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The structure of the condensation product of phthalonitrile and phenol is found 
by x-ray structure analysis. The structure of a new class of polyheteroaryl- 
enes, polhydroxyphenylisoindazenes, is defined using the data obtained. 

Earlier we demonstrated [i] that polymers with hydroxyphenyl substituents on the chain, 
polyhydroxyphenylisoindazenes (PHI) are formed by polycondensation of tetranitriles of tetra- 
carboxylic acids and weakly basic (pK a <- 2.7) diamines in phenol. 
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It can be assumed from the literature [2] that the hydroxy groups are located in the 
4-position. The model condensation of phthalonitrile with weakly basic diamines in phenol 
was investigated to define the structure of the PHI. In particular, the first step is con- 
densation of phthalonitrile with phenol. 

N~ 

However ,  i t  i s  v e r y  d i f f i c u l t  t o  i s o l a t e  1 , 1 - b i s ( h y d r o x y p h e n y l ) i s o i n d o l i n e  f rom t h e  
r e a c t i o n  m i x t u r e  s i n c e  i t  s e l f - c o n d e n s e s  as  soon  as  i t  f o r m s ,  a c c o r d i n g  t o  t h e  scheme 
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The h y d r o l y s i s i s  o f  I ,  1 , 1 - b i s ( h y d r o x y p h e n y l ) - 3 - k e t o i s o i n d o l i n e  ( I I ) ,  c o u l d  be i s o l a t e d  
as  s i n g l e  c r y s t a l s  by r e a c t i n g  p h t h a l o n i t r i l e  w i t h  p h e n o l  c o n t a i n i n g  t r a c e s  o f  w a t e r .  I t  
was i d e n t i f i e d  by x - r a y  s t r u c t u r e  a n a l y s i s  (XSA). 
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EXPERIMENTAL 

l,l-Bis(hydroxyphenyl)-3-ketoisoindoline. A solution of phthalonitrile (0.5 g) in phenol 
(i0 ml) was kept for i0 h at 175~ A mixture of benzene:petroleum ether (i:i by volume) 
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Fig. I. Structure of II. The intramolecular 
H-bond is shown by a dashed line. 

was then added. The precipitate was filtered off. Crystals of II were separated from the 
blue precipitate. 

The crystals are monoclinic, space group P21/c, a = 9.717(1), b = 10.084(1), c = 
27.066(1) ~, ~ = 95.82(1) ~ , Z = 4 (II'2C~H60), V = 2638.4(8) ~3, dcal c = 1.279 g'cm -3. The 
unit-cell constants and intensities of reflections were measured on a Hilger-Watts Y-290 
automatic four-circle diffractometer (I Mo K~, graphite monochromator, 8/2%-scanning, 8ma x = 
27~ The structure was solved by direct methods (MULTAN programs) and refined by block- 
diagonal anisotropic least squares (LS) for the nonhydrogen atoms. The H atoms in the benz- 
ene rings were assigned geometrically. Their positions were not refined but were readjusted 
after each LS cycle and included in the calculation of Fcalc with Bis o = 5.0 ~2. The H 
atoms of hydroxyl and imino groups were found in a difference Fourier synthesis and were 
included in the LS refinement with fixed Bis o = 5.0 ~2. The final R = 0.042 and R w = 0.031 
for 1184 unique reflections with I ~ 2o. 

All calculations were performed on an Eclipse S/200 computer using INEXTL programs 
[3]. The atomic coordinates are given in Table i; geometric parameters, in Table 2. The 
molecular structure of II is shown in Fig. I. 

RESULTS AND DISCUSSION 

The x-ray structure investigation found that II is l-(4-hydroxyphenyl)-l-(2-hydroxy- 
phenyl)-3-ketoisoindoline, which crystallizes as the molecular complex with phenol (1:2). 

The bond lengths and angles in II (Table 2) are close to their usual values [4]. The 
bicyclic isoindoline backbone is in fact planar. The deviations of its atoms from the least- 
squares plane are less than 0.047(6) A. The observed orientation of the 2-hydroxyphenyl 
substituent, which is characterized by torsion angles C4-C3-C16-C 17 159.7(8) ~ is controlled 

by the formation of an intramolecular H-bond N2--HN2...O17 [N...O 2.716(6), H...O 2.27(5) 
~, angle N-H...O 110(4)~ The other 4-hydroxyphenyl substituent is oriented perpendicular 
to the neighboring aromatic systems. It forms dihedral angles 86.2 ~ with the isoindoline 
fragment and 81.6 ~ with the 2-hydroxyphenyl group. Apparently this minimizes intramolecular 
steric hindrances. 

A chain along the Y axis in the crystal of II is formed by intermolecular H-bonds 

O13--HO13...O1' [O...O 2.628(6), H...O 1.81(5) ~, angle O--H...O 166(4) ~ ] that are joined pairwise 

by H-bonds 017-HO17...O1" [O...O 2.686(6) ~, H...O 1.63(5) ~, angle O-H...O 138(5)~ Phenol 
molecules are bonded to each other [01A...O IB 2.790(7) ~] and to 013 of the hydroxyl group 
of II [oIA...O 13 2.650(6) ~], forming double chains of II. A six-membered heterocycle is 

formed by H-bond HN2...O 17 and not N2...H 017 This indicates that the unshared electron 
pair of N 2 is conjugated in the isoindoline. 
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The results obtained enabled the structure of the polycondensation products of tetra- 
nitriles of tetracarboxylic acids and weakly basic diamines to be defined. The PHI are 
thought to have the structure 

N ~ A r  N ~ l., ] L ,  ^~, 

liD' DH 

We have found that the luminescence quantum yield of a solution of PHI based on pyro- 
mellitonitrile and 2,7-dimethyl-3,6-diaminoacridine is 50%, i.e., it seems anomalously high for 
a polymer with flexible side groups. The data obtained in the present work suggest that 
the reason for the high luminescence quantum yield is the decrease of intramolecular flexi- 
bility in the polymeric chain owing to formation of intramolecular H-bonds and the limited 
flexibility of the hydroxyphenyl side groups. 

The presence of hydroxy groups in the o-position enables the PHI to be viewed as macro- 
molecular ligands and makes them promising as starting materials for synthesizing macro- 
molecular metal complexes. 
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