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The “Resin-Capture — Release’” Hybrid Technique:
A Merger between Solid- and Solution-Phase Synthesis

Andreas Kirschning,*!*! Holger Monenschein,” and Riidiger Wittenberg!®!

Abstract: A polymer-assisted organic synthesis that\
combines the concept of solid-phase synthesis with the
idea of polymer-supported scavenging reagents has
recently appeared on the chemistry scene. This technique
has frequently been termed the “resin-capture —release”
methodology and is initiated by the immobilization of a
small molecule on a polymeric support. This intermediate
is subjected to a second transformation by adding a new
reaction partner in solution. This reactant plays two roles:
a) the chemical alteration of the polymer-bound inter-
mediate and b) the simultaneous release of this reaction
product from the resin back into solution. This new
concept is presented and future prospects are discussed.
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Introduction

R. B. Merrifield™ and the solid-phase synthesis based on his
concepts revolutionized polypeptide and polynucleotide syn-
thesis and more than ten years ago it set the stage for
combinatorial chemistry. Todays driving force for this still
rapidly growing technique is associated with the need to
rapidly generate libraries of compounds.”! As an alternative,
the utilization of functionalized polymers as reagents and
catalysts has recently appeared on this scene after an
incubation time of more than 25 years.’] Here, it is not the
substrate which remains attached to the solid support during a
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multistep synthesis but the polymer-bound reagent or catalyst
promotes a chemical transformation of a substrate which is
present in solution. One advantage of this polymer-assisted
solution-phase synthesis is the possibility to monitor the
reaction using known analytical techniques.[*! Besides the use
of stoichiometric reagents another technique for polymer-
assisted solution-phase purification has often been employed
recently. Polymer-bound scavengers are resins which are
added after a chemical reaction to remove excess reactants
and by-products.P

However, the true potential of polymers in organic syn-
thesis will fully be exploited if the whole orchestra of
techniques are combined. And in fact, a hybrid technique
that combines the concept of solid-phase synthesis with the
idea of polymer-supported scavenging reagents has seen
increased interest in polymer-assisted synthesis. Often, this
method which is only one example among other polymer-
assisted combinations has been termed the “resin-capture—
release” methodology and we shall use this terminology
throughout this report. The functionalized polymers which
have been developed for this technique allow the trapping of a
small molecule as an activated polymer intermediate. After
washing to remove soluble by-products, this intermediate is
subjected to a second transformation by adding a new
reaction partner in solution. This reactant not only chemically
alters the polymer-bound intermediate but at the same time
provokes release of the product from the resin back into
solution (Scheme 1). Sometimes the second transformation is

B
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Scheme 1. The “resin-capture —release” methodology.

only used to modify the immobilized intermediate and it is a
third transformation which leads to release of the product
from the resin. However, it needs to be pointed out that due to
the fact that this methodology is located in between two
distinct polymer-assisted techniques a clear cut is not always
possible and therefore, some of the sequences given in this
article could well be defined as examples for solid-phase
synthesis. Nevertheless, it is the intention of this report to
familiarize the reader with methodologies that merge various
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polymer-assisted techniques. The “resin-capture—release”
methodology even if the terminology will not prevail in the
longrun is one important group of polymer-assisted techni-
ques in organic synthesis which clearly illustrates this devel-
opment. The transformations given here though some of them
showing reminiscence to solid-phase synthesis are easily
incorporated into a multistep polymer-assisted synthesis in
solution where polymer-supported reagents or catalysts are
employed prior or after the “resin-capture—release” trans-
formation.

Functional polymers for “capture —release”
techniques

Acyl and sulfonyl transfer protocols: Probably the most
widely employed applications of the “resin-capture —release”
methodology are acylation and sulfonylation reactions using
polymer-supported amines such as poly-DMAP 1, poly(4-vinyl-
pyridine),®! and poly-TBD (TBD: 1,5,7-triazabicyclo[4.4.0]-
dec-5-ene) 2. Reagent 1 is well suited for trapping acyl
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chlorides as well as sulfonyl chlorides!”! which then react with
amines to the corresponding amides and sulfonamides
(Scheme 2).[#!
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Scheme 2. Capture —release resins in acylation reactions.

Weakly nucleophilic heterocyclic amines have efficiently
been acylated utilizing solid-supported reagent 5. Here, the
electron-deficient phenol group allows for intermediate
anchoring of an acyl chloride onto the resin which then is
released upon treatment with various 2-aminopyridines and
2-aminothiazoles. Traces of unreacted starting material were
then conveniently removed by addition of the acidic ion-
exchange resin Amberlite IRA-120.

Likewise, polymer-anchored 1-hydroxybenzotriazole
(HOBt) 3 was originally developed as a highly reactive N-
acylating agent for the formation of peptide bonds in
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solution.'] Recently, it was shown that this functionalized
polymer also performs coupling of acids and amines, including
the transfer of protecting groups (Fmoc, Cbz, Boc)!'l and the
synthesis of N-hydroxysuccinimide estersl'”l in a “resin-
capture —release” mode. In a similar fashion, an acylsulfon-
amide library was constructed by immobilizing and activating
carboxylic acids on functionalized diimide resin 4131 which
reacted further to acylsulfonamides with sulfonamides.['¥

The use of basic poly-TBD 2 allows for the rapid synthesis
of aryl triflates (Scheme 3).I""] Phenols were immobilized on
resin 2 to afford intermediate polymer 7. This resin was
treated with 4-nitrophenyl triflate which plays the role of a
triflate transfer reagent thereby releasing the desired aryltri-
flate into solution.

