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Abstract—DAB-dendr-(NH,);, has been modified to produce two novel dendrimeric P,N-ligands, DAB-dendr-[1,2-
(N=CHC(H,PPh,)];, and DAB-dendr-[1,2-(NHCH,C¢H,PPh,)];,. These were both found to activate electron rich aryl bromides
in the Heck reaction. The reactions seem to proceed better in a novel solvent system consisting of an equimolar mixture of a
tertiary amine with acetic acid. A marked dependence of the conversion on the [equivalents of dendrimeric ligand]/[Pd] ratio has
been observed with conversion decreasing as the ratio of dendrimer equivalents to Pd increases. This phenomenon is attributed
to interactions of the arms bearing the metal with neighboring ones within the dendrimer. © 2003 Published by Elsevier Science

Ltd.

Dendrimeric ligands in general,' and dendrimers bear-
ing a multitude of P-centers, either at the core or on the
periphery, in particular, have found rather wide appli-
cation in catalysis.? The reason for this is that these
types of ligands may present certain important advan-
tages in catalysis as compared to their monomeric
counterparts. Dendrimeric ligands possess persistent
shapes and sizes and these properties provide the condi-
tions for the recoverability of the catalyst by nanofiltra-
tion.> Another advantage of dendrimeric ligands stems
from the accurately defined microenvironment of the
catalytic site, i.e. a metal-coordination site with con-
strained geometry, which may result in enhanced selec-
tivity and/or catalytic efficiency.! It has been pointed
out that dendrimers may be characterized as “‘unimolec-
ular’ micelles* and it is perhaps possible to attribute to
this characteristic their special behavior, manifested as
positive and negative dendritic effects, i.e. enhanced and
diminished catalytic activities, respectively, which have
been noted in many instances.’

The commercial availability of DAB dendrimers has
prompted researchers to devise schemes by which a
desired functionality is attached at the peripheral amino

Keywords: dendrimer; catalysis; Heck reaction; phosphine; palladium

complex.

* Corresponding author. Tel.: +30 210 7273876; fax: +30 210
7273877; e-mail: kskretas@eie.gr

groups of the dendrimer. The best example of this type
of dendrimeric ligand, bearing P-centers on the periph-
ery, is ‘Reetz’s dendritic phosphine’,>"™¢ DAB-dendr-
[N(CH,PPh,),] 6.

Following this trend we wish in this letter to report the
synthesis of the iminophosphine, DAB-dendr-[1,2-
(N=CHC4H,PPh,)];,, ‘DAB-32-imiphos’, and the corre-
sponding aminophosphine, DAB-dendr-[1,2-(NHCH,-
C.H,PPh,)]s,, ‘DAB-32-amiphos’, i.e. two dendrimeric
P,N-ligands. In addition, we report on the evaluation
of these novel dendrimeric ligands in the Heck reaction.

The synthesis of the dendrimeric iminophosphine was
carried out by stirring a mixture of DAB-dendr-(NH,);,
and an excess of 2-diphenylphosphinobenzaldehyde in a
mixture of absolute ethanol and methylene chloride
under argon and in the presence of sodium carbonate
(Scheme 1) aiming towards DAB-dendr-[1,2-
N=CHC H,PPh,],,. Indeed, this procedure’ afforded a
product with 100% coverage as shown by a combina-
tion of NMR spectroscopy and residual primary amine-
group analysis.® It is worth mentioning that this
method, even without exclusion of air, gave a product
with little phosphine oxidation. In contrast, the formic
acid catalyzed method without exclusion of air resulted
in a product with substantial phosphine oxidation.
Sodium borohydride-reduction of the iminophosphine
afforded the corresponding aminophosphine.
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Scheme 1.

In the case of the iminophosphine, one has to take into
consideration the possibility of syn and anti isomerism.
Actually, in the iminic-proton region of the NMR

spectrum only one significant resonance is observed at
8.82 ppm and, for steric reasons and from previously
reported data for simpler iminophosphines,” we assign
this to the anti conformation. An extremely low inten-
sity resonance is observed at ca. 8.9 ppm and this could
be assigned to the syn isomer but may also be due to an
occluded impurity.

Bearing in mind the early work on the effect of excess
phosphine, which results in a deceleration of the cata-
lytic reaction,'® we chose to examine whether the den-
dritic polyphosphine behaves as an assembly of
‘independent’ phosphine moieties or as a molecular
entity with 32 equivalent coordination sites with some
sort of ‘tripodal’'’ or even ‘multipodal’ interaction
between neighboring ‘arms’, i.e. in the case that an
intradendrimer fluxionality is operable. In such a case
one could reasonably expect that a strong interaction
between the arm(s) bearing the catalytic metal with
neighboring ones could markedly affect the catalytic
activity.

More specifically, the dendrimeric iminophosphine lig-
and was employed in the Pd-catalyzed reaction between
aryl bromides,'? especially p-anisyl bromide, and sty-
rene and its performance compared with the catalytic
efficacy of simple iminophosphines of varying steric
requirements, 3, 4 (Fig. 1). We also examined the effect
of solvent on the same reaction. In this respect, we
tested a rather novel reaction medium, i.e. an equimolar
mixture of acetic acid and a tertiary amine. Relevant to
the present work is a recent report on an analogous
dendrimeric iminophosphine ligand and its application
in the catalytic Stille coupling reaction.!* Our results on
the coupling of p-anisyl bromide with styrene are sum-
marized in Table 1.

