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Synthesis and Catalytic Activity of Unimolecular generation dendrimei3, has an external layer containing 48

Dendritic Reverse Micelles with “Internal” tetradecyl units surrounding an inner core of benzyl ether repeat

Functional Groups units functionalized with a layered concentric arrangement of 21
] o . ester functional groups (Scheme 1).
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Craig J. Hawker* and Jean M. J. Fohet** environment of the core to be readily modified. To increase the

IBM Almaden Research Center hydrophilic character of the dendritic interior, and provide
650 Harry Road, San Jose, California 95120 hydrogen-bonding sites, the “inner” ester groups were reduced
Department of Chemistry, Usersity of California to the corresponding alcohols, (e.4, Scheme 1). Standard
Berkeley, California 94720-1460  reaction conditions, excess LiAlHn refluxing THF for 16 h,
Receied June 7, 1999  followed by purification by either flash chromatography or
precipitation resulted in essentially 100% reduction with the
reaction being easily monitored Bt NMR, FT-IR, and MALDI-
TOF mass spectroscopy. In this way, reduced third and fourth
generation dendrimers ([G43[Cl e 6, and [G-4}-[C] eq, 4) Were
prepared? These dendrimers have a high “inner” density of
aromatic rings and hydroxyl groups affording a unique nanoen-
vironment for reactions involving suitably polar transition states.

The unique 3-dimensional structure of dendritic macromol-
ecules, coupled with the ability to prepare a diverse range of
functionalized materials, has sparked continued interest in this
rapidly evolving field* When compared to traditional linear
polymers, one of the most interesting features of dendrimers is
their similarity to natural catalytic systems such as enzymes. Like

ey, he shucire and unclonlty f dendrimers <A D Tnerfore, n analogywih encyines,  postvely harged rans-
philic and hydrophobic character. This creates specific nanoscaletlon state COU|d. be stat_Jlllzed by no_n(_:ovalenf[ Interactions such as
environment within dendrimers in which chemistry can be hydrogen bonding, cationr aromatic interactions, or simply the
performed, guest molecules encapsuldtedy catalytic sites hydroph_lllc_ln_t_ernal nanoenvironment of the d_endnmer. To avoid

! product inhibition of the catalytic site, the reaction products should
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quep to the outside medium leading to high turnover numbers. Initially,

with activating functional groups at predeterml_ned locations and S\2 reactions and unimolecular elimination reactions (E1) were
a nonpolar corona that resembles the reaction solvent. These

. o . . ; ~~ “examined.
dendrimers are specifically designed to catalyze reactions in which . .
a nascent positive charge is developed in the transition state. Tertiary alkyl halides were chosen as E1 substrates and an

; ; i ic base was added to trap the acidic hydrogen halide
Construction of the dendrimers by a convergent growth inorganic 1 S
approach involved the tetradecyl-substituted benzyl bromide, byproduct:* Upon h_eatlng In cyclohexane_ at 7t for 24 h
1, as the terminal unit and the methyl ester functionalized (SChe”.‘e 2), essentially complete conversions were obta!ned for
diphenol,2, as the repeat unt Growth of the dendritic structure both 2—|odo-2-methylprop§ne and 2-iodo-2-methylheptane
was carried out using a two-step procedure, coupling\with 2 the presence of 0.57 mol % of dendrimér)n contre}st, little or .
under Williamson etherification conditions, followed by activation no reaction could be observed for control experiments carried

- ; out under identical conditions but withodt!® Increasing the
gl;érrlﬁir;l;lljiEnp\rleiite]ctggﬂhggrr%ox_l)fﬂweet:gtli\%ggﬁ %ﬁé@%;ﬂ?gl F\i\?r']ri]éhby substrate/dendrimer ratio had a minimal effect on product yields

involves both a deprotection and a bromination reaction, can be With ca. 90-99% conversion belr;g observed after 43 h in the
carried out in a single step, thereby facilitating dendrimer prhe;sence |°f Iess.trr]wan 0.01 mol % of the dendr!mer (lTabIe 1).
synthesis. Dendron construction was carried out up to the fourth This corre ates with a turnover number of approximately .17400’
generation and the respective second, third, and fourth generationdemonstr‘f“t'ng tha@ the dendrimer acts as a catalyst with each
dendrons were then coupled to a trifunctional core to obtain the molecule involved in repeated reactions with uptake of substrate

: : 2L followed by release of product. Interestingly, the E1-elimination
desired dendrimers, ([G4IC], 3, and [G-3}[C], 5). The 4th reaction of7 leads to two possible products, an internal olein,
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Scheme 2 effect on the reaction with a 1015% decrease observed upon
I replacing hydroxymethyl groups by ester groups. More impor-

/\/\/r\ — e tantly, the ester functionalized derivatives proved to be unstable

70°C/D12—cyclohexane
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Table 1. Effect of Changing the Dendrimer Structure and
Concentration on the Yield and Turnover Number for the E1
Elimination Reaction of7

dendrimer  substrate/dendrimer  conversion, %  turnover no.
3 180to 1 83 149
90to 1l 84 76
4 176to 1 99 174
353to 1 90 318
1760to 1 92 1619
3530to 1 94 3318
17600to 1 99 17400
5 90to1l 68 61
6 87to1 73 63
176to 1 71 125
870to 1 67 589

@ Reaction performed for 68 h.

and a terminal olefin9, and the product rati®/9, was found to
be sensitive to the catalyst loading with values of 2 or greater
being obtained in essentially each cése.

Variations in the structure and functionality of the dendrimer
were found to have a marked effect on catalytic ability. Decreasing
the size of the dendrimer from [G-4] to [G-3] resulted in a-15
20% reduction in both rate of reaction and turnover number.

Changing the nature of the internal functional group also had an

(16) The different values for the product rat®/9, were found not to be
due to isomerization but were sensitive to the catalyst loading with higher
substrate-to-dendrimer ratio leading to an increase in the ra®o$tructure
of the dendrimer, as well as the nature of the internal functionality, was also

found to have an effect. The reason for this is not completely understood and

is currently under investigation.

under the reaction conditions with minor amounts of cleavage of
the dendrimer backbone being detected to give lower molecular
weight dendritic fragments. In contrast, the reduced hydroxy-
methyl derivatives were stable and demonstrated the same level
of activity after repeated cycling, suggesting their potential use
in flow-through reactor systems.

To further investigate the catalytic ability of these dendritic
reverse micelles, they@ alkylation of pyridine with CHI was
studied. Equimolar amounts of pyridine and LLwere stirred at
room temperature in cyclohexane with varying amounts (.01
1.0 mol %) of dendrimer8 or 4. Catalytic activity was observed
for all the dendrimers studied while no conversion was found for
a variety of control experiment8.The highest catalytic ability
was again observed for the 4th generation dendrithédpwever
in these examples, attempts to perform the reactions at low
dendrimer concentrations resulted in incomplete conversions, most
likely due to product inhibition since the polar alkylated pyri-
dinium salts have a high affinity for the dendritic core.

This study demonstrates that dendrimers with appropriate inner
and outer functionalities can perform as nanoscale unimolecular
catalytic “systems”. The high polarity of their inner core,
contrasting with the low polarity of their outer corona and of the
solvent, provides an ideal nanoenvironment for reactions that
involve a polar transition state. Further investigations concerning
the chemical properties and catalytic selectivity of these and
related macromolecules are currently underway.
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