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A two-step conversion of 1,3-disubstituted arenes to chiral a,a-diaryl methylammonium chlorides is
described. In this procedure, arenes are converted to aryl boronic esters by iridium-catalyzed borylation,
and the aryl boronic esters are converted to enantioenriched amines by subsequent rhodium-catalyzed
addition to chiral tert-butanesulfinimes.

� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The methods for direct, intermolecular conversion of arenes to
aryl methylamines are limited,1–5 and the conversion to chiral, non-
racemic amines is particularly uncommon.6–9 In the context of our
group’s efforts to develop C–H bond functionalization processes
using borane reagents,10–12 we sought to develop the conversion of
arenes to chiral, non-racemic amines using iridium-catalyzed arene
borylation chemistry. To do so, we envisioned a reaction sequence
involving the formation of aryl boronate esters from arenes by C–H
activation, followed by addition of the resulting aryl boronate ester
to imine electrophiles with control of stereochemistry.

The addition of organometallic reagents to chiral imine de-
rivatives can lead to enantioenriched a,a-diarylated methylamines.
One type of method to control the stereochemistry of this addition
is based on chiral auxiliaries.13 These strategies include the
use of RAMP/SAMP hydrazones,14 carbohydrate auxiliaries,15 phe-
nylglycinol-derived imines,16 ortho-acylimines,17 and N-sulfini-
mines.18–21 In addition to magnesium nucleophiles, lithium22–24 and
zinc25,26 species also add to N-sulfinimines developed by Ellman.
The scope of the additions to the N-sulfinimines was recently
extended to include reactions of aryl boronic acids in the presence
of rhodium catalysts.27 A single example of the addition of an aryl
boronic ester to an N-sulfinimine was reported by Batey and co-
workers.28 Relative to other organometallic nucleophiles, aryl boron
reagents possess greater chemical stability, ease of handling, and
tolerance for auxiliary functionality.29

The traditional route to aryl boron reagents involves the addi-
tion of organolithium or Grignard reagents to boron electrophiles.30

These intermediates are typically generated through either metal–
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halogen exchange31 or directed ortho-metalation.32 Aryl boron
reagents are also readily accessed via the palladium-catalyzed
coupling of aryl halides with bis(pinacolato)diboron (B2pin2) or
pinacolborane (HBpin).33

These methods for generating aryl boron compounds are
regioselective, but they rely on the presence of halides or ortho-
directing groups on the arene starting materials, and they can be
harsh. Metalation procedures create issues of functional group
compatibility, and the borylation of aryl halides depends on the
availability of haloarene substrates.

The direct C–H functionalization of arenes provides an alterna-
tive approach to the synthesis of aryl boron reagents. Catalysts
based on rhodium34,35 and iridium36–42 have been developed using
B2pin2 or HBpin as the boron source. To date, the most efficient
catalyst system is generated from the combination of boron re-
agents, 4,40-di-tert-butylbipyridine (dtbpy), and [Ir(cod)X]2

(cod¼1,5-cyclooctadiene, X¼Cl, OMe) (Eq. 1).43–45
Iridium(III) complex 1, generated by the reaction of [Ir(cod)Cl]2,
dtbpy, and boron reagents, has been identified as the catalyst
resting state in the direct C–H borylation of arenes (Scheme 1).43

Dissociation of the cyclooctene ligand from 1 provides the coor-
dinatively unsaturated, and catalytically active iridium species 2.45

Arene C–H bond cleavage can then occur, either though oxidative
addition46 or sigma bond metathesis47 to give complex 3. Elimi-
nation of aryl boronic ester from 3 affords iridium fragment 4,
which can undergo reaction with B2pin2 to regenerate the active
catalytic species (2).
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Scheme 1. Proposed mechanism of arene borylation.

R1

R2

H [Ir(cod)Cl]2 (0.25%), dtbpy (0.5%)
B2pin2 (0.5 equiv), HBpin (5%)a

R1

R2

Bpin

6a, 75%

Bpin

6b, 55%

BpinMe

Me
6c, 65%

BpinMeO

OMe

6d, 59%

Bpin

6e, 65%

BpinMe

Cl
6f,77%

BpinBr

OMe

Me

CO2Me

5 6

6g, 77%

BpinF3C

OMe

C6H12, 80 °C
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In contrast to other methods to prepare aryl boron reagents, the
regioselectivity of catalytic arene C–H functionalization is governed
largely by steric factors.42,43 For example, the catalytic borylation of
a 1,3-disubstituted arene results in almost exclusive formation of
a 1,3,5-trisubstituted arene product (Eq. 1)da substitution pattern
that is difficult to achieve using traditional aromatic substitution
chemistry.48 Herein, we describe the synthesis of chiral, non-
racemic substituted amines by the sequence of C–H borylation,
followed by distereoselective rhodium-catalyzed additions to chi-
ral, non-racemic N-sulfinimines. After acidic workup, enantio-
merically enriched a,a-diaryl methylammonium chloride products
are obtained in good to excellent yields.

2. Results and discussion

Aryl boronic esters were conveniently prepared without the
need for a glove box using a variation of published procedures.
Accordingly, a solution of arene (5), B2pin2 (0.5 equiv), and catalytic
amounts of pinacolborane (HBpin, 5%), dtbpy (0.5%), and
[Ir(cod)Cl]2 (0.25%) in cyclohexane was heated to 80 �C to give
borylated arenes (6) in moderate to good yields (Scheme 2). The
added HBpin has been shown to improve the rate and yield of
formation of the active triboryliridium catalyst.45 As observed
previously,49 higher yields were obtained from reaction of more
electron-deficient arenes. Products were isolated by concentration
under high vacuum and were used without further purification.

