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A selection rule for the reactivity of monomers to realize a
quantity production of dendrimers through alternate multiaddi-
tions (AMA) is presented. The prototype of the AMA process
was shown by using 2-sulfanylethanol and pentaerythritol tetra-
acrylate to give a tetraol, which was reacted with 1,1-bis-
(acryloyloxymethyl)ethyl isocyanate as a branched building
block to yield a dendritic octaacrylate. Both additions were re-
peated for the second generation growth.

The unique properties of dendrimers1 have led to diverse ap-
plications including drug delivery,2 biomedical purposes,3 cata-
lysts,4 optoelectronics,5 and sensors.6 It has been a long-awaited
subject to achieve their large-scale production, since the major-
ity of the preparative methods are laborious. Click chemistry
based on 1,3-dipolar cycloaddition without forming any by-
product is attractive,7 but it is necessary to convert a chlorinated
precursor into the corresponding building block bearing azido
group for the generation growth. Meanwhile, the one-pot synthe-
ses of dendrimers were reported by employing suitable combina-
tions of reactions.8 Convenient methods for large-scale synthesis
of dendrimers have been recently exploited; the thiol–ene radical
addition9 of thioglycerin as a branched building block, followed
by the esterification with an unsaturated carboxylic acid9b and
the coupling of substitution and deprotection based on the differ-
ential reactivity of chlorine atoms of trichlorotriazine.10 We re-
port here a novel strategy to synthesize commodity dendrimers
through the combination of two types of additions without form-
ing any by-product starting from commercially available com-
pounds to achieve the quantity preparation of dendrimers bear-
ing polyols and polyacrylates in a cost-effective way.

Our strategy is based on alternate multiadditions (AMA).
Let us consider a couple of difunctional monomers denoted as
E1–E2 and N1–N2 to prepare linear oligomers. E1 and E2 are elec-
trophilic, while N1 and N2 nucleophilic. In order to accomplish
chain lengthening,monomers should fulfill the following require-
ments. Firstly, E1 should be reactivewithN1 but notwithN2 at all,
whereas E2 is allowed to react with both N1 and N2, in such a way
that any cross-talk between the two addition reactions is avoided,
as shown in Figure 1a. Secondly, both of the additions involved
attain high yields to omit purification processes, leading to the
generation growth in a one-pot manner. When R–E1 as a core
molecule reacts with an equimolar amount of N1–N2, we obtain
specifically R–E1=N1–N2, whereas the double bond stands for
the new linkage. The molecule can be converted into R–
E1=N1–N2=E2–E1 by adding an equimolar amount of the second
monomer, E1–E2, and E1 is regenerated at the termini to finish one
cycle. If at least one of the monomers is branched and designated
as E2–(E1)2, the repetition of the reactions results in the genera-
tion growth of dendrimers or dendrons, as sketched in Figure 1b.

We selected the combinations of SH and OH groups as nu-
cleophilic substituents (N1 and N2) and acrylate and NCO
groups as electrophiles (E1 and E2) to fulfill the requirements.11

