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Conformational flexibility of partially hydrogenated rings 
in the repeating units of rigid-chain heterocyclic polymers 
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The conformational flexibility of partially hydrogenated rings in naphthylimide, naphthalic 
anhydride, and some of their derivatives used as model compotmds for the repeating unit in 
rigid-chain heterocyclic polymers, was studied by the semiempirical qtmntum-ehemical AM 1 
method. The partially hydrogenated rings in all of these compounds possess conformational 
flexibility. Transition from a planar equilibrium form to a distorted sofa conformation with a 
torsion angle of • ~ results in an increase in the energy of less than I kcal tool -1. The high 
flexibility of partially hydrogenated rings, along with other factors, can cause finite length of 
the Kuhn segment in rigid-chain heterocyclic polymers. 
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Rigid-chain heterocyclic polymers (RCHP) serve as 
the basis for producing high-strength, high-modulus 
materials and substances with nonlinear optical, photo- 
and conducting properties, etc. I-3 The basic require- 
ment for designing such macromolecules is their planar- 
ity and inability to change conformation. Recently, a 
number of RCHP (for instance, (,5 structures 1 and 2) 
with naphtylimide units and other nitrogen-containing 
heterocycles with no saturated carbon atoms in the main 
chain were synthesized. However, physicochemical stud- 
ies showed that the polymeric molecules obtained have a 
finite length of the Kuhn  segment characterizing their 
degree of rigidity. ~ The reasons for that phenomenon are 
still unclear. 

Previously, 7's s ix-membered partially hydrogenated 

rings containing no saturated carbon atoms were shown 
to possess a certain conformat ional  flexibility. Thus, 
transition from a planar equi l ib r ium conformation of the 
ring in 6-oxo-1,6-dihydropyrimidine in a distorted sofa 
conformation with a = C - - C ( = O ) - - N H - C =  torsion 
angle equal to +_20 ~ results i n  an increase in the  energy 
by less than 1.5 kcal tool -l  (see Ref. 8). Higher confor- 
mational flexibility was f o u n d  in uracyl and thymine 
molecules containing a C ( = O ) - - N  H--C(=O) fragment. 7 

It is believed that the conformat ional  flexibility of 
partially hydrogenated rings in RCHP monomers can 
cause appreciable shortening of the Kuhn segment. The 
conformational flexibility of model  compounds 3 - - 7  was 
studied in the AMI approximation to verify the above 
assumption. 
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Method of Calculations 

The equilibrium structures of molecules 3--7 were calculated 
by the semiempirieal quantum-chemical AMI method 9 
with full geometry optimization. The conforrnational flexibil- 
ity of dihydroeycles was studied by scanning the torsion 
angles (Q C(Ar)--C(sp2)--NH--C(sp ~) (compounds 3--5), 
C(Ar)--C(spl)--O--C(sp 2) (6), and N=C--NH--C(Ar) (7) in 
the +30* interval with an increment of 5" and full optimization 
of the remaining geometric parameters of the molecules. The 
results of the calculations are presented in Table 1. 

Results and Discussion 

The calculated equil ibrium conformations of mol- 
ecules 3--7 are planar, which is in good agreement with 
the experimental data. t ~  The calculations showed 
that the partially hydrogenated rings in the compounds 
in question have high conforrnational flexibility (see 
Table 1). The transition from the planar equilibrium 
form to the distorted sofa conformation with a torsion 
angle of +20 ~ results in an increase in the energy of the 
molecule of less than 1.2 kcal mol -I .  

As can be seen from the data  in Table l, the flexibil- 
ity of the imide and anhydride rings in structures 3--6 is 
essentially higher than the mobility of the dihydro- 
pyrimidine ring in molecule 7. The change in the energy 

when the ring is bent in naphthalic anhydride 6 is less 
than in naphthylimide 3. Replacement of the carbonyl 
groups of imide 3 by exocyclic azometh ine  groups leads 
to an increase in the conformational flexibility of the  
heterocycle. For the molecule with trans-orientation of  
the H - - N = C - - N H R  fragment, this effect is due to 
mutual repulsion between the H atoms of the i m i n o  
groups and the naphthalene fragment. At the same t ime ,  
the increasing conformational flexibili ty of the imide  
cycle in the case of cis-orientation can only be associ- 
ated with electronic effects. 

The high conformational flexibility of compounds 
3--6  is of particular interest. It was shown previously 9 
that the nonaromatic and ant iaromat ic  nature of the  
cyclic r~-system stabilizes the n o n p l a n a r  conformation of  
a partially hydrogenated ring. in the  compounds unde r  
study, the conjugated system c o n t a i n s  14 a-electrons 
and is formally aromatic. In such a case, a decrease in 
the polarity of the exocyclic double  bond must result in 
an increase in the heterocyele rigidity.  However, the 
data in Table I show an inverse dependence .  The results 
obtained can be explained by s ter ic  repulsion between 
the electrons of the lone electron pair of the 0 or N 
atom of the exocyclic double b o n d  and  the adjacent H 
atom of the naphthalene fragment. The increase in the  
length of the C = N H  bond compared to that of the C = O  
bond results in shortening of the d i s t ance  between these 
atoms and, as a sequence, to increas ing  repulsion. 