Chiral sulfinimine electrophiles were prepared using a pro-
cedure previously described by Ellman and co-workers.27 4-Tri-
fluoromethyl- and 4-nitro-substituted sulfinimines 8a and 8b
(Scheme 3) were readily accessed by Ti(OEt)4-mediated conden-
sation of the corresponding aldehydes (7a and 7b) with (S)-tert-
butanesulfinamide. Carbomethoxy-substituted sulfinimine 8c was
prepared in moderate yield using Ti(OMe)4, to make the reaction of
the ester with the titanium alkoxide degenerate.

With both coupling partners in hand, we studied the rhodium-
catalyzed 1,2-addition of the crude aryl boronic esters to the chiral
sulfinimines. Following the procedure developed by Batey for the
addition of boronic acids to sulfinimines,28 a mixture of 8, aryl
boronic ester (6, 2 equiv), and rhodium catalyst (5%) was dissolved
in dioxane, treated with triethylamine (2 equiv) and water, and
allowed to stir at room temperature (Eq. 2). Isolation of the initial
products of 1,2-addition (sulfinylated amine 9) was difficult due to
coelution of pinacol byproduct with sulfinyl amine (9) during silica
gel chromatography. To circumvent this problem, the crude sulfinyl
amine products (9) were treated with hydrogen chloride and
methanol to generate a,a-diaryl methylammonium chlorides (10),
which were readily isolated and purified.

The enantiopurity of the a,a-diaryl methylammonium chloride
products (10) was determined by chiral HPLC analysis. Simple
acetylation of the salts (10) with acetic anhydride provided amides,
which were readily resolved by chiral HPLC methods.
Table 1 summarizes the rhodium-catalyzed reactions between
a number of chiral sulfinimes (8) and aryl boronic esters (6) formed
by iridium-catalyzed C–H functionalization (Scheme 1). These re-
actions form a,a-diaryl methylammonium chlorides (10) that were
isolated in yields that depended on the electronic properties of the
aryl boronic esters. Those derived from electron-rich aryl boronic
esters (R2 and R3¼H, Me) formed in higher yields than those de-
rived from electron-deficient aryl boronic esters (R3¼Cl, Br, CF3).
The trend in reactivities of the aryl boronic esters (6) roughly par-
allel the trends in nucleophilicities. Although three products (10i,
10o, and 10q) were formed with only modest levels of asymmetric
induction, overall, the levels of enantiomeric excess of the final
amines were generally good, with sulfinimine 8a providing the best
results.

In addition to the two-step procedure outlined above, initial
results indicate that a one-pot protocol can be developed. In a rep-
resentative reaction, meta-xylene (2 equiv) underwent iridium-



Table 1
Preparation of chiral a,a-diaryl methylammonium chlorides
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Entry R1 R2 R3 Product Yield (%) ee (%)

1 CF3 H H 10a 82 95
2 CF3 Me Me 10b 80 93
3 CF3 Me CO2Me 10c 71 90
4 CF3 Me Cl 10d 39 87
5 CF3 OMe Br 10e 22 80
6 NO2 H H 10f 89 91
7 NO2 Me Me 10g 78 90
8 NO2 OMe OMe 10h 86 88
9 NO2 Me CO2Me 10i 79 74
10 NO2 Me Cl 10j 70 88
11 NO2 OMe Br 10k 66 88
12 NO2 OMe CF3 10l 19 92
13 CO2Me H H 10m 87 85
14 CO2Me Me Me 10n 82 87
15 CO2Me OMe OMe 10o 83 79
16 CO2Me Me Cl 10p 56 90
17 CO2Me OMe Br 10q 61 66
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catalyzed borylation to give aryl boronic ester 6c (Scheme 4). After
the removal of volatile materials under high vacuum, rhodium cat-
alyst, 8a (1 equiv), NEt3, and solvent were added to the same re-
action vessel to provide sulfinyl amine 11 in 75% yield and 87% de.50

This yield of sulfinyl amine and de is similar to the yield of ammo-
nium salt and ee of the hydrolyzed amine from the protocol in which
the boronic ester is purified in between the two steps.

1. [Ir(cod)Cl]2 (0.5%), dtbpy (1%)
    B2pin2 (1.7 equiv), HBpin (10%)a

    THF, 80 °C

2. [Rh(cod)(CH3CN)2]BF4 (5%)
8a (1 equiv), NEt3 (2 equiv)

    1:1 H2O:dioxane
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Scheme 4. One-pot conversion of sulfinyl amine 11. a1,3,5-Trimethoxybenzene (6%)
was used as an internal standard.
3. Summary

We have demonstrated that aryl pinacol boronates generated
from C–H borylation are competent nucleophiles for rhodium-
catalyzed additions to chiral sulfinimines to give enantioenriched
a,a-diaryl methylammonium chlorides in moderate to good yields.
Notably, the combination of iridium-catalyzed arene borylation,
followed by rhodium-catalyzed additions to imines, allows for
facile preparation of 3,5-disubstituted a,a-diaryl methyl-
ammonium chlorides, a reagent class that would be difficult to
access through other means.