We employed 2-sulfanylethanol (ME) as a spacer E1–E2, 1,1-
bis(acryloyloxymethyl)ethyl isocyanate (BEI) as a branched
E2–(E1)2 and pentaerythritol tetraacrylate (Ac4) as a core mole-
cules (R–(E1)4). Note that they are commercially available and
used as received. The first step shown in Figure 2 consists of
the Michael addition of Ac4 with a 4molar amount of ME to give
the branched tetra-ol (OH4) in THF containing triethylamine
(TEA) as a catalyst.12 As shown in Figure 3 (spectra a and b),
the acrylate peaks of Ac4 at ca. 5.9, 6.1, and 6.4 ppm disappeared
entirely, accompanied by the appearance of a signal due to CH2–
OH at 3.68 ppm. The product was isolated after the removal of
the solvent to confirm the structure by means of MALDI-
TOF/MS.12 A single parent peak due to the sodium-additive
form of OH4 appeared at m=z 667. The second step was the ure-
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Figure 1. (a) The selection rule of electrophilic (E1 and E2)
with nucleophilic (N1 and N2) substituents. (b) (i) E1 (closed tri-
angle) of a core molecule adds to N1 (closed square) of N1–N2 to
convert the terminus of the product specifically into N2 (gray
square), (ii) which reacts with the trifunctional E2–(E1)2. (iii)
and (iv) The both additions are repeated for the generation
growth.
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Figure 2. Synthesis of dendrimers through the AMA process
starting from commercially available compounds.
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thane formation between the OH groups of OH4 and a 4 equiv of
BEI in THF under reflux in the presence of dibutyltin dilaurate as
a catalyst and cupferon as a polymerization inhibitor to give the
dendritic octaacrylate (Ac8). A new signal at ca. 4.3 ppm due to
CH2–OCONH appeared as a couple of doublets instead of the
perfect disappearance of the CH2–OH signal, as displayed in
the spectrum c in Figure 3. The structure of Ac8 was also sup-
ported by the MALDI-TOF/MS exhibiting two peaks at m=z
1643 and 1659 assigned to the sodium- and the potassium-addi-
tive forms of Ac8, respectively.12 THF remained even after the
prolonged treatment under a reduced pressure, implying the en-
trapment of THF in Ac8 chains. Subsequently, the yield of crude
product exceeded 100%.

The second cycle was achieved in a similar manner by using
8 equiv of ME to react with Ac8 to afford the octa-ol (OH8)
quantitatively. Whereas no peak signal due to acrylate was ob-
servable, the signals of CH2–OH were observed at 3.68 ppm
(the spectrum d in Figure 3). A MALDI-TOF/MS displayed a
single peak at m=z 2268 due to the sodium-additive form of
OH8.12 OH8 was treated subsequently with an 8 equiv of BEI
to give Ac16. The molecular structure was supported by the thor-
ough disappearance of the proton signals due to CH2–OH (the
spectrum e in Figure 3). A MALDI-TOF/MS exhibited a parent
peak at m=z 4180 corresponding to the sodium-additive form of
Ac16.12 A 1HNMR spectrum showed that THF is not thoroughly
removed again so that the yield of a crude product exceeded
100%.

Noting the facile reactivity of SH with acrylate, Ac8 and
Ac16 were subjected to reaction with naphthalene-2-thiol to af-
ford the corresponding 2-naphthylsulfanyl-terminated deriva-
tives (N8 and N16). The purpose was twofold. The first was to
determine the purity of the dendrimers after chromatographic
separation. The second was to confirm the reasonable chemical
modification of the polyacrylate dendrimers. The gel-permeation
chromatography analysis revealed that purified N8 exhibits
Mw ¼ 2701 and Mw=Mn ¼ 1:04 whereas the theoretical Mw is
2903, supporting that Ac8 is sufficiently monodispersed. On
the other hand, Mw and Mw=Mn of N16 with theoretical
Mw ¼ 6724 was 5519 and 1.06, respectively, suggesting that
the purity of Ac16 is slightly reduced.

The results shown above support the validity of our strategy
approaching the quantity production of dendrimers without
weight loss. We believe that the dendrimers shown here play a
role as commodity chemicals and precursors in developing func-
tional dendrimers by tailor-made chemical modification, fol-
lowed by final purification. In addition, Ac8 and Ac16 are of
practical significance as UV-curable materials because of the en-
hanced photosensitivity and low polymerization shrinkage, and
the results will be reported elsewhere.
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Figure 3. 1HNMR spectra of (a) Ac4, (b) OH4, (c) A8c, (d)
OH8, and (e) Ac16 as crude products. The dotted square (i)
and line (ii) show the signals of the acrylate and SHCH2CH2–
OH.
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