ] = 7.97 Hz, 1H), 5.03 (t, ] = 5.52 Hz, 1H), 3.20 (s, 3H), 3.08-2.91 (m, 3H), 2.86 (appar 433
sextet, | = 7.37 Hz, 1H), 2.38 (s, 3H), 1.96 (ddd, ] = 14.3, 8.50, 5.78 Hz, 1H), 1.71-1.66 (m, 434
1H), 1.47-1.40 (m, 2H), 1.27 (d, ] = 7.32 Hz, 3H) C NMR (125.8, CDCL:) d 144.2, 143.2, 435
136.9, 133.6, 132.3, 129.7 (2C), 128.3, 127.7, 127.6, 127.1 (2C), 126.1, 125.52, 125.46 125.4, 78.4, 436
56.3,40.9, 40.5, 36.3, 32.0, 22.9, 21.5. 437

438
Me OBn
o :

| NHTs

1"

439
N-(5-(benzofuran-2-yl)-3-(benzyloxy)hexyl)-4-methylbenzenesulfonamide (11) was 440

prepared according to Method A. The following amounts of reagents were used: piperi- 441
dine 27 (78 mg, 0.17 mmol, 1.0 equiv), (R-BINAP)NiCl> (22 mg, 30. pmol, 15 mol %), 442
methylmagnesium iodide (0.23 mL, 0.68 mmol, 4.0 equiv, 2.9 M in Et20), and PhMe (1.5 443
mL). The residue was purified by flash column chromatography (0-15% EtOAc/hexanes) 444
to afford a mixture of the title compound and styrene. To separate the major product and 445
the styrene, a dihydroxylation was performed. The following amounts of reagents were 446
used: AD-mix-3 (52 mg, 1.4 g/mmol), {-BuOH (1.0 mL), and H20 (1.0 mL). The residue 447
was purified by flash column chromatography to afford the title compound as a colorless 448
oil. (7.0 mg, 15 pmol, 8.6 % yield over two steps, 5:1 dr). The ratio of diastereomers was 449
determined by integration of the resonances attributed to amine hydrogen in the lHNMR 450
spectrum. The relative configuration of the major 11 was assigned based on analogy to 451
ring opened compound 7. When the reaction was performed with 2.0 equivalents of 452
methylmagnesium iodide, a '"H NMR yield of 41% was obtained based on comparison to 453
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PhTMS as an internal standard before purification. For clarity, the 'H NMR and ®*C NMR 454

data of the major and minor diastereomers have been tabulated individually. 455
456
TLC Rt = 0.5 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS E+) m/z [M+Na] 457
calcd for CsH:1NOsSNa, 500.1872; found, 500.1861. 458
459

Major Diastereomer: tH NMR (500 MHz, CDCls) 8 7.64 (d, ] = 7.9 Hz, 2H), 7.48 (d, ] = 7.4 460
Hz, 1H), 7.42 (d, ] = 7.9 Hz, 1H), 7.27-7.16 (m, 8H), 6.33 (s, 1H), 4.79 (t, ] = 6.0 Hz, 1H), 445 461
(d, ] =11.5 Hz, 1H), 4.31 (d, ] = 11.4 Hz, 1H), 3.49-3.42 (m, 1H), 3.09-2.95 (m, 3H), 2.38 (s, 462
3H), 2.12 (appar quint, ] = 6.9 Hz, 1H), 1.87-1.81 (m, 1H), 1.65-1.54 (m, 3H), 1.29 (d, ] =6.9 463
Hz, 3H) 3C NMR (125.8, CDCL) d 162.6, 154.5, 143.3, 137.9, 136.9, 129.7 (2C), 128.5 (2C), 464
128.1 (2C), 127.9, 127.1 (2C), 123.4, 122.6, 120.5, 110.9, 101.1, 75.0, 70.7, 40.2, 39.1, 32.9, 30.3, 465
29.7,21.5,19.7. 466

467
Minor Diastereomer: tH NMR (500 MHz, CDCLs)  7.80 (d, ] = 7.9 Hz, 2H), 7.75 (d, ] = 7.7 468
Hz, 1H), 7.58 (d, ] = 8.4 Hz, 1H), 7.27-7.16 (m, 8H), 6.25 (s, 1H), 4.79 (t, | = 6.0 Hz, 1H), 469
4.40 (s, 2H), 3.53-3.48 (m, 1H), 3.09-2.95 (m, 3H), 2.73 (appar quint, ] = 6.5 Hz, 1H), 2.40 (s, 470
3H), 1.80-1.77 (m, 1H), 1.65-1.60 (m, 3H), 0.88 (d, ] = 7.0 Hz, 3H); 3C NMR (125.8, CDCLs) 471
5162.6, 154.5, 143.3, 137.9, 136.9, 129.4 (2C), 128.7 (2C), 128.3 (2C), 127.9, 127.1 (2C), 1234, 472
122.6, 120.5, 110.9, 101.4, 75.6, 71.4, 39.9, 39.1, 32.8, 30.5, 29.7, 21.5, 20.2. 473

474

OMe

13 475
N-3-methoxy-5-(4-methoxyphenyl)-5-(naphthalen-2-yl)pentyl)-4-methylbenzenesul- 476

fonamide (13) was prepared according to Method A. The following amounts of reagents 477
were used: piperidine 12 (37 mg, 90 umol, 1.0 equiv), Ni(dppe)Cl (7.0 mg, 10. umol, 15 478
mol %), (4-methoxyphenyl)magnesium iodide (0.11 mL, 0.18 mmol, 2.0 equiv, 1.7 M in 479
Et20), and PhMe (0.90 mL). Before purification, a "H NMR yield of 56% was obtained 480
based on comparison to Ph'TMS as an internal standard. The residue was purified by flash 481
column chromatography (0-20% EtOAc/hexanes) to afford the title compound as a yellow 482
oil (26 mg, 50. umol, 58% yield, 3:1 dr). The ratio of diastereomers was determined by 483
integration of the resonances attributed to methyl hydrogens of the tosyl group in the 'H 484
NMR spectrum. The relative configuration of the major 13 was assigned based on analogy 485
to ring opened compound 7. For clarity, the 'H NMR and *C NMR data of the major and 486

minor diastereomers have been tabulated individually. 487
488
TLC Rt = 0.3 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS E+) m/z [M+H] 489
caled for CoH3:NO4S, 504.2209; found, 504.2206. 490
491