4. Experimental section

4.1. Materials and methods

All reactions, unless otherwise noted were performed in oven-
dried 20 mL vials fitted with caps bearing TFE/silicone septa.
Organic solutions were concentrated either under high vacuum or
by rotary evaporation. Thin-layer chromatography was performed
using glass plates pre-coated to a depth of 0.25 mm with 230–
400 mesh silica gel impregnated with a fluorescent indicator
(254 nm). Compounds were visualized using para-anisaldehyde
stain. THF was purified by passage through two packed columns
of neutral alumina under an argon atmosphere. [Ir(cod)Cl]2

51

and [Rh(cod)(CH3CN)2]BF4
52 were prepared as previously de-

scribed. Triethylamine was distilled from calcium hydride at at-
mospheric pressure. All other reagents were obtained from
commercial sources and used without further purification. 1H, 13C,
and 19F NMR spectra were recorded on a Varian 500, a Varian VXR
500, a Varian Inova 500, or a Varian Unity Inova 600 NMR spec-
trometer. 1H chemical shifts are reported in parts per million (d
scale) downfield from tetramethylsilane and are referenced to the
residual protium in the NMR solvent. 13C NMR chemical shifts are
reported in parts per million (d scale) downfield from tetrame-
thylsilane and are referenced to the 13C resonance of the solvent. 19F
NMR chemical shifts are reported in parts per million (d scale)
and are referenced to external standard: C6F6 in CDCl3 at
d¼�163 ppm. Data are presented as follows: chemical shift, mul-
tiplicity (s¼singlet, d¼doublet, t¼triplet, q¼quartet, m¼multiplet
and/or multiple resonances), integration, coupling constant in
hertz (Hz). HPLC analyses were carried out on a Waters chroma-
tography system (1525 binary pump, 717þ autosampler, 2487 dual
wavelength detector).

4.2. General procedure for the preparation of aryl boronic
esters (6a–6g)

An oven-dried 20 mL sealable reaction vessel was cooled under
nitrogen, and then charged with B2pin2 (3.00 mmol), dtbpy (8.0 mg,
0.030 mmol), n-dodecane (100 mL, 0.440 mmol), anhydrous cyclo-
hexane (3.6 mL), and arene (6.00 mmol). The solution was then
degassed by freeze pump thaw using liquid nitrogen four times. To
the resulting solution was added HBpin (43.5 mL, 0.300 mmol) and
[Ir(cod)Cl]2 (10.1 mg, 0.015 mmol). The reaction vessel was then
sealed and heated at 80 �C. Reactions were monitored by GC. After
no further consumption of arene was observed, the reactions were
concentrated under high vacuum to remove volatile materials.
The resulting crude aryl boronic esters were used in subsequent
reactions without further purification.

4.3. (S)-2-Methyl-propane-2-sulfinic acid 1-(4-trifluoro-
methyl-phenyl)-meth-(E)-ylideneamide (8a)

An oven-dried 100 mL Schlenk flask was cooled under nitrogen
and charged with (S)-tert-butanesulfinamide (1.86 g, 15.4 mmol),
tetrahydrofuran (30 mL), and 4-trifluoromethylbenzaldehyde
(2.00 mL, 14.6 mmol). Titanium(IV) ethoxide (6.75 mL, 32.2 mmol)
was added, and the solution was allowed to stir at room tempera-
ture for 19 h. After that time, the reaction was transferred to a
500 mL Erlynmeyer flask and diluted with saturated aqueous so-
dium bicarbonate (100 mL). The resulting biphasic suspension was
filtered though Celite, washed with ethyl acetate (125 mL), and
transferred to a separatory funnel to remove the aqueous layer.
The resulting organic solution was dried over magnesium sulfate,
filtered, and concentrated by rotary evaporation. Further drying
under high vacuum gave 8a (3.61 g, 89%) as an off white solid.
Rf¼0.39 in 20% ethyl acetate in hexane; 1H NMR (CDCl3) d 8.62 (s,
1H), 7.96 (d, 2H, J¼8.2 Hz), 7.73 (d, 2H, J¼8.2 Hz), 1.27 (s, 9H); 13C
NMR (CDCl3) d 161.4, 136.8, 133.7 (q, J¼33.2 Hz), 129.5, 125.9 (q,
J¼3.5 Hz), 123.6 (q, J¼272.9 Hz), 58.1, 22.6; 19F NMR (CDCl3)
d�64.3; HRMS (ESI) m/z: Calcd for C12H15F3NOS (MþH)þ 278.0826,
found 278.0823; Anal. Calcd for C12H14F3NOS C, 51.97%; H, 5.09%; N,
5.05%; found C, 51.82%; H, 5.16%; N, 4.96%.
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4.4. (S)-2-Methyl-propane-2-sulfinic acid 1-(4-nitro-
phenyl)-meth-(E)-ylideneamide (8b)

