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The applicability of the MINDO/3 method is evaluated for calculations on 
dipyrrolic partial structures of bile pigments. It is shown that this method cannot 
be used for  an accurate conformational analysis. However, when applying the 
frontier orbital model for reactivity parameters, a good picture of the HOMO 
and the LUMO distribution can be obtained in this type of molecules. 

( Keywords : Bile pigments; 3 ,4-Dihydro-5 (1H)-pyrromethenones ; Fron tier or- 
bital model; 5-([2-Methylen-2 (2H)-pyrrol-5-yl]methylene)pyrrolidin-2-one ; 5- 
([2-Methylen-2(2H)-pyrrol-5-yl]methylene)-3-pyrrolin-2-ones; MINDO/3 ; Pyr- 
romethenes ; 5 (1H)-Pyrromethenones ) 

Reaktivitiit von Pyrrolpigmenten, 9. Mitt. MINDO/3-Rechnungen von dipyrroli- 
schen Partialmodellen yon Gallenpigmenten 

Es werden die Einsatzm6glichkeiten von MINDO/3 ffir den Fall dipyrroli- 
scher Partialstrukturen der Gallenpigmente aufgezeigt. Die Methode ist ffir eine 
genaue Konformationsanalyse nicht geeignet. Unter Verwendung der Reaktions- 
parameter des Frontier-Orbital-Modells 1/il3t sich jedoch ein gutes Bild der 
HOMO- und LUMO-Verteilung ffir diesen Verbindungstyp gewinnen. 

Introduction 
More or less sophisticated semi-empirical methods have been used to study 

molecular energies and other structural features of bile pigment molecules, or of 
molecules representing partial models of linear bile pigments. CNDO/2 gives 
good information on the conformation and energies of pyrromethenes [2] and 
dipyrryhnethanes [3] MINDO 3 has been used to obtain dipole moments and 
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some structural details of pyrroles and pyrrolinones [4]. MINDO/3 [5, 6] and 
MNDO [6] afford data on the relative energy of different tautomers and deriv- 
atives of pyrrolin-2-one, which represent partial models of the terminal rings of 
bile pigments. PCILO has been applied in the conformational study of azobilirubin 
dyes (i.e. pyrromethenone derivatives) [7]. We have recently published our first 
results on the reactivity of pyrromethenones [8], using the calculations obtained 
by MINDO/3 and a simple approach to the frontier orbital model. 

Concerning the tetrapyrrolic linear systems, only 7z electron methods have 
been used, usually to correlate structure and electronic spectra [9]. The most 
recent example corresponds to the application to 2,3-dihydrobilatrienes-abc of a 
PPP method with CI [10], parametrized for dipyrrolic systems and also used on 
fully unsaturated bilatrienes-abc [9 el. Predictions of reactivity obtained following 
the Fukui frontier orbital model [11] have been compared with empirical reactivity 
patterns of tetrapyrrolic pigments [12]. The same model has been used for bile 
pigments getting the atomic orbital coefficients from PPP calculations [9 e, 10]. 
We have already published our first results on pyrromethenones and 5-aryl- 
methylene-3-pyrrolin-2-ones using atomic orbital coefficients obtained by the 
MINDO/3 method [8]. 

In  this paper ,  we repor t  our  results on the M I N D O / 3  calculat ions 
pe r fo rmed  on the dipyrrol ic  part ial  models  of  bilatrienes-abc and 2,3- 
dihydrobilatrienes-abc. In  the following pape r  of  the series we present  
the calculations pe r fo rmed  on the corresponding te trapyrrol ic  structures.  
Our  aim is the evaluat ion of  the applicabil i ty of  the me thod  to linear 
te t rapyrrol ic  systems. The  features that  we try to evaluate  are molecular  
geometry,  conf igurat ional  and  conformat iona l  relative energies, dipole 
m o m e n t s  and,  th rough  the reactivity pa ramete rs  obta ined  using the fron-  
tier orbi tal  me thod ,  chemical  reactivity. 

