CHEMISTHY

Report

Subscriber access provided by American Chemical Society

Solid-Phase Synthesis of an 0-Aminophosphine Library
Batia Bar-Nir Ben-Aroya, and Moshe Portnoy
J. Comb. Chem., 2001, 3 (6), 524-527+« DOI: 10.1021/cc0100363 « Publication Date (Web): 17 October 2001
Downloaded from http://pubs.acs.org on March 20, 2009

NHR'

R-{— R 4

o N e G W
PPh,
BHj

40 member library

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc0100363

524 J. Comb.

Solid-Phase Synthesis of an
o-Aminophosphine Library
Batia Bar-Nir Ben-Aroya and Moshe Portnoy*

School of Chemistry, Telidv University,
Ramat Aiv 69978, Israel

Receied June 27, 2001
The combinatorial approach emerged during the past
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decade as a solution to biomedical challenges, but over the

past five years, it has been applied with increasing frequency

to catalysis researchA significant part of these studies was
based on parallel solid-phase synthesis of ligands. Ligand
libraries, prepared in this way, can be screened while still

bound to the support, as has been demonstrated in recent

years? Moreover, polymer-immobilized catalysts combine

useful properties of both homogeneous and heterogeneous

systems. The majority of ligands assembled in a library
format on solid support are nitrogen ligands (e.g., peptides,
Schiff bases¥?® Except for the phosphine-containing pep-
tides of Gilbertsort, no parallel assembly of phosphine
ligands on solid support has ever been reported. While the
attachment of phosphine ligands, presynthesized in solution,
to a reactive polymer through a remote functionality is well-
known? a multistep-multicomponent assembly of such
ligands on resin has hardly been investigdted.

We are interested in the parallel assembly on solid support
of phosphorusnitrogen ligands, particularly those with
secondary nitrogen moieties. We recently reported an ef-
ficient route to resin-bound-aminophosphinesa-Amino-

phosphines are an especially attractive target because they

can readily be assembled via a multicomponent Mannich
condensation (eq 1). Aminomethylmono- and bisphosphines

R1

1L )

R'CHO + RZRNH + R*%PH— o3
NR®R

R%P
have been applied in a variety of hydroformylation pro-
cesse$. Structurally related 2-pyridylphosphines were in-
volved in a number of catalytic applications, particularly
alcoxycarbonylation of acetylenés.

Numerous synthetic schemes, which are based on varia-

tions of the Mannich condensation and leadot@mino-
phosphine preparation in solution, have been repdfted.
While this work was in progress, a solution-phase synthesis,
which exploited Mannich condensation and resulted in the
first library of solublea-aminophosphines, was publishéd.

However, an analogous solid-phase route has never been

explored.
Herein we report the first synthesis of araminophos-
phine library on solid support through multicomponent

Mannich condensation of a secondary phosphine, aldehydes

and primary amines.

* To whom correspondence should be addressed. Fe972-3-640-
9293. E-mail: portnoy@post.tau.ac.il.
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As a result of the preliminary studies of the Mannich
condensation in solution (eq 1), the decision to link the ligand
to the support through the*Rubstituent was chosen. Because
of the pseudodilution principle, this approach minimizes the
chance of formation of the double-condensation byproduct
of one-pot Mannich condensation.

According to the chosen strategy, a model synthesis with
4-carboxybenzaldehyde, aniline, and diphenylphosphine was
investigated (Scheme 1). The synthesis was accomplished
on both Merrifield and bromo Wang supports with a similar
yield (85%). The standard immobilization of the aldehyde
on the support was followed by imine formation. The imine
was then reacted with diphenylphosphine, resulting in resin-
bound ligand. Alternatively, a multicomponent reaction of
the polymer-immobilized aldehyde with the amine and
phosphine led to the same prod@atith approximately the
same yield and purity.

The synthetic steps were monitored using gel-pHé&Ge
NMR. Complete conversion of halomethyl resins idt@nd

of 1 into 2, was confirmed by these measurements as well
as methoxide-induced nucleophilic cleavage. While the latter
method was not suitable f& (vide infra), the formation of
the resin-bound ligand was confirmed by gel-ph&##&eand

13C NMR (Figure 1). The'3C NMR (Figure 1b) shows the
peaks of the polymer along with the peaks assigne8 to
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protecting groups that prevent phosphine oxidatfoGon-