An oven-dried 100 mL Schlenk flask was cooled under nitrogen
and charged with (S)-tert-butanesulfinamide (1.68 g, 13.9 mmol),
tetrahydrofuran (27 mL), and 4-nitrobenzaldehyde (2.00 g,
13.2 mmol). Titanium(IV) ethoxide (6.10 mL, 29.1 mmol) was added,
and the solution was allowed to stir at room temperature for 23 h.
After that time, the reaction was transferred to a 500 mL Erlynmeyer
flask and diluted with saturated aqueous sodium bicarbonate
(100 mL). The resulting biphasic suspension was filtered though
Celite, washed with ethyl acetate (125 mL), and transferred to
a separatory funnel to remove the aqueous layer. The resulting or-
ganic solution was dried over magnesium sulfate, filtered, and con-
centrated by rotary evaporation. Further drying under high vacuum
gave 8b (3.09 g, 91%) as a yellow solid. Rf¼0.18 in 20% ethyl acetate in
hexane; 1H NMR (CDCl3) d 8.65 (s,1H), 8.31 (d, 2H, J¼8.6 Hz), 8.01 (d,
2H, J¼8.6 Hz), 1.27 (s, 9H); 13C NMR (CDCl3) d 160.6, 149.8, 138.81,
123.0, 124.2, 58.4, 22.6; HRMS (ESI) m/z: Calcd for C11H15N2O3S
(MþH)þ 255.0803, found 255.0797; Anal. Calcd for C11H14N2O3S C,
51.95%; H, 5.55%; N, 11.02%; found C, 51.72%; H, 5.47%; N, 10.79%.

4.5. (S)-2-Methyl-propane-2-sulfinic acid 1-(4-methoxy-
carbonyl-phenyl)-meth-(E)-ylideneamide (8c)

An oven-dried 25 mL Schlenk flask was cooled under nitrogen
and charged with (S)-tert-butanesulfinamide (650 mg, 5.14 mmol),
tetrahydrofuran (10 mL), and methyl 4-formylbenzoate (844 mg,
5.14 mmol). Titanium(IV) methoxide (2.00 g,11.3 mmol) was added,
and the solution was allowed to stir at room temperature for 18 h. To
the crude reaction was added a mixture of sodium bicarbonate
(5.00 g, 59.5 mmol) in methanol (50 mL). After stirring for 20 min,
solids were removed by filtration though Celite, and the resulting
organic solution was concentrated by rotary evaporation. Purified
product was obtained by silica gel chromatography, eluting with 14%
ethyl acetate in hexane, and then 25% ethyl acetate in hexane, to give
8c (758 mg, 55%) as a white solid. Rf¼0.20 in 20% ethyl acetate in
hexane; 1H NMR (500, CDCl3) d 8.61 (s, 1H), 8.11 (d, 2H, J¼8.4 Hz),
7.89 (d, 2H, J¼8.4 Hz), 3.93 (s, 3H), 1.26 (s, 9H); 13C NMR (CDCl3)
d 166.2,161.8,137.4,133.2,130.1,129.1, 58.1, 52.4, 22.6; HRMS (ESI) m/
z: Calcd for C13H18NO3S (MþH)þ 268.1007, found 268.1002; Anal.
Calcd for C13H17NO3S C, 58.40%; H, 6.41%; N, 5.24%; found C, 58.24%;
H, 6.50%; N, 5.26%.

4.6. General procedure for the preparation of a,a-diaryl
methylammonium chlorides (10a–10q)

Inside a nitrogen-filled glove box, a 20 mL vial was charged with
[Rh(cod)(CH3CN)2]BF4 (9.5 mg, 0.025 mmol), sulfinimine
(0.500 mmol), aryl boronic ester (1.00 mmol), anhydrous dioxane
(2.4 mL), and triethylamine (140 mL, 1.00 mmol). The solution was
then removed from the glove box, whereupon water (2.4 mL) was
added. After TLC showed no further consumption of sulfinimine
(approximately 18 h), the crude mixture was partitioned between
dichloromethane (20 mL) and 0.1 M aqueous sodium hydro-
gensulfate (20 mL). After removing the organic layer, the aqueous
phase was extracted with dichloromethane (20 mL�2). The com-
bined organic material was then dried over magnesium sulfate,
filtered, and concentrated in a 20 mL vial. To the concentrated
residue was added anhydrous methanol (4 mL) and then 4.0 M
hydrogen chloride in dioxane (4 mL, 16 mmol). After stirring for
90 min, the reaction was concentrated to dryness by rotary evap-
oration, whereupon the residue was triturated with diethyl ether
(5 mL) and allowed to stir over night (approximately 16 h). The
solid product was then collected in a fritted funnel, rinsing with
excess diethyl ether.
4.7. (S)-C-Phenyl-C-(4-trifluoromethyl-phenyl)-methyl-
ammonium chloride (10a)

The general procedure was followed with sulfinimine 8a
(139 mg, 0.501 mmol) and aryl boronic ester 6a (207 mg,1.02 mmol)
to give 10a (118 mg, 82%) as a white solid. 1H NMR (CD3OD) d 7.77 (d,
2H, J¼8.5 Hz), d 7.63 (d, 2H, J¼8.5 Hz), d 7.40–7.50 (m, 5H), d 5.80 (s,
1H); 13C NMR (CD3OD) d 142.86,137.88,131.99 (q, J¼32.4 Hz),130.50,
130.37, 129.19, 128.54, 127.17 (q, J¼3.8 Hz), 125.33 (q, J¼271.9 Hz),
58.81; 19F NMR (CD3OD) d �64.6; HRMS (ESI) m/z: Calcd for
C14H13F3N (M�Cl)þ 252.1000, found 252.1006; HPLC analysis of
acetylated 10a: Diacel CHIRACEL OD-H, hexane/isopropanol 9:1,
flow rate¼0.5 mL/min, detection wavelength¼230 nm.

