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Numerous reports have been published on palladium 
(Pd) complex catalyzed polycondensation to give poly
(arylene )s, polyesters, polyamides, and related poly
mers. 1 However, the preparation of polyamines using 
Pd-catalyzed processes has been little studied. 2 We have 
recently reported that the Pd-catalyzed polycondensa
tion of dibromobenzenes with secondary diamines af
fords poly( arylenediamine )s. 3 
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However, the yields and molecular weights of the 
obtained polymers are not high. A mechanism for the 
Pd-catalyzed aryl amination has been proposed,4 and 
the catalyst system involves P-hydrogen elimination re
action of the Pd intermediate. The undesirable side 
reaction should be depressed to achieve high molecular 
weights in the polycondensation. 
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Reports on Pd-catalyzed aryl amination have de
monstrated mechanisms of the reaction and improved 
catalyst systems.4 •5 In the course of our investigation 
on the Pd-catalyzed polycondensation, we found that 
the combination of tris(dibenzylideneacetone)dipalladi
um(0) (Pdz(dbah) and bulky phosphine ligands such 
as tri-o-tolylphosphine (P(o-tolylh), tri-tert-butylphos
phine (P(t-butylh), and 2,2' -bis( diphenylphosphino )-1, l ' -
binaphthyl (BINAP) serves as superior catalyst sys
tems for the polycondensation, and affords a variety of 
poly(arylenediamine)s with higher molecular weights in 
higher yields than previously reported examples. We re
port the results of the Pd-catalyzed polycondensation 

1 To whom all correspondence should be addressed. 
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in the following. 

EXPERIMENTAL 

IR and NMR spectra were recorded on a JASCO 
FT-IR-230 spectrometer, JEOL JNM-A400 NMR spec
trometer, respectively. Elemental analyses were carried 
out with a Yanaco CHN Corder MT-5 and a Mitamura 
Riken Kogyo Micro Elementary Analyzer. GPC analy
ses were performed with a JASCO 880 system using a 
Shodex K-804L column using CHC1 3 as an eluent 
(polystyrene standards). Number-average molecular 
weights of the samples were measured by a Knauer 
vapor pressure osmometer Type 11.00 in CHC13 at 
30°c. 

A mixture of 1,3-dibromobenzene (472mg, 2mmol) 
and 4,4'-trimethylenedipiperidine (4,4'-TMDP) (421 mg, 
2mmol) was dissolved in toluene (15ml). NaOtBu 
(577 mg, 6 mmol), Pdz(dba) 3 (45.8 mg, 0.05 mmol), and 
P(o-tolylh (91 mg, 0.3 mmol) were added to the solution 
at room temperature. The reaction mixture was stirred 
at 100°C for 16 h under nitrogen. After cooling to 
room temperature, the mixture was quenched by adding 
aqueous ammonia (20 ml) and the product was extract
ed with CHC13 (3o-40 ml). The organic fraction was 
concentrated and reprecipitation from CHC13/hexane 
and CHC13/ether gave a yellow powder of poly[l,l'
( 4,4' -trimethylenedipiperidinediyl)-1,3-phenylene] (501 
mg, 88% yield). Anal. Calcd for (C19H 28N2)n: C, 80.2%; 
H, 9.9%; N, 9.8%. Found: C, 79.1 %; H, 9.8%; N, 9.1 %; 
Br, 0.8%. 1H NMR (CDC13 , ppm): b= 1.0-1.5 (12H), 
1.8 (4H), 2.7 (4H), 3.6 (4H), 6.4 (2H), 6.5 (IH), 7.1 (IH). 
13C NMR (CDC1 3 , ppm): b=23.8, 32.4, 35.7, 36.7, 50.5, 
105.8, 108.4, 129.2, 153.0. The preparation of other 
poly(arylenediamine)s was carried out similarly. The 
CHC13 insoluble fraction of the polymers was purified 
by washing thoroughly with aqueous ammonia, hexane, 
and ether followed by reprecipitation from formic acid/ 
aqueous ammonia. 

RESULTS AND DISCUSSION 

Table I summarizes the results of the Pd-catalyzed 
polycondensation of 1,3-dibromobenzene with 4,4'
TMDP using various catalyst systems. In the present 
study, use of catalyst systems generated from Pdz(dbah 
and P(o-tolylh or P(t-butylh was found to give 
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Table I. Pd-catalyzed polycondensation of 1,3-dibromobenzene 
with 4,4' -trimethylenedipiperidine• 

Yieldb 
M; Mw' Run Ligand 

X 10- 3 X 10- 3 

% 

1 P(a-tolyl)3 88 6.9 10.5 
2 P(t-butylh 76 6.7 11.4 
3 PPh3 3 1.7 2.1 
4 BINAP 58 5.1 6.4 
5 DPPF 49 3.9 5.7 
6 DPPP 3 1.5 1.8 
7 DPPE 4 3.4 4.1 
8d P(a-tolylh 51 4.5 5.9 
9• P(a-tolylh 45 3.2 4.1 

• Polycondensation was carried out in the presence of NaOtBu (3 
equiv. for monomer), Pdz(dba) 3 (2.5mol% for monomer), and ligand 
(P/Pd ratio=3/l) in toluene at I00°C for 16h. hlnsoluble fraction in 
ether. 'Determined by GPC with polystyrene standards. d Reaction 
was run with PdCl2 [P(a-tolylh] 2 (5 mol¾ for monomer) as the 
catalyst. •Reaction was run with Pd(OAc)2 (5mol% for monomer) 
and P(a-tolylh (3 equiv. for Pd(OAc)z) as the catalyst. 