ﬁ handling or prolonged storage. Boranes are well-known
sequently, a direct solution synthesis of borane-protected

o-aminophosphines from imines and diphenylphosphine-
; %( %( borane was developé8.Unfortunately, this technique is
M I R R A A " inapplicable to solid-phase synthesis, and therefore, postsyn-
thetic protection (Scheme 2) was successfully testefor
Deprotection can easily be achieved by washing the protected
o resin-bound ligandt with a solution of secondary amine.
Since the gel-phase NMR demonstrated good yield and
b) purity for the model compound, a number of carboxyalde-
hydes and amines were tested using the optimized synthetic
sequence. Four aldehydes and 10 amines were chosen for
the synthesis of a library of borane-protected N-monosub-
stituted a.-aminophosphines.
w The synthesis was performed according to Scheme 3 on
a robotic synthesizer, yielding a library of 40 protected
a-aminophosphinesy. Initial gel-phasé'P NMR screening
of the whole library determined that all expected library
members, excef{ 2,4}, were formed. Moreover, all resins

(e.g., the characteristic peak of the bridge carbon at 57.6€xhibited a very clea#P NMR of the producb. The purity
ppm).3P NMR (Figure 1a) exhibits the ligar@ipeak (6.6 ~ ©f 5 from phosphorus-containing byproduc{3able 1)
ppm), the signal of the resin-bound phosphine referéhce, exceeded 90% for all members exc&pR,5-6} (i.e., for
which helped determine the yield 8{—5.6 ppm), and traces ~ 95% of the library).
of Ph,PH at—40 ppm. The yields were determined for 21 library members using
These traces are not the result of poor washing but ratherdel-phasé'P NMR and the aforementioned reference phos-
a consequence of the fact that the formation of an N- Phine resin (Table 2). While most compounds were produced
monosubstitutedx-aminophosphine from an imine and a With fair to high yields, it is clear that benzylamine- and

secondary phosphine is a reversible process (eq 2). This2-aminopyridine-incorporating products are formed with low
efficiency. In the case of the benzylamine, this fact is

R attributed to the markedly lower stability of the N-mono-
substituted-aminophosphines with an aliphatic substituent
R'HC=NR® + ArgPH "= ArzP/LNHRZ @ on the nitrogert 2-Aminopyridine is actually not an amine
but rather an amidine, and therefore, its expected diminished
equilibrium, which was recently analyzed in detail in the nuclophilicity must be the reason for the lower yields.
literaturel® is responsible for the generation of Pk and a Generally, lower yields are observed for ortho-substituted
resin-bound imine (although only in a minor amount) from aldehydes{2—3} for steric reasons. Suprisingly, sterically
3 whenever it is incubated in a solvent (e.g., benzeénir hindered amineg{7—9} form the aminophosphines with
the gel-phase measurements). The same equilibrium, whichexcellent yield.
is significantly shifted to imine under basic conditions, is Since5 is a library of resin-bound species, it is obvious
responsible for the decomposition 8funder nucleophilic that the general purity must reflect the yield. (The reactive
cleavage conditions. sites of the resin not occupied by the ligand are, by definition,
Because of the equilibrium and in order to maximize the impurities.)
yield and purity of3, two adjustments of the synthetic scheme A total of 21 library resins were measured using gel-phase
were made: (1) a large excess of diphenylphosphine was'*C NMR, an alternative technique that tests the degree of
used for the preparation &ffrom the resin-bound imine or  purity of the library members. These spectra generally
aldehyde; (2) minimal washing of the resin was performed confirm our conclusions from th8P NMR. While all resins
at the end of the synthesis. exhibited the peaks assigned & those derived from
During the solution studies, extreme sensitivity of the electron-poor or aliphatic amines, or from hindered alde-
a-aminophosphines to oxygen was observed. Although resin-hydes, exhibited an additional signal. For four members, an
bounda-aminophosphines are more resistant to oxidation, additional peak at 6465 ppm reveals that the remaining
protection of the formed ligands was required for easy sites of the resin are occupied by benzylic alcohols, which
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Figure 1. Gel-phaséP NMR (a) and®*C NMR (b) of 3.
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Table 1. Library Analysis Data: Purity from the members formed with low yield are present on the resin
Phosphorus-Containing Byproducts (%) in amounts that allow meaningful evaluation (as demon-
6 strated by the®P and 3C NMR). Moreover, even for
7 1 2 3 4 members containing resin-bound byproducts, the catalytic
1 100 100 100 100 sites formed upon complexation, WI|.| bg |solgte(_j from the
2 100 97 100 100 byproducts because of the pseudodilution principle.
3 100 90 100 100 In conclusion, we have demonstrated, for the first time
4 100 100 95 ever, the synthesis of a library of borane-protected N-
g 13% gz 1%% %é monosubstitutedx-aminophosphines accompanied by on-
7 99 100 100 100 resin characterization. Solid-phase parallel assembly of
8 100 100 100 100 phosphine ligands, diversified near phosphorus, is unprec-
9 100 100 100 100 edented. The borane-protected members are stable but can
10 100 90 100 100 be readily “activated” by deborination. The extension of the

methodology to additional libraries ef-aminophosphines

Table 2. Library Analysis Data: Yields (%) and deprotection and metal complexation studies of these

6 ligands in library format are underway.
7 1 2 3 4
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