Methodology 

5-(1H)-Pyrromethenone (4), pyrromethene (5), and 5-[2-methylene-(2H)-pyr- 
rol-5-yl]methylene-3-pyrrolin-2-one (6) (see formula scheme) must be considered 
as dipyrrolic partial models of the fully unsaturated bilatrienes-abc (1). The atom 
numbering of the dipyrrolic systems corresponds to the tetrapyrrolic systems to 
enhance comparability. As partial models of 2,3-dihydr0bilatrienes-abc and tak- 
ing into account the tautomerism of the two central nitrogen atoms (see struc- 
tures 2 and 3), we have studied the 3,4-dihydro-5-(1H)-pyrromethenone (7) and 
the corresponding dihydro structure 8. In the literature there is enough experi- 
mental data about pyrromethenones and pyromethenes to permit the evaluation 
of the MINDO/3 results on these compounds and to use it to predict properties 
of the chemically less studied structures (e.g. structure 8). 

In spite of the previously reported results from MNDO and MINDO/3 [6], 
one cannot clearly decide which method is more adequate to calculate the 
A/Fy of these type of compounds. However, owing to our interest in the reactivity, 
we have chosen the MINDO/3 method, because its reactivity parameters and its 
charge distribution were more in agreement with the experimental results than 
the MNDO ones [6 b]. 
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All calculations have been carried out using the semi-empirical SCF-MO 
MTNDO/3 method, with standard parameters [13]. Geometries have been opti- 
mized for the planar structures of 4--13 with the unique restriction of planarity 
in all the molecule: such a restriction was applied because former results using 
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MINDO/3 on 5-methylenepyrrolidin-2-one and 5-methylene-3-pyrrolin-2-one, 
without any restriction, gave planar structures [6]. The non-planar conformations 
at the meso bridge-single bond have been calculated by keeping constant the 
remaining geometrical parameters. The theoretical reactivity parameters have 
been calculated using the Fukui frontier orbital model [11]: reactivity parameters 
for atom i, are calculated from 2 52 cik, eik being the HOMO (for reactivity towards 

k 
electrophiles) or LUMO (for reactivity towards nucleophiles) atomic orbital coef- 
ficient of the atomic valence orbital k of the atom i. Reactivity parameters towards 
radicals are calculated by the half sum of the electrophilic and nucleophilic 
parameters. The use of such a simple model is hold by the energy gap exists 
between HOMO and NHOMO, and LUMO and NLUMO orbitals (/> 0.4eV) 
for all these types of compounds. 
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Results and Discussion 

Geometr ies  

The calculated geometries are only in slight agreement with X-ray 
structural data described in the literature for similar compounds (see Ref. 
[14] for a review). Our calculated bond lengths show more single or double 
bond character (more in accordance with the localized bond represen- 
tation) than the experimental ones. The most significant difference cor- 
responds to the methine bridge angles (internal C--C--C bond angle), 
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which are found to be wider (ca. 10 °) in our calculations for all the 
structures. For structures 4 and 7, the too wide calculated angle can be 
due to a MINDO/3 emphasis of the steric hindrance. However, in 5, 6, 
and 8, this larger internal bond angle may be mainly attributed to the 
neglect by the MINDO/3 method of the intramolecular hydrogen bond. 
It is already known that the MINDO/3 method neglects hydrogen bonds 
[15] (see below). 

