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Sulfonamide moieties can serve as valuable pharmacophores
that play an important role in improving the pharmacological
effect and pharmacokinetic profiles." Medium-sized cyclic
amines, especially seven-membered cyclic amines, possess
unique structural characteristics and have been widely applied
in biologically active molecules and pharmaceuticals.> For
example, seven-membered cyclic sulfonamides (I, Fig. 1) can
be used as apical sodium co-dependent bile acid transporter
(ASTB) inhibitors that exhibit potencies in treating hyperlipide-
mia.’ In addition, they can also be used as an inhibitor (II) of
HIV-1 protease,’ a glucokinase activator® (III) and an extra-
cellular calcium-sensing receptor (CaSR)°® (IV).
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Fig.1 Some bioactive molecules containing seven-membered cyclic
sulfonamide moieties.
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An enantioselective palladium-catalyzed addition of arylboronic acids to seven-membered cyclic
N-sulfonyl aldimines and ketimines has been developed, giving the chiral cyclic sulfonamides with excel-

Owing to the remarkable importance of seven-membered
cyclic sulfonamides, a variety of synthetic methods for this
kind of compound were developed, such as intramolecular
cyclization including ring-closing metathesis,” metal-catalyzed
reaction,® radical cyclization,” etc.'® However, many of these
methods generally involve achiral transformations. A limited
number of methods are also available for enantioselective
synthesis." ™ In 2017, Zhou and co-workers developed a Pd-
catalyzed intramolecular reductive amination of ketones with
sulfonamides in the presence of a Brgnsted acid, providing the
chiral e-sultams with excellent enantioselectivities
(Scheme 1a).'" Shortly afterwards, Baudoin’s group developed
new chiral bifunctional ligands for palladium-catalyzed
enantioselective C-H arylation, yielding a seven-membered
cyclic product with 34% ee (Scheme 1b).'> Recently, Zhang’s
group has reported an elegant method to synthesize seven-
membered chiral sulfonamides via a nickel(u)-catalyzed asym-
metric alkenylation/rearrangement cascade of five-membered
cyclic ketimines (Scheme 1c)."® Despite these examples, given
the great significance of the chiral seven-membered cyclic sul-
fonamides, the development of new and effective approaches
for the synthesis of chiral e-sultams is still highly desirable.

Metal-catalyzed addition of arylboron reagents to activated
imines has emerged as a powerful tool to prepare diversely

in an enantioselective fashion.'*2*

substituted amines
Initiated by the pioneering work of the Hayashi group,'’
several groups such as Lam,'® Xu'” and Lin'® have made a
great contribution to the rhodium-catalyzed asymmetric
addition of arylboron reagents to imines. It is worth noting
that using palladium catalysts in the same reaction is more
attractive owing to the relatively low cost."” Considering this
advantage, Lu’s group has pioneered the palladium-catalyzed
asymmetric addition of arylboronic acids to aldimines.*° Later,
other groups including Zhang,*' Hayashi** and Zhou®® have
also conducted related studies using chiral palladium cata-
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Intramolecular Reductive Amination by Zhou'"
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Scheme 1 Catalytic asymmetric synthesis of chiral cyclic sulfonamides.

lysts. In the last few years, cyclic N-sulfonyl imines have
attracted attention because of the general high reactivity and
high enantioselectivity in the arylation process.” To date, the
existing studies have mostly focused on five-membered rings
and six-membered rings (Scheme 1d)."*>'7'®* We envisaged
that enantioselective addition of arylboronic acids to seven-
membered N-sulfonyl imines would be one straightforward
way for the synthesis of chiral e-sultams. Herein, we present a
palladium-catalyzed asymmetric arylation of seven-membered
cyclic N-sulfonyl imines, giving the chiral e-sultams with excel-
lent yields and up to 99% of enantioselectivities.

Initially, we designed strained seven-membered cyclic
N-sulfonyl imines 1 containing a biphenyl motif, which could be
conveniently synthesized in two steps (Scheme 2).>® The main
steps include a palladium-catalyzed Suzuki coupling reaction
and trifluoroacetic acid-promoted intramolecular cyclization.