Major Diastereomer: tH NMR (500 MHz, CDCls) 0 7.76 (d, ] = 7.3 Hz, 2H), 7.70-7.69 (m, 492
3H), 7.61 (s, 1H), 7.43 (dt, ] = 20.4, 7.3 Hz, 2H), 7.29-7.19 (m, 3H), 7.13 (d, ] = 8.5 Hz, 2H), 493
6.81 (d, ] = 8.6 Hz, 2H), 5.09-5.-5 (m, 1H), 4.12 (t, ] = 7.8 Hz, 1H), 3.76 (s, 3H), 3.20 (s, 3H), 494
3.13-3.09 (m, 1H), 3.05-2.97 (m, 2H), 2.30 (s, 3H), 2.25 (appar sext, ] =7.3 Hz, 1H), 2.02— 495
1.97 (m, 1H), 1.85-1.80 (m, 1H), 1.58-1.52 (m, 1H); 3C NMR (125.8, CDCls) d 158.2, 143.4, 496
142.4,136.8, 135.2, 133.6, 129.7 (2C), 129.0 (2C), 128.8, 128.3, 127.8, 127.7, 127.2 (2C), 126.5, 497
126.2, 125.6, 125.5, 114.1 (2C), 78.0, 56.7, 55.3, 46.5, 40.3, 39.1, 31.8, 21.5. 498

499
Minor Diastereomer: 'H NMR (500 MHz, CDCls) 0 7.76 (d, ] = 7.3 Hz, 2H), 7.73-7.70 (m, 500
3H), 7.63 (s, 1H), 7.43 (dt, ] = 20.4, 7.3 Hz, 2H), 7.29-7.19 (m, 3H), 7.14 (d, ] = 7.7 Hz, 2H), 501
6.81 (d, ] = 8.8 Hz, 2H), 5.09-5.-5 (m, 1H), 4.12 (t, ] = 7.8 Hz, 1H), 3.76 (s, 3H), 3.19 (s, 3H), 502
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3.13-3.09 (m, 1H), 3.05-2.97 (m, 2H), 2.35 (s, 3H), 2.25 (appar sext, | =7.3 Hz, 1H), 2.06— 503
2.03 (m, 1H), 1.76-1.78 (m, 1H), 1.58-1.52 (m, 1H); BC NMR (125.8, CDCls) 5 158.2, 143.4, 504
142.0, 136.9, 136.5, 133.6, 129.7 (2C), 129.0 (2C), 128.8, 128.4, 127.8, 127.7, 127.2 (2C), 126.5, 505

126.2,125.9, 125.6, 114.1 (2C), 78.0, 56.7, 55.3, 46.5, 40.3, 39.1, 31.9, 21.6. 506
507
3.2.4 General Procedures for Synthesis of Starting Materials 508
Method B: Condensation Reaction 509
510

0 Ti(OEt),4 (2.0 equiv) NTs

HoNTs (1.0 equiv)
H H
CH,Cl,
reflux, 48 h 511

This method was adapted from a procedure reported by Ruano et al. [41] A flame-dried 512
two-neck flask equipped with a stir bar, condenser, septum and N2 inlet was charged with 513
aldehyde (1.0 equiv), and p-toluenesulfonamide (1.0 equiv) and CH2Cl> (330 mL). Then 514
Ti(OEt)4 (2.0 equiv) was added dropwise. The deep orange solution was brought to reflux 515
(~45 °C) and allowed to stir for 48 h. The solution was cooled to room temperature and 516
was quenched with H20. The mixture was vacuum filtered and the filtrate was concen- 517

trated in vacuo. 518
519
Method C: Methylation of Sulfonamide with Methyl Iodide 520
521
NaH (1.3 equiv
TS‘N’H Mel ((1.1 ec?uiv)) Ts\N,Me
S THF S
0°C-rt, overnight 520

This method was adapted from a procedure reported by Jarvo. [21a] To a suspension of 523
NaH (1.3 equiv) in THF (0.10 M) was added a solution of sulfonamide (1.0 equiv) in THF = 524
(0.15 M) at 0 °C. The mixture was warmed to rt and allow to stir for 1 h before the addition 525
of iodomethane (1.1 equiv). The reaction was allowed to stir overnight at rt. The excess 526
NaH was quenched with sat. NH4Cl and the solution was extracted with EtOAc (x 3). The 527
combined organic layers were washed with brine, dried over Na:SOs, concentrated in 528

vacuo, and purified by flash column chromatography. 529
530
Method D: Fe-Catalyzed Formal [4+2] Cycloaddition 531
532

TI\TS . ;L FeCls (5 mol %) TSTJ\
RY H R? PhMe, rt, overnight R R? 533

This method was adapted from a procedure reported by Matsubara. [30] To a flame-dried 534
round-bottom flask equipped with a stir bar was added imine (1.0 equiv), FeCls (5.0 mol 535
%), and PhMe (0.1 M). Once the solution was homogenous, diene (2.0 equiv) was added. 536
The reaction mixture was allowed to stir at rt overnight. After completion, the reaction 537
mixture was filtered through a short pad of silica, washed with excess ethyl acetate, and 538

concentrated in vacuo. 539
540
Method E: Pd/C Reduction of Alkenes 541
542

Pd/C
TSU\ Ha (g) Tsr\(l
R' R? DCM/MeOH,rt R'" R? 543
A flame-dried round-bottom flask with stir bar was charged with palladium on carbon 544
(1.0 mg/3.5 mmol of substrate), flushed with Nz, and capped with septum. Slowly, DCM 545
was added, until Pd/C was fully submerged. Then MeOH (0.2 M in substrate), and alkene 546
(1.0 equiv) were added. Vacuum was pulled on the flask until the solvent began to bubble, 547
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at which point the flask was backfilled with Nz (x 3). An Hz balloon was added and the 548
reaction mixture was allowed to stir vigorously until complete by 'H NMR. The balloon 549
was then removed, and the flask was purged with N2 for 30 min. The septum was re- 550
moved, and the reaction mixture was filtered through Celite using MeOH (100 mL). The 551

collected solvent was then concentrated in vacuo. 552
553
Method F: TFA Mediated aza-Prins Cyclization 554
555

1. TFA (10 equiv)

o DCM, 60°C,72h  TsN
M+ AONHTs X
OH

R™ 'H 33 2. K5CO5 (3.5 equiv) R
MeOH, rt, 3 h 556

This method was adapted from a procedure reported by Sabitha. [31] To a flame-dried 557
pressure tube equipped with a stir bar was added aldehyde (1.0 equiv), homoallylic sul- 558
fonamide 33 (1.1 equiv), and CH:Cl2 (0.10 M). Then trifluoroacetic acid (10.0 equiv) was 559
added slowly via syringe. The solution was warmed to 60 °C and allowed to stir for 72 h. 560
The solution was then cooled to rt and quenched with saturated aq. NaHCOs. Then the 561
pH was adjusted to >7 by the addition of EtsN. The solution was transferred to a separa- 562
tory funnel, and the aqueous layer was extracted with CH2Clz (x 3). The combined organic 563
layers were washed with brine, dried over Na:SO,, filtered and concentrated in vacuo. 564
The residue was then redissolved in MeOH, and K2COs (3.5 equiv) was added to the flask 565
and the slurry was allowed to stir at rt for 3 h. The solvent was removed under reduced 566
pressure, then H:O was added and the residue was transferred to a separatory funnel. The 567
aqueous layer was extracted with EtOAc (x 3). The combined organic layers were washed 568

with brine, dried over Na2SOy, filtered and concentrated in vacuo. 569
570
Method G: Alkylation of Secondary Alcohol 571
572

