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Abstract: 2-Pyridyldimethylsilyl (2-PyMe,Si) group was found to serve as effective
"phase tag" for acid-base extraction for solution phase synthesis. Acid-base extraction of
octyl(2-pyridyl)dimethylsilane gave rise to 98% recovery. The introduction of 2-PyMe,Si
group to organic molecules was easily accomplished by Rh catalyzed hydrosilylation of
alkenes with 2-PyMe,SiH. The removal of 2-PyMe,Si group was achieved by the
oxidation with H,O,/KF (Tamao oxidation). In order to demonstrate the utilitiy of 2-
PyMe,Si group as a "phase tag", a sequential multi-step transformation was conducted.
The products of each steps were easily isolated by acid-base extraction, and were
sufficiently pure for the direct use in the next step of the sequence. © 1999 Elsevier Science Ltd.
All rights reserved.

Solid phase' has emerged as the medium of choice for automated synthesis of chemical
libraries’ while solution phase synthesis® has not been widely utilized as a viable alternative.
This is probably because of the key advantage of product isolation of solid phase synthesis
(simple filtration). However, solid phase synthesis often suffers from disadvantages of limited
scale, high price of solid support, low reactivity, and limited reaction repertoire in the resin
bound media, and difficulties on product analysis. Therefore, the development of new solution
phase protocols having the advantages of solid phase synthesis is strongly needed. In such
protocols, a range of reactions can be conducted under homogeneous traditional conditions, yet
the products can still be easily separated by a simple operation. One of the most attractive
techniques for this purpose is liquid/liquid extraction, and the development of effective and
general "phase tags™ for liquid/liquid separation has become especially important. Recently,
epoch-making fluorous groups’ have emerged as powerful “phase tags” for solution phase
synthesis and their potential utility in automated combinatorial synthesis has been demonstrated.
We have been interested in the development of “phase tag” based on different principles,
because solution phase synthesis will enjoy rich chemistry and versatile applications using
several orthogonal phase separation protocols. Thus, we focused on acid-base extraction®
because this traditional protocol has still high potentiality from view points of effectiveness,
operation, safety, economy, and environment. In this communication, we introduce a new
prototypical example of silicon based "phase tags" for acid-base extraction in solution phase
synthesis.
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We designed 2-pyridyldimethylsilyl (2-PyMe,Si) group as a "phase tag", because the silyl
group is widely utilized in organic synthesis’ and the presence of a pyridyl group on silicon
would enable easy purification of products by simple acid-base extraction (Figure 1). We also
envisioned that the pyridyl group would assist both the introduction of the silyl group and its
removal after transformations by virtue of its strong coordinating ability.
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Figure 1. Synthetic strategy using 2-PyMe,Si group as a "phase tag".

In order to test the effectiveness of 2-PyMe,Si group as a "phase tag", we first examined
acid-base extraction of octyl(2-pyridyl)dimethylsilane (1) as a model compound (Figure 2).
Acid extraction (1N ag HCI, 6 times®) of a solution of 1 in Et,O transfers 1 to the aqueous phase.
The neutralization of the aqueous phase (pH = ca. 7) followed by the extraction with Et,0 (3
times) transfers 1 to the organic phase (98% recovery). Therefore, 2-PyMe,Si group proved to
be quite effective and efficient for this "phase switching" technique.’ It is also noteworthy that
2-PyMe,Si group is quite stable under both acidic conditions and basic conditions.
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Figure 2. Acid-base “phase switching” technique using 2-PyMe,Si group as a "phase tag"

The introduction of 2-PyMe,Si group was accomplished quite easily by transition metal
catalyzed hydrosilylation'® of alkenes with 2-pyridyldimethylsilane'' (eq 1). Preliminary
screening of the catalysts, including palladium(0), platinum(0), and rhodium(I) complexes,
revealed that RhCI(PPh,), was most effective in terms of catalytic activity and regioselectivity.
The hydrosilylation product was easily isolated by simple acid-base “phase switching”
technique with >95% purity as shown in eq 1. It is interesting to note that the hydrosilylation
with 3-pyridyldimethylsilane and phenyldimethylsilane proceeded much more slowly under
similar conditions," indicating the acceleration by the 2-pyridyl group. Probably the pyridyl
group pre-coordinates to the metal center'® prior to the oxidative addition of the Si-H bond,
thereby enhancing the rate of the catalytic cycle (Figure 3).

