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LCAO SCF MO calculations with minimal basis sets of Slater-type orbitals are performed for 
some three-membered heterocycles. A reinterpretation of the resulting wavefunctions in terms of 
localized (exclusive) orbitals is employed to show the bending of the ring bonds and to measure the 
degree of transferability of some groups among chemically different yet related molecules. The 
electrostatic potentials produced in the neighbouring space by the nuclear and electronic charge 
distributions are evaluated and employed to indicate the molecular sites most likely subject to electro- 
philic attack. Some features of the electrostatic potential may be easily related to the entities employed 
in the usual intuitive description of chemical binding (lone pairs, etc.). 

LCAO SCF-MO-Berechnungen mit minimalen Basiss~itzen von Slater-Orbitalen werden fiir 
einige dreigliedrige Heterozyklen durchgefiihrt. Eine Darstellung der resultierenden Wellenfunktionen 
mit Hilfe lokalisierter ("Exclusive") Orbitale wird benutzt, um die Biegung der Ringbindungen zu 
zeigen, und um den Grad der mSglichen Obertragbarkeit einiger Gruppen zwischen chemisch ver- 
schiedenen, abet noch ~ihnlichen Molekiilen zu erfassen. Die elektrostatischen Potentiale, die durch 
Kern- und Elektronenverteilung entstehen, werden dazu verwendet, diejenigen Stellen im Molekiil 
anzugeben, die am meisten ftir einen elektrophilen Angriff zuganglich sind. Einige Eigenschaften 
des elektrostatischen Potentials k/Snnen leicht solchen GrSBen zugeordnet werden, die bei der tiblichen 
intuitiven Beschreibung der chemischen Bindung eine Rolle spielen (einsame Elektronenpaare usw.). 

On a effectu6 des calculs de fonction d'onde, selon la m6thode SCF MO LCAO, pour quelques 
mol6cules cycliques /t trois atomes. On a trasform6 les orbitales SCF en orbitales localis6es pour 
mettre ell 6vidence que les liaisons du cycle sont courb6es vers l'ext6rieur et pour mesurer le degr6 
de transferibilit6 des groupements chimiques. 

On a calcul6 le potentiel 61ectrostatique engendr6 par les charges 61ectroniques et nucl6aires 
de la mol6cule et on l'a employ6 pour mettre in 6vidence les parties de la mol6cule plus facilement 
disponibles aux attaques 61eetrophiles. 

1. Introduction and SCF Results 

In  a p r e c e d i n g  p a p e r  [1] (hereaf ter  ca l led  I) were  r e p o r t e d  s o m e  resul t s  of  
L C A O  M O  S C F  ca l cu l a t i ons  for a set of  t h r e e - m e m b e r e d  r ing  molecu les .  T h e  
d i scuss ion  o f  the  resul t s  has  g iven  p a r t i c u l a r  e m p h a s i s  to  the  c h a r a c t e r i z a t i o n  of  
the  e l ec t ron i c  d e s c r i p t i o n  o f  the  g r o u n d  s ta te  and  to  ex t rac t  f r o m  the  c o r r e s p o n d i n g  

w a v e f u n c t i o n s  s o m e  i n f o r m a t i o n  on  the  c h e m i c a l  reac t iv i ty .  
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Such a discussion was made possible by the fairly large variety of functional 
groups treated in the set of molecules considered. In this paper, we extended the 
number of cases considered by taking into account also diaziridine, CHz(NH)2, 
and oxaziridine, CH2NHO, which are formed by a different combination of the 
functional groups which were present in the set examined in I. 

Both molecules were the subject of preceding studies with ab initio methods: 
diaziridine by Basch et al. [2], oxaziridine by Robb and Csizmadia [3] and by 
Lehn et al. [4]. In these three papers Gaussian orbitals were employed; the 
present treatment, to our knowledge, is the first using Slater-type basis sets. 

As in paper I, we have employed a minimal basis set (best atom zetas [5]): 
some justifications for using such a type of basis are reported in I. 

In the lack of experimental data, we have chosen for both molecules "reasonable" 
geometries. The internal parameters and the coordinates in a suitable reference 
system are reported in Table 1; the coordinates will be useful later. 