Palladium acetate, 1%, in the presence of 3 equivalents
of DAB-32-imiphos and lithium acetate and an equimo-
lar mixture of tributylamine and acetic acid as solvent
(temperature 130°C, time 15.5 h) converted bromoben-
zene completely to a mixture of ca. 90% trans-stilbene
and ca. 10% isomers. However, at 100°C, and otherwise
under the same conditions, the conversion was only 4%.

Table 1. Heck coupling of p-anisyl bromide with styrene. Temperature 130°C, reaction time 23 h, catalyst system Pd(OAc),-

DAB-32-imiphos*

Entry mol% Pd [L]/[Pd] Solvent Base Conversion (%)® Product (%)°
1 1 1:1 Bu;N-AcOH LiOAc 66 57

2 1 11:1 Bu;N-AcOH LiOAc 55 55

3 1 15:1 Bu;N-AcOH LiOAc 1 0.6

4 2 2:1 Bu;N-AcOH LiOAc 88 83

5 2 2:1 Bu;N-AcOH NaOAc 88 85

6 2 2:1 Bu;N-AcOH None 92 87

7 2 2:1 TMEDA-AcOH None 93 92 (77)
8 2 2:1 Bu;N None 0 0

9 2 2:1 AcOH¢ NaOAc 6 4

10 2 2:1 DMF NaOAc 72 71

# General conditions: 5 mmol of each reactant, solvent 3.0 mL, argon atmosphere.

b Determined by GC.
¢ trans-4-Methoxystilbene, in parentheses isolated yield.
9 In the presence of paraformaldehyde.
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With the electron-rich bromide, p-anisyl bromide with
2% Pd(OAc), and a ratio [L]/[Pd]=2, (L in equivalents,
i.e. 12218/32=381.81 where mol. wt. of L=12218) the
conversion ranged from 88 to 92% at 130°C in 23 h, the
solvent being an equimolar mixture of Bu;N-AcOH.'"
A 93% conversion was also realized by using as solvent
an equimolar mixture of TMEDA and acetic acid
(entries 4-7). These results should be contrasted with
the 0 and 6% conversions in tributylamine alone or
acetic acid alone, respectively, containing NaOAc and
paraformaldehyde as the reducing agent!® (entries 8 and
9). Even the widely used solvent and base conditions of
DMF and NaOAc gave only a 72% conversion. There-
fore, the equimolar mixture of TMEDA or tributyl-
amine, and perhaps other tertiary amines, and acetic
acid appears to be superior to DMF. It appears reason-
able to assume that the R;N-AcOH solvent system
behaves like an ionic liquid.'® The data indicate that, in
the reaction medium R;N-AcOH, addition of either
lithium or sodium acetate does not improve the conver-
sion (cf. entries 4 and 5 with entries 6 and 7). In fact,
regioselectivity appears to be better in the absence of
inorganic base, particularly so in TMEDA-AcOH
(Entry 7).

Variation of the [L]/[Pd] ratio revealed an interesting
trend. The conversion dropped dramatically as the ratio
increased. Namely, for the ratios 4:1, 11:1 and 15:1,
conversions were 65, 55 and 1%, respectively (entries
1-3). This implies that there is a rather strong inter-arm
interaction within the dendrimer to which the metal is
coordinated, preventing the substrate from competing
for a coordination site on the metal.!”

For comparison purposes, we employed the iminophos-
phines 3 and 4. The corresponding conversions were 16
and 85% under otherwise the same conditions. The
efficacy of the iminophosphine ligand 4 can be readily
attributed to the steric crowding around the imine
nitrogen. It therefore appears that the DAB-32-imiphos
functions as a ligand of great steric demand. It should
be pointed out, however, that given the thermal insta-
bility of DAB-dendr-(NH,);,, the DAB-32-imiphos lig-
and most probably undergoes degradation under the
reaction conditions and the extensive formation of Pd
black indicates that this could, perhaps, be the case.
The catalytic system is therefore not recoverable. Also
nothing can be said with certainty about the actual
catalytic species. A possibility is that this involves a

cyclopalladated compound resulting from the intact
dendrimeric ligand or a fragment thereof. In any case,
the ligand must be sterically demanding, judging from
the results with the simple iminophosphines 3 and 4
(Fig. 1).'®

The dendrimeric aminophosphine ligand, DAB-32-
amiphos, gave a 78% conversion, which is somewhat
lower than that obtained with the DAB-32-imiphos
ligand.

In conclusion DAB-dendr-(NH,);, has been modified to
produce two novel dendrimeric P,N-ligands, DAB-
dendr-[1,2-(N=CHC¢H,PPh,)];, and DAB-dendr-[1,2-
(NHCH,C(H,PPh,)];,, which were both found to
activate electron rich aryl bromides in the Heck reac-
tion. The reaction seems to proceed better in a novel
solvent, i.e. an equimolar mixture of a tertiary amine
and acetic acid. A marked dependence of the conver-
sion on the [equivalents of dendrimeric ligand]/[Pd]
ratio has been observed; the higher the ratio the lower
the conversion, which becomes zero for ratios greater
than 15. This phenomenon is attributed to a rather
strong interaction of the arm bearing the metal with
neighboring ones within the dendrimer.
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