Configurational and Conformational Energies 

Table 1 shows the A/_/of calculated for several meso bridge single bond 
conformational angles of the E- and Z-isomers of the five studied di- 
pyrrolic structures (4-8) and of some of the methyl and dimethyl deriv- 
atives of pyrromethenones and azafulvenylmethylene-pyrrolinones (9- 
11). The energies shown in Table 1 are given to illustrate the calculations 
but cannot be considered as representations of real energies, because of 
the restrictions applied in the calculation (see methodology) and the errors 
of the method. The calculations show that at the same meso-bridge 
conformational angle the Z-isomers are always more stable than the 
corresponding E-isomers. Although this trend is in agreement with all 
known experimental results [14, 16, 17], the calculated most stable di- 
hedral angles are not always in good agreement with the experimental 
values, neither in solution nor in solid state. The experimental results 
indicate that in solution the conformational angle for (Z)-pyrromethe- 
nones [(Z)-4] lies at ca. 35 ° (syn) [18] and at 25 ° (syn) for the (Z)-3,4- 
dihydropyrromethenones [(Z)-7] [16]; in the case of Z-pyrromethenones 
[(Z)-5] a planar (syn) structure was found [19]; a 0 ° (sp) energy minimum 
(see Scheme 1 for the conformational angle definition) can also be inferred 
for structures (Z)-6 and (Z)-8 from the data of tetrapyrrolic systems [14, 
17, 20]. Table 1 shows that the energy minima calculated for (Z)-4 and 
(Z)-7, although syn as experimentally, have larger conformational angles 
than in solution (about 60°-90°). However for (Z)-5, (Z)-6, and (Z)-8 a 
(sp) conformation is preferred, in agreement with experiments. The effect 
of methyl substitution at the P0 positions flanking the meso-bridge de- 
termines, as found experimentally, an increase of the minimum confor- 
mational angle. But this effect is overestimated in the calculations: for 
the Z-isomers of the substituted derivatives of 4 and 6 (9-11) the minima 
calculated lie always at conformational angles near 90 °. As discussed 
above, in the case of structures 4 and 7 whether substituted or unsub- 
stituted, we attribute the large dihedral angle to an emphasis by MINDO/ 
3 of the nonbonded interactions. However, although exaggerated, the 
calculated energies seems to undergo the same effects as experimentally 
detected: compare the flat energetic profile for (Z)-4 with the "deep hole" 
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profile of (Z)-9, and the energetic effect of the methyl substitution at the 
positions flanking the meso bridge which is higher for the E-isomers than 
for the Z-isomers. For the structures of type 5, 6, and 8, the underesti- 
mation of the stability of the (sp) conformation, with respect to that of 
the twisted conformations, must be attributed, in addition, to the neglect 
of the hydrogen bond by the MINDO/3 method [15]. Effectively, the 
analysis of the two centre energy terms [21] shows that for the Z-isomer 
of 5, 6, and 8 at 0 ° (sp) practically no interaction exists between the N - -  
H hydrogen and the pyrroleninic nitrogen. The inclusion of the energetic 
effect of an intramolecular hydrogen bond would stabilize the sp con- 
formations of the Z-isomers. 

Dipole Moments 

MINDO/3 has already been used to estimate the dipole moments of 
monocyclic pyrrolic partial models of bile pigments, giving a good esti- 
mation of the experimental values [4]. Table 2 compares, for the E- and 
Z-isomers of 4-8 at the conformation 0 ° (see Scheme 1), the MINDO/3 

Scheme 1 

(~- 

0 °, (sp) 180 °, (ap) 

calculated dipole moments with the dipole moments calculated from the 
vertical sum of the partial dipole moments of the corresponding two 
rings. These results indicate a correlation between these two types of 
calculated dipole moments, and corroborate the approximation to use 
the last ones in force field calculations of linear pyrrole pigments [4]. 
Although not indicated in Table 2, this correlation is also maintained 
for the conformation 180 ° (ap) and it is obviously improved for confor- 
mational angles near 90 °. 

The following values were used for the partial dipole moments: 
1.960 D and an angle of 124.7 ° to the C - - N H  bond for the pyrrole ring; 
3.765 D and an angle of 131.0 ° to the N- -CO bond, for the 5-methylene- 
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3-pyrrolin-2-one system; 3.185D and an angle of 125.1 ° to the N--CO 
bond, for the 3,4-dihydro-5-methylene-3-pyrrolin-2-one system; 1.484 D 
and an angle of 126.2 ° to the C = N  bond, for the 2-methylene-(2H)- 
pyrrole: all these dipole moments were calculated by the MINDO/3 
method. 