NaH (2.2 equiv),

Methy! lodide or

Tsl\(l Benzyl Bromide (1.1 equiv) Tsl\(l

R OH THF, rt, 16 h . OR 573
This method was adapted from a procedure reported by Yang. [42] In a glovebox to a 574
flame-dried round bottom flask equipped with a stir bar was added NaH (2.2 equiv). The 575
flask was removed from the glovebox and NaH was dissolved in THF (0.2 M). Alcohol 576
(1.0 equiv) was added dropwise as a solution in THF (0.3 M) and the reaction mixture was 577
allowed to stir at rt for 1 h. Methyl iodide or benzyl bromide was then added dropwise to 578
the stirring slurry and the reaction mixture was allowed to stir at rt overnight. The reaction 579
was then quenched with saturated aq. NH4Cl and extracted with EtOAc (x 3). The com- 580
bined organic layers were washed with brine, dried over Na2SOs and concentrated in 581

vacuo. 582
583
3.2.5 Synthesis and Characterization Data of Sulfonamide Starting Materials 584
585

NTs

586

N-(benzo[blthiophen-2-ylmethylene)-4-methylbenzenesulfonamide (28) was prepared 587
according to Method B. The following amounts of reagents were used: benzo[b]thiophene- 588
2-carbaldehyde (3.2 g, 20. mmol, 1.0 equiv), p-toluenesulfonamide (3.1 g, 20. mmol, 1.0 589
equiv), Ti(OEt)s (8.4 mL, 40. mmol, 2.0 equiv), and CH2Cl2 (330 mL). The residue was pu- 590
rified by flash column chromatography (5-25% EtOAc/hexanes) to yield the title com- 591
pound as a pale yellow solid (5.0 g, 16 mmol, 80 %). m.p. 148-150°C; TLC Re= 0.5 (25% 592
EtOAc/hexanes); TH NMR (500 MHz, CDCls) 6 9.23 (s, 1H), 8.02 (s, 1H), 7.90 (d, ] =8.3, 593
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3H), 7.86 (d, ] =8.2, 1H), 7.50 (td, | =8.3, 1.2, 1H), 7.42 (td, ] = 8.4, 1.2, 1H), 7.35 (d, | = 8.4, 5%
2H), 2.44 (s, 3H); ®*C NMR (126 MHz, CDCls) 6 163.3, 144.8, 143.6, 138.9, 138.3, 137.3,135.3, 595
130.0 (2C), 128.7, 128.2 (2C), 126.1, 125.5, 123.2, 21.8; IR (neat) 3259, 2921, 1566, 1305, 1292, 596
1152, 1087, 752 cmt; HRMS (TOF MS ES+) m/z caled for CisHisNO2S2 [M + Na]+338.0285, 597
found 338.0283. 598

o
599

4-Methyl-N-(naphthalen-2-ylmethylene)benzenesulfonamide (29) was prepared ac- 600
cording to Method B. The following amounts of reagents were used: 2-naphthaldehyde 601
(0.31 g, 2.0 mmol, 1.0 equiv), p-toluenesulfonamide (0.34 g, 2.0 mmol, 1.0 equiv), Ti(OEt)s 602
(0.59 mL, 4.0 mmol, 2.0 equiv), and CH2Cl> (33 mL). The residue was purified by flash 603
column chromatography (0-25% EtOAc/hexanes) to yield the title compound as a pale 604
yellow solid (0.31 g, 1.0 mmol, 50% yield). Analytical data is consistent with literature 605
values. [43] 'TH NMR (400 MHz, CDCls) 0 9.18 (s, 1H), 8.34 (s, 1H), 8.04 (dd, ] =8.6, 1.7 Hz, 606
1H), 7.98-7.86 (m, 5H), 7.67-7.55 (m, 2H), 7.36 (d, | = 8.0 Hz, 2H), 2.44 (s, 3H). 607

608

S Ph
M
609

N-(1-(benzo[b]thiophen-2-yl)-3-phenylpropyD)-N 4-dimethylbenzenesulfonamide (1) 610
was prepared according to Method C. The following amounts of reagents were used: N- 611
(1-(benzo[b]thiophen-2-yl)-3-phenylpropyl)-4-methylbenzenesulfonamide (680 mg, 1.6 612
mmol, 1.0 equiv), NaH (50. mg, 2.1 mmol, 1.3 equiv), methyl iodide (0.11 mL, 1.8 mmol, 613
1.1 equiv) and THF (30 mL). The residue was purified by flash column chromatography 614
(5-25 % EtOAc/hexanes) to yield the title compound as a yellow o0il (0.52 g, 1.2 mmol, 68% 615
yield) TLC R¢=0.8 (25% EtOAc/hexanes); 'TH NMR (500 MHz, CDCls) 7.73 (d, =79 Hz, 616
1H), 7.70-7.62 (m, 3H), 7.40-7.27 (m, 4H), 7.27-7.19 (m, 3H), 7.16 (d, ] =7.7 Hz, 2H), 7.06 617
(s, 1H), 5.42 (t, | =7.5 Hz, 1H), 2.77 (s, 3H), 2.69 (qdd, ] =14.1, 10.4, 5.9 Hz, 2H), 2.40 (s, 3H), 618
2.30 (dddd, | =13.7, 10.3, 7.2, 5.4 Hz, 1H), 2.08 (dddd, ] = 13.9, 10.5, 7.8, 6.3 Hz, 1H); BC 619
NMR (125.7 MHz, CDCls)  143.31, 143.30, 141.0, 139.6, 139.2, 137.0, 129.6 (2C), 128.6 (2C), 620
128.5 (2C), 127.3 (2C), 126.3, 124.5, 124.4, 123.6, 122.9, 122.3, 56.5, 34.6, 33.0, 29.0, 21.6; 621
HRMS (TOF MS ES+) m/z: [M + Na]* calcd for CsH2sNO25:Na 458.1224, found 458.1235. 622