significant improvement in the yields and molecular 
weights of the polymer. When Pd(II) catalysts such as 
PdC12[P(o-tolylh] 2 are used, the formation of arene 
from aryl bromide during reduction of the Pd(II) pre
cursor to Pd(O) occurs.4 a In situ formed zerovalent 
Pd complex, Pd(O)Lm, is considered to suppress the un
desirable reactions. Improvement of yield and mo
lecular weight for the polycondensation was also ob
served in the reaction catalyzed by the combination 
of Pdz(dbah and BINAP, while other monodentate or 
bidentate phosphine ligands such as triphenylphosphine 
(PPh3), 1, I' -bis( diphenylphosphino )ferrocene (DPPF), 
1,3-bis( diphenylphosphino )propane (DPPP), and 1,2-
bis( diphenylphosphino )ethane (D PPE) were less effec
tive. The efficiency of bulky chelating bis-phosphine 
ligands is considered due to inhibition of side reactions 
such as /J-hydrogen elimination from an amidopal
ladium intermediate. sa-c 

Use of a-xylene as a solvent also gave the polymer in 
a good yield, while reactions in dioxane and 1,2-di
ethoxyethane afforded lower yields of the polymer, and 
N,N-dimethylformamide (DMF) did not give the 
product. Use of base weaker than NaOtBu such as 
K 2C03 gave the product in lower yield, and employ
ing Et3N failed to promote the polycondensation. 

The results of the Pd-catalyzed polycondensation of 
various aryl dibromides with secondary diamines are 
summarized in Table II. Polycondensation using the 
present catalyst systems (Pdz(dbah/P(o-tolylh, Pd2 -

(dbah/P(t-butylh, and Pdz(dbah/BINAP) resulted in 
much higher yields than that of the previous report 
when PdCl 2 [P(o-tolylh] 2 was used. 3 The structures of 
the polymers were confirmed by IR and NMR spec
troscopy. Some polymers contain a CHCl3 insoluble 
fraction with high molecular weight, but it is soluble in 
acidic solvents such as formic acid. The IR spectrum of 
the insoluble fraction is identical to that of the CHC13 

soluble fraction. 
As shown in Table II, the reactions using cyclic 

secondary diamines such as 4,4'-TMDP and piperazine 
gave the products in good yields, while the reactions 
using less nucleophilic acyclic secondary diamines re-

Polym. J., Vol. 30, No. I, 1998 

Table II. Pd-catalyzed polycondensation of aryl 
dibromides and secondary diamines 

Ary! Secondary Cata-
YieJdh 

M; Mw' Run 
dibromide diamine lyst• 

--
X 10- 3 X 10- 3 

% 

I 

Bro.Br 
HN~NH 

A 88(0) 6.9 10.5 
B 76(0) 6.7 11.4 
C 58(0) 5.1 6.4 

D /\ A 67(44) 1.9 2.2 
2 

Br Br 
H\_;NH 

3 n PhH~NHPh 
A 55(0) 4.6 7.0 
B 32(0) 3.9 5.4 

Br Br C 51(0) 3.4 4.6 

4 n A 5(0) 

/\;NHPh B 10(0) 3.6 4.0 

Br Br PhHN C 22(0) 3.5 4.1 

5 0. H A 0 

/'NI\;~ B 0 
Br Br H 

6 Br-0-Br H~NH A 82(39) 4.1 5.1 

:q_ 7 - A 21(0) 5.7 6.7 
B \ # BrHN~NHB 70(0) 8.7 14.1 

CH3 

8 D A 60(0) 2.7 4.7 
HN~NHB 68(0) 2.7 4.7 

Br N° Br C trace 

9 BruBr A 9(0) 

I , HN~NH~ 69(6) 2.2d 
N 61(12) 2.9d 

10 A 0 

HN~NH~ trace 0.6 0.9 
Br s Br 0 

•catalyst system A: 2.5mol% Pdz(dbah and 7.5mol% P(a-tolylh; 
B: 2.5mol% Pdz(dbah and 7.5mol% P(t-butylh; C: 2.5mol% 
Pdz(dbah and 3.8mol% BINAP. hTotal yield; the number in the 
parentheses is the yield of CHCl3 insoluble fraction. 'Soluble fraction 
in CHCl3 ; determined by GPC with polystyrene standards. d Deter
mined by VPO in CHCl3 at 30°C. 

suited in little or no product formation (Runs 4, 5). In 
contrast, use of N,N' -diphenyl-p-phenylenediamine as 
monomer afforded the polymer in moderate yield (Run 
3). Use of the aromatic diamine would depress the 
/J-hydrogen elimination of the Pd intermediate. 

Electronic properties of aryl dibromides may affect the 
polycondensation. Polycondensation using electron-rich 
aryl di bromide, 2,5-dibromothiophene, with 4,4' -TMDP 
gave only a trace of oligomeric product. In contrast, use 
of 2,6-dibromopyridine and 3,5-dibromopyridine, which 
have a n-electron deficient pyridine ring, provided poly
mers in moderate yields. Electron-poor aryl bromides 
have been found to give higher yields of arylamines 
than electron-rich aryl bromides for the Pd-catalyzed 
aryl amination of aryl bromides. 4 a,sb Although pyridine 
inhibits the Pd-catalyzed aryl amination due to dis-
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placement of ligand from the catalytic intermediates, sc 

the present catalyst systems may suppress the ligand 
exchange during the polycondensation. 

In summary, we demonstrated that the combination 
of Pd2(dbah and bulky phosphine ligands (P(o-tolyl) 3 , 

P(t-butylh, and BINAP) serves as an efficient catalyst 
system for the polycondensation of aryl dibromides 
with secondary diamines. This procedure should broaden 
the scope of polyarylamine preparation. 
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