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Abstract: Vinylic addition polynorbornes (VA-PNB) result from the
insertion polymerization of norbornene or specific norbornene
derivatives catalyzed by transition metal complexes. The VA-PNB
skeleton is completely aliphatic and keeps the bicyclic structure of
norbornene. This saturated polymer is thermally and chemically very
stable and it is a very robust scaffold to support catalysts or reagents
for catalytic applications. Several VA-PNBs are now available with
suitable functional groups (halogen, alkenyl, carbonates) that can be
used as starting materials to introduce the functionalization of choice
by post-polymerization reactions. This has been applied to anchor
organocatalysts on VA-PNB as well as ligands that can be used to
synthesize supported metal catalysts. The reported examples of the
use of VA-PNB-linked catalysts and their recyclability will be
presented. VA-PNBs have also proved useful in the context of
organotin chemistry to solve the problem of tin contamination by an
efficient separation and the reuse of tin-byproducts. Its uses in the
Stille cross coupling reaction and tin-hydride radical processes will
be discussed.

1. Introduction

The use of polymers in organic synthesis and catalysis is
widespread because they bring practical advantages and
contribute to the sustainability of the synthetic protocols.."!
Polymers are commonly employed as supports of a rea
partner, either the catalyst or a reagent, which are anc
through strong covalent bonds. A strong linkage is important to

desired transformation, and this moiety can be introd
by controlled polymerization of suitable functionalize

then filtered from the reaction mixt
results in the recovery and potenti

materials as supports in catalygj
over the years and interestin
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pendant functional groups (halogen, hydroxyl, etc.) that can be
transformed in a variety of w and because they are
commercially available. Although
many applications, their polymer backl
positions (aromatic rings, benzylic
bonds), which could under

the polystyrene could
substitutions such as 61
tible of undergoing
rocesses. Less reactive

ge of processes where

ator solid support and leaving the supported functionality
the only possible reactive center. Also, having a chemically
bust skeleton would increase the chances of getting reusable
materials, which is an important and desirable feature for any
supported reagent. However, there are just a few examples of
all-aliphatic  polymers  based on  polyethylene! 7 !
polyisobutylene,’®! or polypropylene skeletons,!®! which have
been used as supports of organocatalysts,” or transition metal
catalysts such as Pd,®% or Ru complexes.® Vinylic addition
polynorbornenes (VA-PNBs) are also saturated materials that
meet all the requirements for a robust spectator scaffold (Figure
1). We have been working for some time on the synthesis and
application of VA-PNBs and they have proved to be interesting
and useful supports. This review collects the examples to date of
the use of these polynorbornene materials in catalysis.



2. Vinylic addition polynorbornene (VA-PNB)
vs other polynorbornenes.

Norbornene (bicyclo[2.2.1]hept-2-ene) is a strained olefin
which easily undergoes polymerization in different ways,
depending on the catalyst and reaction conditions used.!'!
Scheme 1 shows the two more common polymerization
mechanisms and the main differences in the resulting materials.
Vinylic addition polymerization (Scheme 1, a) leads to an
aliphatic skeleton that preserves the bicyclic structure of
norbornene (VA-PNB). This polymer is obtained by an insertion-
polymerization mechanism using a suitable metal complex as
catalyst and examples are known for both early and late
transiton metals.!" ' "?! The polymers are chemically and
thermally stable, with high glass transition temperatures and
optical transparency. The introduction of the functionality of
choice in this saturated polymer backbone could be more
challenging since the insertion-polymerization of norbornene is
not tolerant of many functional groups, so the direct
polymerization of substituted monomers generally leads to
polymers in very low yields and, when a copolymerization with
norbornene is attempted, low incorporation of the functional
monomers. However, as it will be discussed below, this can be
circumvented by the polymerization of selected norbornene
derivatives and post-polymerization functionalization of the
resulting materials.

The polymerization of norbornene by a cationic mecha
using powerful electrophiles also leads to an all-alli
polymer backbone. However, the molecular weight of the
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catalytic reaction. This has been shown for ROMP-PNB-
supported tungsten complexes: w| these catalysts are used
in cross-metathesis reactions of a e polymer backbone
also reacts leading to oligomeriC norbornene
byproducts.'"™ We have also demonstr. isubstituted
olefins of ROMP-PNB do i
potential reactive center in
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the hydrogenation processes are not compatible with every
functional group in the polymer, ROMP-hydrogenated materials
(ROMPH-PNBs)  bearing groups amenable to post-
polymerization functionalization have been prepared (Scheme
2)."% Therefore, the synthesis of ROMPH-PNBs does not benefit
from the advantage of the wide scope of the direct ROMP
polymerization of substituted norbornenes, but affords a
saturated and chemically robust scaffold. This has been shown
for a stannylated ROMPH-PNB, which has been used as
support of the tin reagent in the palladium catalyzed Stille
coupling.""™ This work showed that this type of scaffold behaves
in a similar way to the vinylic addition polynorbornenes which,
being prepared in a lower number of steps, is a more convenient
choice for catalytic applications.