Ar—OH
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7 10 examples, 65 to >99%

Scheme 3. Preparation of aryl triflates promoted by PTBD 2.

In an earlier example of the “resin-capture-release”
methodology trifluoracetylation of amines was achieved using
polymer-bound benzyl thiol 6. Trifluoracetic anhydride was
employed in the capturing process while addition of amines to
the intermediate polymer-bound thioester released the de-
sired trifluoracetamide from the resin.['%]

Finally, polymer-supported oxime 8 has served as a reagent
for trapping primary amines after treatment with phosgenel'”)
to furnish intermediate oxime carbamates 9 (Scheme 4).1'8]
Thermolysis in the presence of amines results in release of
ureas into solution.

NO, NO,

1. COCl,, CH,Cl,
2. RINH,, CH,Cl,

X, -0 _NHR!
NOH Q VT
8 9 ©
RZR3NH,
toluene, A
o
10 examples, J\ 263
77 - 99% yield, NR°R

76 - 98% purity

Scheme 4. Polymer-assisted preparation of substituted urethanes using
polymer-anchored oxime 8.

Alkylation protocols: In an opposite manner to bases such as
1 and 2 in terms of reactivity, polymer-supported tosyl
chloride equivalent 10 is able to capture alcohols as poly-
mer-bound sulfonates 11 which are released as secondary
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amines, sulfides and alkylated imidazoles with primary
amines, thiols, and imidazoles as nucleophiles in a substitution
process (Scheme 5).' This technique has further been
extended for the preparation of tertiary amines.?!! Excess of
amine was scavenged by polymer-supported isocyanate
12.[21. 22]
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Scheme 5. Polymer-supported sulfonyl chloride 10 as a capture —release
resin.

Recently, three research groups independently disclosed
that benzotriazoles 13 attached through various linkers to a
polymeric support react with aldehydes and amines to form
polymer-anchored Mannich-type adducts 14 (Scheme 6).
These intermediates are cleaved under reducing conditions
and in the presence of organomagnesium or organozinc
reagents to provide libraries of secondary and tertiary amines
in moderate yield (11-65 %) and with acceptable purity (13-

>999%).23
L N
X
N
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RIR2NH + R3CHO ‘N
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}—NRIR2

14 R3

R*MgHal or R*ZnHal

or NaBH, (R*= H)
R® R!
N
R* R?

Scheme 6. Preparation of tertiary amines assisted by polymer-bound
benzotriazoles.

Cleavage protocols with simultaneous ring closure: In various
cases, the release step is accompanied by a cyclization leading
to heterocycles. It should be noted that under these conditions
parts of the linker can become part of the product which is
released into the solution.

Thus, gel-type polystyrene-sulfonyl-hydrazide resin 15
which originally was developed for carbonyl scavenging
applications?!! can also serve as a linker for carbonyl
compounds in solid-phase synthesis and gives access to
support-bound sulfonyl hydrazones 16.%%] Treatment with
thionyl chloride initiated the Hurd-Mori reaction and
cleavage from the resin which afforded 1,2,3-thiadiazoles
(Scheme 7). In order to generalize this strategy noncommer-
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Scheme 7. Polymer-assisted preparation of 1,2,3-thiadiazoles.

cially available ketones were first generated by reacting a set
of Weinreb-amides with Grignard reagents followed by
immobilized sulfonic acid-mediated decomposition of the
tetrahedral intermediate. Additional diversifications of resin-
bound sulfonylhydrazones 16 such as Stille coupling or
Shapiro olefin synthesis are possible.

Polymer-supported oxime 8 (see also Scheme 4) may also
serve as a nucleophile in SyAr reactions (Scheme 8).°! This
procedure afforded aryl oxime adducts 17 which were
released as 3-aminobenzoisoxazoles by means of an acid-
promoted cyclization.
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Scheme 8. Polymer-assisted synthesis of 3-aminobenzoisoxazoles.

Katritzky and co-workers devised a very elegant polymer-
assisted “cyclization—cleavage” approach which starts from
functionalized polymer 18. It allows the synthesis of variously
substituted phenols (Scheme 9).?”) Base-catalyzed reaction
between polymer-bound acetonyl building block 19 and an
a,fB-unsaturated ketone resulted in a tandem addition/annu-
lation reaction to afford immobilized intermediate 20. This
sequence was followed by elimination and rearrangement to
the corresponding phenol.
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Scheme 9. Polymer-assisted preparation of complex phenols.

