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Problems in the classification of n-surplus heteroaromatic compounds and the cri- 
teria of their n-donor character are examined in the review. The results of quan- 
tum-mechanical calculations, the ionization potentials, the tendency to form charge- 
transfer complexes with various electron-acceptors, the oxidation potentials, etc., 
are singled out as criteria of n-donor character. It is shown that although high 
~-donor character is a consequence of n-surplus character, there is no quantitative 
relationship between these concepts, and they must be clearly distinguished. 

According to the classification proposed by Albert in 1958, heteroaromatic compounds 
are divided into ~-surplus and ~-deficient systems [i]. The ~-surplus category includes 
systems in which the total number of ~ electrons entering into the aromatic ensemble exceeds 
the number of atoms in the ring. As a result, the ring carbon atoms acquire surplus ~-elec- 
tron density, and this makes them readily accessible to attack by electrophilic reagents. 
Five-membered heterocycles- pyrrole, furan, thiophene, and selenophene (type I)- serve as 
a typical example of ~-surplus systems. A fundamental feature of heterocycles of this sort 
is the presence of a heteroatom that supplies two ~ electrons to the aromatic system. We 
will subsequently call this type of heteroatom a "pyrrole" heteroatom. 

~ - ~  7r-Surplus structures 
I X= Nl'4~,Ot St Se 

O ~r - Deficient structures 

I I  Y r- N~Ot S 

i~-x~ Azoles (absence of clearly expressed ~r-surplus or 
~r-deficient character) 

I I I  X "-NHIOtS 

Perimidine (chemically amphoteric structure having 
3 - -  simultaneously clearly expressed Ir - sat_plus ~v and 7r-deficient character) 

T-Deficient heterocycles such as, for example, pyridine, pyrylium salts, thiapyrylium 
salts, and condensed systems based on them contain a heteroatom that furnish the ~ system 
with one electron. It is usually called a heteroatom of the "pyridine" type. Strictly speak- 
ing, heterorings of the II type should be considered to be ~-equivalent systems, since the 
number of n electrons in them is equal to the number of atoms in the ring.* However, when 

*Heterorings such as borepine (V), borirene (VI), and their aluminum, gallium, and other ana- 
logs with a heteroatom that has a vacant p orbital can also be classified as truly ~-defic- 
lent systems. Some of them have been obtained, and a certain amount of aromatic character 
has been detected [2, 3]. Q ~--7 
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TABLE I. Electron-Density Distribution in the Pyridine and 
Pyrrole Molecules According to the Results of Quantum-Mechani- 
cal Calculations 
Corn- Hiickcl MO (z charges)* Ab in~UoS,Bt 

pound N 1-2 -C  I. 3-C [ 4-C N i 4.C.. 

.Pyrrole 

Py~dine 

+ 0,280 

--0,195 

-0.035 

+0,077 

-0.105 

- 0 , 0 0 4  + 0,050 

~+0,34 
a-0,75 

n-0,11 
cr-0,52 

2-C 3-C 

-0,08 -0,10 
-0,03 -0,16 
+ 0.05 - 0,04 
+0,20 -0,14 

+0,07 
-0 , l l  

*Here and subsequently, the calculations by the HUckel M0 
method were made with the parameters in [4]. 
%The negatiwe o charge on the 3-C and 4-C atoms in the pyri- 
dine molecule is due to polarization of the Ca-H and C~-H 
bonds, which compensates the acceptor effect of the remote 
heteroatom. 

Albert called them ~-deficient systems, he had in mind the fact that the C atoms in them 
are connected by ~ electrons and bear an effective positive T charge, since the pyridine 
heteroatom has a greater degree of ~-acceptor character than T-donor character. Calculations 
made with allowance for all the valence electrons (Table i) have shown that the pyridine 
heteroatom is both a ~ acceptor and a c acceptor. A heteroatom of the pyrrole type also ac- 
Cepts c electrons; however, this is more than compensated by its high T-donor character, 
which is also reflected in the reactivity. Thus, even in the case of a considerable c-elec- 
tron effect, the behavior of the ~ electrons is the decisive factor with respect to the re- 
activities of heterocycles. T-Deficient rings readily undergo nucleophilic attack, whereas 
electrophilic substitution reactions are uncharacteristic for them. 

