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Condensation-type polyamines are generally prepared 
by dehydrohalogenation condensation of primary or 
secondary diamines with dihalogenated compounds, 1 

however, the reaction often requires severe reaction 
conditions or activated substrates. In contrast, there have 
been few reports on preparation of polyamines using 
dialdehydes and diamines. 2 For example, an indirect 
synthesis of polyamines has been achieved by the poly
condensation of aromatic or aliphatic diamines with 
terephthalaldehyde giving polyazomethines followed by 
hydrogenation with a reducing agent. 

On the other hand, the reactions of aldehydes or 
ketones with amines in the presence of reducing agents, 
known as reductive aminations, are among the most 
useful and important tools in the synthesis of different 
kinds of amines. 3 Recently, Abdel-Magid et a/. have 
reported that sodium triacetoxyborohydride (NaBH
(OAch) is an effective reducing agent for the direct 
reductive aminations of aldehydes with amines under 
mild conditions. 3d The reductive amination of dialde
hydes with diamines would afford polyamines through 
an one-pot polycondensation according to eq 1. 

nOHC-R-CHO+nR"-N-R'-N-R" 
H H 

R" 
NaBH(OAch ( C-R-C-N-R'-N \ (1) 

\H2 Hz 

Reductive homo- and co-polymerizations have recent
ly attracted attention in polymer chemistry, and various 
polyethers,4 poly(oxamide)s, 5 and polypinacols6 have 
been prepared. We here report the results of the reductive 
polycondensation of dialdehydes with diamines. 

EXPERIMENTAL 

IR and NMR spectra were recorded on a JASCO 
FT/IR-230 spectrometer and a JEOL JNM-A400 NMR 
spectrometer, respectively. Weight-average molecular 
weights (M w) of the polymers were measured by the light 
scattering method with a Photal DLS-7000DH/DL light 
scattering spectrophotometer. Elemental analyses were 
carried out with a Yanaco CHN Corder MT-5. 

Ferrocene-1, 1'-dicarbaldehyde, 7 his( 4-formylphenyl) 

1 To whom correspondence should be addressed. 

succinate, 43 and 2,5-didodecyloxyterephthalaldehyde8 

were prepared according to the literature procedures. The 
other monomers have been purified by recrystallization 
prior to use. 

A typical polymerization procedure is as follows. A 
mixture of isophthalaldehyde (IPA) (268 mg, 2 mmol) 
and 4,4'-trimethylenedipiperidine (TMDP) (421 mg, 2 
mmol) was dissolved in 1,2-dichloroethane (DCE) (20 
ml). NaBH(OAch (1.272g, 6mmol) and LiCl (212mg, 
5 mmol) were added to the solution. The reaction mix
ture was stirred at 25°C for 48 h under nitrogen. The re
action mixture was quenched by adding a NaOH aque
ous solution (1M, lOOml), and the product was extract
ed with CHC13 . The organic fraction was concentrated, 
and reprecipitation from CHC13/methanol and CHC13/ 

ether gave a white powder of poly[(4,4'-trimethylenedi
piperidine-l, 1'-diyl)methylene-1 ,3-phenylenemethylene] 
(poly-1) (318 mg, 51% yield). Anal. Found: C, 80.3%; 
H, 10.3%; N, 9.0%. Calcd for (C21 H 32N2)n: C, 80.7%; 
H, 10.3%; N, 9.0%. Other polyamines were prepared 
analogously. The CHC13 insoluble fraction of the poly
mers was purified by washing thoroughly with metha
nol and ether. 

RESULTS AND DISCUSSION 

When the reaction of IPA with TMDP was carried 
out without NaBH(OAch, only a trace of oligomeric 
product was obtained. On the other hand, the reactions 
using NaBH(OAch for 24--48 h afforded poly-1 in 
moderate yields. Table I summarizes the results of the 
reductive polycondensation of IPA with TMDP under 
various conditions. The reductive polycondensation 
proceeded smoothly in the presence of small excess 
amount ofNaBH(OAch (3 equiv. for monomer) at room 
temperature. The light scattering measurement of poly-1 
with an inherent viscosity (1Jinh) of 0.21 g dl- 1 (Table I, 
Run 6) showed Mw of 7200. An addition of large excess 
amount of NaBH(OAch decreased polymer yields and 
1Jinh values. Aldehyde group could be reduced with 
NaBH(OAch to the corresponding alcohol, 3d and the 
undesirable reduction might prevent propagation of the 
polymer chain and result in lower yields of the polymer. 
An addition of LiCl gave the product with somewhat 
higher '1inh· The presence of LiCl is considered to cleave 
the hydrogen bond of the intermediate hydroxylamine 
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Table I. Reductive polycondensation of isophthalaldehyde with 4,4'-trimethylenedipiperidine under various conditions• 

Temp YieJdb '7inh 
c 

Run NaBH(OAch/ Solvent LiCI/ 
Monomer oc Monomer 

% gdL - 1 

I 0 DC Ed 25 Trace 
2 2 DCE 25 6 0.07 
3 3 DCE 25 56 0.18 
4 4 DCE 25 47 0.13 
5 6 DCE 25 36 0.13 
6 3 DCE 25 2.5 51 0.21 
7 3 DCE 70 2.5 47 0.18 
8 3 DCE 5 2.5 28 0.19 
9 3 THF 25 2.5 58 0.20 

10 3 Dioxane 25 2.5 44 0.20 
u· 3 DCE 25 50 0.19 

"Stirring for 48h under N2 . bJnsoluble fraction in ether and methanol. •Measured at a concentration of l.OgdL - 1 in CHCI3 at 30°C. 
d 1,2-Dichloroethane. • Acetic acid (l.Oequiv. for monomer) was added. 
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Figure I. 1H (a) and 13C (b) NMR spectra ofpoly-1 in CDCI3 . 

and facilitate the formation of the iminium intermediate.9 

An addition of acetic acid3 d was not effective for the 
reaction. The reactions at higher temperature (70°C) and 
lower temperature (5°C) decreased yields and 1/inh of the 
products. Use oftetrahydrofuran (THF) and 1,4-dioxane 
as solvents also gave the polymer in moderate yields. 

