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THE RICHNESS OF STRUCTURES AVAILABLE TO P N INORGANIC 

(EHMO) ANALYSIS ( A b s t r a c t ) %  
HETEROCYCLES: A TOPOLOGICAL AND MOLECULAR' ORBITAL 

IONEL HAIDUC and IOAN SILAGMI-DUMITRESCU 
C h e m i s t r y  Depar tmen t ,  B a b e $ - B o l y a i  U n i v e r s i t y  
R-3400 Clu j -Napoca,  R o m a n i a  

A b s t r a c t .  A t o p o l o g i c a l  a n a l y s i s  , based upon P o l y a ' s  
t h e o r e m ,  was used t o  c a l c u l a t e  a l l  p o s s i b l e  i s o m e r s  o f  
P N r i n g  d e r i v a t i v e s ,  a s  a f u n c t i o n  o f  t h e  number o f  
s 6 b g t i t u e n t s  a t t a c h e d  t o  phosphorus  and n i t r o g e n .  The 
a n a l y s i s  c o n s i d e r e d  f o u r - ,  f i v e -  and s i x - c o o r d i n a t e  
phosphorus ,  and two-, t h r e e -  and f o u r - c o o r d i n a t e  n i t r o -  
gen. EHMO c a l c u l a t i o n s  e s t a b l i s h e d  t h e  HOMO-LUMO o r b i -  
t a l s  and t h e  c h a r g e s  o f  v a r i o u s l y  s u b s t i t u t e d  P2N2 h e t e -  
r o c y c l e s .  

INTRODUCTION 

The four-membered r i n g  c o n t a i n i n g  a l t e r n a t i n g  phosphorus  

is t h e  s k e l e t o n  o f  a g r e a t  d i v e r s i t y  o f  h e t e r o c y c l e s ,  i n  

w h i c h  phosphorus  c a n  be two-, t h r e e - ,  f o u r - ,  f i v e -  and 

s i x - c o o r d i n a t e .  

THE TOPOLOGICAL ANALYSIS 

a )  R i n g s  c o n t a i n i n g  two-, t h r e e - ,  f o u r - c o o r d i n a t e  

I n  a p l a n a r  P2N2 r i n g ,  w i t h  e i g h t  p o s s i b l e  s u b s t i t u t i o n  
s i t e s :  

p h o s p h o r u s  

5%. Pj-P/l 
3 .p  -N $0 
4 4  '8 

' The f u l l  p a p e r  w i l l  be p u b l i s h e d  i g  Revue Roumaine 
de Ch imie .  
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54/[232] Phosphorus-Ni t rogen h e t e r o c y c l e s  

t h e  s tepw ise  o c c u p a t i o n  o f  t hese  e i g h t  s i t e s  l e a d s  t o  a 

number o f  r i n g  systems wh ich  can be c a l c u l a t e d  u s i n g  

P o l y a ' s  theorem' and an a l g o r i t m  suggested b y  Dolhane . 
The r e s u l t s  a r e  g i v e n  i n  Tab le  1. 

2 

T a b l e  1 Number o f  c y c l i c  s p e c i e s  d e r i v e d  f rom P2N2 

Number o f  Number o f  r i n g  systems 
s u b s t i t u e n t s  

0 1 isomer  
1 2 i s o m e r s  
2 8 " 

3 10 " 

4 16 " 

5 10 " 

6 8 " 

7 2 " 

8 1 " 

Mono- and d i - s u b s t i t u t e d  spec ies  a r e  n o t  r e p o r t e d  i n  t h e  

l i t e r a t u r e ,  b u t  a t h r e e - s u b s t i t u t e d  r i n g  system ( a c a t i o n  

w i t h  two o r g a n i c  groups a t  n i t r o g e n  and one a t  phosphorus)  

i s  known.3 Compounds w i t h  f o u r ,  f i v e  and s i x  s u b s t i t u e n t s  

on t h e  r i n g  a r e  a l s o  known. 4 

b )  Rings c o n t a i n i n g  f i v e - c o o r d i n a t e  phosphorus 
These d e r i v e  from t h e  f o l l o w i n g  s k e l e t o n ,  i n  wh ich  a t  l e a s 1  

t h r e e  s u b s t i t u e n t s  ( a l l  a t  phosphorus s i t e s )  a r e  a t t a c h e d  

t o  t h e  r i n g  : 