It might have been supposed that when heteroatoms of both the pyrrole and pyridine type 
are present in the molecule, the compounds should also react readily with both electrophilic 
and nucleophilic agents. However, in most cases this assumption is unwarranted. Thus, in 
the case of azoles (of the III type), because of the different directions of the effects of 
the heteroatoms, the reactivities are reduced with respect to both electrophilic and nucleo- 
philic agents. For example, l-methylimidazole, in contrast to pyrrole, is extremely diffi- 
cult to nitrate [7] (partly because of protonation in acidic media) and, in addition, in con- 
trast to pyridine, does not react with strong nucleophiles such as sodium amide [8]. 

Nevertheless, heterorings that have simultaneously both high T-surplus character and 
high ~-deficient character have been discovered. The clearest example is perimidine (IV) [9]7 
which, in accordance with the Albert classification, is a r-surplus compound, since there 
are 14 ~ electrons among the 13 atoms of its peri-cyclic system. However, in addition to its 
exceptionally high ~-surplus character, perimidine also has distinctly expressed T-deficient 
character in that it reacts readily with diverse nucleophiles [9]. Amphoteric character of 
this type is a consequence of pronounced migration of the ~-electron density from the hetero- 
ring of perimidine to the naphthalene portion of the molecule. As a result, high positive 
charge, which is also attacked by nucleophiles, is concentrated on the ~ carbon atom of 
perimidine, while a high negative charge develops on the o- and p-carbon atoms of the naphtha- 
lene ring and makes them active even with respect to very mild electrophiles [9]. See [I0- 
12] for the results of calculation of the perimldine molecule. 

Unfortunately, the concepts of T-surplus character and ~-deficient character, as formu- 
lated by Albert, are only qualitative in nature. In;:=his connection, two fundamental ques- 
tions arise: i) can more quantitative character be imparted to the entire concept in order to 
compare the ~-surplus character and m-deficient character of different systems, and 2) are 
these two parameters related to some more fundamental properties of the molecules? Proper- 
ties of the latter type might include, for example, the T-donor character and T-acceptor 
character of heterocycles. In this connection, the aim of the present review was to discuss, 
on the basis of the available literature data, possible approaches to the quantitative evalua- 
tion of the T-surplus and T-donor character of heteroaromatic compounds and to establish more 
clearly the relationship between these parameters. We note that there is evidently a rela- 
tionship between the ~-donor character of heterocycles and their antioxidant activity and ef- 
fect on the central nervous Syltem [13]. Consequently it is desiraSle to have an objective 
criterion of ~-donor character for the specific synthesis of substances with a given effect. 
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The problem of q-deficient and ~-acceptor character may become the subject of an inde- 
pendent review. 

Classification of ~-Surplus Heterocycles 

From the point of view of the author of this review, it is convenient to divide ~-sur- 
plus heteroaromatic systems into five fundamental groups: 

I. Monocyclic systems, for example, five-membered heterocycles or azonines [14]. 

II. Condensed systems with an unbridged heteroatom of the pyrrole type. Annelated 
structures based on five-membered heterorings (VII, VIII), perimidine (IV), compounds of 
the phenothiazine group (IX), etc. can be assigned to this category. 

VIl VIII IX 

The assignment of condensed heterocycles to a separate group is due to the fact that the 
benzene rings in them also become ~-surplus rings because of migration of the ~-electron den- 
sity from the heteroring, in which case their reactivities may change markedly as compared 
with benzene. Thus, for example, the benzene rings of phenothiazine and perimidine are read- 
ily acylated, are nitrated by nitric acid, and couple with diazonium salts [9, 15, 16]. 

III. Compounds with a quinoid system of bonds of the type involved in pyridines (Xa, b), 
(XII), etc. 

oG , co..-. 
I R 
X a X b Xl Xll 

quinindines (XI), isoindole 

IV. Bridged heterorings in which a heteroatom of the pyrrole type is affiliated with 
two (XIII) or three (XIV, XV) rings. 