Reactivity Parameters and H O M O  and L U M O  Distribution on the 
Molecule 

Table 3 shows the reactivity parameters for the Z-isomers of 4-8 at 
the conformations 0 ° (sp) and 90°; at the same dihedral angle the anti 
conformations and also the E-configuration have practically the same 
values of reactivity parameters. In all structures calculated (E- and Z- 
isomers of 4-11), the reactivity parameters are very similar for the both 
E and Z configurational isomers at the same conformational angle (cal- 
culations were performed between 0 ° and i80 °, in steps of 30°; see meth- 
odology). This type of reactivity parameters represents the HOMO and 
LUMO distribution on the molecule. These results indicate that the two 
orbitals change only significantly with the angle between rings, and have 
a low dependence on the configuration at the exocyclic double bond. It 
has also been reported that in the case of the aryl analogues (12) the low 
energy band of the electronic absorption spectrum, i.e. the experimental 
energy gap between HOMO and LUMO depends only on the angle 
between rings [22], and it has been estimated from theoretical results that 
the tetrapyrrolic systems have the same bchaviour [23]. Our results for 
structures 4-11, showing the same HOMO and LUMO distribution for 
configurational isomers at the same angle between rings, agree with this 
general behaviour, in spite of not giving an accurate estimation of the 
HOMO--LUMO energy gap (owing to the low confidence of the LUMO 
energies). 

5-(1H)-Pyrromethenones (4; AB): The results can be summarized 
(Scheme 2) as follows. The electrophilic reactivity of a pyrromethenone 
is fundamentally that of the 5-methylene-3-pyrrolin-2-one partial struc- 
ture. At angles far from planarity this reactivity partition pattern is even 
more accentuated. Scheme 2 shows the reactivity coefficients of 4 at 0 ° 
and 90 °. In case of the 5-arylmethylene-3-pyrrolin-2-one (12) both nu- 
cle0philic and electrophilic reactivity parameters are located on the 5- 
methylene-3-pyrrolin-2-one structure (see Scheme 2). These reactivity 
parameters agree with the experimental reactivity known. Thus, for 3,4- 
dialkyl substituted structures (positions 2 and 3 according to the denom- 
ination made in the formula scheme)--where the substitution obviously 
allows a better differentiation between the reactivities at positions 3 and 
4 and the reactivities of the remaining positions of the molecule--has 



~o 

0 

© 
.9 

0 

>. 

~D 

© 

O 

0 

O 

© 

o 

r ~  

Reactivity of Pyrrole Pigments 

C 
% 

< 

C 
% 

< 

t",l,--~ ~ ' ,  t ~ "~ l "  ¢ ¢ ~ "  er~t'-,I 

,-,~ ¢¢3 ,--~ ce3 t"xl e¢3 tt3 "~1- ~ ' t ~  

2 
© 
© 
o 

z ~ 
II 

~5 

0 

I 
Z 

© 

..= 

o 

z ~  , 

-~l~ ,~ 

0 

1001  



1002 Rosa Caballol et al.: 

Table 3. Reactivity parameters calculated f rom  the H O M O  and L U M O  atomic 
at the 90 ° 

Atom Nr. b 4 (AB) 5 (AHB) 

electroph, nucleoph, electroph, nucleoph. 
0 o 90 ° 0 o 90 ° 0 o 90 ° 0 o 90 ° 

O--C1 
C1 
C2 
C3 
C4 
N21 
C5 
C6 
C7 
C8 
C9 
N22 
C10 
C l l  
C12 
C13 
C 14 
N23 
C15 
C16 
C17 
C18 
C19 
N24 
O - - C  19 