2. Functionalized vinylic addition
polynorbornenes useful as starting materials.

The direct polymerization of many substituted norbornenes by
an insertion mechanism to obtain vinylic addition
polynorbornenes is not an efficient reaction. Usually, those metal
complexes that are very active in the polymerization of
norbornene, do not work for substituted norbornenes, specially
those with polar groups, or give polymer materials in low yields.
When a mixture of norbornene and the substituted norbornenghi
copolymerized, the different reactivity of both monomers g
gives polymers with a low incorporation of the substtuted
norbornene. Some progress has been done in the agga and
better catalysts for the polymerization of fun
norbornenes have been synthesized. However, the
functional groups in this polymerization reaction i
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like those depicted in Figure 1.
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roups is an interesting transformation
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ry useful click reaction, to anchor a
variety of groups. -(CH2)nBr materials are in a way
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hecause of?versatility as starting materials.
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Scheme 4. Functionalization routes for VA-PNBs with bromoalky! chains.

VA-PNBs with bromoaryl groups have also been synthesized
(Scheme 5). Such functionality allows the use of palladium-
catalyzed cross coupling reactions to introduce aryl, vinyl, amino
or enolate groups in the polymer (Scheme 6). As shown in Eq. 1,
the ability of these polymers to act as reagents in such reactions
was demonstrated by the synthesis of a polymeric palladium
derivative by oxidative addition of VA-PNB-CsH4Br to a Pd(0)
derivative, forming the Pd-aryl reaction intermediate. In this case
the VA-PNB is the subject of the catalysis, being involved as the
reactant and the product.

[Ni] = [Ni(CgF 5)2(SbPhg),]

Br

Scheme 5. Synthesis of VA-PNBs with bromoaryl substitutents
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properties including a decrease in solubility.*! This has been

- Br
Q/ attributed to the rotation of the n rnene bicyles of the rigid
structure leading to the thermodyn

stable form.”® Thus,

[Pd] [Pd] by this process it is easy to generate e VA-PNBs that
BAr(OH/SrEEﬂ]R W’” can be used to immobilize reagents or, contrast to
¢ most polystyrene resins, ss swelling
@,Ar @,R O NHAr  when soaked. In the cases ling has been observed
N ‘\ i factor of 1.5-2, but for
VA-PNB VA-PNB ‘VA—PNB l
- - - i ignificant. This is
Suzuki Stille (o) Buchwald-Hartwig f i i
R = Ar, -CH=CH,,H,C
Me

Scheme 6. Bromoaryl-substituted VA.PNBs in Pd-catalyzed cross-couplings

RPh;
d/Br
d [Pd PF’hs 4] @/ PPhs i talysis may greatly benefit from the use of
VA-PNB VA- pNB (1 . .
“Toluene, 80 °C , robust polymers such as VA-PNBs. The

Vinylic addition polynorbornenes with pendant alkenyl groups
are also useful starting materials for further functionalization.
The endocyclic double bond of alkenyl norbornenes is much
more reactive than the exocyclic one due to strain, and the
polymerization of this type of monomers can be brought about
by a variety of metal catalysts to give VA-PNBs with the
exocyclic unsaturation untouched.""”” Some alkenyl norbornene
monomers are commercialy available and several reports cgn
be found in the literature that show the polymerization
subsequent transformation of the pendant double bond The firs
epoxide,!*"! or an alcohol.?'®"! [Ni(CeFs)a(SbPhs),] has also
shown to be a suitable catalyst for the synthesis of al
PNBs of different chain lengths (Scheme 7).