4.8. (R)-C-(3,5-Dimethyl-phenyl)-C-(4-trifluoromethyl-
phenyl)-methyl-ammonium chloride (10b)

The general procedure was followed with sulfinimine 8a (138 mg,
0.497 mmol) and aryl boronic ester 6b (232 mg, 0.998 mmol) to give
10b (126 mg, 80%) as a white solid. 1H NMR (CD3OD) d 7.76 (d, 2H,
J¼8.3 Hz), 7.62 (d, 2H, J¼8.3 Hz), 7.07 (s,1H), 7.04 (s, 2H), 5.68 (s,1H),
2.32 (s, 6H); 13C NMR (CD3OD) d 143.0, 140.5, 137.7, 131.9 (q,
J¼32.5 Hz), 131.7, 129.1, 127.1 (q, J¼3.8 Hz), 126.1, 125.4 (q,
J¼271.8 Hz), 58.8, 21.3; 19F NMR (CD3OD) d �64.6; HRMS (ESI) m/z:
Calcd for C16H17F3N (M�Cl)þ 280.1313, found 280.1314; HPLC anal-
ysis of acetylated 10b: Diacel CHIRACEL OD-H, hexane/isopropanol
9:1, flow rate¼0.5 mL/min, detection wavelength¼230 nm.

4.9. (R)-C-(3-Methoxycarbonyl-5-methyl-phenyl)-C-(4-tri-
fluoromethyl-phenyl)-methyl-ammonium chloride (10c)

The general procedure was followed with sulfinimine 8a
(138 mg, 0.497 mmol) and aryl boronic ester 6d (264 mg,1.00 mmol)
to give 10c (126 mg, 73%) as a beige solid. 1H NMR (CD3OD) d 7.93 (s,
1H), 7.90 (s, 1H), 7.78 (d, 2H, J¼8.0 Hz), 7.64 (d, 2H, J¼8.0 Hz), 7.52 (s,
1H), 5.86 (s, 1H), 3.89 (s, 3H), 2.42 (s, 3H); 13C NMR (CD3OD) d 167.8,
142.5, 141.4, 138.5, 133.9, 132.5, 133.9, 132.4 (q, J¼32.6 Hz), 131.8,
129.2,127.3 (q, J¼3.8 Hz),126.4,125.3 (q, J¼271.5 Hz), 58.4, 52.9, 21.3;
19F NMR (CD3OD) d �64.8; HRMS (ESI) m/z: Calcd for C17H17F3NO2

(M�Cl)þ 324.1211, found 324.1202; HPLC analysis of acetylated 10c:
Diacel CHIRACEL OD-H, hexane/isopropanol 9:1, flow rate¼0.5 mL/
min, detection wavelength¼230 nm.

4.10. (R)-C-(3-Chloro-5-methyl-phenyl)-C-(4-trifluoromethyl-
phenyl)-methyl-ammonium chloride (10d)

The general procedure was followed with sulfinimine 8a
(138 mg, 0.497 mmol) and aryl boronic ester 6e (252 mg,
0.996 mmol) to give 10d (66 mg, 39%) as an off white solid. 1H NMR
(CD3OD) d 7.78 (d, 2H, J¼8.1 Hz), 7.64 (d, 2H, J¼8.1 Hz), 7.28 (m, 2H),
7.22 (s, 1H), 5.77 (s, 1H), 2.36 (s, 3H); 13C NMR (CD3OD) d 142.9,
142.3, 139.8, 136.0, 132.1 (q, J¼32.3 Hz), 130.9, 129.2, 127.7, 127.3 (q,
J¼3.7 Hz), 125.7, 125.3 (q, J¼271.8 Hz), 58.2, 21.2; 19F NMR (CD3OD)
d �64.8; HRMS (ESI) m/z: Calcd for C15H14ClF3N (M�Cl)þ 300.0767,
found 300.0768; HPLC analysis of acetylated 10d: Diacel CHIRACEL
OD-H, hexane/isopropanol 9:1, flow rate¼0.5 mL/min, detection
wavelength¼230 nm.

4.11. (R)-C-(3-Bromo-5-methoxy-phenyl)-C-(4-trifluoro-
methyl-phenyl)-methyl-ammonium chloride (10e)

The general procedure was followed with sulfinimine 8a
(137 mg, 0.494 mmol) and aryl boronic ester 6f (312 mg,
0.998 mmol) to give 10e (44 mg, 22%) as a white solid. 1H NMR
(CD3OD) d 7.79 (d, 2H, J¼8.4 Hz), 7.62 (m, 2H), 7.17 (m, 2H), 7.01 (br
s, 1H), 5.75 (s, 1H), 3.81 (s, 3H); 13C NMR (CD3OD) d 162.6, 142.2,
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141.0, 132.2 (q, J¼32.5 Hz), 129.1, 127.3 (q, J¼3.8 Hz), 125.3 (q,
J¼271.2 Hz), 124.7, 123.4, 118.8, 113.7, 58.1, 56.4; 19F NMR (CD3OD)
d �64.8; HRMS (ESI) m/z: Calcd for C15H14BrF3NO (M�Cl)þ

360.0211, found 360.0210; HPLC analysis of acetylated 10e: Diacel
CHIRACEL OD-H, hexane/isopropanol 9:1, flow rate¼1.0 mL/min,
detection wavelength¼230 nm.