Both trans and cis conformations for diaziridine and also the protonated 
species, CN2H~- and CNOH~-, were considered.Table 1 reports the geometry for 
the trans CH2(NH)2; in our calculations the cis conformer is obtained by changing 
the sign of the y coordinate of the H attached to N 2 and the ion by appending 
a second proton to N 2. Also the extra proton of CNOH2 is placed in a symmetrical 
position with respect to the proton already present in the NH group. 

Table 2 reports the total (Etot) , electronic (Eel), kinetic (T) and orbital (~) 
energies for all the species considered. The trans conformation of diazirine results 
in a more stable conformation than the cis (A E = 7.1 Kcal/mole). The changes in 
the order of orbital energy levels between the two conformations is more apparent 
than real and is due in part to a change of orbital labels since the symmetry 
group has changed. The proton affinities we found are 234.3 Kcal/mole for 
CH2(NH)2 and 220.6 Kcal/mole for CH2ONH. A comparison with experimental 

Tab le  1. Nuclear coordinates a and geometry 

A t o m  x y z 

Diazi r id ine  

N 1 0 0 - 1.371010 R ( N - N )  = 1.451 A < H C H  = 116~ ' 

H* - 0 . 3 7 6 4 8 8  1.839740 - 2 . 0 1 1 9 2 3  R ( C - N ) = l . 4 9 0 •  < N C N =  58~ 
N 2 0 0 1.371010 R ( N - H )  = 1.050 A < H N N  = 149o34 , 

H 7 - 0 . 3 7 6 4 8 8  - 1.839740 2.011923 R ( C - H )  = 1.083 A < (NH,  N N C )  = 68 ~ 

C 3 2.459393 0 0 

H 8 3.539381 1.738438 0 

H 9 3.539381 1.738438 0 

Oxazi r id ine  

01  0 0 - 1.149514 R ( C - O )  = 1.435 A < H C H  = 116~ ' 

C 2 0 0 1.562270 R ( C - N ) =  1.490]~ < O C N  = 56~ ' 

H 4 - 0 . 5 0 9 5 1 7  1.738438 2.514517 R ( O - N ) =  1.381 A < N O C  = 63~ , 

H 5 - 0 . 5 0 9 5 1 7  - 1.738438 2.514517 R ( N - H )  = 1.050 ,~ < ( H C H ,  CN) = 151~ ' 
N 3 2.342540 0 0 R ( C - H )  = 1.083 A < H N O  = 149024 ' 

H 6 3.083580 - 1.839740 - 0 . 0 5 8 0 2 0  < (NH,  C N O )  = 68 ~ 

a A t o m i c  units. 
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values is at present not possible, but the present ones seem of the right order of 
magnitude. 

A comparison of mean values of observables with experiment not being 
possible, detailed results are not reported here. Table 3 reports only the values 
of the dipole and quadrupole moments, together with results of other calculations. 
The non-invariant moments are referred to the center of mass. 

T a b l e  2. Energy  values and orbital  energies ~ 

C H 2 ( N H ) 2  C H 2 ( N H ) 2  C H 2 N H N H  + C H 2 O N H  C H 2 O N H ~  

trans cis 

Eto t - 148.5708 - 148.5594 - 148.9328 - 168.2672 - 168.6187 

Eel - 223 .8458  - 223 .8996  - 231 .9939  - 243.3438 - 251.5518 

T 147.2965 147.2927 146.8397 167.0119 166.4526 

- 2 T / V  0.9957 0.9957 0 .9929 0 .9963 0.9935 

~1 - 1 5 . 6 4 5 8  ( l a )  - 1 5 . 6 5 4 6  ( l a )  - 1 6 . 0 8 3 2  ( l a )  - 2 0 . 6 8 7 3  ( l a )  - 2 1 . 0 4 3 1  ( l a )  

e 2 - 15.6457 ( l b )  - 15.6546 ( l b )  - 15.9757 (2a)  - 15.6837 (2a)  - 16.1245 (2a)  

e 3 - 1 1 . 3 8 1 3  (2a)  - 1 1 . 3 8 5 8  (2a) - 1 1 . 6 9 8 6  (3a)  - 1 1 . 4 1 6 4  (3a)  - 1 1 . 7 4 9 1  (3a)  

e~ - 1.3217 (3a)  - 1 .3336 (3a)  - 1.6719 (4a)  - 1 .4760 (4a)  - 1.8183 (4a)  

e 5 - 0 .9542  (2b)  - 0 .9544  (2b)  - 1.3025 (5a)  - 1 .0130 (5a)  - 1 .3874 (5a) 