X 

XIII X|V XV XVI a XVI b 

X =Oj,$,  NH 

V. Ri'ngs containing a septet of ~ electrons, 
aza aromatic systems (XVIa, b). 

i.e., oxo, thio, and imino derivatives of 

Methods for the Evaluation of r-Surplus Character 

If the T-equivalent model of benzene, the carbon atoms of which have zero ~ charge, is 
taken as the standard, the average negative charge on each carbon atom of the heterocycle 
system may serve as a measure of the q-surplus character. Consequently, even a simple cal- 
culation shows that in pyrrole each ring atom, including the nitrogen atom, has an average of 
6/5 ~ electrons, as compared with 10/9 ~ electrons in indole, and 14/13 ~ electrons in car- 
bazole, i.e., the r-surplus character decreases in this series. This picture is also con-' 
firmed by quantum-mechanical calculations (diagram i), regardless of whether we examine the 
entire molecule in the case of indole and carbazole or only the pyrrole ring atoms. Thus, 
~he average effective ~ charges on all of the carbon atoms of pyrrole, indole, and carbazole 
are--0.040, --0.015, and-0.008, as compared with-O.040, -0.024, and-0.013, respectively, 
for the carbon atoms of the pyrrole ring [17]. 

+ 0 y 0 1 ]  o o - I -Oe015  

-0,01S~ - /  i~]-~.---~-0,0~3 
-o,o~3 I II . . . . .  1 

H -o,o~o o H H oo. -o,o3z 
t + 

Diagram 1. Effective ~ charges (SCF MO method) [17]. 
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Similar regularity is observed in the furan, benzofuran, and dibenzofuran series. Al- 
though the numerical values of the charges and even the order of their change on the 2-C and 
3-C atoms depend markedly on the computational method (Table 2), the pyrrole > thiophene > 
furan order of r-surplus character remains qualitatively unchanged and is determined only by 
the electronegativity of the heteroatom. 

The results of quantum-mechanical calculations, even when the simple Hunckel method is 
used (Table 3), quite adequately reflect the successive decrease in the r-surplus character 
on passing from pyrrole to azoles and then to pyridine. It is interesting that imidazole 
and pyrazole still display w-surplus character, while pyridine is a typical T-deficient : 
heterosystem. 

In condensed systems the n-surplus character is also extended to the annelated benzene 
rings. If the heteroring contains six ~ electrons, migration of the q-electron density from 
it is relatively low. Thus, according to the results of MO calculations, 50% of the surplus 

charge in =he indole and carbazole molecules remains in the pyrrole ring (Diagram i). The 
situation changes markedly when '~yper-H~ckel" electrons appear in the heteroring. For ex- 
ample, the six-membered ring with seven ~ electrons in pyridines X is formally a T-surplus 
system. However, according to the laws of aromatic character, repulsion of the "surplus" 
electron from this ring is so great that it acquires an overall positive charge, and the five- 
membered ring condensed wir~ it becomes a ~-surplus system (Diagram 2 and Table 4). The ~- 
electron density distribution in indolizine XIII is more uniform, since, because of the 
bridged position of the pyrrole nitrogen atom, both the five-membered ring and the six-mem- 
bered ring are q-surplus systems here. Nevertheless, the results of the calculations and 
the reactivities show that a large part of the negative charge is concentrated in the five- 
membered ring. 

Azaindenes are arranged in the following order with respect to the total or average ~- 
electron density on the carbon atoms: indolizine > 2-pyridine > l-pyridine. This order re- 
fleets the n-donor strength of the heteroatom in these compounds. However, if the five- 
membered ring is singled out as a ~-surpZus fragment, the order of n-surplus character is 
reversed. 