4.12. (S)-C-(4-Nitro-phenyl)-C-phenyl-methyl-ammonium
chloride (10f)

The general procedure was followed with sulfinimine 8b
(128 mg, 0.503 mmol) and aryl boronic ester 6a (203 mg,
0.994 mmol) to give 10f (119 mg, 89%) as a pale yellow solid. 1H
NMR (CD3OD) d 8.32 (m, 2H), 7.70 (m, 2H), 7.41–7.50 (m, 5H), 5.86
(s, 1H); 13C NMR (CD3OD) d 149.3, 145.2, 137.4, 130.4, 130.4, 129.5,
128.4, 125.1, 58.5; HRMS (ESI) m/z: Calcd for C13H13N2O2 (M�Cl)þ

229.0977, found 229.0968; HPLC analysis of acetylated 10f: Diacel
CHIRACEL OD-H, hexane/isopropanol 9:1, flow rate¼1.0 mL/min,
detection wavelength¼230 nm.

4.13. (R)-C-(3,5-Dimethyl-phenyl)-C-(4-nitro-phenyl)-methyl-
ammonium chloride (10g)

The general procedure was followed with sulfinimine 8b
(126 mg, 0.496 mmol) and aryl boronic ester 6b (234 mg,
1.01 mmol) to give 10g (114 mg, 78%) as a pale yellow solid. 1H NMR
(CD3OD) d 8.30 (m, 2H), 7.68 (m, 2H), 7.07 (s, 1H), 7.05 (s, 2H), 5.75
(s, 1H), 2.32 (s, 6H); 13C NMR (CD3OD) d 149.4, 145.5, 140.6, 137.4,
131.9, 129.6, 126.16, 125.2, 58.6, 21.3; HRMS (ESI) m/z: Calcd for
C15H17N2O2 (M�Cl)þ 257.1290, found 257.1291; HPLC analysis of
acetylated 10g: Diacel CHIRACEL OD-H, hexane/isopropanol 9:1,
flow rate¼0.5 mL/min, detection wavelength¼230 nm.

4.14. (R)-C-(3,5-Dimethoxy-phenyl)-C-(4-nitro-phenyl)-
methyl-ammonium chloride (10h)

The general procedure was followed with sulfinimine 8b
(128 mg, 0.503 mmol) and aryl boronic ester 6c (264 mg,1.00 mmol)
to give 10h (140 mg, 86%) as a yellow solid. 1H NMR (CD3OD) d 8.31
(m, 2H), 7.70 (m, 2H), 6.62 (d, 2H, J¼2.2 Hz), 6.52 (t, 1H, J¼2.2 Hz),
5.76 (s,1H), 3.78 (s, 6H); 13C NMR (CD3OD) d 163.2,149.4,145.2,139.5,
129.7, 125.2, 106.6, 101.6, 58.6, 56.0; HRMS (ESI) m/z: Calcd for
C15H17N2O4 (M�Cl)þ 289.1188, found 289.1189; HPLC analysis of
acetylated 10h: Diacel CHIRACEL AD-H, hexane/isopropanol 9:1,
flow rate¼1.0 mL/min, detection wavelength¼230 nm.

4.15. (R)-C-(3-Methoxycarbonyl-5-methyl-phenyl)-C-(4-nitro-
phenyl)-methyl-ammonium chloride (10i)

The general procedure was followed with sulfinimine 8b
(128 mg, 0.502 mmol) and aryl boronic ester 6d (276 mg,
0.999 mmol) to give 10i (133 mg, 79%) as a yellow solid. 1H NMR
(CD3OD) d 8.32 (m, 2H), 7.93 (s, 1H), 7.90 (s, 1H), 7.70 (m, 2H), 7.54
(s, 1H), 5.92 (s, 1H), 3.89 (s, 3H), 2.42 (s, 3H); 13C NMR (CD3OD)
d 167.7, 149.6, 144.9, 141.5, 138.2, 133.9, 132.6, 131.9, 129.8, 126.5,
125.4, 58.2, 52.9, 21.3; HRMS (ESI) m/z: Calcd for C16H17N2O4

(M�Cl)þ 301.1188, found 301.1184; HPLC analysis of acetylated 10i:
Diacel CHIRACEL AD-H, hexane/isopropanol 9:1, flow rate¼1.0 mL/
min, detection wavelength¼230 nm.

4.16. (R)-C-(3-Chloro-5-methyl-phenyl)-C-(4-nitro-phenyl)-
methyl-ammonium chloride (10j)

The general procedure was followed with sulfinimine 8b
(127 mg, 0.498 mmol) and aryl boronic ester 6e (254 mg,
1.00 mmol) to give 10j (110 mg, 70%) as an orange solid. 1H NMR
(CD3OD) d 8.32 (m, 2H), 7.69 (m, 2H), 7.29 (m, 2H), 7.23 (s,1H), 5.84 (s,
1H), 2.36 (s, 3H); 13C NMR (CD3OD) d 149.6,144.8,143.0,139.4,136.1,
131.1, 129.7, 127.8, 125.7, 125.3, 58.0, 21.2; HRMS (ESI) m/z: Calcd for
C14H14ClN2O2 (M�Cl)þ 277.044, found 277.0745; HPLC analysis of
acetylated 10j: Diacel CHIRACEL OD-H, hexane/isopropanol 9:1, flow
rate¼0.5 mL/min, detection wavelength¼230 nm.