'8 

9 

4%. 
3,:-y-7 

10 8 

The maximum number o f  s u b s t i t u e n t s  i s  ten. The number o f  

i s o m e r i c  s t r u c t u r e s  d e r i v e d  from t h i s  u n i t  i s  shown i n  

Tab le  2. These i n c l u d e  g e o m e t r i c a l  i somers  . S e v e r a l  
4 

examples o f  such compounds a r e  a c t u a l y  known. 
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Table 2 Number o f  c y c l i c  isomers d e r i v e d  from P2N2 
( f i v e  coo rd ina te  phosphorus) 

Number o f  s u b s t i t u e n t s  Number o f  isomers 
-- 

3 1 isomer 
4 2 isomers 
5 6 " 

6 6 " 

7 6 " 

8 5 " 

9 2 " 

10 1 " 

--.- - - 

c )  Rings c o n t a i n i n g  s i x -coo rd ina te  phosphorus 
The smal les t  number o f  occupied s i t e s  i n  t h i s  case i s  f o u r  
and the f u l l  occupat ion  r e q u i r e s  12 s u b s t i t u e n t s ,  as can 
be seen from the  bas i c  u n i t  : 

The number o f  isomers i s  shown i n  Table 3. 

Table 3 Number o f  isomers d e r i v e d  from P2N2 r i n g  w i t h  
s i x -coo rd ina te  phosphorus 

Number o f  s u b s t i t u e n t s  Number o f  isomers 

4 1 
5 2 
6 6 
7 6 
8 9 
9 5 

10 5 
11 2 
12 1 -- 

There are  known examples w i t h  e i g t h ,  t e n  and twe lve  
s u b s t i t u e n t s  i n  the r i n g .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
0
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



56/[234] 1.Haiduc & I. S i l a g h i - D u m i t r e s c u  

EXTENDED HOCKEL CALCULATIONS 

The ex tended  H u c k e l  method p r o v i d e d  m o l e c u l a r  o r b i t a l  

e n e r g i e s ,  and a f f o r d e d  t h e  number o f  d o u b l y  o c c u p i e d  

o r b i t a l s  ( 0 0 0 )  and cha rge  (CH). A s e l e c t i o n  o f  examples 

is g i v e n  in T a b l e  4. 

T a b l e  4 M o l e c u l a r  o r b i t a l  e n e r g i e s  ( e v )  - - -  
ti v H 

A 
A H4+4 

A A 
p\ ,p H S N P  H2P, PH2 

! H 
N 

1 30.604 
2 26.629 
3 19.290 
4 15.917 
5 15.811 
6 15.790 
7 14.498 
8 13.273 
9 13.090 
10 12.670 
11 11.475 1 

30.663 
27.122 
20.450 
18.890 
16.710 
16.650 
15.920 
15.540 
13.470 
13.270 
13.130 

30.663 
27.121 
21.481 
19.957 
17.363 
17.172 
16.146 
15.917 
15.536 
14.557 
13.273 

30.665 
27.122 
22.243 
20.456 
18.089 
17.511 
17.011 
16.623 
15.927 
14.587 
13.273 
12.451 
12.264 
11 -487 

15 - 
16 - 

L U  NO DO0 10 12 1 3  15 
CH -4 0 + 2  - 2  

REFERENCES 

1. A.T.Balaban, Chemica l  A u l i c a t i o n s  -.- __- o f  G z h  Theory ,  

2. H. Dolhane, Computers & C h e m i s t r y ,  5 ,  41  (1981).  

Academic P ress ,  London;- 19%. 

3. A.H. Cowley, M. La t tman  and J.C. bv i l bu rn ,  Inorg.Chem., - 21, 2916 (1981).  

4. I. Haiduc ,  --- The C h e m i s t r x  o f _ I n o r g a n i c  R i n g  Systems, 
W i l e y - I n t e r s c i e n c e ,  Lon on, 1970 ; I. Haiduc  and D.B. 
Sowerby, Eds., The C h e m i s t r y - o f  I n o r g a n i c  Homo- a n i  
H e t e r o c y c l z ,  A m c - e s s ,  London, 1987. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
0
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