Selenium-based polymer-assisted synthesis: Another example
of the “resin-capture —release” technique which should see
widespread applications in the future is the selenium-medi-
ated functionalization of organic compounds. Polymer-sup-
ported selenium-derived reagentsi?®! are very versatile be-
cause a rich chemistry around the carbon—selenium bond has
been established in solution and the difficulties arising from
the odor and the toxicity of low-molecular selenium com-
pounds can be avoided. Thus, reagent 21 (X = Cl) was first
prepared by Michels, Kato, and Heitz®! and was employed in
reactions with carbonyl compounds. This treatment yielded
polymer-bound a-seleno intermediates which were set free
back into solution as enones from hydrogen peroxide induced
elimination. Recently, new selenium-based functionalized
polymers 21 (X = Br)-23 were developed which have been
utilized in syntheses according to Scheme 10.5
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AIBN (cat.)
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Scheme 10. Applications of organoselenium reagents covalently bound to
polymers.

The reactivity of functionalized polymer 21 was elegantly
exploited for the cyclization of alkenyl-substituted S-dicar-
bonyls by Nicolaou and co-workers which gave access to the
core structure of garsubellin A.BY
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Miscellaneous applications: An extended application of the
“resin-capture —release” technique is depicted in Scheme 11.
With the help of reagent 24, a functionalized pyridine was
captured as an acyl pyridinium cation 25 on a solid support
which was followed by Grignard addition and hydrolysis
under acidic conditions to afford polymer-supported N-
acylated dehydropyridinones 26.21 Advantageously, any un-
reacted acylium complex collapses to the parent resin upon
workup. These heterocycles, which ideally can serve as
scaffolds, are then released under basic conditions.

2. R'MgX, THF
3. 3N aq. HCI, THF

R

o R!
JS NaOH/ MeOH
O/\o N - » HN
SNy NN
26

7 examples
31 - 67% yield, 92 - 98% purity

Scheme 11. Preparation of dehydropyridinones utilizing the capture —re-
lease technique.

A very interesting variant of the polymer-supported Mitsu-
nobu reaction was recently disclosed by Gelb and Aronov
(Scheme 12).531 Polymer-bound phthalimide 27 was designed
which is able to trap alcohols such as nucleosides under
Mitsunobu conditions. After purification by washing the
loaded resin the corresponding amine was subsequently
released into solution in high yield by hydrazinolysis.

o
HY@NH
N

PPhs, DEAD THF

=N
W ) NHBn o N/’ ) NHBn
\2\( 2. NaHa, EtOH, CH,Cl, HoN \2\\(
2! N N
- = =~
> 96% HO OH

Scheme 12. A polymer-based Mitsunobu-reaction.

Guanidines were prepared by treatment of polymer-bound
bis-urethane protected thiourea 29 with primary and secon-
dary amines.’* Thiourea 29 could be prepared from the
carbonylimidazole resin 28 (from Wang resin) using thiourea
followed by capping as tert-butylcarbamate. As shown in
Scheme 13 silyl-protected diamine was loaded onto polymer
29 to furnish polymer-bound guanidine 30. Desilylation and
acylation paved the way for cleavage to release the function-
alized guanidine into solution.

Other synthetic applications of this technique are the
immobilization of vinylboronates by means of a Suzuki-
coupling. Release from the resin by a second transformation
afforded substituted styrenes including tamoxifen and ana-
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Scheme 13. Polymer-assisted guanidation of amines.

logues derived therefrom, a drug to be used clinically for
treatment of estrogen dependent breast cancers. In a
related purely for purification designed version®®37 of the
“resin-capture —release” technique p-amino alcohols were
captured by PEG-supported dialkylborane.®! Purification of
the target molecules was achieved after precipitation, washing
and release under mildly acidic conditions.

In this context, an interesting new class of functionalized
polymers has been introduced namely silanes such as 31.3%
They can easily be converted into polymer-bound silyl triflate

32, silyl cyanide 33,40 or silyl
Et, Et azide 34.11 Functionalized poly-

s
O/\N Y mers 32 and 34 are able to trap

31 X=H reaction partners from solu-
gg ifgﬂ tion.[!l For example, enones are
34 X=Ns captured by silyl triflate 32,59 to

form electron-rich polymer-

bound dienes which were re-
leased after Diels—Alder cycloaddition followed by treat-
ment with traces of trifluoroacetic acid to result in cyclo-
hexenes.[*] We believe that soon more examples that combine
solid-phase synthesis with polymer-assisted solution-phase
synthesis will be disclosed which are based on the use of
functionalized polymers such as 31-34.

Outlook

Here, we gave a brief description of a hybrid technique in the
realm of polymer-assisted synthetic methodologies which
merges scavenger protocols with solid-phase synthesis. This
singular strategy is part of a broader development in this field.
Indeed, the true potential of polymers in organic synthesis will
fully be exploited if the whole orchestra of techniques is
combined.”¥] Hybrid techniques will play an increasingly
important role that combine both solid phase organic syn-
thesis followed by derivatization of functional groups with
polymer-supported reagents after release and cleavage of the
substrate from the polymer or vice versa. These developments
will also enhance the utility of soluble polymers in automated
parallel synthesis. Thus, soluble polymers may be loaded with
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