~6 - -  0.8685 (4a)  - 0 .8771 (4a)  - 1 .1654 (6a)  - 0 .8999 (6a)  - 1.2049 (6a) 
~v - 0.6641 (3b)  - 0 .7094  (5a)  - 1.0732 (7a)  - 0 .7064 (7a)  - 1.1059 ( l b )  

~8 - 0 .6353 (5a)  - 0 .6052  (6a)  - 0 .9512  (8a)  - 0 .6290 (8a)  - 0 .9652 (7a)  

e9 - 0 .5116 (4b)  - 0 .5005 (7a)  - 0 .8599 (9a)  - 0 .5500 (9a)  - 0 .8855 (2b)  
e~o - 0 .4922  (6a)  - 0 .4838 (3b)  - 0 .8269 (10a)  - 0 .4837 (10a)  - 0 .8732  (8a)  

~11 - 0 .3929 (5b)  - 0 .4340  (8a)  - 0 .7708 ( l l a )  - 0 .4397 ( l l a )  - 0 .7753 (9a) 

e12 - 0 .3590  (7a)  - 0 .3457 (4b)  - 0 .6768 (12a)  - 0 .3702  (12a)  - 0 .7411 (3b)  

S y m m e t r y  C~ C2 Cl  C1 C~ 

a A t o m i c  uni ts .  

T a b l e  3. Dipole and quadrupole moments  a 

C H 2 ( N H ) 2  C H z ( N H ) 2  C H z O N H  
trans cis 

#~ 0 .674  0.781 - 0 .052  

#r  0 3 .362 1.733 

#~ 0 0 1.208 

/hot 0.67b 3.45 2.11 c 

0~x - 0 .280 - 0 .034  - 1.429 

0~r 0 - 3 . 6 1 3  3.359 
0xz 0 3.529 - 4.691 

0y r 3.181 2.807 1.818 

0r~ - 5.878 0 - 0 .410  
0zz - 2.901 - 2 .773 - 0 .389 

" D i p o l e  m o m e n t s  in D e b y e  a n d  q u a d r u p o l e  m o m e n t s  in B u c k i n g h a m s .  T h e  n o n  i n v a n a n t  
m o m e n t s  a r e  r e f e r r e d  to  t h e m a s s  c e n t e r  po in t .  

b A c c o r d i n g  to  Ref. [2] ,  #tot = 1.41 D. 

c A c c o r d i n g  to  Ref. [4] ,  ~tot = 3.37 D. 

2* 
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2. A Description of the Electronic Structure 

As in paper I, this section relies principally on the reformulation of the SCF 
density function in terms of localized orbitals (LO). The objection that such an 
analysis is not founded on physical observables, may be tempered by recalling 
the correspondence found in I between the exclusive orbital description and the 
picture obtained from the electrostatic molecular potential which is a physical 
observable. Furthermore, this analysis has as its purpose to compare variations 
of local properties among chemically related molecules and is strengthened by 
the intrinsic method adopted for the localization, which does not require ad hoc 
stipulations. 

For details on the localization method and on the definition of the numerical 
quantities employed in this section, we refer the reader to preceding papers 
[1,6, 7]. 

The first column of Table 4 reports a measure of the degree of localization, 
which is not unlike that already found in other molecules [6, 7] and in paper I. 
Columns 2 and 3 report the modulus of the parallel (#11) and perpendicular (#• 
components of the orbital dipole moment (O.D.M.). More detailed information 
on-the direction of the ODM's may be obtained from the charge centroids reported 
in columns labeled (x) ,  (y) ,  (z).  