623

624

Ts., .M
S-Me

Ph
625

N,4-dimethyl-N-(1-(naphthalen-2-yl)-4-phenylbutyl)benzenesulfonamide (19) was pre- 626
pared according to Method C. The following amounts of reagents were used: 4-methyl-N- 627
(1-(naphthalen-2-yl)-4-phenylbutyl)benzenesulfonamide (0.50 g, 1.2 mmol, 1.0 equiv), 628
NaH (36 mg, 1.5 mmol, 1.3 equiv), methyl iodide (80. uL, 1.3 mmol, 1.1 equiv) and THF = 629
(23 mL). The residue was purified by flash column chromatography (0-25% EtOAc/hex- 630
anes) to yield the title compound as a pale yellow solid (0.42 g, 0.95 mmol, 82% yield). 631
TLC R¢=0.3 (25% EtOAc/hexanes); 'H NMR (500 MHz, CDCl3) 2 7.85 (td, ] =8.1, 7.1, 4.1 632
Hz, 2H), 7.80 (d, ] =8.5 Hz, 1H), 7.75 (dt, ] = 6.1, 3.7 Hz, 1H), 7.72 (d, | = 8.1 Hz, 2H), 7.58— 633
7.50 (m, 3H), 7.46-7.39 (m, 1H), 7.36-7.31 (m, 2H), 7.26 (t, | =8.3 Hz, 2H), 720 (d, J=7.3 634
Hz, 2H), 5.34 (t, | =7.7 Hz, 1H), 2.72 (td, ] = 7.5, 2.3 Hz, 2H), 2.68 (s, 3H), 2.44 (s, 3H), 2.16— 635
2.06 (m, 1H), 1.88 (ddd, [ =15.6, 14.0, 7.6 Hz, 1H), 1.70 (quint, ] =9.0 Hz, 2H);®*C NMR (126 636
MHz, CDCls) 0 143.1, 141.9, 135.9, 133.1, 132.9, 129.9, 129.6 (2C), 128.53 (2C), 128.46 (2C), 637
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128.3, 128.1, 127.7, 127.6, 127.3 (2C), 126.7, 126.4, 126.3, 126.0, 60.0, 35.5, 30.0, 28.9, 28.3, 638
21.6; HRMS (TOF MS ES+) m/z: [M + Na] caled for CasH2NO:S 466.1817, found 466.1816. 639

640

Ts., .M
sNe

641
N-(1-benzo[b]thiophen-2-yl)-2-cyclohexylethyl)-N,4-dimethylbenzenesulfonamide 642
(21) was prepared according to Method C. The following amounts of reagents were used: 643
N-(1-(benzo[b]thiophen-2-yl)-2-cyclohexylethyl)-4-methylbenzenesulfonamide (170 mg, 644
0.41 mmol, 1.0 equiv), NaH (31 mg, 0.53 mmol, 1.3 equiv), methyl iodide (30. uL, 0.45 645
mmol, 1.1 equiv), and THF (8.2 mL). The residue was purified by flash column chroma- 646
tography (20% EtOAc/hexanes) to afford the title compound as a clear, colorless oil (170 647
mg, 0.40 mmol, 98% yield). TLC R¢ = 0.40 (10% EtOAc/hexanes); TH NMR (500 MHz, 648
CDCI3)07.73 (d, J]=7.8 Hz, 1H), 7.70 (d, | =8.3 Hz, 2H), 7.66 (d, ] =7.2 Hz, 1H), 7.30 (dtd, 649
J=164,72,13 Hz, 2H), 7.24 (d, ] = 8.0 Hz, 2H), 7.05 (s, 1H), 5.50 (t, ] = 7.6, 1H), 2.71 (s, 650
3H), 2.39 (s, 3H), 1.92-1.78 (m, 2H), 1.76-1.59 (m, 5H), 1.33-1.23 (m, 1H), 1.20-1.10 (m, 3H), 651
1.04-0.83 (m, 2H); ®C NMR (125.8 MHz, CDCI3) d 144.1, 143.0, 139.4, 139.1, 137.0, 129.4 652
(2C), 127.2 (2C), 124.2, 123.3, 122.3, 122.5, 122.1, 53.9, 40.3, 34.0, 33.4, 33.0, 28.7, 26.3, 26.0, 653
25.9, 21.4; HRMS (TOF MS ES+) m/z [M + Na]* calcd for CaaH20NO25:Na 450.1537, found 654
450.1530. 655

656

657
N-(2-cyclohexyl-1(napthalen-2-yl)ethyl)-N,4-dimethylbenzenesulfonamide (23) was 658
prepared according to Method C. The following amounts of reagents were used: N-(2- 659
cyclohexyl-1-(naphthalen-2-yl)ethyl)-4-methylbenzenesulfonamide (190 mg, 0.46 mmol, 660
1.0 equiv), NaH (17 mg, 0.70 mmol, 1.5 equiv), methyl iodide (40. pL, 0.60 mmol, 1.1 661
equiv), and THF (11 mL). The residue was purified by flash column chromatography (0- 662
10% EtOAc/hexanes) to afford the title compound as a yellow oil (180 mg, 0.43 mmol, 86% 663
yield). TLC Rf = 0.4 (10% EtOAc/hexanes); 1H NMR (500 MHz, CDCI3) 6 7.87 (d, ] =9.2 664
Hz, 1H), 7.82 (dd, J=11.3, 7.5 Hz, 2H), 7.75 (d, ] = 8.2 Hz, 2H), 7.65 (br s, 1H), 7.56-7.51 (m, ~ 665
2H), 7.49 (dd, ] =8.5, 1.5 Hz, 1H), 7.30 (d, ] =8.0 Hz, 2H), 545 (br t, | = 7.7 Hz, 1H), 2.72 (s, 666
3H), 2.46 (s, 3H), 2.02-1.88 (m, 2H), 1.81 (d, ] = 12.5 Hz, 1H), 1.78-1.72 (m, 2H), 1.72-1.60 667
(m, 2H), 1.26- 1.12 (m, 4H), 1.09-0.87 (m, 2H); 13C NMR (125.8 MHz, CDCI3) d 143.1, 668
137.6, 136.3, 133.1, 132.9, 129.6 (2C), 128.2, 128.1, 127.6, 127.3 (2C), 126.8, 126.6, 126.2, 57.5 669
(2C), 38.2,34.2,33.5,33.4, 28.9, 26.6, 26.22, 26.21, 21.6; HRMS (TOF MS ES+) m/z [M + Na]+ 670
calcd for C26H31NO2SNa 444.1973, found 444.1968. 671

672
TsN |
Ph

673
2-(Benzo[b]thiophen-2-yl)-4-phenyl-1-tosyl-1,2,3,6-tetrahydropyridine (30) was pre- 674
pared according to Method D. The following amounts of reagents were used: imine 28 675
(240 mg, 0.75 mmol, 1.0 equiv), buta-1,3-dien-2-ylbenzene (190 mg, 1.5 mmol, 2.0 equiv) 676
[44], FeCls (6.0 mg, 40. pmol, 5.0 mol %), and PhMe (10. mL). The residue was purified by 677
column chromatography (0-10% EtOAc/hexanes) to afford the title compound as a yellow 678
oil (154 mg, 0.34 mmol, 46% yield). TLC R¢=0.5 (20% EtOAc/hexanes); 'THNMR (500 MHz, 679
CDCls) 6 7.71 (d, ] =8.1 Hz, 2H), 7.68 (d, | =7.8 Hz, 1H), 7.62 (d, ] = 7.8 Hz, 1H), 7.36-7.22 680
(m, 8H), 7.18 (d, ] = 8.0 Hz, 2H), 7.10 (s, 1H), 5.95 (s, 1H), 5.80 (d, ] =6.1 Hz, 1H), 4.35 (dt, ] 681
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=18.6, 3.5 Hz, 1H), 3.84 (dq, ] =18.7, 2.8 Hz, 1H), 2.96 (ddt, | =16.3, 6.4, 3.2 Hz, 1H), 2.87 682