4.17. (R)-C-(3-Bromo-5-methoxy-phenyl)-C-(4-nitro-phenyl)-
methyl-ammonium chloride (10k)

The general procedure was followed with sulfinimine 8b
(126 mg, 0.497 mmol) and aryl boronic ester 6f (314 mg,1.00 mmol)
to give 10k (122 mg, 66%) as a yellow solid. 1H NMR (CD3OD) d 8.33
(m, 2H), 7.68 (m, 2H), 7.19 (m, 2H), 7.03 (m, 1H), 5.82 (s, 1H), 3.81 (s,
3H); 13C NMR (CD3OD) d 162.6,149.6,144.6,140.7,129.7,125.4,124.8,
123.5, 119.0, 113.8, 58.1, 56.6; HRMS (ESI) m/z: Calcd for
C14H14BrN2O3 (M�Cl)þ 337.0188, found 337.0181; HPLC analysis of
acetylated 10k: Diacel CHIRACEL AD-H, hexane/isopropanol 9:1,
flow rate¼1.0 mL/min, detection wavelength¼230 nm.

4.18. (R)-C-(3-Methoxy-5-trifluoromethyl-phenyl)-C-(4-nitro-
phenyl)-methyl-ammonium chloride (10l)

The general procedure was followed with sulfinimine 8b
(128 mg, 0.501 mmol) and aryl boronic ester 6g (303 mg,
1.00 mmol) to give 10l (33 mg, 19%) as a yellow solid. 1H NMR
(CD3OD) d 8.33 (m, 2H), 7.12 (m, 2H), 7.36 (s, 1H), 7.34 (s, 1H), 7.26 (s,
1H), 5.96 (s, 1H), 3.88 (s, 3H); 13C NMR (CD3OD) d 162.3, 149.6, 144.5,
140.4, 134.0 (q, J¼32.8 Hz), 129.8, 125.4, 125.0 (q, J¼271.9 Hz), 118.2,
117.1 (q, J¼4.0 Hz), 112.7 (q, J¼4.0 Hz), 58.1, 56.6; 19F NMR (CD3OD)
d�64.7; HRMS (ESI) m/z: Calcd for C15H14F3N2O3 (M�Cl)þ 327.0957,
found 327.0950; HPLC analysis of acetylated 10l: Diacel CHIRACEL
OD-H, hexane/isopropanol 9:1, flow rate¼0.5 mL/min, detection
wavelength¼230 nm.

4.19. (S)-C-(4-Methoxycarbonyl-phenyl)-C-phenyl-methyl-
ammonium chloride (10m)

The general procedure was followed with sulfinimine 8c
(134 mg, 0.499 mmol) and aryl boronic ester 6a (203 mg,
0.980 mmol) to give 10m (120 mg, 87%) as a white solid. 1H NMR
(500, CD3OD) d 8.08 (m, 2H), 7.56 (m, 2H), 7.39–7.49 (m, 5H), 5.76 (s,
1H), 3.90 (s, 3H); 13C NMR (126, CD3OD) d 167.7, 143.5, 138.0, 131.8,
131.3, 130.4, 130.3, 128.6, 128.5, 59.0, 52.8; HRMS (ESI) m/z: Calcd
for C15H16NO2 (M�Cl)þ 242.1181, found 242.1172; HPLC analysis of
acetylated 10m: Diacel CHIRACEL OD-H, hexane/isopropanol 9:1,
flow rate¼0.5 mL/min, detection wavelength¼230 nm.

4.20. (R)-C-(3,5-Dimethyl-phenyl)-C-(4-methoxycarbonyl-
phenyl)-methyl-ammonium chloride (10n)

The general procedure was followed with sulfinimine 8c (133 mg,
0.498 mmol) and aryl boronic ester 6b (233 mg, 1.00 mmol) to give
10n (126 mg, 82%) as a beige solid. 1H NMR (CD3OD) d 8.07 (d, 2H,
J¼8.2 Hz), 7.53 (d, 2H, J¼8.3 Hz), 7.06 (s,1H), 7.03 (s, 2H), 5.65 (s,1H),
3.90 (s, 3H), 2.31 (s, 6H); 13C NMR (CD3OD) d 167.7,143.7,140.4,137.9,
131.8,131.7,131.2,128.5,126.1, 59.0, 52.8, 21.3; HRMS (ESI) m/z: Calcd
for C17H20NO2 (M�Cl)þ 270.1494, found 270.1496; HPLC analysis of
acetylated 10n: Diacel CHIRACEL OD-H, hexane/isopropanol 9:1,
flow rate¼0.5 mL/min, detection wavelength¼230 nm.

4.21. (R)-C-(3,5-Dimethoxy-phenyl)-C-(4-methoxycarbonyl-
phenyl)-methyl-ammonium chloride (10o)

The general procedure was followed with sulfinimine 8c
(133 mg, 0.497 mmol) and aryl boronic ester 6c (264 mg,
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1.00 mmol) to give 10o (140 mg, 83%) as an off white solid. 1H NMR
(CD3OD) d 8.08 (d, 2H, J¼8.4 Hz), 7.56 (d, 2H, J¼8.4 Hz), 6.60 (d, 2H,
J¼2.0 Hz), 6.51 (t, 1H, J¼2.0 Hz), 5.67 (s, 1H), 3.90 (s, 3H), 3.77 (s,
6H); 13C NMR (CD3OD) d 167.7, 163.1, 143.3, 140.0, 131.9, 131.3, 128.5,
106.5, 101.4, 59.0, 56.0, 52.8; HRMS (ESI) m/z: Calcd for C17H20NO4

(M�Cl)þ 302.1392, found 302.1395; HPLC analysis of acetylated 6o:
Diacel CHIRACEL AD-H, hexane/isopropanol 9:1, flow rate¼1.0 mL/
min, detection wavelength¼230 nm.