Subsequently, we chose compound 1a as the model sub-
strate for the palladium-catalyzed asymmetric addition reac-
tion and the results of the optimization of the reaction con-
ditions are depicted in Table 1. To our delight, when we use
pyridine-oxazoline type L1 as the chiral ligand and Pd
(CF3;CO,), as the metal precursor, the addition of phenyl-
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Scheme 2 Synthesis of the seven-membered cyclic N-sulfonyl imines.
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Entry Solvent L* yield” (%) ee (%)
1 DCM L1 62 71
2 TFE L1 93 72
3 Toluene L1 41 80
4 THF L1 34 78
5 1,4-Dioxane L1 12 79
6 TFE L2 99 81
7 TFE L3 99 99
8 TFE L4 97 99
9 TFE L5 93 67
10 TFE L6 90 93
114 TFE L3 98 99

¢ Conditions: 1a (0.10 mmol), PhB(OH), (0.30 mmol), Pd(CF;CO,),
ES.O mol%), ligand (7.5 mol%), solvent (3.0 mL), 40 °C, 4-32 h.
Isolated yields. ¢ Determined by chiral HPLC. ¢1a (0.20 mmol), PhB
(OH), (0.60 mmol), Pd(CF;CO,), (5.0 mol%), L3 (7.5 mol%), TFE
(3.0 mL), 40 °C, 4 h. TFE: 2,2,2-trifluoroethanol.

boronic acid 2a to substrate 1a proceeded smoothly in di-
chloromethane at 40 °C, affording the desired chiral cyclic e-
sultams 3aa in 62% yield and 71% ee (Table 1, entry 1). After
this, various solvents were extensively examined (entries 2-5).
Although moderate enantioselectivities can be obtained in
most solvents, only trifluoroethanol (TFE) exhibited excellent
reactivity; the reaction almost completed in 24 hours with 93%
isolated yields (entry 2). This solvent effect was probably due
to TFE promoting the transmetallation and protonation steps
of the catalytic cycle well. Next, a series of chiral ligands were
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explored in TFE. The chiral bipyridine ligand L2 developed by
the Zhou group®® proved to be beneficial for this process with
99% yield and 81% ee (entry 6). The phosphino-oxazoline-type
ligands such as L3 and L4 were also tested (entries 7 and 8).
Fortunately, these two ligands gave the products with 99% ee
in a nearly full conversion. In addition, the commercially avail-
able N-P ligand Quinap (L5) and diphospine-type ligand Binap
(L6) also performed well (entries 9 and 10), for example, L6
could furnish the desired product with 93% ee and 90% yield.
We selected L3 as the optimal ligand in terms of enantio-
selectivity and reactivity. Thus, the optimal conditions were
established: Pd(CF;CO,),/L3 as the catalyst, TFE as the solvent
and the reaction temperature at 40 °C.

With the optimal reaction conditions in hand, we next
explored the substrate scope of this addition reaction. As sum-
marized in Scheme 3, in most cases, the corresponding pro-
ducts were able to be furnished with high yields and excellent
enantioselectivities. In detail, a series of electron-rich arylboro-
nic acids (3ab-3ad) performed very well under the above stan-
dard reaction conditions. Considering the steric effect of alkyl
substituents, a methyl group at the ortho-position or meta-posi-
tion had a marginal effect on the enantioselectivities and reac-
tivities (3ae-3af). The electron-deficient arylboronic acids con-
taining halo- or trifluoromethyl were also well tolerated (3ag—
3aj). It is worth noting that the reaction time was prolonged to
3 days to give 94% isolated yield when using the strong elec-
tron-withdrawing CFj-substituted phenylboronic acid (3aj).
Fused-ring aryl or disubstituted aryl boronic acids as the nucleo-
phile would result in a slight decrease of reactivity and enantio-
selectivity (3ak-3an). But for 2,6-dimethyl substituted arylboro-
nic acid, only a trace amount of the product was observed, and
the reason may be the obvious steric effect. In addition, we also
investigated heterocyclic boronic acids (3ao-3ap). For example,
3-furanboronic acid could provide the corresponding product in
64% yield and 98% ee. Benzofuran-2-boronic acid could lead to
excellent enantioselectivities, but the reactivity was low. For
3-pyridylboronic acid and 3,5-dimethylisoxazole-4-boronic acid
under the standard conditions for 24 h, unfortunately, no
desired products were observed. The position and electronic
properties of the substituents on the biphenyl motif had little
influence on the reactivity and enantioselectivity (3ba-3da).