+0~72 - 0~211 +0~257 - 0 ~  -0t026 - 0~195 

H - 0,225 - 0,0&0 - 0,196 + 0t057 --0~128 

XO (R=H) K 6  ( R : H )  Xtll 

Diagram 2. ~ Changes in the Azaindenes (Huckel M0) 
[24, 25] 

Similar regularities have also been observed by  means of calculations by the CNDO-2 (com- 
plete neglect of differential overlap) method for compounds consisting of several condensed 

TABLE 2. Effective ~ Charges in the molecules of Five-Mem- 
bered Heterocycles 

C o r n  - 

pound 

Pyr~le 
F~an 
Thiophene  

PPP [18] CNDO-2 [i9] 

C-2 C-3 

I 
-- 0,080 ] -- 0,041 
-0,059 J --0,012 
- -  0,069 ] -- 0,029 

~ verage3 c-2 

-0,060 I -0,085 
- 0,035 J - 0,067 
- 0 , 0 4 9 1  - 0 : 0 8 5  

c-3 Average 

-0,085 I-0,085 
-0,080 ]-0,074 
-0,071 ]--0,078 

Htickel MO [20] 

C-2 C-3 

-0 ,049  1-0,136 
-0,024 -0,120 

Averag( 

- 0,092 
--0,072 

. TABLE 3. Effective ~ Charges on the Carbon Atoms of Pyrrole, 
Diazoles,, and Pyridine 

Av. charge I Tota l  charge 

Compound CN~2-2 TH~ckeIMO[22]" CNDO-2 [Hfickel MO [22] 

p ,ole i 08 i 020 1 0097 o07o 
Irnidazole - 0224 m - 0,011 - 0,075 m - 0,004 
Pyrazole - 0,I 30 m - 0,031 - 0,04321 - O,Ol 0 
Pyridine +0,181 *23 +0,196 . +0,036 *23 + 0,039 

~6 + ~) charge,: 

5 8 6  



TABLE 4. Average z Charges on the Carbon Atoms of Azaindene 

Molecules [ 2 4 ,  25] 

Entire 
molecule  

-0,039 
- 0,042 
-0,061 

Compound 

l-Pyridine 
2-Pyridine 
Indolizine 

Six-membered Five-membered 
ring ring .... 

+0,043 ] -0,129 
+0,025 -0,120 
-0,013 --0,1 t 1 

TABLE 5. Effective z Charges in Phenoxazine, Phenothiazine, 
and Phenoxanthiin Molecules (by the SCF MO method) [27] 

5 9 4 

8 10 ! 

Position Av. charge 

, entire hetero- 
Compound 1(8} 2(7) 3(6) 4(5) 11(13) t2(14) mole-  ring 

cule 

Phenoxazine 
X=NH, u  

Phenothiazine 
X=NH, Y=S 

Phenoxathiin 
X=O, Y=S 

--0,062 

--0,063 

--0,041 

-0,012 

-0,007 

- 0 , 0 0 9  

-0,025 

-- 0,02 7 

--0,016 

- 0,039 

-0,024 

-0,025 

- 0,028 

- 0 , 0 4 7  

-0,035 

- 0,030 - 0,033 

-0,021 -0,032 

-0,060 -0,022 

- 0,028 

-0,034 

-0,021 

TABLE 6. c~ Constants of Some Heteroaromatic Radicals 

NMR data 
Radical IR spectral data [30] [31] 

1-Methyl-2-pyrrolyl  
2- Thienyl 
2- Furyl 
2-Selenyl 

-0,23 
-0,17 -0,14 
--0,20 --0,13 
-0,18 

-0,06 
-0,05 

heterorings, particularly for purine tautomers [26]. 

In the perimidine (IV) molecule and in azaindenes, the naphthalene ring, in which a 
large part of the surplus ~-electron density is concentrated [10-12], rather than the hetero- 
ring is the z-surplus fragment. In the phenoxazine, phenothiazine, and phenoxathiin mole- 
cules borah heteroatoms are donors of two z electrons, and there are therefore formally eight 

electrons in the heteroring. As a result, these compounds are highly z-surplus systems, 
and the migration of z-electron density to the benzene rings is very high (Table 5). Pheno- 
xazine and phenothiazine are close to one another with respect to their degree of z-surplus 
character and considerably surpass phenoxathiin. 