expensive 0 are, especially for enantioselective
reactions. Therefore, the Te€covery of the catalyst at the end of
the reaction is_important and a solid support allows it, as well as
efficienTtl:l simple separation of the catalyst from the
ucts. may save tedious purification procedures and
the generation of extra waste. Vinylic addition
rbornenes have been used to anchor organocatalysts of
\fferent types: N-heterocyclic carbenes and proline

ple of a VA-PNB supported organocatalyst is the
polymeric NLheterocyclic carbene shown in Scheme 8.2 The
nucleophilic substitution of an imidazol for bromide in VA-PNB-
(CH2)4Br (1) leads to supported imidazolium salts (2) that can be
uently deprotonated to give the corresponding N-
cyclic carbenes (NHCs). This method allows the use of
pgmer 1 as starting material of a variety of NHCs with different
bstituents on one of the nitrogens, by a straightforward
ucleophilic substitution reaction just choosing the suitable

imidazole. It is a modular approach that allows catalyst diversity
Ab + ﬁb(CHZ)” ﬂ, in contrast with other polymeric NHCs used in organocatalysis,
which rely on the polymerization of monomers containing the
preformed NHC precursor, generally the imidazolium salt, so the
polymer needs to be synthesized from scratch for every
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Two different reactions were tested with the VA-PNB-supported
imidazolium salt 2 (R = Mes): the conversion of a,B-unsaturated
aldehydes into saturated esters and the synthesis of y-
butyrolactones (Scheme 9). In both cases DBU was used as
base to deprotonate the imidazolium salt 2 and generate the free
carbene. A simple filtration allows to separate the polymer from
the products after each reaction, and this polymer can be reused
at least five times with no loss of activity. After repeated reuses,
the polymeric NHC was protonated with HBF, and the resulting
imidazolium 2 (tetrafluoroborate salt) was stored in the air at
room temperature. After several days the recovered polymer 2
can be used again in the reaction showing the same activity as
in the first use (Scheme 9, a, 6th cycle). The catalysis is
heterogeneous and it occurs on the supported NHC. This was
checked by carrying out a hot filtration test: the reaction of
cinnamaldehyde and benzylic alcohol (Scheme 9, a) was run to
a 30% conversion and the polymer was filtered; the filtrate was
kept in the reaction conditions for 12 h but no increase in
conversion occurred.

DBU (10 mol%) F|Itrat|on

H + ©)+ 2-Mes
10 mol%)  2PhOH
Toluene,
R Ph, n-Pr 48h,110 °C

_—
% + 17

5! -
o 60t -

g = -
'>__ 40 . B
R=Ph » N N

isae

)

Cycle ‘

b) o
DBU (25 mol%) Filtration

H + )J\ + 2-Mes
% THF,
PhjL CF3 (25 W Ph

cis/trans = 2.2

Yield (%)

Scheme 9. VA-PNB supported N-heterocyclic
organocatalysts.
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azido group (3) or a VA-PNB with an alkyne moiety introduced
by an ester spacer using polymer starting material (4). Both
proline functionalized VA-PNBs 5 re excellent catalysts
for the enantioselective reaction of a v aldehydes and
ketones with excellent diastereomeric
excess (Scheme 11). The
recycled without loss of
Scheme 11 for the aldol reactio
and cyclohexanone.?"}

electivity, as shown in
n p-nitrobenzaldehyde

:N',
@COOH
N
H

nthesis of proline derivatives supported on VA-PNB.

(0]
@ CHO 6 (10 mol%) O/\L)g
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/ %~ DMF:H,0 (1:1)
25°C R dr>90%
ee: 90-99%
R =NO,, X = CH,—CH,
I
8 80
- 70
c 60
S 50
'U‘ 40
g
T 10
Q2 o
> 1 2 3 4 5 6 7
u Yield m dr ee Cycle

Scheme 11. Asymmetric aldol reaction catalyzed by VA-PNB-proline 6.

4. Vinylic addition polynorbornenes as
support of metal catalysts

Supported metal catalysis is a very attractive approach that uses
well-defined metal complexes, which brings all the advantages
of homogeneous catalysis (single site catalytic centers,
selectivity), while allowing a good separation and recovery of the
catalyst, as it is possible for most heterogeneous catalysts. VA-
PNBs have proved to be robust supports in several processes
and the functionalized polymeric materials described above as
well as other precursors, allow to anchor several types of ligands
to the polymeric scaffold that can be used to coordinate the
metal.



The polymeric imidazolium salts 2 are the precursors of well-
defined palladium carbene complexes as shown in Eq. 2.2
Complexes 7 were characterized by solid state MAS-NMR and
show the characteristic Pd-Cearvene '°C NMR signal at 180 ppm.
The polymeric complex 7 catalyze the Suzuki and the Negishi
couplings with good results and the catalyst can be recycled.