The ODM is defined as the resulting moment of a charge system consisting 
of two positive point charges placed on the nuclei pertinent to the considered 
bond or lone pair, and the negative charge accounted for by the corresponding LO. 
For the bonds, the direction of the parallel component is defined by the line joining 
together the two nuclei; for lone pairs only the absolute value of the ODM is 
given. This partitioning of the total dipole moment is quite arbitrary and it may 
be of some interest to recall the discussion about the sign and value of the C-H 
bond moment. Recently Rothemberg [8] and Pritchard and Kern [9] made an 
analysis of dipole moments obtained through ab initio calculations. However, 
their respective definitions of the C-H bond moment differ, Pritchard and Kern 
having chosen the presently defined convention. In our opinion it is only a matter 
of convenience and, at least for our purposes, the present definition seems adeguate. 

The #• values give a measure of the bending of the ring bonds, the situation 
being similar to  that found in paper I. The parallel component is related to the 
electronegativity differencebetween the two atoms involved and hence, the trend 
of the ODM may be compared with the atomic gross populations reported in 
Table 5. The #11 values of the protonated species show that the protonation 
should produce a heterolytic ring opening in both molecules through the C-N bonds 
(compare the #11 values of bc_ N in neutral and protonated species; for diaziridine 
A#11 (CN) = 1.05 D and for oxaziridine A#11 (CN)= 1.11 D). 

The C-H  bond orbitals may be employed to ascertain the degree of trans- 
ferability of the LO's. The ODM values are nearly equal for neutral species (mean 
value, comprising also the C-H bonds of paper I: 1.83 D) and for cations (mean 
value: 1.57 D). This last value is in accord with the charge transferred in the 
protonation process which may be obtained from the data of Table 5 (remember 
that the polarity is C+-H-) .  On the other hand, the orbital kinetic energies (Ti), 
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Table 5. Gross  popu la t i ons  a 

23 

Molecule Atom Gross pop. Molecule Atom Gross pop. 

t rans  CH2(NH)2 N 7.2596 C H z N H N H ~  N 1 7.1443 
H 4' ~ 0.7557 H 4 0.6820 
C 6.3137 N 2 7.2944 
H 8, 9 0.8279 H 6 0.6075 

cis  CH2(NH)2 N 7.2430 I-I 7 0.5827 
H 4' 6 0.7756 C 3 6.2213 
C 6.3126 H 8 0.7420 
H 8 0.8394 H 9 0.7258 

H 9 0.8108 

C H 2 O N H  O 8.1148 CH2ONH~- O 7.9832 
C 6.2713 C 6.1560 
H 4 0.8268 H 0.7196 
H s 0.8118 N 7.2550 
N 7.2128 H 0.5834 
H a 0.7625 

Numera t ions  of the a toms according to Table 1. 

'Ei 
- 6  

-7- 

-8,  

-9 -  

-10-  

- 11 -  

-12-  

-13-  

o 

C - N  B O N D S  

t 

/t ,~ 

,~ <D| / /  
J , 

//| //|174 / / / /  
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Fig. 1. Variations o f E  i and U i for C - N  bonds (a.u.). F rom left to right the values refer to: oxaziridinium, 
diaziridinium (NH2) , diaziridinium (NH), aziridinium, oxaziridine, diaziridine (cis and t rans  values 
coincident in the drawing), aziridine, diazirine, isocyanic acid, cyanate ion, hydrocyanic acid, cyanide ion 
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which are particularly sensitive to the degree of hybridisation show that the 
protonation does not affect markedly the shape of the C-H orbital. 

Form an energetic point of view, the columns of Table 4 headed E i and E~ 
show that the variations in the electronic energy pertinent to the C-H are due 
principally to variations in the interaction energy with the other parts of the 
molecule. The values of the present paper fit perfectly into the range found in I 
(see, in this Ref., Fig. 7); the variation of the E~ values is less than 7% of the 
corresponding Ei variation. 

The results for C-N bond orbitals may be supplemented by those of Ref. [6] 
with regard to a completely different set of chemical compounds (pseudohalide 
acids and their anions). The C-N bond orbitals of these last compounds refer 
to single components of multiple bonds and experience completely different 
molecular fields. The interaction energy of such an orbital with the remainder 
of the molecule (U~ = E i -  E ~ is decidedly different from that of a single bond 
C-N orbital. In spite of this difference in environment the "internal" energies 
(E~) of such types of localized orbitals remain nearly constant. 