0.08 0.00 0.10 0.12 0.04 0.00 0.07 0.09 
0.02 0.00 0.18 0.21 0.01 0.00 0.17 0.24 
0.08 0.00 0.36 0.42 0.00 0.00 0.00 0.01 
0.00 0.00 0.39 0.47 0.00 0.00 0.02 0.03 
0.29 0.02 0.25 0.23 0.28 0.02 0.60 0.60 
0.17 0.01 0.00 0.00 0.19 0.01 0.01 0.01 
0.21 0.01 0.43 0.44 0.22 0.01 0.43 0.50 
0.40 0.70 0.03 0.02 0.41 0.69 0.13 0.09 
0.23 0.28 0.12 0.01 0.26 0.29 0.21 0.00 
0.13 0.25 0.00 0.00 0.13 0.24 0.00 0.01 
0.39 0.65 0.07 0.01 0.42 0.66 0.14 0.07 
0.01 0.00 0.07 0.04 0.01 0.00 0.t5 0.14 

a The differences observed between the reactivity indeces of the E- and Z- 
isomers at the same conformational angle are neglible 

b For  the atom numbering see the formula scheme 

been r epor t ed  tha t :  aryl  ana logues  as 12 undergo  electrophi l ic  subs t i tu t ion  
o f  the hydrogen  at  the br idge ca rbon  a t o m  while py r rome the none s  (4) 
react  a t  the c~ pos i t ion  o f  the pyr ro le  r ing [8] (pos i t ion  5';  C 9 accord ing  
to the denomina t i on  made  in the fo rmula  scheme);  nucleophi l ic  add i t i on  
o f  cyanide  ion takes place at  the br idge ca rbon  in bo th  cases (4 and  12) 

[6 b, 241. 
M o r e  exper imenta l  evidence co r robo ra t e s  also this f ront ier  o rb i ta l  

loca t ion  shown in Scheme 2. The chemical  behav iour  o f  py r rome thenones  
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orbital coefficients obtained by MINDO/3 for the structures 4-8 a at the planar and 
conformations 

Dipyrrolic ring system 

6 (BC) 7 (CD) 8 (CDH) 

electroph, nucleoph, electroph, nucleoph, electroph, nucleoph. 
0 o 90 ° 0 o 90 ° 0 o 90 ° 0 o 90 ° 0 o 90 ° 0 o 90 ° 

0.42 0.65 0.07 0.02 
0.16 0.21 0.00 0.00 
0.26 0.31 0.17 0.01 
0.46 0.68 0.03 0.02 
0.01 0.00 0.08 0.05 
0.14 0.02 0.53 0.57 
0.35 0.03 0.53 0.57 
0.00 0.00 0.27 0.33 
0.09 0.00 0.21 0.25 
0.11 0.00 0.26 0.30 
0.00 0.02 0.16 0.20 

0.21 0.00 0.19 0.00 0.23 0.00 0.42 0.57 
0.08 0.02 0.03 0.01 0.09 0.03 0.10 0.17 
0.02 0.04 0.07 0.00 0.02 0.05 0.21 0.35 
0.00 0.18 0.03 0.02 0.00 0.21 0.12 0.25 
0.13 0.09 0.15 0.00 0.14 0.10 0.31 0.35 
0.34 0.48 0.22 0.02 0.37 0.57 0.30 0.25 
0.43 0.41 0.26 0.45 0.45 0.39 0.10 0.00 
0.27 0.22 0.28 0.22 0.26 0.21 0.32 0.01 
0.00 0.00 0.26 0.49 0.00 0.00 0.01 0.00 
0.08 0.07 0.28 0.43 0.00 0.00 0.00 0.00 
0.02 0.02 0.14 0.22 0.01 0.01 0.05 0.00 
0.30 0.31 0.00 0.00 0.32 0.31 0.02 0.00 
0.12 0.13 0.09 0.12 0.06 0.06 0.02 0.00 

and  their  aryl  ana logous  in the e lec t rochemical  reduc t ion  [25] indicates  
tha t  the L U M O  is loca ted  on  the 5-methylene-3-pyr ro l in -2-one  structure.  
F u r t h e r m o r e ,  the s tudy o f  the e lec t rochemical  mechan i sm in the for-  
m a t i o n  o f  h y d r o d i m e r s - - b o n d  th rough  the br idge  ca rbon  a t o m s - - i n  bo th  
types o f  c o m p o u n d s  (4 and  12) gives also an  ind ica t ion  a b o u t  their  
different  react iv i ty  t owards  radicals  [26]: accord ing  to the results  r epor ted  
here, in c o m p o u n d s  o f  type  4 the meso br idge  competes  wi th  the e- 
pos i t ion  o f  the pyr ro le  ring, while in aryl  ana logues  such as 12 the meso 
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bridge carbon atom is clearly the most reactive: the electrolytic reductive 
hydrodimerization of pyrromethenones (4) and their aryl analogous (12) 
(meso bridge coupling) takes place only by the mechanism radical to 
substrate in the case of aryl analogues, but nucleophilic attack to substrate 