(CHz)s BF,- (CHo)a C'\Pd4
VA-PNB Ny VA-PNB 5
*x -
‘ 2 N- cl 7 NN
Noh-n 1/2F(3—Pd3/< R

R = 2,4,6-MegCeH,

i) Base

The system was studied in detail since, as it often occurs in
many reactions catalyzed by supported palladium complexes,
the solid material may be just the catalyst precursor and not the
actual active catalyst. A Suzuki coupling was monitorized by in
situ IR and the reaction showed an induction period which
increased in every recycling experiment along with the total
reaction time needed for complete conversion (Table 1). The
SEM microscopy images showed the formation of palladium
aggregates (average 65 nm) on the polymer. A very small
amount of palladium leaching was observed, as detected by
ICP-MS of the reaction products, and this is enough to carry out
the reaction in a homogeneous way as shown by a hot filtration
test which reveals that, after separation of the polymer, the
reaction is catalyzed by the filtrate.

Table 1. Reuse of VA-PNB-supported complex 7 in the Suzuki reaction.

Br@CFS +15 @B(OH)

7 (1 mol%)

2 032003
CH4CN:H,0, 80 c

Cycle Ef]zc(tri:ir:]) l:rﬁ:c(tr;ol:) Yield (%) fachm
1 26 5 98
2 35 10 96
3 41 14
4 51 18
5 60 23
Therefore, the VA-PYB func

carbenes is capable
of soluble palladium spe
the Suzuki coupling. It o
polymer can be recycled
increasing the ion time.
cross-coupling i

y times at the expense of
is @ common scenario in
by supported palladium
t occur on the supported
cies are so active that the released
small, making the products little
ion and purification easier.

clic structure of norbornene, a
chelating diimine ligand was built in the VA-PNB backbone as
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shown in Scheme 12.™! In order to do that, a new functionalized
VA-PNB was synthesized by copmlvmerization of norbornene
and a norbornene carbonate. The eactivity of the latter
requires the slow addition of the more redj gorbornene to the
polymerization mixture; in this way eng ation of the

[Ni] = [Ni(CgF 5)2

a-Diimine ligan
chemistry and the
catalyz

very important in the context of Pd-
ation reactions and have also found
reactions. A supported complex
[Pd(VA-PNB-diimine) was tested in the polymerization of
ethylene but its activity was only moderate. On the other hand,
mplex 8 ( me 12) proved to be useful in Suzuki couplings
it is reofflable (Table 2). In the same way as the supported
arbene complex 7, the VA-PNB diimine derivative 8 also
as a catalysts precursor of ppm amounts of soluble
m active species. However, the deactivation of the
rvoir in this case is very small and, after a slight

OH o0
O% MeOH -78°C
_78 c MW/200 C
[Pd(CF5CO,),]
Pr
& o N
iPr

N Pd OCOCF,
A beocr,

Scheme 12. Synthesis of VA-PNB-diimine ligands and supported palladium

complex 8.

NaOH(aq

Table 2. Reuse of VA-PNB-supported complex 8 in the Suzuki reaction.

8 (1 mol%)
2 Cs,CO4
Br CF3+15 B(OH)p —————> > O O CFs
CHZCN:H,0, 80 °C
Cycle 1 2 3 4 5
Reaction Time (min) 15 20 25 30 30
Yield 97 98 96 98 99




A different type of ligand that has been rarely anchored to a solid
support is trispyrazolylborate (Tp). The use of some of the
alkenyl substituted VA-PNBs shown in Scheme 7 as starting
materials, allows a synthetic route that leads to the VA-PNB-
supported trispyrazolylborate derivatives 9 with a range of
substitution patterns (Scheme 13).%? Despite the importance of
Tp ligands in catalysis with different metals, the use of solid-
supported trispyrazolylborate complexes as recyclable catalysts
had not been achieved. VA-PNB proved to be a suitable support
for this purpose and the copper complexes synthesized using
VA-PNB-Tps as ligands (10, Scheme 13) were active in several
carbene and nitrene transfer reactions (Scheme 14).