The construction of chiral quaternary stereocenters is extre-
mely important and challenging in chemical synthesis. To the
best of our knowledge, palladium-catalyzed asymmetric
addition of aryl boronic nucleophiles to N-sulfonyl ketimines
to construct a chiral quaternary carbon center is rare due to
the relatively weak nucleophilicity of the aryl-Pd active inter-
mediate. Gratifyingly, Pd-catalyzed addition of arylboronic acid
to the strained cyclic N-sulfonyl ketimine 1e proceeded
smoothly under the standard conditions, providing the corres-
ponding cyclic chiral e-sultams containing a quaternary stereo-
center with excellent enantioselectivities of 99% and 84-95%
yields (Scheme 3, 3ea-3ee). When a methyl group was intro-
duced to the para-position or meta-position, the corresponding
products could be obtained with high yields and excellent
enantioselectivities.
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Scheme 3 Substrate scope: N-Sulfonyl imines and boronic acids.

The absolute configuration of the addition product (+)-3aa
was unambiguously assigned to be R by X-ray crystallographic
analysis after simple recrystallization with ethyl acetate and
n-hexane (Fig. 2). Interestingly, the axial chirality of the biphe-
nyl scaffold exists in the solid state, the dihedral angle of the
biphenyl is 44.5° and the absolute configuration of the axis
was determined to be S. The central-to-axial chirality transfer
along the strained seven-membered cyclic structure might
result in a preferential helical structure.

The stereochemistry of this reaction can be explained by
the stereochemical model as shown in Fig. 3. The seven-mem-

This journal is © the Partner Organisations 2019
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Fig. 3 Stereochemical model.

bered N-sulfonyl imine bound to the palladium center is trans
to the diphenylphosphine group of the ligand, and the aryl
group is cis to the diphenylphosphine group. One of the two
possible orientations (A), that is, the steric interaction between
the t-butyl group and the -SO, group is obvious. The alterna-
tive orientation (B), avoiding such interactions, could lead to
the products with the observed absolute configuration.

Conclusion

In summary, we have successfully developed an efficient
method for the synthesis of chiral seven-membered cyclic sul-
fonamides through the Pd-catalyzed asymmetric addition of
arylboronic acids to the strained cyclic N-sulfonyl aldimines
and ketimines in excellent yields with up to 99% ee. Further
investigations on the central-to-axial chirality transfer phenom-
ena of the chiral seven-membered cyclic sulfonamides and
other macrocyclic structures are underway in our laboratory.

Experimental

A typical procedure for Pd-catalyzed asymmetric arylation of
seven-membered cyclic N-sulfonyl imines

The ligand (S)-‘Bu-Phox (5.8 mg, 0.015 mmol) and Pd
(OCOCFj), (3.3 mg, 0.01 mmol) were placed in a dried Schlenk
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tube under a nitrogen atmosphere and degassed anhydrous
acetone (1 mL) was added. The mixture was stirred at room
temperature for 1 hour. The solvent was removed under
vacuum to give the catalyst. Under a nitrogen atmosphere, to
the mixture of seven-membered cyclic N-sulfonyl imines
(0.20 mmol) and arylboronic acids (0.60 mmol) was added the
above catalyst with 2,2,2-trifluoroethanol (3.0 mL). The solu-
tion was stirred at 40 °C for 4 h. The reaction mixture was
cooled to room temperature, and the solvent was removed by
rotary evaporation. Flash chromatography on silica gel using
hexanes/ethyl acetate as the eluent gave the chiral products
3aa as a white solid (63 mg, 98% yield, 99% ee). Enantiomeric
excess was determined by HPLC (AD-H column, n-hexane/
i-PrOH 80/20, 1.0 mL min™", 220 nm, 30 °C), t; = 12.7 min
(minor), ¢, = 18.3 min (major).
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