4.22. (R)-C-(3-Chloro-5-methyl-phenyl)-C-(4-
methoxycarbonyl-phenyl)-methyl-ammonium chloride (10p)

The general procedure was followed with sulfinimine 8c
(133 mg, 0.498 mmol) and aryl boronic ester 6e (253 mg,
1.00 mmol) to give 10p (91 mg, 56%) as a red solid. 1H NMR (CD3OD)
d 8.09 (d, 2H, J¼8.1 Hz), 7.55 (d, 2H, J¼8.1 Hz), 7.27 (s, 2H), 7.21 (s,
1H), 5.74 (s, 1H), 3.90 (s, 3H), 2.35 (s, 3H); 13C NMR (CD3OD) d 167.6,
142.9, 142.9, 139.9, 136.0, 132.0, 131.4, 130.8, 128.6, 127.7, 125.7, 58.4,
52.8, 21.2; HRMS (ESI) m/z: Calcd for C16H17ClNO2 (M�Cl)þ

290.0948, found 290.0958; HPLC analysis of acetylated 10p: Diacel
CHIRACEL OD-H, hexane/isopropanol 9:1, flow rate¼0.5 mL/min,
detection wavelength¼230 nm.

4.23. (R)-C-(3-Bromo-5-methoxy-phenyl)-C-(4-
methoxycarbonyl-phenyl)-methyl-ammonium chloride (10q)

The general procedure was followed with sulfinimine 8c
(133 mg, 0.498 mmol) and aryl boronic ester 6f (315 mg,
1.01 mmol) to give 10q (118 mg, 61%) as a beige solid. 1H NMR
(CD3OD) d 8.09 (d, 2H, J¼8.3 Hz), 7.55 (d, 2H, J¼8.2 Hz), 7.18 (s, 1H),
7.16 (s, 1H), 7.02 (s, 1H), 5.74 (s, 1H), 3.90 (s, 3H), 3.80 (s, 3H); 13C
NMR (CD3OD) d 167.6, 162.6, 142.8, 141.1, 132.1, 131.4, 128.6, 124.7,
123.5, 118.8, 113.7, 58.3, 56.4, 52.8; HRMS (ESI) m/z: Calcd for
C16H17BrNO3 (M�Cl)þ 350.0392, found 350.0392; HPLC analysis of
acetylated 10q: Diacel CHIRACEL AD-H, hexane/isopropanol 9:1,
flow rate¼1.0 mL/min, detection wavelength¼230 nm.

4.24. General procedure for the acetylation of a,a-diaryl
methylammonium chloride products (10a–10q) for chiral
HPLC analysis

A 1 dram vial was charged with a,a-diaryl methylammonium
chloride (0.010 mmol), toluene (100 mL), acetic anhydride (1.4 mL,
0.015 mmol), and triethylamine (4.2 mL, 0.030 mmol) and allowed
to stir. After 40 min, diethyl ether (500 mL) was added, and the
crude mixture was filtered though a short plug of silica gel, rinsing
with more diethyl ether (3�500 mL). The combined filtrates were
concentrated by rotary evaporation and then under high vacuum to
give solid amide products that were used without further
purification.

4.25. One-pot conversion of meta-xylene to sulfinyl amine 11

Inside a nitrogen-filled glove box, 20 mL vial was charged with
[Ir(cod)Cl]2 (1.7 mg, 0.0026 mmol), dtbpy (1.5 mg, 0.0056 mmol),
1,3,5-trimethoxybenzene (9.6 mg, 0.057 mmol), B2pin2 (215 mg,
0.847 mmol), THF (1.0 mL), and meta-xylene (122 mL, 0.997 mmol).
The resulting brown solution was heated at 80 �C for 12 h, after
which time volatile materials were removed on high vacuum. To
the crude aryl boronic ester was added 8a (140 mg, 0.504 mmol),
[Rh(cod)(CH3CN)2]BF4 (9.6 mg, 0.025 mmol), dioxane (2.4 mL), and
triethylamine (140 mL, 1.00 mmol). The solution was then removed
from the glove box, whereupon water (2.4 mL) was added. After
22 h, TLC showed no further reaction, and the crude material was
diluted with water (50 mL), and extracted with ethyl acetate
(2�50 mL). The combined organic material was then dried over
magnesium sulfate, filtered, and concentrated. Purified product
was obtained by silica gel chromatography, eluting with 14% ethyl
acetate in hexane, and then 25% ethyl acetate in hexane, to give 11
(144.3 mg, 75%) as a white solid. 1H NMR of the isolated material
indicated 87% de by integration of the benzylic protons. Rf¼0.57 in
25% ethyl acetate in hexane; 1H NMR (500, CDCl3) d 7.58 (d, 2H,
J¼8.3 Hz), 7.51 (d, 2H, J¼8.3 Hz), 6.98 (s, 2H), 6.92 (s, 1H), 5.60 (d,
1H, J¼3.0 Hz), 3.70 (d, 1H, J¼2.9 Hz), 2.29 (s, 6H), 1.27 (s, 9H); 13C
NMR (CDCl3) d 146.6, 140.3, 138.2, 129.7 (q, J¼32.1 Hz), 129.6, 127.5,
125.7 (q, J¼3.7 Hz), 125.5, 123.9 (q, J¼272.0 Hz), 61.8, 55.9, 22.5,
21.2; 19F NMR (CDCl3) d �63.8; HRMS (ESI) m/z: Calcd for
C20H25F3NOS (MþH)þ 384.1609, found 384.1602.
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