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Abstract We report a catalytic enantioselective desymmetrization of
meso-1,2-diols by monosilylation using a chiral enantiopure Bronsted
acid as catalyst and hexamethyldisilazane (HMDS) as silyl source.

Key words enantioselective Brgnsted acid catalysis, silyl transfer,
meso-diols, desymmetrization, asymmetric counteranion-directed ca-
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The silylation of alcohols is a widespread transforma-
tion in organic synthesis, typically used to introduce pro-
tecting groups. Frequently employed protocols involve ba-
sic conditions and a silyl chloride or triflate reagent.! Re-
cently, the first examples of catalytic asymmetric alcohol
silylations have been described.? Interestingly, these meth-
ods are based on electrophilic silicon reagents employed
under basic conditions. We were intrigued to design cata-
lytic cycles that are based on an acidic activation of basic
silicon sources, which are susceptible to proto desilylation.
Here we report our studies on the Brensted acid catalyzed
desymmetrization of meso-diols using hexamethyldi-
silazane (HMDS) as the silicon source and the chiral spiro-
cyclic phosphoric acid STRIP, recently introduced from this
laboratory, as the catalyst.

The enantioselective desymmetrization of meso-diols is
one of the most prominent strategies to access the corre-
sponding monoprotected derivatives in their enantiopure
form. This reaction is commonly realized by stereoselective
acyl transfer reactions.? However, the introduced acyl group
may not always be suited as a protecting group in a given
synthetic context, thus rendering further functional group
transformations necessary.?* As an alternative, highly effi-
cient catalytic enantioselective monosilylations of meso-
diols have been developed by Hoveyda, Snapper and co-

76-99% vyield
erup to 95.5:4.5

workers.?2-¢ In analogy to the most common protocols for
the silyl protection of alcohols, which are typically carried
out under basic conditions,! these reactions involve the use
of an enantiopure basic catalyst in combination with an
achiral stoichiometric base such as Hiinig’s base. Despite
the predominance of basic conditions for the silyl protec-
tion of alcohols, non-enantioselective protocols using acid
catalysts in combination with basic silyl transfer reagents
have also been developed.'#

Based on the mechanism of this type of transformation,
we hypothesized that it should be possible to render the
overall process enantioselective by utilizing a chiral enan-
tiopure Brgnsted acid catalyst (Scheme 1).> Accordingly,
protonation of the basic silicon source should generate an
ion pair consisting of a cationic silylium source accompa-
nied by the enantiopure counteranion.

X*-H
HO OSiR®
+ HNu
Nu—SiR® R R
e.g.
, HO OH
/\/SlR3 : :
o H-NU-SiR® R R
HN(SIR3), o

chiral ion pair

Scheme 1 Design of a Bransted acid catalyzed desymmetrization of
meso-diols

The reaction of this ion pair intermediate with the diol
substrate could then potentially proceed enantioselectively
via a desymmetrization reaction.
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Table 1 Identification of a Suitable Silylating Agent and Catalyst

i-Pr

-Pr
HG, OH catalyst 4a (10 mol%) HO, OSiR?
+ Nu—SiR®
Ph Ph cyclohexane, r.t.,, 72 h PH Ph
1a 2 3a
Entry Nu-SiR; Equiv Conv. (%)* er®
] T™SC 12 0 )
2a
By /\/TMS 12 0 )
2b
OTMS
3 OMe 1.2 20 63:37
2c
TMSCN .
4 2d 1.2 1 63:37
T™S
N/
5 )J\ 0.6 42 38.5:61.5
OTMS
2e
NP N—TMS
6 \__/ 1.2 8 50:50
2f
T™MS. _TMS
7 N 0.6 78 81.5:18.5
29
Et\S|_ | Et
8 S 0.6 60 78:22
H
2h
tBu \s|' | tBu
9 D 0.6 0 ;
H
2i
ph.l | _Pn
Si__ . Si
10 P O 0.6 21 81:19
H
2j
TMS. _TMS
11¢ N 0.6 83 94:6
2g