(d, ] =17.2 Hz, 1H), 2.33 (s, 3H); 3C NMR (126 MHz, CDCls) d 144.9, 144.6, 143.6, 140.0, 683

139.9, 129.9 (2C), 129.2, 128.8 (2C), 128.4, 127.4 (2C), 126.8 (2C), 124.5, 124.3, 123.5, 122.3, 684

122.3,53.9,42.2,37.1, 36.7, 31.7, 21.7. 685
2.8% pOe

H
g
TsN AR/
S Ars Hp
R . )
| 1.7%n0e
0.0% nOe 686

2-(Benzo[b]thiophen-2-yl)-4-phenyl-1-tosylpiperidine (24) was prepared according to 687
Method E. The following amounts of reagents were used: substrate 30 (100 mg, 0.22 mmol, 688
1.0 equiv), Pd/C (20 mg), DCM (2.0 mL) and MeOH (5.0 mL). The residue was purified by 689
column chromatography (0-10% EtOAc/hexanes) to afford the title compound as a pale 690
yellow oil (24 mg, 53 pmol, 25% yield, >20:1 dr trans:cis). The dr was determined based 691
on the integration of the resonances attributed to the benzylic hydrogens in the 'H NMR 692
spectrum. The relative configuration was assigned based on nOe analysis. TLC R¢=0.5 693
(20% EtOAc/hexanes); TH NMR (500 MHz, CDCls) 2 7.81 (d, | =8.4 Hz, 2H), 7.77 (d, ]=7.9 694
Hz, 1H), 7.68 (d, ] = 7.7 Hz, 1H), 7.40-7.26 (m, 6H), 7.23-7.18 (m, 1H), 7.13 (d, ] = 1.5 Hz, 695
1H), 7.06 (d, ] =7.4 Hz, 2H), 5.70 (d, ] = 5.2 Hz, 1H), 4.03 (d, ] = 14.0 Hz, 1H), 3.34 (ddd, ] = 6%
14.1,12.7, 3.0 Hz, 1H), 2.93 (tt, ] = 12.6, 3.6 Hz, 1H), 2.43 (s, 3H), 2.33 (d, ] =13.0 Hz, 1H), 697
2.01 (td, ] =13.5, 5.5 Hz, 1H), 1.68 (d, | = 12.5 Hz, 1H), 1.61 (td, ] = 12.7, 4.4 Hz, 1H); 3C 698
NMR (151 MHz, CDCls) d 144.8, 144.5, 139.9, 139.8, 129.8 (2C), 129.1, 128.7 (2C), 128.3, 699
127.3 (2C), 126.7 (2C), 124.4, 124.2, 123.4, 122.2, 122.2, 76.8, 53.8, 42.1, 36.9, 36.6, 31.6, 21.6; 700
HRMS (TOF MS ES+) m/z [M+Na] calcd for C2sH2sNO2S2Na 470.1224, found 470.1228. 701

702
TsN |

co
703

4-Methyl-2-(naphthalen-2-yl)-1-tosyl-1,2,3,6-tetrahydropyridine (31) was prepared ac- 704
cording to Method D. The following amounts of reagents were used: imine 28 (0.31 g, 1.0 705
mmol, 1.0 equiv), isoprene (1.5 mL, 15 mmol, 15 equiv), FeCls (16 mg, 0.10 mmol, 10. mol 706
%), and PhMe (10. mL, 0.10 M). The residue was purified by flash column chromatography 707
(0-5% EtOAc/hexanes) to afford the title compound as a yellow oil (150 mg, 0.40 mmol, 708
40% yield). TLC Re=0.5 (20% EtOAc/hexanes); TH NMR (500 MHz, CDCls) $7.78-7.71 (m, ~ 709
3H), 7.69 (d, ] = 8.3 Hz, 2H), 7.56 (s, 1H), 7.48-7.40 (m, 3H), 7.20 (d, ] = 8.1 Hz, 2H), 543 (d, 710
J=3.5Hz, 1H), 5.29 (s, 1H), 4.11 (d, ] =18.0 Hz, 1H), 3.35 (d, ] = 18.1 Hz, 1H), 2.40-2.30 (m, 711
2H), 2.35 (s, 3H), 1.68 (s, 3H). 712
1.0% nOe

TS\N
H Me
a Hf
Tsr\(l Ars Ha
Me 2.1% nOe
0.0% nOe 713

4-Methyl-2-(naphthalen-2-yl)-1-tosylpiperidine (25) was prepared according to Method 714
E. The following amounts of reagents were used: substrate 31 (53 mg, 0.14 mmol, 1.0 715
equiv), Pd/C (27 mg), DCM (1.0 mL) and MeOH (1.0 mL). The residue was purified by 716
flash column chromatography (0-10% EtOAc/hexanes) to afford the title compound asa 717
pale yellow oil (9.6 mg, 25 umol, 18% yield, 6:1 dr cis:trans). The dr was determined based 718
on the integration of the resonances attributed to the benzylic hydrogens in the 'H NMR 719
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spectrum. The relative configuration was assigned based on nOe analysis. For clarity, 720
the 'TH NMR and ¥C NMR data of the major and minor diastereomers have been tabulated 721

individually. 722
TLC Rf = 0.5 (10% EtOAc/hexanes); HRMS (TOF MS ES+) m/z [M+H] caled for 723
C2H2sNO252 380.1684, found 380.1689. 724

Major Diastereomer: 'H NMR (500 MHz, CDCls) & 7.80-7.76 (m, 4H), 7.73-7.71 (m, 1H), 725
7.63 (s, 1H), 7.46-7.44 (m, 3H), 7.28 (d, ] = 8.0 Hz, 2H), 5.48 (d, ] = 4.5 Hz, 1H), 3.96 (d, ] = 726
14.4 Hz, 1H), 3.06 (ddd, ] = 14.0, 13.2, 3.1 Hz, 1H), 2.69 (d, ] = 25.9 Hz, 1H), 2.42 (s, 3H), 2.30 727
(d, ] = 13.3 Hz, 1H), 1.43-1.36 (m, 2H), 0.98 (ddd, ] = 24.5, 12.4, 45 Hz, 1H), 0.82 (d, ] = 6.5 728
Hz, 3H); ®C NMR (151 MHz, CDCls) d 143.1, 138.8, 136.7, 133.3, 132.3, 129.7 (2C), 1284, 729
128.0,127.5, 127.1 (2C), 126.1, 125.9, 125.8, 125.1, 55.6, 42.0, 36.0, 33.0, 25.3, 22.2, 21.5. 730

