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Abstract: Treatment of a vinyl resin with 9-BBN affords a polymer bound alkylborane that undergoes
palladium-catalyzed Suzuki cross coupling reactions with a variety of aromatic, vinylic and aliphatic halides.
The mild reaction conditions are compatible with several functional groups and allow carbon-carbon bond
formation at non-activated positions. © 1999 Published by Elsevier Science Lid. All rights reserved.

Since its introduction in 1963 by Merrifield, solid phase synthesis (SPS)' has become an
essential tool in the drug discovery processz. This led chemists to face problems inherent to the
use of polymeric systems: improving the resin (loading, mechanical behavior), choosing the
linker, developing a chemistry to prepare original structures with adapted retrosynthetic
approaches. Among these parameters, the choice of the adapted linker is one important factor in
the success of SPS. First, its stability and reactivity determine the chemistry that can be carried
out. Moreover, its presence highly improves the use of routine *C NMR for analysis of resin
bound molecules’. Several linkers have already been developed, but most of them are attached
to the polystyrene backbone through oxygen and/or nitrogen benzylic bonds that are labile in
oxidative or reductive conditions* (DDQ, ozonolysis, hydrogenation). Alternative solutions™ °
have already demonstrated the advantages of hydrocarbon linkers.

In this paper, we describe the preparation of hydrocarbon linkers C bearing various
functional groups. We investigated the coupling of a polymer bound homobenzylborane B with
aryl, vinyl and alkyl iodides, using palladium catalysts under basic conditions (Scheme 1).
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Palladium-catalyzed chemistry is one of the most powerful methods to create carbon-
carbon bonds under relatively mild reaction conditions. In particular, the Suzuki cross coupling7
is widely reported and has already been adapted to solid phasea. The most commonly used
strategy involves the reaction of a polymer bound aryl halide with a boronic acid or an alkyl
borane in solution. One drawback of this approach lies in the relatively small number of
commercially available boronic acids compared to the much more widely available halides.

Our synthetic scheme involves the supported homobenzylborane B which was prepared
by reaction of 9-BBN with the vinyl resin A, obtained in one step from Merrifield resin’.

The hydroboration of resin A to resin B was shown to require 8 hours to go to
completion. An already published prodedure9 has shown, through an oxidative work up, that the
reaction is almost quantitative. It is noteworthy that elemental analysis of the resins after the
Suzuki coupling, have shown the absence of boron. Thus the unreacted borane has probably
been converted to an ethylpolystryrene derivative which is not reacting in the following steps.

After washing off the excess of 9-BBN, the resin was used directly in the coupling
reaction and all the parameters were optimized by varying the conditions: substrate, catalyst,
ligand, base, temperature. The best results are summarized in Table 1.

Table 1: Suzuki cross coupling of polymer bound alkylborane with aryl, vinyl and alkyl
halides.
Entry Substrate Palladium Ligand Base Yield*
(R-D catalyst C (%)

1 ! Pd(OAc), PPh, NaOH - 83
\©\“/NH2
(o]
2 | Pd(OACc), PPh, NaOH 85
©w“
U

3 < Pd(OAC), S=PPh, ELN 68
L
/“\/OTHP

PdCl,(dppf) - K,CO, 60
f

5 e~ OTHP PdCl,(dppf) - K,CO, 55

*: Yields of C were calculated as described in note 10.

As expected the reaction conditions were shown to be compatible with several functional
groups (amides, esters, protected alcohols) and the corresponding hydrocarbon linkers C were
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formed with good yields (55 % to 85 %). In general, we observed that the reactions took place
only above a temperature of 80°C and required at least 14 hours. Acetonitrile or DMF appeared
to be good solvents for the coupling reaction. lodo derivatives were shown to be more reactive
than their bromo counterparts.

With aryl halides (entries 1, 2, and 3) the best catalytic efficiencies were obtained with
the simplest and less expensive palladium catalyst (Pd(OAc),) in the presence of ligands such
as triphenylphosphine or triphenylphosphine sulfide. Under the optimized conditions, good
yields (up to 85 %) are obtained with aromatic amides (entries 1 and 2). In the case of the
4-iodobenzoate derivative (entry 3), the use of triphenylphosphine sulfide instead of
triphenylphosphine improved the yields from 56 % to 68 %. The couplings of non aromatic
halides with the same catalytic system were found to proceed at a poor rate (<10%) whereas
Pd(dppfCl, was found much more efficient, allowing yields up to 60% (entries 4 and §).
Surprisingly Pd(PPh,), was found inefficient under our conditions: no reaction occurred with
aliphatic halides, and modest yields were obtained with aryl halides.

The best base/catalyst tunings were found to be K,CO,in association with Pd(dppf)Cl,
and NaOH with Pd(OAc),, both in the presence of a phase transfer agent (Triton® B). To
achieve the coupling with the 4-iodobenzoate derivative (entry 3) without hydrolysis of the
ester function, Et;N was used instead of NaOH. No reaction occurred in the absence of base.

Thus we have demonstrated that a polymer bound alkylborane is a versatile precursor for
the preparation of many functionalized resins. The palladium-catalyzed coupling reactions can
be achieved with a good reproducibility and reliability using a range of substrates. It is
noteworthy that it was possible to prepare a chemically stable aliphatic linker by carbon-carbon
bond formation, through the coupling of a w-functionalized alkyl iodide. Furthermore the
procedure described herein can not only be applied for the preparation of linkers but might be
extended to introduce diversity on polymer bound scaffolds bearing a double bond.

Hydroboration of the vinyl resin A:

A dry 10 mL flask was charged under argon with 200 mg of the vinyl resin A
(1.27 meg/g). The resin was cooled down to 0 °C and 9-BBN (2.5 mL of a 0.5 M solution in
THF, 5 eq) was added. The resulting suspension was swirled for 30 min at 0°C and allowed to
react at RT for another 8 h. It was then quickly filtered, washed with anhydrous THF and
finally dried under vacuum.

Typical procedure for the coupling reactions:

A conical flask was charged, under argon, with the palladium catalyst (0.3 eq), the ligand
(0.9 eq), the iodide (4 eq), the 9-BBN derivatized resin B, the base (3 eq), DMF and Triton® B
(1.5 eq) if required. The resulting suspension was de-gassed by gently bubbling argon and the
flask was sealed. The reaction was carried out at 85 °C for 14 hours. After cooling, the resin C
was filtered and washed successively with DMF (2x5 mL), CH,C1,/AcOH 1:1 (5 mL), then 5
times alternatively with CH,Cl, (5 mL) and MeOH (5 mL) and finally dried under vacuum.
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FTIR microspectroscopy:

All spectra were collected on a Perkin Elmer Spectrum 2000 spectrophotometer. The
optical bench is coupled with a Perkin Elmer Autoimage IR microscope and data were recorded
in the transmission mode. A few randomly chosen resin beads were flattened and transferred to
a KBr window. Using the view mode, the incident radiation was focused on a single resin bead.
Sixty-four scans were averaged.

The spectra were normalized making the areas of the resin band at 1944 ¢cm™ of equal
value in each spectrum”"z. Areas of IR carbonyl bands of the amide and the acetylated
hydroxy resins (respectively at 1764 and 1735 cm™) were then compared to standard resins.
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