2 Determined by 'H NMR using 1,1,2,2-tetrachloroethane as an internal

standard.

b Determined by HPLC on a chiral stationary phase.
¢ (S)-STRIP (5; see Table 2) was used as catalyst.
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We began by studying several prospective silyl transfer
reagents utilizing TRIP (4a)® as reference catalyst (Table 1).
Comparably non-basic silylating agents trimethylsilyl chlo-
ride (2a) and allyltrimethylsilane (2b) proved to be ineffi-
cient for product formation under the reaction conditions
tested (entries 1 and 2 in Table 1). However, switching to
more basic silyl transfer reagents enabled reactivity with
moderate to good conversion, albeit with limited stereoin-
duction (entries 3-6 in Table 1). Further screening revealed
HMDS (2g) and its derivatives as the most promising re-
agents (entries 7-10 in Table 1). We thus continued our
studies with the commercially available and inexpensive
HMDS as silyl source and further optimized the reaction
conditions.” Through these studies we identified catalyst 5
(STRIP) as best catalyst for this transformation,’ giving
good conversion and stereoinduction in our model reaction
(83% conversion and 94:6 er, entry 11 in Table 1).

Table 2 Substrate Scope of the STRIP-Catalyzed Desymmetrization of
meso-Diols

i-Pr
HO, 0H+ Me3Si\N/SiMe3 catalyst 5 (5 mol%) HO, OSiMe3

>y

=1 R cyclohexane, r.t., 72h g R
1 29 3
Entry R Product Time(d) Yield (%) er
1 Ph 3a 3 84 95:5
2b 4-MeCgH, 3b 2 96 95:5
3 3-MeCgH, 3c 7 92 93.5:6.5
4 2-MeCgH, 3d 7 91 90:10
5b 4-i-PrCgH, 3e 1 99 92.5:7.5
e 4-FCeH, 3f 10 77 95:5
7 4-CICgH, 3g 1 87 95.5:4.5
8¢ 2-ClCeH, 3h 5 94 89:11
9 4-BrCgH, 3i 6 76 90.5:9.5
10 (CHy)s 3j 7 99 75.5:24.59

2 Determined by HPLC on a chiral stationary phase.

b Reaction was conducted at 40 °C

¢ Carbon tetrachloride was used as solvent instead of cyclohexane.

4 Amount of catalyst 5 used was 10 mol%.

¢ Compound 2h was used as a silylating reagent instead of 2g.

f Conversion determined by 'H NMR using 1,1,2,2-tetrachloroethane as an
internal standard.

9 Determined by GC on a chiral stationary phase.
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With optimal reaction conditions in hand, we continued
to study the scope of the Brensted acid catalyzed desymme-
trization of meso-diols (Table 2). The reaction turned out to
be tolerant of both electron-rich (entries 1-5 in Table 2) as
well as electron-poor (entries 6-9 in Table 2) aromatic sub-
stituents, giving moderate to good yields (76-99%) and en-
antioselectivities (89:11 to 95.5:4.5 er) in all cases.® When
studying the effects of regioisomerism, we found that para-
substitution led to superior results as compared to both
meta- and ortho-substitution (entries 2-4 in Table 2).
Aliphatic substrates, as exemplified by cis-1,2-cyclohexane-
diol, showed good reactivity, albeit with reduced stereo-
induction (entry 10 in Table 2).

In summary, we have developed a catalytic asymmetric
desymmetrization of meso-1,2-diols by monosilylation. Our
method employs STRIP (5) as enantioselective catalyst, to-
gether with HMDS (2g) as silyl source. Moderate to good re-
sults were obtained with a number of aryl-substituted
meso-diols. Further studies on the use of this type of
Bregnsted acid catalyzed enantioselective silylation are cur-
rently ongoing in our laboratories.
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