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Recently, hyperbranched dendritic macromolecules are 
attracting much attention due to their specific structures 
and characteristics. These molecules with regular branch- 
ing have been prepared by a stepwise method, Le., 
repetition of reactions and subsequent purification.'I2 
Another synthetic method recently developed is poly- 
condensation or polyaddition of a AB,, type monomer 
although the product polymer has imperfect bran~hing.~ 
The present paper presents a new concept for chain 
polymerization, adequately termed 'multibranching po- 
lymerization (MBP)", which provides a dendritic polymer 
involving the initiator as the core (Scheme I). The most 
characteristic aspect of MBP is multiplication of the 
propagating ends at  every step of propagation. 

Our previous exploration of Pd-catalyzed ring-opening 
polymerization4 suggested to us an idea of MBP as well 
as a monomer structure for it, i.e., 5,5-dimethyl-6- 
ethenylperhydro-l,3-oxazin-2-one (I). The key point of 
the monomer design is that 1 has an amidic proton which 
is a dormant propagating end (vide infra).5 In agreement 
with our plan, 1 was polymerized at  room temperature in 
THF with the aid of Pd~(dba)&HC13-2dppe, as catalyst, 
to produce dendritic polyamine 2 together with evolution 
of COz (Scheme 11). 
As espected, primary or secondary amines worked as 

the initiators for the polymerization to manipulate mo- 
lecular weights of the product polymers. Table I shows 
representative results employing benzylamine, as initiator. 
lH NMR spectra of reaction mixtures revealed that the 
monomer was almost quantitatively converted to the 
polymer. Purification to exclude ligands from the polymer 
allowed the low molecular weight part to escape. There- 
fore, as lower molecular weight polymer were produced, 
the isolate yields were reduced and the DP values became 
higher than those calculated on the feed ratio of the 
initiator to monomer. The control reaction without any 
initiators proceeded slowly, but insoluble product was 
obtained6 (run 4); however, its IR spectrum was completely 
identical with that OP the soluble polymer produced with 
the initiator. 

The polymer structure was identified by 13C and lH 
NMR spectra, as compared with models such as neopen- 
tylamine, N-allylneopentylamine, and NJV-diallylneo- 
pentylamine. These spectra indicated that the polymer 
has incomplete branching consisting of not only primary 
and tertiary but also secondary amino moieties; the former 
ar a polymer end and a branching junction, respectively, 
an 1 the latter is a nonbranching junction. Figure 1 shows 
the representative lH NMR spectrum together with 
chemical shift values of methylene protons of three models; 
these values suggested peak assignments of the polyamine 
2. The 'H NMR spectra offered clues to calculate DB 
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Scheme I 
Conceptional Scheme of Multibranching Polymerization 

(Multiple Coefficient = 2) 
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(degree of branching) values as well as DP values of the 
product polymers. The f% value is a unit ratio of the 
tertiary amino moiety to the total of the secondary and 
tertiary ones; it was calculated on the basis of relative 
intensity between peaks a-2 and a-3 as well as e-2 and e-3 
(Table I). Since peak f was assignable to benzylic protons 
from the initiator of benzylamine, the integral ratio of 
peak f to others afforded the value, which was in good 
agreement with that given by VPO measurement of the 
molecular weight (Table I). Accordingly, it was concluded 
that all of the polymer molecules originated exclusively in 
the initiator of benzylamine. 
As for the molecular weight distribution of the product 

polymer, measurement of a MWIMn value by GPC was 
impossible for polyamine 2 because long tailing of a peak 
was observed due to interaction of 2 with a polystyrene 
bed in a column. Therefore, primary and secondary amino 
groups of 2 were transformed to carbamate groups by 
treatment with n-butyl isocyanate, and the resultant 
polymer was subjected to GPC measurement (eluent, 
CHC13; PSt standard); the obtained M,l Mn value was 1.35 
(run 2 in Table I). 

Scheme I11 proposes a most reasonable mechanism for 
polymerization; the r-allylpalladium complex 3 is the key 
intermediate.' The initiator of a primary amines attacks 
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Table I 
Pd-Catalyzed Ringopening Polymerization of 5,5-Dimethyl-6-ethenylperhydro-l,3-oxazin-t-one (1). - 

DP - 
run catalystb (mol % ) initiatop (mol %) time (day) yieldd (%) lC l , e  VPOf NMFU DBh(%) 
1 0.5 10.1 2 60 1860 15.8 17.8 44 
2 0.5 5.0 2 85 3190 27.8 28.6 44 
3 0.5 2.5 2 quant 5330 47.0 46.6 52 
4 1.5 0 3 quant insoluble 

a In THF at room temperatures. Pds(dba)~CHCl~-2dppe. PhCHZNHz. Isolate yield of the polymer after purification (except for run 
4, see supplementary material). e Measured by VPO in CHC13 at  40 “C. f (iffn - MW of benzylamine)/(MW of 1 - 44). 8 See text. h Degree of 
branching (see text). 

r r . ,  

Figure 1. lH NMRspectrum (4WMHz, CDCl,) ofthepolyamine 
2 (run 1 in Table I) and chemical shift values of methylene protons 
of the models. 

the electrophilic site of 3 to produce diamine 4, releasing 
COz and regenerating a Pd(0) complexes Since both of the 
two amino groups of 4 have the ability to react with 3, two 
kinds of triamines, Sa and 5b, are possible. Repetition of 
this reaction of 3 with primary and secondary amino 
groups,1o whose relative reactivity reflects the degree of 
branching, gives rise to production of hyperbranched 
dendritic polyamine incorporating the initiator, as core. 
Accordingly, primary and secondary amino groups are 
propagating ends, whose numbers increase with the 
progress of the polymerization; this is MBP. 

Though having highly branched structures, polyteth- 
ylenimine) prepared from ethylenimine involves no ap- 
parent core; this is an essential difference from a dendritic 
polymer. Further studies about MBP are under inves- 
tigation including block and graft polymer synthesis, 
kinetics, and other monomers for MBP. 
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