Unfortunately, semiempirical computational methods do not make it possible to construct 
a unified scale of z-surplus character of heterocyclic compounds. Their results depend to a 
great degree on the parameters used and are evidently reliable only when data for closely 
related compounds are compared. The ab in~t~o method of calculation may offer a certain 
amount of hope in this regard, but up until now only an extremely limited number of hetero- 
cycles have been calculated with it, and the results obtained for the same compound by dif- 
ferent authors do not always coincide (for example, see the data for pyridine [6, 28]). 

There are also no reliable methods for the experimental evaluation of the ~-electron 
density. Hopes for a possible correlation between the z-electron density and the chemical 
shifts of protons or *SC nuclei have also been found to be unjustified, and the approximate 
correlation found more likely corresponds to the total (c + z)-electron densities [29]. The 
use of the c~ constants of the corresponding radicals is promising as a measure of the ~-sur- 
plus character of the individual positions of the ring. The data in Table 6 give an extremely 
plausible picture for the z position of five-membered heterocycles, although there is a cer- 
tain vagueness with respect to the relative z-surplus character of furan and thiophene. 

Criteria of ~-Donor Character 

It might be expected that r-surplus character is associated with the presence of a high- 
lying upper occupied molecular orbital (UOMO) that is readily accessible to an electron ac- 
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TABLE 7. 
cycles 

Ionization Potentials (IPx, eV) of n-Surplus Hetero- 

Pyrrole 
1- Methylpyrrole 
Furan 
S eThiil'eoP hene 

nopnene 
Indole 
Benzofuran 
13enzothiophene 
Carbazole 
Dibenzofuran 
Isoindole 
Phenothiazine 

Compound Exptl. .Calc.  [17] 
PES. PI [34,35] EI [36J 

8,2l 
8,09 
8,90 
8,86 

7,75 
8,29 
8,17 
7,57 
7,90 

7,62 

8,40 

8,99 
9,12 
9,01 

8,90 

9,02 

8,36 
8,60 

8,25 
8,37 
7,81 

ceptor (a Lewis acid) and determines the q-donor character of the compound. The quantita- 
tive evaluation of n-donor character can then be based on measurement of the energy of this 
orbital. 

Ionization Potential. The most rigorous method for the evaluation of the UOMO energy 
is the determination of the ionization potential (IPf) of the compound. For most hetero- 
aromatic systems it is due to detachment of an electron from the n orbital, i.e., it char- 
acterizes the n-donor character directly. However, for some heterocycles (pyridazine, pyri- 
midine, cinnoline, and phthalazine) IP, is determined by detachment of an electron from the 
nonbonding spa orbital of the heteroatom [32]. The n-donor character is then usually char- 
acterized by the second ionization potential, and the chief experimental difficulty then con- 
sists in determining which of the ionization potentials should be ascribed to the n orbital 
and which should be ascribed to the p orbital. 

Experimentally, the ionization potentials are determined for the rarefied gas phase by 
photoelectronic spectroscopy (PES), photoionization (PI), or electron impact (El). The 
first two methods make it possible to obtain more accurate adiabatic potentials, whereas 
the E1 method leads to the so-called vertical ionization potentials, which are somewhat ele- 
vated as compared with the adiabatic values [33]. 

The calculated IPx values obtained by quantum-mechanical methods differ appreciably 
from the experimental values (Table 7) but, as a rule, accurately reflect the tendency in 
the changes in the IPx of various compounds and consequently lead to the same fundamental 
conclusions. Good correlation between the experimental IPx of various compounds (including 
heterocyclic compounds) and the calculated UOMO energies, including the results of calcula- 
tion by the simple Huckel MO method [33, 34], has been noted. 

The data in Tables 7 and 8 make it possible to draw the following conclusions. 

i) As in the furan, benzofuran, dibenzofuran and thiophene, benzo/b/thiophene, dibenzo- 
thiophene series, the ionization potential decreases successively in the pyrrole, indole, 
carbazole series, i.e., an increase in the size of the aromatic n system leads to an increase 
in the UOMO energy. This sequence is not in agreement with the relative q-surplus character 
of the same heterocycles (see above). Thus, the n-surplus character and the q-donor char- 
acter do not necessarily change in the same direction. 