Minor Diastereomer: TH NMR (500 MHz, CDCls) b 7.80-7.76 (m, 4H), 7.73-7.71 (m, 1H), 731
7.63 (s, 1H), 7.46-7.44 (m, 3H), 7.28 (d, ] = 8.0 Hz, 2H), 5.25 (d, ] = 4.9 Hz, 1H), 3.88 (d, ] = 732
10.6 Hz, 1H), 3.04-2.98 (m, 1H), 2.42 (s, 3H), 2.38 (d, ] = 3.86 Hz, 1H), 2.14 (d, ] = 13.7 Hz, 733
1H), 1.43-1.36 (m, 2H), 0.79 (d, ] = 6.5 Hz, 3H), 0.75 (d, ] = 6.4 Hz, 1H); 5C NMR (151 MHz, 734
CDCls) d 143.1, 138.8, 136.7, 133.3, 132.3, 129.6 (2C), 129.3, 128.0, 127.6, 127.1 (2C), 126.1, 735

125.9, 125.8, 124.0, 55.2, 41.8, 36.0, 33.1, 25.2, 23.3, 21.5. 736
737
o\\ //o . \ 77
A"pr + H2N’S\©\ K>COg3 (1.2 equiv) /\/\N/S\©\
MeCN, 60 °C, 48 h H
32 33 Me 34 Me 738

N-(but-3-en-1-yl)-4-methylbenzenesulfonamide (34) was prepared according to a 739
procedure reported by Jiang. [45] To a flame-dried flask equipped with a stir bar was 740
added 4-bromo-1-butene 32 (4.1 mL, 40. mmol, 1.0 equiv), p-toluenesulfonamide 33 (6.8 g, 741
40. mmol, 1.0 equiv), K2CO:s (6.6 g, 48 mmol, 1.2 equiv), and MeCN (160 mL). The mixture 742
was heated to 60 °C and allowed to stir for 3 d. The reaction mixture was quenched with 743
saturated NH4Cl (100 mL) and extracted with EtOAc (3 x 50 mL). The combined organic 744
layers were washed with H2O (50 mL) and brine (50 mL), dried over Na2SOs, and concen- 745
trated in vacuo. The residue was purified by column chromatography (5-25% EtOAc/hex- 746
anes) to afford the title compound as a clear, colorless o0il (5.4 g, 24 mmol, 60 %). Analytical 747
data is consistent with literature values. [45] TH NMR: (400 MHz, CDCl3) 0 7.76 (d, ] =8.2, 748
2H), 7.30 (d, ] = 8.1, 2H), 5.63 (ddt, ] = 17.1, 10.4, 6.8, 1H), 5.11 (br s, 1H), 5.02-4.93 (m, 749
2H), 2.99 (q, ] =6.7, 2H), 2.41 (s, 3H), 2.20 (q, ] = 6.9, 2 H). 750

751
TSI\O\
752

2-(Naphthalen-2-yl)-1-tosylpiperidin-4-ol (35) was prepared according to Method F. The 753
following amounts of reagents were used: 2-napthaldehyde (0.94 g, 6.0 mmol, 1.0 equiv), 754
homoallylic sulfonamide 35 (1.1 mL, 6.0 mmol, 1.0 equiv), TFA (4.6 mL, 60. mmol, 10 755
equiv), and CH2Clz (60 mL, 0.10 M). The residue was purified by flash column chroma- 756
tography (0-30% EtOAc/hexanes) to afford the title compound as an orange solid (0.72 g, 757
1.8 mmol, 31 % yield, 5:1 dr trans:cis). The dr was determined based on the integration of 758
the resonances attributed to the benzylic hydrogens in the 'H NMR spectrum. The relative 759
configuration of the major 34 was assigned based on analogy to compound 24. For clarity, 760
the 'TH NMR data of the major and minor diastereomers have been tabulated individually. 761

TLC Re=0.1 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS ES+) m/z [M+H] 762
calcd for C22H24NOsS 382.1477, found 382.1483. 763

Major Diastereomer: tH NMR (500 MHz, CDCls) & 7.79-7.77 (m, 4H), 7.68 (s, 1H), 7.49- 764
7.41 (m, 4H), 7.29 (d, | =8.1 Hz, 2H), 5.54 (d, ] =4.5 Hz, 1H), 3.99 (d, ] =15.0 Hz, 1H), 3.74 765
(tt, ]=10.9, 7.9 Hz, 1H), 3.03 (td, ] =15.3, 2.7 Hz, 1H), 2.63 (dt, ] =13.3,2.0 Hz 1H), 2.43 (s, 766
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3H), 1.70 (br s, 1H), 1.58 (ddd ] = 13.6, 11.3, 5.5 Hz, 1H), 1.26-1.18 (m, 2H). 8C NMR (151 767
MHz, CDCL) b 143.5, 138.3, 135.9, 133.3, 132.5, 130.0 (2C), 128.7, 128.0, 127.5, 127.0 2C), 768
126.3, 126.2, 125.5, 124.7, 64.7, 55.8, 40.7, 36,2, 33.8, 21.6. 769

Minor Diastereomer: tH NMR (500 MHz, CDCls) & 7.74-7.70 (m, 4H), 7.63 (s, 1H), 7.60 (d, 770
J=8.3 Hz, 2H), 7.49-7.41 (m, 2H), 7.16 (d, ] =8.4 Hz, 2H), 5.10 (t, ] =5.1 Hz, 1H), 3.99 (d,] 771
=15.0 Hz, 1H), 3.67 (tt, ] =13.4, 4.6 Hz, 1H), 3.03 (td, ] =15.3, 2.7 Hz, 1H), 2.63 (dt, ] =13.3, 772
2.0Hz 1H), 2.36 (s, 3H), 1.81-1.73 (m, 1H), 1.67 (br s, 1H), 1.26-1.18 (m, 2H). BC NMR (151 773
MHz, CDCls) o 143.3, 137.7, 135.9, 133.2, 132.5, 129.6 (2C), 128.7, 128.2, 127.5, 127.2 (2C), 774
126.3, 126.0, 125.3, 124.8, 65.1, 55.5, 39.0, 37.0, 31.9, 21.5. 775

776
2.7% nOe

H
(-rs\\’\‘ g
Ha OBn
He
TS’\()\ Ars Hg
OBn 2.0% n0e
0.0% nOe 777

4-(Benzyloxy)-2-(naphthalen-2-yl)-1-tosylpiperidine (26) was prepared according to 778
Method G. The following amounts of reagents were used: alcohol 35 (0.25 g, 0.66 mmol, 779
1.0 equiv), NaH (63 mg, 2.6 mmol. 4.0 equiv), benzyl bromide (90. uL, 0.73 mmol, 1.1 780
equiv), and THF (2.3 mL, 0.2 M). The residue was purified by column chromatography 781
(0-10% EtOAc/hexanes) to afford the title compound as a white solid (140 mg, 0.30 mmol, 782
56 % yield, 5:1 dr trans:cis). The dr was determined based on the integration of the reso- 783
nances attributed to the benzylic hydrogens in the 'H NMR spectrum. The relative con- 784
figuration was assigned based on nOe analysis. For clarity, the 'TH NMR and *C NMR 785

data of the major and minor diastereomers have been tabulated individually. 786
TLC R¢=0.8 (20% EtOAc/hexanes, stained with CAM); HRMS (TOF MS ES+) m/z [M+Na] 787
caled for C29H29oNOsSNa 494.1766, found 494.1758. 788