Ti(OiPr)4 /NaBH4 , 3 b Cl3SiH-DMF, 3 c and borane
pyridine complex3 e,r have also been presented as reduc
ing agents for the reductive amination of aldehydes or 
ketones with amines. However, in the present study, the 
polycondensation reactions using the reducing agents 
resulted in little or no product formation. 
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Figure 1 shows the 1 H and 13C NMR spectra of poly-1 
(Table I, Run 6) in CDC13 . The peaks were assigned by 
comparison of the peak positions of poly-1 with those 
of monomers. The 1 H and 13C NMR spectra were also 
confirmed by 1 H-1 H COSY and DEPT spectra, respec
tively. In Figure l(a), the ratios of the peak area agree 
with the suggested assignment. A peak attributable to 
methylene protons formed by the reductive amination 
of aldehyde is observed at o 3.5 ppm, and no peak 
assignable to the aldehyde end group (o 10.1 ppm for 
IPA) is observed. The 13C NMR spectrum of poly-1 
(Figure l(b)) shows 10 peaks, and a peak assignable to 
methylene group formed by the reductive amination is 
observed at o 63.5 ppm. IR spectrum of poly-1 shows a 
disappearance of the bands due to v (C=O) (1694cm- 1 

for IPA) and v (N-H) (3190cm- 1 for TMDP). 
Table II summarizes the results of the reductive 

polycondensation of various dialdehydes with diamines 
under the same conditions as that of Run 6 in Table I. 
The structures of the polymers were confirmed by IR 
and NMR spectroscopy. Elemental analysis data of the 
polymers are reasonable for the calculated values for the 
corresponding structures. The polyamines (Runs 7, 8 in 
Table II) contain a CHC13 insoluble fraction with high 
molecular weights, however, it is soluble in acidic solvents 
such as f-ormic acid and acetic acid. IR spectrum of the 
CHC13 insoluble fraction is identical to those of the 
CHC13 soluble fraction. 

As shown in Table II, electronic properties of aromatic 
dialdehydes may affect the reductive polycondensation. 
The reactions using electron-rich aromatic dialdehydes 
such as 2,5-thiophenedicarbaldehyde, ferrocene-1, 1 '
dicarbaldehyde, and 2,5-didodecyloxyterephthalalde
hyde afforded polymers in moderate to good yields 
(Runs 2, 4, and 5). In contrast, use of 2,6-pyridinedicar
baldehyde and bis(4-formylphenyl) succinate, which 
are electron-poor aromatic dialdehydes, provided poly
amines in lower yields (Runs 3 and 6). The electron 
withdrawing effect of the pyridine ring and acyloxy 
substituent would inhibit formation of the iminium 
intermediate. 3r The reactions using cyclic secondary 
diamines such as TMDP and piperazine gave the prod
ucts in moderate to good yields, whereas employing less 
nucleophilic acyclic secondary diamines and aromatic 
secondary diamines such as N,N' -diethylethylenediamine 
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Reductive Polycondensation 

Table II. Reductive polycondensation of various aryl dialdehydes and diamines• 

YieJdb 'linhc 

Run Dialdehydes Diamines 
% gdL- 1 

51 0.21 7.2 

2 n OHC S CHO 
65 0.20 7.8 

3 n OHC "N CHO 

0.16 45 

4 Fe 55 0.26 10.7 

1\ 
5 HN NH 

\..._/ 
0.19 7.0 63 

6 1\ 
HN NH 

28 0.10 
\..._/ 

7 40 (27) 

8 79 (77) 

•The polycondensation of dialdehydes (2mmol) and diamines (2mmol) was carried out in the presence of NaBH(OAch (6mmol) and LiCI 
(5 mmol) in DCE (20cm3) at 25°C for 48 h. hTotal yield; the number in the parentheses is the yield of CHCI3 insoluble fraction. c Measured at 
a concentration of 1.0 g dL- 1 in CHC13 at 30°C. d Determined by light scattering method. 'The Zimm plot was obscure presumably due to low 
molecular weight. 

and N,N'-diphenyl-p-phenylenediamine failed to pro
mote the polycondensation. 

In relation to the polycondensation of dialdehydes with 
secondary diamines, the polycondensation of IPA with 
primary diamines such as m-phenylenediamine also 
provided the polymer in good yield (Table II, Run 8). 
However, the obtained polymer was insoluble in common 
organic solvents, presumably due to partially cross-linked 
structures. 

As described above, several new polyamines are easily 
obtained by the reductive polycondensation using 
NaBH(OAch under mild conditions. Although yields 
and molecular weights of the polymers are not high in 
the present study, the polycondensation could provide a 
variety of polyamines by changing the structure of 
dialdehydes and diamines. Further studies for obtaining 
the appropriate conditions for the polycondensation as 
well as preparation of other polyamines are now in 
progress. 
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