2) The n-donor properties of pyrrole considerably exceed those of other five-membered 
heterocycles. The IPx of furan and thiophene are close, and the PES and PI methods lead to 
somewhat larger IP, for furan, whereas the E1 method gives the opposite result. The results 
of the first two methods, which are in agreement with the relative q-surplus character of 
these rings and the electronegativities of the corresponding heteroatoms, are more plausible. 
Evidence in favor of this is also provided by the order of the change in the IP in a series 
of benzo analogs of five-membered heterocycles:indole > benzothiophene > benzofuran. The IP, 
for selenophene is close to that of furan. 

3) There is evidently no relationship between the aromatic character and the n-donor 
character of heterocycles. Thus in the indole--isoindole pair, the less aromatic [judging 
from the resonance energy per w electron (REPE) [38]] isoindole is a greater n donor, while 
in the pyrrole--furan pair and in the pyrrole-indole-carbazole series one observes the opposite 
order (Table 9). A more distinct correlation between the q-donor character and the resonance 
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TABLE 8. First n-Electron Ionization Potentials of Azines 
and Azoles 

Compound IP 1 (eV) Compound IP i (eV) 

Pyridine [6, 32] 
Pyridazine [6 ] 
Pyrimidine [6] 
Pytazine [6] 
Quinoline [32] 
Isoquinoline [32] 
Acridine [32] 
Ac~idone [32] 

9.31 
10,5 
I0.6 
10,5 
8,62 
8,55 
7,78 
7,60 

Acridan [32] 
sym- Triazine [6] 
~ym-Tetrazine [6] 
Imidazole [37] 
Pyrazole [37] 
1.2,4-Triazole [37] 
1,2,3-Triazole [37] 
Tetrazole [37] 

724 
il.4 
12.1 
8.78 
9.15 

10,0 10,06 
11.3 

TABLE 9. Indexes of Aromatic Character (REPE [38]) and Calcu- 
lated Ionization Potentials [17] of Some n-Surplus Heterocycles 

Compound ]REPE (8) IP1 (eV) Compound 

Pyrrole 
Indole 
Carbazole 
Isoindole 

0.039 8,90 
0,047 8136 
0,051 8,25 
0,029 7,81 

Furan 
Cyclo[3.2.2] azine 
C yc lo[3.3.3] azine 

energy should exist for aromatic and antiaromatic compounds. 

IREPE (~)I IPi (eV) 

0,007 [ 9,02 
01040 82839 
0,001 7,4939 

T h u s ,  t h e  a r o m a t i c  c y c l o [ 3 . 2 . 2 ] -  
azine (XIV, i0 peripheral n electrons) has an UOMO with lower energy than that of the anti- 
aromatic cyclo[3.3.3]azine (XV, 12 peripheral n electrons). 

4) In conformity with our expectations, monocyclic n-deficient heterocycles are charac, 
terized by high ionization potentials, and the energy of detachment of a n electron from the 
UOMO increases as the number of aza groups in the molecule increases (Table 8). However, 
the ionization potential decreases on passing to the benzo analogs of n-deficient hetero- 
cycles, and acridine, for example, has extremely appreciable n-donor character in that it 
forms z complexes with electron acceptors such as chloranil [40]. This phenomenon is associ- 
ated with the decrease in the total number of z electrons in the molecule and is similar to 
that which is observed in the pyrrole--indole--carbazole series. 

5) With respect to their n-donor properties, azoles lie between z-surplus and n-defic- 
ient systems with the same number of identical heteroatoms (for example, compare imidazole 
with pyrrole and pyridine). The n-donor character of azoles decreases as the number of "pyri- 
dine" nitrogen atoms increases. 