Scheme 2 
0 o 

9 0  ° 

N ~ 

is the preferred reaction pathway for pyrromethenones [26]. Moreover, 
it has been described how in pyrromethenones the presence at the c~ 
position of the pyrrole ring of an electron withdrawing group, such as 
the ethoxycarbonyl group, determines a reactivity pattern similar to that 
of compounds of type 12 [8]. Such a result must be interpreted as due 
to the stabilizing effect of the alkyloxycarbonyl group on the original 
HOMO orbital located on the pyrrole ring, that determines the conversion 
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in HOMO of the molecular orbital located on the 5-methylene-3-pyrrolin- 
2-one structure. 

On the other hand, linear polarization of the fundamental band of 
the electronic absorption spectra of 5(1H)-pyrromethenones [27], al- 

Scheme 3 
0 o 9 0  ° 

0<% 
though in dimeric form, also accounts for this location of HOMO and 
LUMO in different halves of the molecule. 

Taking into account that 5-(1H)-pyrromethenones are partial models 
of rubins, most of the typical reactivitY of the last ones can be explained 
through the above described pyrromethenone reactivity pattern (e.g. 
"scrambling" reaction through electrophiles or radicals, reactivity of ru- 
bins towards diazonium salts, etc.) [28]. 
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3,4-Dihydro-5-(1 H)-pyrromethenones (7; AHB); The reactivity param- 
eters (Scheme 3) towards electrophiles are very similar to those obtained 
for the totally unsaturated system, i.e. the reactivity towards electrophiles 
is fundamentally that of the pyrrole ring. Non planar conformations give 
an even clearer location of the HOMO orbital on the pyrrole ring, as in 
the case of the unsaturated system. The LUMO is again located on the 
oxygenated ring, but it shows a different distribution compared to 4: the 
more reactive position towards nucleophiles corresponds to the carbon 
atom at the position "4" (according to the numbering on formula scheme). 
An intramolecular lactonization of a 3,4-dihydropyrromethenone deriv- 
ative [29] has been described which evidences the experimental nucleo- 
philic reactivity of this carbon atom. 

According to the reactivity parameters reported here the reactivity 
towards electrophiles of compounds of type 7 and their aryl analogues 
13 must be different, in a similar manner to what occurs in the corre- 
sponding unsaturated systems (compare HOMOs of 4 and 12 in Scheme 
2 with 7 and 13 in Scheme 3): to our knowledge it does not exist any 
experimental result about the reactivity towards electrophiles of basic 
structures of type 7; however, a deuterium exchange at the meso bridge 
[29] of a derivative of 7 with an alkoxycarbonyl substituent at the position 
of the pyrrole ring has been reported. Such a reactivity could be related 
to the reactivity of 13, indicating a similar effect of electron withdrawing 
groups on pyrromethenones (4) (see above) and on 3,4-dihydropyrro- 
methenones (7). The comparison of the LUMO distribution on 12 and 
13 at 90 ° gives a useful indication about the chemical differences between 
the lactam rings A and AH. In accord with that, both MINDO/3 and 
MNDO calculations show for AH a LUMO much less stable than for 
A [6 b]. 