H(hCI(PPh)s)s 1: Ar = 2-pyridyl 86% (0.5 h)
5 mol% i 2: Ar = 3-pyridyl 20% (0.5 h)
cron eSS e 59% (20 h) (1)
3 3: Ar=phenyl 20% (0.5 h)
n 50% (20h)

ArMe,SiH + %\CSH13
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Figure 3. Pre-coordination of the pyridyl group to the metal in hydrosilylation

The removal of 2-PyMe,Si group was easily accomplished by Tamao oxidation."
Although Fleming developed the two-step procedure for the cleavage of PhMe,Si group,” we
were delighted to find that 2-PyMe,Si group was cleaved in a single step under much milder
conditions. Thus, the treatment of octyl(2-pyridyl)dimethylsilane with ag 30% H,0, (30 equiv)
in the presence of KF (2 equiv) and KHCO;, (2 equiv) in THF/MeOH afforded 1-octanol in 82%
yield (eq 2). The presence of 2-pyridyl group is essential for this transformation, because
neither octyl(3-pyridyl)dimethylsilane nor octylphenyldimethylsilane gave 1-octanol under the
same conditions. The reason for the unique reactivity of 2-PyMe,Si group has not been fully
clarified as yet and more data should be accumulated before the elucidation of the precise
reaction mechanism.'®

30% H,O
, KHCO,7 KF Ar = 2-pyridyl: 82%
ArMezsl\/\ HO._~ - st
CeHia ———— CcH Ar = 3-pyridyl: 0% @
Me%"(é“': ehs Ar=phenyl: 0%

To illustrate the possibilities of 2-PyMe,Si group as a "phase tag" in conventional and
combinatorial solution phase synthesis, we conducted a sequential multi-step transformation
shown in Scheme 1. Methyl 3,3-dimethyl-4-pentenoate (4) was treated with 2-
pyridyldimethylsilane in the presence of 5 mol% of RhCI(PPh,;); in CH,CN at room
temperature for 1 h. Simple acid-base extraction afforded hydrosilylated product 5 in 83% yield
with >95% regioselectivity. In the next step, 5 was treated with MeLi (5 equiv) in Et,0 at 0 °C
for 1 h to obtain tertiary alcohol 6 (93% yield) which was purified by acid-base extraction. The
products (5 and 6) were quite pure (no identifiable starting materials or side products as judged
by '"H NMR and capillary GC) and were used directly in the next step of the sequence. It is also
noteworthy that satisfactory data of elemental analysis was obtained for 6 after simple acid-base
extraction. In the final step, Tamao oxidation of 6 gave the corresponding diol 7 in 99% isolated
yield.

Scheme 1.
1) RhCI(PPhs); . .
2-PyMe,SiH I 1) Meli, Et,0, 0 °C
“Z Y, _— yvie St .
/X\COZMe 2) acid-base \/X\CO"’Me 2) acid-base extraction
a extraction 5 93%
78%
30% H,0,
KHCO, / KF HO

PyMe,Si OH
MeOH/THF, 50 °C

6 99% 7
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In summary, we have developed 2-PyMe,Si group as a novel "phase tag" that enables the
simple isolation of the product by acid-base extraction. It is noteworthy that 2-PyMe,Si group
can be introduced to various organic molecules by well-established hydrosilylation reaction and
easily removed by reliable Tamao oxidation using the unique reactivity of the pyridyl group.
The silicon based "phase tag" demonstrated herein would serve a new protocol for the emerging
field of solution phase synthesis. Its adaptation to automation and parallel synthesis of chemical
libraries, as well as the development of other related "phase tags" are currently under
investigation.
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