Ease of Formation of Charge-Transfer Complexes (CTC). The method of evaluation of 
the electron-donor properties of compounds based on their ability to form charge-transfer 
complexes (CTC) on reaction with tetracyanoethylene (TCE), chloranil (CA), trinitrobenzene 
(TNB), iodine, and some other electron acceptors [41] has been widely extended in the last 
15 years. There is a definite relationship between the position of the charge-transfer band 
of a complex and the ionization potential of the donor [42]; although it is generally para- 
bolic in nature, it has been established that it is close to linear for donors with IP, 
ranging from 7 to Ii eV [43]: 

itVcT =m ~ t  + b ,  

where h~CT is the energy of electron transfer corresponding to the charge-transfer band, IP, 
is the ionization potential of the donor, and m and b are empirical constants. The over- 
whelming majority of aromatic compounds, including n-surplus heterocycles, have first ioniza- 
tion potentials in this ring. This fact makes it possible, by measurement of the position of 
the charge~transfer band, to estimate the ionization potential and, consequently, the rela- 
tive n-donor character in solution, which is of particular value to the organic chemist. 

Many empirical equations that interrelate the IPx of n donors and the energy of the 
electron transition corresponding to the charge-transfer band for a certain acceptor have 
been derived by means of the method of least squares: 

for complexes with TNB [44], IP~ = 4.25 + 1.39 10-49max; 
for complexes with TCE [45], IP, = 1.704h~cT + 4.20 • 0.i; 
for complexes with CA [45], IP, = 3.906hgcT -- 0.112 • 0.i. 
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TABLE i0. Position of the Charge-Transfer Bands (nm) of the 
CTC of Five-Membered Heterocycles with Various Acceptors 

Donor 

Pyrmle 
1-Methylpyrrole 
Fttran 
Thiopbene 

Acceptor 

TCE chloranil 

In CHCI 3 [46]lIn CCI 4 [47] [46] 

530 540; 400 
540; 425 

450 445; 295 
399 445; 390 

505; 390 
510; 425 
390 
348 

iodine 
[48] 

360; 285 
360; 310 
317 
295 

TABLE ii. Position of the Charge-Transfer Bands (nm) of the 
CTC of the Benzo Analozs of Five-Membered Heterocycles 

Acceptor  
Donor 

TCE [46] chlorani l  TNB[52. 58] 

Indole 543 49649 380 
Carbazole  605 53550 410 
Benzofttran 465 - -  - -  
Dibenzofuran 498 
Benzo[b]thiophene 528; 477 4 ~  ~ - -  
Dibenzothiophene 550 488 ~' - -  

During charge transfer, an electron passes from the UOMO of the donor to the lower va- 
cant orbital of the acceptor [33]. Thus, the higher the UOMO, i.e., the lower the IPx of 
the donor, the higher the wavelength at which the maximum of the charge-transfer band is 
found in the electronic spectrum. Two charge transfer bands are sometimes observed in the 
spectrum of a CTC. It is assumed that the higher-frequency band is associated with transfer 
of a ~ electron lying in the next occupied orbital of the donor [41]. The longer-wavelength 
charge-transfer band is usually assumed to be the "true" band, i.e., the one that directly 
determines the strength of the donor. There is no need to calculate the ionization poten- 
tials of compounds to obtain a qualitative comparison of their donor strength -- it is suf- 
ficient to compare the maxima of the charge-transfer bands. 

It must be noted that the formation of a CTC takes place practically instantaneously. 
The change in the free energy during the formation of a CTC and the enthalpy of the process 
usually do not exceed 2-4 kcal/mole [41]. In addition, in the case of neutral donors and 
acceptors the position of the charge-transfer band is anly slightly sensitive to the nature 
of the solvent [41]. 

It follows from the data in Table i0 that the n-donor character of five-membered hetero L 
cycles regardless of the nature of the acceptor, changes in the order pyrrole > furan > thio- 
phene. The ease of formation of a CTC is almost the same for l-methylpyrrole and pyrrole. 
These data in general correspond to the gas-phase ionization potentials, although the degree 
of difference in ~-donor character between furan and thiophene remains unclear. It is evi- 
dently small, since Yoshida and Kobayashi [47] present practically identical values for the 
long-wave charge-transfer band of furan and t/aiophene. In this connection, one should re- 
call the disparity in the estimate of the relative ionization potential of furan and thio- 
phene by the PES and E1 methods. 