The degree of constancy may be observed in Fig. 1, where the E~ values of 
C-N LO's are reported versus their U~ values. The constancy of E~ should require 
a rectilinear plot with unit slope, while actually one finds a maximum variation 
of the corresponding E~ values of 0.73 a.u., i.e. nearly 13 % of the corresponding E~ 
variation (4.87 a.u.). As stated above, the Ui values for the cyclic compounds 
span the range 1-2.5 a.u. while for the pseudohalide acid set the range is 3-6.5 a.u. 

3. The Electrostatic Molecular Potentials 

As was shown in I, some useful information may be obtained by the values 
of the electrostatic potential, V(xl) produced in the neighbouring space by the 
electronic and nuclear charges of the molecule. V(xO is a physical observable, 
whose value for every point of the space, may be easily obtained once the first 
order density function Q(x 0 is known. 

1 

nucl 

where ~ Z~6(xl - x,) is the distribution of nuclear charges. 

From the V(x~) function one can immediately arrive at the electrostatic 
interaction energy W(x~)-= q. V(xi) between the molecular charge distribution, 
considered rigid, and an external point charge q. The electrostatic energy W(x~) 
is the first order value of the perturbation energy of the molecule when a point 
charge q is placed at the point x~ of the "outer" space. 

Some maps of the electrostatic energy for unit point charge are displaced in 
Figs. 2-5 to show the electrostatic potential may be used as an auxiliary tool in 
the analysis of chemical properties of the considered molecule. Fig.2 reports how the 
map for the ring plane of trans-diaziridine. The regions most subject to electrophilic 
attack surround the two nitrogen atoms. The minimum of potential energy is not 
in the ring plane, this being due to the out of plane position of the corresponding 
hydrogens and to hybridisation of the nitrogen atomic orbitals. In fact, the shape 
of the electrostatic potentials shows a clear correspondence between an empirical 
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Fig. 2. Electrostatic potential energy map for the ring plane of trans-diaziridine (energies in Kcal/mole) 

37 6 

613 
tr 

Fig. 3. Electrostatic potential energy map for the plane containing the N-H bond of trans-diaziridine 
and perpendicular to the ring plane 
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Fig. 4. Electrostatic potential energy map for the ring plane of oxaziridine 
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concept like "atomic hybridisation" and the values of a physical observable as 
V(x~). In the case of trans-diaziridine this fact may be evidenced through Fig. 3 
which refers to a plane perpendicular to the ring plane containing the N and H 
nuclei. 

The position of the minimum of W(xO ( -  82.0 Kcal/mole) may be related to 
the direct influence of the nitrogen lone pair. The cis-diaziridine maps are not 
reported but the main difference with respect to the trans case is in the value of 
the minimum: -92.2 Kcal/mole (the location of the minimum is the same as in 
the trans conformer). This difference in the value of the two minima (A Vmi, = 9.8 
Kcal/mole) may be compared with the difference in the proton affinity of the two 
conformers (A(P.A.)= 7.1 Kcal/mole). According to what has been previously 
said in this section, the A Vmin value can in fact be considered as a first order value 
for A (P.A.). 

The map of W(x~) for the ring plane of oxaziridine is reported in Fig. 4. In 
this case, again the CH 2 group is surrounded by a zone of positive W(xi) values 
while the two heteroatoms are surrounded by deep minima which are more 
exactly identified in Fig. 5. In this figure the fl plane is to be compared with Fig. 3. 
The two minima are nearly in the same direction and the difference in their 
absolute value may be related in the difference in the protonation energies reported 
above. The 7 plane contains two minima; the correspondence with the two lone 
pairs of oxygen is clear (see also Table 4). The ring plane not being a symmetry 
plane, the two minima are not equivalent. The values of the nitrogen and oxygen 
minima are to be compared with those of aziridine and oxirane of paper I; a 
relation with the nucleophilic character of the corresponding heteroatoms may 
be seen. 

It is perhaps unnecessary to emphasize again that the W(xi) values employed 
in this discussion give only a crude picture of the energies involved in the protonation 
process (the W(xi) are only first order energies). It may, however, give an idea 
of the favoured approach paths of the proton (or other electrophilic reagents) 
in a hypothetical gas-phase reaction. 

This work was performed with the financial support of the Consiglio Nazionale delle Ricerche 
through the Laboratorio di Chimica Quantistica ed Energetica Molecolare. 
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