(CHy), BHBry SMe2

\/4>

(CHa)n
VA PNB

F%%%T//Eff}w

2

+ Cul /MeCN (CHz)n
) ———— > ( VA-PNB
Lit Lil N

VA PNB
BBr,

_ - 10 TpX Cu(NCMe)
R3 /B& R3
N° NA\ SN
RZ@N A‘@R 'llo R2
R R i B R® RZn
@ Me Me H 0
Me Me H 2
Me Me Br 0
Mes H H 0

Scheme 13. Synthesis of VA-PNB-trispyrazolylborate ligand
complexes.
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(a) cyclohexane amination

(b) aziridination - (c) cyclopropanation
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The copper load in polymers 10 was very good, between 90-
100% of the maximum load for VA-PNB-Tps except the
bulkiest 9-Mes (R' = mesityl) w s 68%. The copper
coordination environment in 10 was che |R spectroscopy
of the analogous [VA-PNB-Tp*Cu(CO) btained by
bubbling carbon monoxid suspensi®n of 10 in
dichloromethane. The C n of these polymeric
r as the corresponding
that the Tp moiety
nation to the metal
be easily reached.

are recyclable catalysts
it a small activity loss

anchored to VA-PN
and the suitable tri
As shown in Sche
in cyclopropanatio
after the first

So far, the
is

umscribed to the attachment of organotin
rganostannanes are used as reagents in the
dium catalyzed Stille cross coupling reaction, in tin-
ted radical processes as well as in allylation reactions and
lications.®™ As a consequence of the toxicity of these
t ranges from the more toxic methyl derivatives
SnMesn the moderately harmful heavier alkyl substituted
SnBuU. X" the presence of even low levels of tin byproducts in
synthetic products is unwanted. The tin contamination is a
serious problem if the target product is a pharmaceutical
ive and, as a result, many of the useful synthetic
ols that use tin have become unpopular. However, an
cjictive method of separation of the tin byproducts as well as
ir recovery and reuse, avoiding the generation of harmful
aste, could solve the issue. This can be done by supporting the
tin derivatives on a suitable polymer %032

Most commonly used tin reagents are tributyl derivatives of the
type SnBuzR (R = hydrocarbyl group, H). The Sn-Bu bond is
kinetically less reactive than other groups such as aryl, alkenyl,
enolate or hydride. Therefore, a suitable support strategy would
be to replace a butyl group on tin by a polymer that mimics it, i.e.
an aliphatic scaffold such as VA-PNB.

Stannylated VA-PNBs have been synthesized following the
routes depicted in Scheme 15. VA-PNB-SnBu,Cl (11, Scheme
15) is the most versatile derivative that allows to synthesize a
variety of vinylic addition polynorbornenes with —SnBuzR or —
SnHBu, groups. Polymers 11 can be prepared by direct
copolymerization reactions of norbornene and stannylated
norbornenes catalyzed by [Ni(CeFs)2(SbPha)s].24%*! Also, the
nucleophillic substitution reaction of a stannide derivative for
bromide on the preformed VA-PNBs with pendant w-bromoalkyl
groups is a very convenient route (Scheme 15).24

uie of vinylic addition polynorbornenes as reagent



(CH)nSNBu,CI
7 + /7

n=0,1 N l [Ni] = [Ni(CgF5)2(SbPhg),]
|

— (CHy)\Br
VA-PNB
n=1,24
LiSnBuzArl -LiBr

(CH2),SnBu,Cl LiAr — (CHy),,SnBu,Ar
VA-PNB » ——> (VA-PNB

HCI

MR’
M = Li, MgX

(CHp)nSNBUsR'
VA-PNB

R' = Ar, vinyl, alkynyl

-MCl
LiAIH,

-

-LiCl

(CH,)4SnHBuU,

Scheme 15. Synthesis of stannylated VA-PNBs.

Different VA-PNB-SnBu;R polymeric reagents were used in the
Stille reaction with good yields of the coupling products (Eq.
4),2433 gand also in the tandem double Stille reaction shown in
Eq. 5. In the latter case an improvement of the selectivity of
the reaction towards the trans-allyl isomer shown was observed
for the polymeric alkynyl tin reagents in comparison to the
tributylalkynyltin derivatives. In all cases the use of VA-PNB-
SnBu;R reagents needed longer reaction times than those
reported for the discrete SnBusR; this can be related to the lowgr
solubility of the polymeric tin coupling partner and
accessibility of the tin centers. In fact, the longer the alkyl
that separates the tin center from the polymeric backbone the
higher the reactivity observed (trend in yields in Eq. 4: 2<
4).