Major Diastereomer: tH NMR (500 MHz, CDCls) 8 7.80 (d, ] = 8.1 Hz, 4H), 7.70 (d, 1H), 789
7.61 (s, 1H), 7.48-7.45 (m, 3H), 7.32-7.26 (m, 7H), 5.55 (d, ] = 3.8 Hz, 1H), 4.50 (d, =119 790
Hz, 1H), 4.43 (d, ] =11.9 Hz, 1H), 4.02 (d, ] = 14.7 Hz, 1H), 3.52 (tt, ] =10.8 Hz, 1H), 3.04 (td, 791
J =145, 2.5 Hz, 1H), 2.68 (d, | = 13.6 Hz, 1H), 2.43 (s, 3H), 1.80 (d, ] = 11.5 Hz, 1H), 1.62 792
(ddd, J =17.7, 11.9, 6.1 Hz, 1H), 1.31-1.34 (m, 1H); ¥C NMR (151 MHz, CDCls) o 143.4, 793
138.3, 136.0, 133.2, 132.5, 130.0 (2C), 129.5, 128.6, 128.5 (2C), 128.0, 127.8, 127.7 (2C), 127.5, 794
127.0 (2C), 126.2, 126.1, 125.5, 124.8, 71.3, 70.2, 55.8, 40.8, 33.4, 30.8, 21.6. 795

Minor Diastereomer: tH NMR (500 MHz, CDCls) 5 7.80 (d, ] =8.1 Hz , 4H), 7.70 (d, 1H), 79
7.59 (s, 1H), 7.48-7.45 (m, 3H), 7.32-7.26 (m, 2H), 7.15 (d, ] =8.2 Hz, 1H), 7.07 (t, ]=7.6 Hz, 797
1H), 6.96 (t, | =7.3 Hz, 2H), 6.69 (d, ] =7.6 Hz, 1H), 5.17 (t, ] = 5.1 Hz, 1H), 4.24, 4.20 (ABq, 798
Jas =123 Hz, 2H), 3.80-3.68 (m, 3H), 2.53 (dt, | = 14.4, 9.4 Hz, 1H), 2.35 (s, 3H), 2.06 (ddd, 799
J=14.3,5.3,2.9 Hz, 1H), 1.81-1.80 (m, 2H), 1.31-1.34 (m, 1H); 2C NMR (151 MHz, CDCls) 800
0143.4,138.4,136.0,133.2, 132.5,130.0 (2C), 129.5, 128.6, 128.5 (2C), 128.0, 127.8, 127.7 (2C), 801

127.5,127.19 (2C), 127.16, 125.9, 125.6, 125.2, 71.2, 69.8, 55.8, 39.3, 34.2, 30.8, 21.6. 802
803
2.5% pOe
H

Hy OBn

He
OMe 1.3% nOe
0.0% nOe 804

4-Methoxy-2-(naphthalen-2-yl)-1-tosylpiperidine (12) was prepared according to 805
Method G. The following amounts of reagents were used: alcohol 35 (110 mg, 0.30 mmol, 806
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1.0 equiv), NaH (16 mg, 0.67 mmol. 2.2 equiv), methyl iodide (20. pL, 0.33 mmol, 1.1 807
equiv), and THF (1.5 mL, 0.20 M). The residue was purified by column chromatography 808
(0-20% EtOAc/hexanes) to afford the title compound as a pale yellow solid (61 mg, 0.15 809
mmol, 52 % yield, 5:1 dr trans:cis). The dr was determined based on the integration of the 810
resonances attributed to the benzylic hydrogens in the 'H NMR spectrum. The relative 811
configuration was assigned based on nOe analysis. For clarity, the 'H NMR and ®*C NMR 812

data of the major and minor diastereomers have been tabulated individually. 813
TLC R¢= 0.6 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS ES+) m/z [M+Na] 814
calcd for C2H2sNOsSNa 396.1633, found 396.1636. 815

Major Diastereomer: 1TH NMR (500 MHz, CDCls) d 7.83-7.76 (m, 5H), 7.72 (s, 1H), 7.54— 816
751 (m, 1H), 7.48-7.46 (m, 2H), 7.29 (d, ] = 7.9 Hz, 2H), 5.56 (s, 1H), 4.04 (d, ] = 14.1 Hz, 817
1H), 3.29 (tt, ] = 7.4, 3.0 Hz, 1H), 3.25 (s, 3H), 3.09 (t, ] = 13.1 Hz, 1H), 2.68 (d, ] =132 Hz, 818
1H), 2.42 (s, 3H), 1.80 (d, ] = 11.5 Hz, 1H), 1.53 (td, ] = 12.2 Hz, 1H), 1.16 (qd, ] = 11.6, 5.8 819
Hz, 1H); 3C NMR (151 MHz, CDCL) b 143.4, 138.4, 136.1, 133.4, 132.5, 130.0 2C), 126.7, 820
128.1, 127.6, 127.0 (2C), 126.3, 126.1, 125.5, 124.7, 73.2, 55.8, 55.5, 40.8, 33.2, 30.2, 21.6. 821

Minor Diastereomer: tH NMR (500 MHz, CDCLs) & 7.83-7.76 (m, 5H), 7.72 (s, 1H), 7.54— 822
7.51 (m, 1H), 7.48-7.46 (m, 2H), 7.29 (d, ] = 7.9 Hz, 2H), 4.99 (t, ] = 5.38 Hz, 1H), 3.77-3.71 823
(m, 1H), 3.60 (dt, ] = 13.6, 4.6 Hz, 1H), 3.42 (br s, 1H), 3.03 (s, 3H), 2.37-2.29 (m, 1H), 2.33 824
(s, 3H), 2.02 (d, ] = 15.2 Hz, 1H), 1.86-1.82 (m, 1H), 1.72-1.68 (m, 1H); *C NMR (151 MHz, 825
CDCL) d 143.0, 138.3, 137.4, 133.1, 132.5, 129.4 (2C), 126.7, 128.0, 127.5, 127.2 (2C), 125.8, 826
125.7, 125.5, 125.2, 73.5, 56.4, 55.5, 40.0, 34.1, 29.6, 21.5. 827

828
TS’\O\
O OH
al
’ 829

2-(Naphthalen-2-yl)-1-tosylpiperidin-4-ol (36) was prepared according to Method F. The 830
following amounts of reagents were used: 2-benzofurancarboxaldehyde (0.60 mL, 5.0 831
mmol, 1.0 equiv), homoallylic sulfonamide 34 (0.91 mL, 5.0mmol, 1.0 equiv), TFA (3.8 mL, 832
50. mmol, 10 equiv), CH2Cl2 (50 mL, 0.10 M). The residue was purified by flash column 833
chromatography (0-50% EtOAc/hexanes) to afford the title compound as an orange solid 834
(0.42 g, 1.1 mmol, 22% yield, 5:1 dr trans:cis). The dr was determined based on the inte- 835
gration of the resonances attributed to the benzylic hydrogens in the '"H NMR spectrum. 836
The relative configuration was assigned based on analogy to compound 26. For clarity, 837
the 'TH NMR data of the major and minor diastereomers have been tabulated individually. 838

