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Abstract We report a Brensted acid catalyzed enantioselective silyla-
tion of biaryl diols with an allylsilane as a silicon source. This process en-
ables facile access to enantioenriched biaryl silyl ethers with an axial ste-
reogenicity. A control experiment supports a mechanism proceeding
by desymmetrization followed by kinetic resolution.

Key words Brgnsted acid, imidodiphosphorimidate, silylation, axial
chirality, desymmetrization, kinetic resolution

The silylation of alcohols is a commonly used protecting
group operation in chemical synthesis.! Since the first en-
antioselective variant reported by Ishikawa,? several cata-
lytic enantioselective approaches have been developed
during the past two decades.? The majority of these meth-
ods use a chiral Lewis base catalyst in conjunction with a
stoichiometric amount of an achiral base and a silyl chlo-
ride (Scheme 1a).# Transition-metal-catalyzed silylations of
alcohols with hydrosilanes via kinetic resolution have also
been developed.® Recently, we reported a Brensted acid cat-
alyzed enantioselective silylation of alcohols with hexam-
ethyldisilazane (HMDS) (Scheme 1b).% Inspired by our stud-
ies on silicon-hydrogen exchange reactions, we recently
found that strong and confined imidodiphosphorimidate
(IDPi) Brensted acids catalyze the enantioselective silyla-
tion of phenol derivatives with allylsilanes.” We envisioned
that our silylation strategy could be applied to biaryl diols
to yield axially chiral biaryl silyl ethers. Indeed, we herein
report a Brgnsted acid catalyzed atroposelective silylation
of biaryl diols (Scheme 1c).
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Scheme 1 Catalytic asymmetric silylation of alcohols

We commenced our investigation by examining the si-
lylation of biaryl diol 1a in the presence of different IDPi
catalysts 4 and allyl(tert-butyl)dimethylsilane (2) (Table 1).
Catalyst 4a afforded the desired mono-silylated product,
but with poor enantioselectivity (54:46 er; entry 1). While
catalysts 4b-e revealed low enantioselectivities (54:46 to
62:38 er; entries 2-5), catalyst 4f resulted in promising en-
antioselectivity (71:29 er; entry 6). A modification of the
m,m-substituents on the 3,3'-phenyl groups of the BINOL
backbone from trifluoromethyl to pentafluorosulfanyl fur-
ther enhanced the enantioselectivity (77:23 er; entry 7). At
-50 °C, the reaction proceeded with 86:14 er (entry 8). Fi-
nally, high enantioselectivity was achieved by increasing
the amount of allylsilane 2 (95:5 er; entry 9).
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Table 1 Optimization of the Reaction Conditions®

HO I OH

2.5mol% IDPi 4

Me + T8 Me
O ) CHClg (0.1 M), 24 h O
1a (1.5 equiv.) 3a
Ar  Ar.
CO OO 4a: Ar=Ph 4e: Ar = 2-naphthyl
0 0 4b: Ar=3-Ph-CgH,  4f: Ar = 3,5-(CF3),-CeHa
C REN-P O 4c: Ar=4-tBu-CgHs  4g: Ar = 3,5-(SF5)2-CeHg
O ONHNO Q 4d: Ar = 1-naphthyl
T T
Ar Ar
IDPi 4
Entry IDPi Temp (°C) Conv. (%) er

1 4a rt 70 54:46
2 4b rt 67 54:46
3 4c rt 70 61:39
4 4d rt 71 56:44
5 4e rt 55 62:38
6 af rt 66 71:29
7 4qg rt 70 77:23
8> 4q -50 70 86:14
gbc 4g -50 full 95:5

2 Reactions were performed with substrate 1a (0.025 mmol), allylsilane 2
(1.5 equiv.) and IDPi 4 (2.5 mol%) in CHCl; (0.25 mL); conversions (conv.)
were determined by "H NMR analysis with dibromomethane as an internal
standard; enantiomeric ratios (er) were measured by HPLC analysis.

b Reaction time: 5 days.

¢ 2 equivalents of 2 were used.

We next conducted the reactions on a 0.1 mmol scale
(Scheme 2). The reaction of 1a gave the desired product 3a
without loss of enantioselectivity. Employing naphthyl sub-
strate 1b required catalyst 4b to furnish product 3b with
high enantioselectivity (91.5:8.5 er). The absolute configu-
ration of 3b was determined by comparing experimental
and computational circular dichroism (CD) spectra (see the
Supporting Information for details).?

2.5 mol% IDPi 4

CHCl3 or CH,Cly
2 —50t0—30 °C, 3-5d

HO oTBS 3a® HO 0oTBS 3b°
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Scheme 2 Asymmetric silylation of biaryl diols. Reactions were per-
formed on a 0.1 mmol scale. @ Reaction was conducted with catalyst 4g
and allylsilane 2 (2 equiv.) in CHC; (0.1 M) at =50 °C for 5 days. ® Reac-
tion was conducted with catalyst 4b and allylsilane 2 (1.5 equiv.) in CH,-
Cl, (0.2 M) at -30 °C for 3 days.

We performed a control experiment that confirmed
that a kinetic resolution takes place during a second silyla-
tion (Scheme 3). Upon subjecting racemic mono-silylated
product 3a to Brensted acid catalyzed silylation conditions,
bis-silylated product 5a was obtained and the remaining 3a
showed an er of 68:32. This result is consistent with the de-
symmetrizing silylation of 1a to initially provide the enan-
tioenriched mono-silylated product 3a, the enantioselectiv-
ity of which is further improved in the second silylation via
kinetic resolution. Although several catalysts (4b, 4e, and
4f) were further examined for the kinetic resolution, they
did not afford the bis-silylated product 5a.
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Scheme 3 Control experiment

In summary, we have developed a Brgnsted acid cata-
lyzed asymmetric silylation of biaryl diols that provides ac-
cess to axially chiral biaryl silyl ethers.® A simple mechanis-
tic investigation has revealed that the reaction proceeds via
a desymmetrization-kinetic resolution sequence. Efforts to
develop other useful silylation methods are currently un-
derway in our laboratory. During our studies, Professor
Martin Oestreich kindly shared a manuscript with us de-
scribing his independent and advanced investigation of the
same transformation.'® Our own studies on the asymmetric
silylation of biaryl diols have since been terminated at the
reported stage.
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