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Early Studies
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92% vyield, 55:45 er

Rayner, C. M. et al. Synlett. 1994, 32, 617.
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Oxysulfenylation
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Oxysulfenylation
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Oxysulfenylation
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Nitrogen Capture
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Nitrogen Capture
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Nitrogen Capture
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Carbosulfenylation
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Carbosulfenylation
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Miscellaneous

Messi\o 1) Lewis base (0.15 equiv.) 0 ( A
Sulfur source (1.0 equiv.) OO Me
O)\/O g N e

2) HF+Py/MeOH

£ P .
| SPh N, NCPr)
up to 78% yield, up to 96% ee Me

Q
N0

S\
@[(N—SPh

(o)

[LB:—>-sPh]"

Me;Si
3 ~o

N

Denmark, S. E. et al. J. Am. Chem. Soc. 2014, 136, 13016.

16



Miscellaneous

NHMs
X
o® -
@ catalyst (0.1 equiv.) SR
TMSOTf (3equiv.) | 7 I T S ng o'Pr
+ > NHMs
?R DCM/toluene (1:1) "
0 N__o -78°C o¢
\V\j S-catalyst
up to 96% vyield, up to 98% ee
. (]
RS

H .
Y Q<
M \I MsHN @
N

catalyst |

Zhao, X. et al. Angew. Chem. Int. Ed. 2020, 59, 49509.

17



Summary and Proposition
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Optimization of Reaction Parameters
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Optimization of Reaction Parameters
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N SAr -
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Entry? Acid X mol% Yield [%)] Ee [%] pKa
1 4-CIC¢H,SO;H 10 79 92 -0.8
2 none 0 67 0 -
3 4-CICzH,SO;H 5 99 83 -0.8
4 4-CIC¢H,SO;H 20 21 1 -0.8
5 4-CIC¢H,SO;H without (R)-1h 10 37 0 -0.8
6 PTSA 10 71 90 2.7
7 (PhO),P(O)OH 10 61 20 1.9
8 Benzoic acid 10 50 0 4.2

@The reaction was conducted with 2a (0.1 mmol), 3a (0.15 mmol), (R)-1h. (0.01 mmol), and acid (0.01 mmol) in
CDCI; (1 mL) at -60 °C for 24 h and then —-20 °C for 5 h under Ar. Isolated yields are shown, and the data in

parentheses is the yield of 5a. The ee values were determined by HPLC.
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Control Experiments

Desymmetrization
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"H NMR Titration
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Proposed Mechanism
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Gram Scale and Derivatization
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Summary
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The First Paragraph

Chiral organosulfur compounds are prevalent in a wide range of
biologically active natural products and pharmaceuticals and are also
employed as chiral catalysts and ligands. Given the importance of these
compounds, considerable effort has been devoted to the development of
enantioselective synthetic methodologies. Among these, the catalytic
asymmetric electrophilic sulfenylation of alkenes is one of the most
straightforward and efficient strategies for the preparation of chiral
organosulfur compounds and so has recently attracted increasing
attention. Denmark and co-workers first developed Lewis base catalysis
for sulfenium ion transfer to alkenes and performed an array of pioneering

studies of the catalytic enantioselective sulfenylation of alkenes.
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The First Paragraph

Zhao's group also demonstrated various electrophilic sulfenylations of
alkenes using novel indene derivatives as chiral bifunctional chalcogenide
catalysts. However, these great advances focused primarily on the
construction of centrally chiral organosulfur compounds. The catalytic
enantioselective electrophilic sulfenylation syntheses of axially chiral sulfur-
containing compounds are much less developed. In fact, only one

successful example was documented by Zhao et al.
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The Last Paragraph
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The Last Paragraph

In conclusion, we successfully developed a practical and modular method
for the atroposelective synthesis of axially chiral biaryl derivatives through
the electrophilic sulfenylation of biaryl phenols. This system involves
tandem desymmetrization and kinetic resolution processes. Importantly,
chiral two-axis sulfur-containing compounds could also be synthesized. A
new 3,3'-disubstituted BINOL-derived selenide was explored as the Lewis
base for the first time, and the asymmetric cooperative catalysis effect of a
chiral selenide and an achiral sulfonic acid was discovered. Multiple
noncovalent interactions between the cocatalysts and substrate were
found to lead to high enantioselectivity and reactivity. The use of
asymmetric cooperative catalysis to synthesize other useful chiral sulfur

compounds is ongoing in our laboratory.
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Representative Examples

To gain mechanistic insights into this transformation, in particular the
origin of the high enantioselectivity of the method, various control
experiments were performed. (gain insight into ;R\ T fi#)

These results suggest that a suitable achiral acid catalyst is

indispensable to the control of enantioselectivity... (WAARTATZDH])

Sulfenyl I EEEEE /AR
Sulfinyl 3P g it £
Sulfony! f&#fEE
Chalcogenide Fifk T =

vV V VYV VY
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