TLC R¢=0.1 (30% EtOAc/hexanes, stained with CAM). 839

Major Diastereomer: tH NMR (500 MHz, CDCls) © 7.65 (d, ] = 8.29 Hz, 2H), 7.46 (dd, = 840
6.75,2.12 Hz, 1H), 7.21-7.18 (m, 3H), 7.15 (d, ] = 8.61 Hz, 2H), 6.49 (t, ] = 2.0 Hz, 1H), 5.51 841
(d, J=5.48 Hz, 1H), 3.97-3.90 (m, 2H), 3.23 (td, ] = 13.5, 2.7 Hz, 1H), 2.51-2.45 (m, 1H), 2.33 842
(s, 3H), 1.94-1.88 (m, 1H), 1.75 (ddd, ] =13.0, 11.6, 5.9 Hz, 1H), 1.53 (d, ] =5.0 Hz, 1H), 1.44 843
(ddd, J=24.1, 12.8, 4.5 Hz, 1H). 844

Minor Diastereomer: 1TH NMR (500 MHz, CDCL3)  7.65 (d, ] = 8.29 Hz, 2H), 7.46 (dd, ] = 845
6.75, 2.12 Hz, 1H), 7.21-7.18 (m, 3H), 7.15 (d, ] = 8.61 Hz, 2H), 6.51 (t, ] = 1.1 Hz, 1H), 533 846
(d, ] = 5.6 Hz, 1H), 4.14-4.10 (m, 2H), 3.64 (td, ] = 10.9, 4.0 Hz, 1H), 2.51-2.45 (m, 1H), 2.32 847
(s, 3H), ), 2.12 (ddd, ] = 14.4, 6.7, 3.3 Hz, 1H), 1.94-1.88 (m, 1H), 1.53 (d, ] =5.0 Hz, 1H), 1.44 848
(ddd, J=24.1, 12.8, 4.5 Hz, 1H). 849



Molecules 2021, 26, x FOR PEER REVIEW 22 of 25

2.9% nOe

H
9
C:\j
H
OBn '&/
| 1.8%n0e
0.0% nOe 850

2-(benzofuran-2-yl)-4-(benzyloxy)-1-tosylpiperidine (27) was prepared according to 851
method G. The following amounts of reagents were used: alcohol 36 (0.15 g, 0.40 mmol, 852
1.0 equiv), NaH (46 mg, 1.9 mmol. 4.7 equiv), benzyl bromide (52 pL, 0.44 mmol, 1.1 853
equiv), and THF (3.0 mL, 0.2 M). The residue was purified by column chromatography 854
(0-10% EtOAc/hexanes) to afford the title compound as a yellow solid (87 mg, 0.19 mmol, 855
47% yield, 5:1 dr trans:cis). The dr was determined based on the integration of the reso- 856
nances attributed to the benzylic hydrogens in the '"H NMR spectrum. The relative con- 857
figuration was assigned based on nOe analysis. For clarity, the 'TH NMR and C NMR 858

data of the major and minor diastereomers have been tabulated individually. 859
TLC R¢=0.8 (30% EtOAc/hexanes, stained with CAM); HRMS (TOF MS ES+) m/z [M+Na] 860
calcd for C2zH2zNOsSNa 484.1559, found 484.1542. 861

Major Diastereomer: tH NMR (500 MHz, CDCls) 0 7.65 (d, ] =8.3 Hz, 2H), 7.45, (d, ] =8.3 862
Hz, 1H), 7.30-7.17 (m, 8H), 7.15 (d, ] = 8.2 Hz, 2H), 6.44 (s, 1H), 5.52 (d, ] =5.3 Hz, 1H), 4.49 863
(s, 2H), 3.94 (d, ] =13.7 Hz, 1H), 3.66 (tt, ] =11.2, 4.0 Hz, 1H), 3.20 (td, ] =13.4, 2.6 Hz, 1H), 864
2.57 (dt, ] =13.2, 1.8 Hz, 1H), 2.32 (s, 3H), 1.97 (d, ] =12.3 Hz, 1H), 1.78 (ddd, ] =13.0, 11.7, 865
5.8 Hz, 1H), 1.45 (qd, J=12.8, 4.8 Hz, 1H); 3C NMR (151 MHz, CDCls) 5 155.3, 154.7, 143.3, 866
138.2,137.2,129.5 (2C), 128.5 (2C), 128.1, 128.0, 127.8,127.1, 126.9, 124.1, 122.9,120.9, 111.1, 867
104.8,71.8,70.2,51.7,41.4, 34.2, 31.3, 21.5. 868

Minor Diastereomer: tH NMR (500 MHz, CDCl3) 8 7.68 (d, J=8.3 Hz, 2H), 7.35, (d, | =4.4 869
Hz, 1H), 7.30-7.17 (m, 5H), 7.07 (t, ] = 7.5 Hz, 1H), 6.99 (t, | = 7.6, 2H), 6.79 (d, ] =7.6 Hz, 870
2H), 6.42 (s, 1H), 5.36 (d, ] = 6.4 Hz, 1H), 4.28 (s, 2H), 3.76-3.73 (m, 2H), 3.66 (tt, ]=11.2,4.0 871
Hz, 1H), 2.70 (d, ] = 14.1 Hz, 1H), 2.32 (s, 3H), 1.97 (d, ] =12.3 Hz, 1H), 1.83 (d, = 13.8 Hz, 872
1H), 1.72-1.68 (m, 1H); 3C NMR (151 MHz, CDCls) d 155.3, 154.7, 143.3, 138.2, 137.2,129.5 873
(20), 128.5 (2C), 128.1, 128.0, 127.8, 127.1, 126.9, 123.6, 122.6, 120.7, 110.9, 103.2, 71.8, 70.0, 874
49.6, 37.6, 31.0, 29.3, 15.3. 875

4. Conclusions 876

In conclusion, we have developed a Kumada XC reaction of benzylic sulfonamides 877
with Grignard reagents including methylmagnesium iodide and arylmagnesium iodide. 878
This reaction utilizes readily available starting materials that are not activated prior to the 879
XC reaction. We have demonstrated that increasing the steric bulk adjacent to the reactive 880
center destabilizes the conformation necessary for (3-hydride elimination to occur. A ste- 881
reospecific ring opening Kumada XC reaction has been established to synthesize highly 882
substituted acyclic fragments. This work provides a basis for the XC reaction of simple 883
benzylic sulfonamides. 884

Supplementary Materials: NMR data are available online at www.mdpi.com/xxx/s1 885
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