Pyrromethenes (5; BC): See Scheme 4 to compare the relative reactivity 
parameters of the different atoms: the numbers on the nitrogen indicate 
the corresponding net atomic charges. A large number of nucleophiles 
add to the bridge carbon atom of pyrromethenes [30]: the high reactivity 
parameter of this carbon atom, compared to the remaining atoms of the  
molecule is in agreement with the experimental reactivity. Net atomic 
charges indicate that, for charge-controlled reactions towards electro- 
philes, the more reactive atom must be the pyrroleninic nitrogen. On the 
other hand, our results point to an orbital-controlled reactivity towards 
electrophiles typical of the pyrrole ring. Unfortunately, all the reactions 
of pyrromethenes towards electrophiles are described for their protonated 
forms (their salts are generally more stable than their free base forms). 
Many reactions of the protonated forms of pyrromethenes are used in 
the synthetic pathway to cyclic tetrapyrrolic pigments [31]: all these reac- 
tions can be interpreted as the electrophilic attack at the carbon atoms 
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6 or 14 (numbering in accord with formula scheme). In the case of the 
non protonated form (g) it is likely to expect high reactivity towards 
electrophiles at the e position of  the pyrrole ring, in agreement with these 
reactivity parameters. 

Scheme 4 
0 ° 9 0  ° 

N 

As shown in Scheme 4, HOMO and LUM O  are each located pref- 
erentially on a different half of  the molecule, this distribution being more 
accentuated for the out-of-plane conformations. This H O M O - - L U M O  
distribution on the two halfs of the pyrromethene molecule also accounts 
for the polarization of  the most important absorption bands of its elec- 
tronic spectrum [32, 33], also in agreement with calculations performed 
by ~-electron methods. 

5-([2-Methylene- (2H)-pyrrol-5-yl]methylene)-3-pyrrolin-2-one (g; 
CD) and 5-([2-methylene-(2H)-pyrrol-5-yl]methylene)pyrrolidin-2-one 
(8; CDH): The electrophilic reactivity parameters are very similar for 
both type of structures (Scheme 5). Conformational changes also intro- 
duce similar changes in their reactivity towards electrophiles: these chan- 
ges are not so important as those described above for other structures, 
and this must be attributed to the sigma character of the HOMO of 6 
and 8. The reactivity parameters towards nucleophiles are similar for the 
planar conformations of  both types of structures (6 and 8), but they are 
different for the conformation at 90 ° . Thus at 90 ° , the H O MO  is distri- 
buted in opposite halves of the molecule: at the 5-methylene-3-pyrrolin- 
2-one half for 6, but at the azafulvenic part for 8. Because of the low 
stability of  this type of compounds, no experimental data on their reac- 
tivity were found. However, these structures have been proposed as reac- 
tion intermediates in a synthetic approach to bilatrienes-abc, the proposed 
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reaction pathway [34] being based on the reactivity towards nucleophiles 
at the methylene carbon atom of the exocyclic double bond at the pyr- 
roleninic ring. 

With respect to the net atomic charges at the pyrrolenin nitrogen (see 
numbers in Scheme 5), the results indicate that it is more negative in the 

Scheme 5 

0 o 9 0  ° 

~ o  

dihydro structure CDH than in the corresponding unsaturated structure 
CD. Furthermore, such type of nitrogen is more negative in the structures 
CD or CDH (6, 8), than in BC (5). A non planar conformation determines 
a decrease of the net atomic charge at that nitrogen in structures CD 
and CDH. 
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Final Remarks: The HOMO and LUMO of  structures AB, AHB, BC, 
and the LUMO of  CD, and CDH have a high ~z character: this rc character 
determines in the conformations at 90 ° (obtained by rotation around the 
single exocyclic carbon-carbon bond which links the monocyclic partial 
models) the preferential distribution of  the frontier molecular orbital on 
one or on the other half of  the molecule, i.e. in only one of the two 
monocyclic partial models. Obviously, the favored location in one half, 
even the other can be estimated by the first ionization potential energy 
(for HOMO) or the electronic affinity (for LUMO) of the implicate 
monocyclic partial systems. 

This Work is part of the CAICYT research project 459/84. The calculations 
were carried out using an IBM-3083/X computer at the Centre de Cfilcul de la 
Universitat de Barcelona and a DEC VAX 11-750 computer purchased with 
funds provided by the CAICYT (grant 657/81). 
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