There are no such unfavorable n o n v a l e n t  interactions 
in molecule 7, which has an a roma t i c  (14 n-electrons) 
conjugated system as well. Nevertheless,  the dihydro- 
pyrimidine ring is conformationally flexible even in this 
case. Hence, the steric effects of the  substituents favor 
an increase in the conformational flexibility of the par-  
tially hydrogenated ring, but are n o t  determining factors. 
A comparison of the calculated bond orders (P) in 
molecules 3, 6, 7, and in naph tha l ene  8 (Scheme 1) 
showed that annelation of an a r o m a t i c  bicycle by imide,  
anhydride or 1,2-dihydropyrimidirae rings does not re- 
sult in an appreciable change i n  the P values in the 
naphthalene fragment. Based o n  these facts, we can  

Table !. Calculations of the energy change (AE) in 
bent rings in compounds 3--7 

Corn- ~E/kcal tool -) 
pound 

"" = 0 ~ - 10 ~ = 20 t = 30 

3 0 0.2 0.9 2.1 
4 ~ 0 0.1 03 1.0 
4" 0 0. I 0.4 I 1 
5 ~ 0 0 I 02 06 
5 c 0 0. t 0.3 08 
6 0 0.2 0.8 1.7 
7 0 0.3 1.1 3.2 

" The torsion angle (see Method of CalculationsL 
h cis-Orienzation of the H- -N=C- -C(Ar )  #agment. 

trans-Orientation orthe H--N=C--C(Ar) fragment. 
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8 

1 . ~ 5 8  

~3 y ~.zoy 15~ 

~ 
o-" "~i ~f 'o 

H 

3 

153 T lz,JT 1 0 9 5 I  lOS553 ~.49y ~.~"~ ].~ 
1 o71 I T M  

,,i ~..~.N H 
1 7 4  ~ ~ 07 



Conformational flexibility of partiall7 hydrogenated rings Russ.Chem.Bull., Vol. 46, No. I, Janua~ ,  1997 61 

assume that the conjugation between the aromatic bi- 
cycle and the annelated cycle is rather weak. This allows 
one to distinguish two weakly related conjugated systems 
in molecules 3--7 - -  the aromatic system of the naph- 
thalene fragment (10 n-electrons) and the nonaromatic 
system of the imide,  anhydride, and 1,2-dihydro- 
pyrimidine cycles (7 n-electrons). 

Thus, as in other partially hydrogenated heterocycles 
containing no saturated carbon atoms, 9 the conforma- 
tional flexibility in compounds 3--7 is due to the 
nonaromatic nature of the cyclic n-system. The increase 
in flexibility of the anhydride ring compared to the flex- 
ibility of the imide ring can likely be explained by a lower 
participation of the lone electron pair of the oxygen atom 
in conjugation compared to that of the N atom. 

The results obtained allow us to assume that the 
conformational non-rigidity of the partially hydroge- 
nated heterocycles constituting the RCHP substantially 
affects deformation of the rod-like macromolecule and 
can result in a decrease in the Kuhn segment values that 
determine the basic properties of the polymers and 
materials for which they serve as the basis. 

References 

I. P. N. Prasad and D. J. Williams, Introduction to Nonlinear 
Optical Effects in Molecules and Polymers, Wiley Interscience, 
New York--London, 1990. 

2. A. K. Agrawal and S. A. Jenekhe. Macromolecules, 1993, 
26, 895. 

3. B. A. Reinhardt, TRIP, 1993, 1, 4. 
4. I. I. Ponomarev, I. A. Ronova, S. V. Lindeman. A. L. 

Rusanov, S. V. Vinogradova, and Yu. T. Struchkov, 
Vysokomolek. Soedin. A, 1992, 34, 123 [Polym. Sci. USSR, 
Ser. A, 1992, 34 (En81. Transl.)l. 

5. N. V. Pogodina, A. B. Mel'nikov, A. L. Rusanov, S. V. 
Vinogradova, and I. l. Ponomarev, Vysokomoletc. Soedin. A, 
1991, 33, 755 [Polym. Sci. USSR, Set. A, 1991, 33 (Engl. 
Transl.)]. 

6. V. N. Tsvetkov, Zhestkotsepnye polimernye molekuly [Rigid- 
Chain Polymeric Molecules], Khimiya, Leningrad, 1986 (in 
Russian). 

7. O. V. Shishkin, J. Chem. Soc., Chem. Commun., I995, 
1539. 

8. O. V. Shishkin, Izv. Akad. Nauk, Ser. Khim., 1996, 1934 
[Russ. Chem. Bull., 1996, 45, 1833 (Engl. Transl.)]. 

9. M. J. S. Dewar, E. F. Zoebisch, E. F. Healy, and J. J. P. 
Stewart, J_ Am. Chem. Sor 1985, 107, 3902. 

10. L. R. Grigor'eva and L. A. Chetkina, Kristallografiya, 
1975, 20, 1289 [Soy. Phys.-Crystallogr., 1975, 20 (Engl. 
Transl.)]. 

l I. C. J. Easton, J. M. Gulbis, D. F. Hoskins, 1. M. Scharfbillig, 
and E. R. T. Tieknik, 2'. ICristallogr., 1992, 199, 249. 

12. C. Foces-Foces, A. L. Llamas-Saiz, R. M, Claramunt, 
D. Sanz, J. Dotor, and J. Elguero, ,/'. C~st. Spectrosc., 
1993, 23, 305. 

13. M. C. Etter, J. Chem. Soc., Perkin Trans. 2, 1983, 115. 

Received July 9, 1996 