—~ (CHy),,SnBuyR? Pd
VA-PNB s rix P9 cige, € VA-PNB

n=0,1,2 4 Stille

R =aryl, acyl, allyl
R2 = aryl, vinyl, alkynyl

SnBi
R/vx + ( VA-PNB
R2

o l{Pd]
1

The VA-PNB-SnBu.X obtain
separated by fi i
i Grignard reagent, to be
nnylated polymer in a
ade and this is a convenient setup for
imes (Scheme 16). After the Stille
VA-PNB-SnBu,X polymer can be

transformed by 1r n organolithium derivative into
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VA-PNB-SnBu;R and used again in the Stille reaction. Table 3
shows the results obtained for the ling of allyl chloride and a
polymeric aryl tin derivative. The m rkable result in Table
3 is the very low tin contamination of t
as 15 ppm (entries 2 and 6, Table 3).
few purification steps may
tin. This procedure avoids

cumbersome traditional
and the generation of

developed to tackle
of tin reagents.

R1X
[Pd]

(CH5),SnBu,X

Regeneration

R'R?

Table 3. Reuse of VA-PNB-tin reagents in the Stille reaction using the setup
shown in Scheme 16 (n = 4; R'= allyl; R?= p-OMeCgHy,).

Isolated yield(%) Residual Sn (% weight)

oy

81 0.0029
66 0.0015
3 63 0.0045
4 77 0.0026
5 69 0.0034
6 69 0.0015

A more demanding application of supported stannane
derivatives, as far as the polymer support is concerned, are
radical reactions. In order to maintain the integrity of the
polymeric scaffold, key to achieve recyclability, no sensitive
positions to radical attack should be present. The aliphatic
robust VA-PNBs are ideal for such a use and we explored the
feasibility of developing a recyclable polymeric tin hydride.

A VA-PNB supported tin hydride is capable of effectively
bringing about the stoichiometric dehalogenation reaction of 9-
bromophenanthrene and the resulting VA-PNB-SnBu,Br



byproduct can be easily separated from the product by filtration
(Eq. 6).°%

Br

O (CH5),SnHBuU»
O B
4

THF, 80 °C l AIBN (20%)

— (CHy),SnBuyBr
0 ™

Given the low stability of tin hydrides, a more interesting
approach is the use of a supported tin halide that can be
converted in situ to the tin hydride by the action of a suitable
hydride donor. This can be achieved using a mixture of
polymethylhydrosiloxane (PMHS) and KF (aq), as depicted in
Scheme 17, and using this approach the tin derivative can be
used in substoichiometric amounts.’*®! The VA-PNB-SnBu.Cl
derivative 11 (n = 4) was used for this purpose and it showed to
be active in the dehalogenation reaction of a variety of aryl and
alkyl bromides as well as in radical cyclization reactions.

VA-PNB ) (CH,)4SnBu,Cl
1

PMHS/KF l- PMFS/KCI

VA-PNB ) (CH,),SnHBu, RX

PMFS/KX
PMHS/KF VA-PNB (CHy)4SnBu,yX AH
Scheme 17. In situ generation of the supported

polymethylhydrosiloxane (PMHS) as hydride donor.

The polymer can be reused several times and, even if the yields
obtained showed a noticeable fluctuation and a progresaive
efficiency loss, the stannylated VA- remains active
many uses (Scheme 18), behaving ichiometric re

Sn-F and Sn-O moieti

ubsequent reactions
with the hydride don i

nt amounts of
observed and
this may be the main deacti
the PMHS/KF mixture as
reactions are

It is interesting to see the low
residual tin a ducts, at least 150 times lower
than those achieved using the conventional separation methods

WILEY-VCH

(Scheme 18). The lower tin contamination as well as the easy
separation procedure makes this gotocol a useful one in tin-
mediated radical reactions, especi ase that are involved in
multistep syntheses with sensitive intermg

Yield (%)

Residual Sn
in products: 0.0155 0.0113 0.
(% weight)

08 0.0455

eme 18. Vxﬁe uses of VA-PNB-SnBu,X in the radical dehalogenation of
mophenathrene.

support different types of catalysts and reagents in catalytic
reactions. The thermal and chemical stability of this type or
polwner makes the recyclability more feasible: the reuse of the
ted material, either catalyst or byproduct, is not
romised by the chemical degradation of the polymer
kbone or the loss of physical integrity of the support. The
pplication of VA-PNBs in catalysis has not reached its full
potential yet. However, there are enough examples in the
literature that show that they are useful and they complement
the commonly used organic polymers in more demanding
applications (i.e. radical processes). The availability of a range
of VA-PNB materials with functional groups amenable to post-
functionalization reactions makes the use of these polymers
easy and should encourage the synthetic chemist, far from the
polymer-chemistry area, to consider VA-PNBs as part of the
toolbox in synthetic sustainable methodology.
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