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Poly( quinoxaline) has acquired significant 
interests in view of heat-resistant polymer 
and is generally prepared by the reaction of 
bis(a-diamines) with bis(glyoxals). 1 Recently, 
we reported a new living polymerization of 
1 ,2-diisocyanoarenes catalyzed by trans
(Me2PhP)zBr(Me)Pd(II) giving a new type of 
conjugated polymer, poly(2,3-quinoxaline), in 
which oligomeric (2,3-quinoxalinyl)palladi
um(II) complexes are involved as the propa
gating species. 2 On the other hand, successful 
polymerization of isocyanides forming poly
(N-substituted iminomethylene) so far report
ed has mostly been achieved by nickel(II) cata
lyst. 3 However, use of organonickel(II) com
plexes [(Me2PhP)zX(R)Ni, R-: Me 3SiCH2-, 
a-tolyl-] in the polymerization of 1 ,2-diisocya
noarenes resulted in a formation of only a trace 
amount of poly(2,3-quinoxaline) with uni
dentified tarry materials. Now we found that 
(quinoxalinyl)nickel(II) complexes having suit
able phosphine ligands successfully promote 

the living polymerization of 3,6-bis[(tri
methylsilyl)methyl]-1 ,2-diisocyanobenzene to 
afford poly(2,3-quinoxaline) of an extremely 
sharp distribution of molecular weight. 

When an excess of trans-(Me3 P)zCl(a
tolyl)Ni(II) (2a), generated in situ from 
trans-(Me 3P)zC12Ni(II) and (a-tolyl)MgCl, 
was reacted with 1 ,2-diisocyano-3,4,5,6-tetra
methylbenzene (la) at ooc in benzene, the 
desired (quinoxalinyl)nickel complex (3at was 
produced in 36% yield by successive insertion 
of the ortho isocyano groups into Ni-C bond. 
Then, the isolated nickel complex 3a having 
Me 3 P as ligands was treated with 3-fold excess 
of 1 a to give a mixture of oligo(2,3-quinoxaline) 
(4) of up to the hexamer in 50% total yield 
after a termination with MeMgBr. The similar 
result was also obtained with arylnickel 
complex (2b) having Et3 P as ligands. In 
contrast, the reaction of trans-(Ph 3 P)zCl(p
chlorophenyl)Ni(II) (2c) with la did not give 
the corresponding 3c, but a trace amount of 
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Table I. Living polymerization of lb catalyzed by 5 
-------- ------------------- -----------

Entry lb/5 Yield/% M. (calcd)" M. (obsd)b Mw/NJnc 
----------

2 76 
[6 (n=3) 70%.6 (n=4) 6%]d 

2 7 82 2630 3010 1.05 
3 15 94 4880 4890 1.10 

• Calculated from monomer to initiator ratio. h Determined by VPO. ' Determined by GPC. ct Yield of 
isolation by HPLC. 

oligomeric 4 together with unidentified tarry 
products. Remarked here is an observation that 
Ph 3 P ligand of 2c was liberated up to 54% 
from the nickel(II) complex during the 
reaction. It is likely that the ligand substitution 
of Ph 3P on nickel by isocyano groups of Ia 
may cause the intractable polymerization. 
Indeed, Ni(acach catalyzed polymerization of 
I ,2-diisocyanoarenes in the absence of phos
phine ligand, in which two or more isocyano 
groups of la should be involved on coordina
tion sphere of the nickel, produced the similar 
intractable tarry materials. 

Finally, a controlled living polymerization 
was achieved by use of 3,6-bis[(trimethyl
silyl)methyl]-1 ,2-diisocyanobenzene (1 b) and 
(quinoxalinyl)nickel complex having Me 3P 
ligands (5). An initiating nickel(II) catalyst· (5) 
was produced by the reaction of lb with 2a 
and was so stable to allow isolation by TLC 
(39%) and full characterization (IR, 1 H and 
13C NMR, combustion analysis). 5 Oligomer
ization of lb induced by 5 with varying feeding 
ratio (lb/5) was carried out in THF at room 
temperature, and poly(2,3-quinoxaline) (6) was 
obtained in good yield after the quenching with 
MeMgBr (Table I). The higher poly(2,3-
quinoxaline) was produced with the higher 
feeding ratio (lb/5). In addition, the molec-
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Figure 1. GPC curves of polyquinoxaline (6): (a) feeding 
ratio=? (entry 2); (b) feeding ratio=l5 (entry 3). 

ular weight distribution (polydispersity) of 
the resultant polymer which was determined 
by using polystyrene as internal standard 
in measuring GPC profile was quite narrow 
and close to a monodisperse distribution 
(Mw/Mn= (Figure 1). The sterically 
bulky (trimethylsilyl)methyl substituents on the 
neighboring quinoxaline ring may stabilize the 
propagating (Me 3 P) 2 Cl(quinoxalinyl)Ni(II) 
complex, which can be assumed to be of a 
square pyramidal structure based on the X-ray 
crystal study of analogous palladium(II) 
complex, 2 and make the living polymerization 
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of lb feasible. 6 

The achievement of the living polymerization 
of 1 ,2-diisocyanoarene by nickei(II) catalyst 
provides a synthetic route to new poly(2,3-
quinoxaline) with a controlled molecular
weight and a narrow molecular weight 
distribution. 
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