On passing from five-membered heterocycles to their benzologs (Table ii), the charge- 
transfer band is shifted to the long-wave region of the spectrum as the number of condensed 
benzene rings increases, i.e., the ~-donor character changes in the following order: pyr- 
role < indole < carbazole; furan < benzofuran < dibenzofuran; thiophene < benzothiophene < 
dibenzothiophene. These orders are in complete agreement with the change in the gas-phase 
ionization potentials; the CTC method and the ionization potentials are in agreement with 
one anor/~er in that in the benzofuran--benzothlophene pair, the sulfur-containing heteroring 
is the greater ~-donor system. 

A great deal of research has been devoted to CTC of compounds of the phenothiazine group 
(Table 12). Like the results of other methods, the results indicate a similarity between 
the n-donor properties of phenothiazine and phenoxazine (phenothiazine evidently only slight- 
ly surpasses phenoxazine in this respect). A study of CTC with tetracyanoquinodimethane has 
shown that both of these heterocycles surpass phenoxanthiln with respect to their n-donor 
character [56]. 
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TABLE 12. Position of the Charge-Transfer Bands (nm) of the 
CTC of Compounds of the Phenothiazine and Perimidine Group 
(in acetonitrile) [54] 

Donor 

Phenothiaizne 
lO-Mathylphenothiazine 
Phenoxazine 
Perimidine 
t -  Methylperimidine 

TCE 

855 
827 
847 

Acceptor 

CA TNB 

787 495 
694 441 
730 512 
- -  545* 
- -  556* 

*In chloroform [55]. 

Perimidines have exceptionally high ~-donor character, judging from the position of the 
charge-transfer band for complexes with TNB (Table 12). Considerable ~-donor character is 
retained in the 1,3-dimethylperimidinium cation, which forms a CTC with dichlorodicyanobenzo- 
quinone [55] and readily undergoes the same electrophilic substitution reactions as perimi- 
dine itself [57]. Unfortunately, the literature contains practically no data on the CTC of 
the ca=ions of other ~-surplus heterosystems. The data on the CTC of bridged heteroc#cles 
are just as scanty. 

One of the disadvantages of the CTCmethod for the evaluation of ~-donor character is 
the appreciable sensitivity of the position of the charge-transfer band to steric hindrance. 
Thus, the charge-transfer band in the spectra of ~ complexes of 10-alkylphenothiazines is 
shifted to the short-wave region as compared with phenothiazine; this does not reflect the 
actual change in the ionization potential with allowance for the +I effect of the alkyl 
groups. This is explained by the fact that the n-donor and ~-acceptor molecules usually 
strive to orient themselves parallel to one another, which creates the best conditions for 
complexing. According to x-ray diffraction data, this sort of parallel character is Db- 
served in the phenothiazine-TNB complex [58] but is evidently disrupted on passing to lO- 
alkylphenothiazines. 

The identical positions of the charge-transfer bands in pyrrole and l-methylpyrrole com- 
plexes is most likely a consequence of steric hindrance. If steric hindrance is absent, one 
should expect absorption in the longer-wave region for the CTC of l-methylpyrrole. Of sig- 
nificance in this respect is l-methylperimidine, in the spectrum of the charge-transfer band 
of the complex with TNB is shifted to the long-wave region as compared with perimidine. The 
reason for this apparently consists in the fact that the n-donor fragment in perimidines is 
the naphthalene ring, and the N-methyl group, because of its remoteness from it, does not 
have an appreciable effect on the orientation of the components in the CTC. However, when 
there are a large number of bulky substituents in the molecule, they may have an unfavor- 
able effect on complexing, even when they are far away from the donor center. Most investi- 
gators assume that in indoles the ~-donor center near which the acceptor molecule is oriented 
is the Ca-Cs bond [59, 60]. On passing from indole to mono- and dimethoxyindoles that con- 
tain a CHsO group in the benzene ring, the charge-transfer band undergoes a substantial batho- 
chromic shift; this is completely understandable when one takes into account the +M effect 
of the methoxy group. However, in the spectra of the CTC of trimethoxyindoles this band is 
somewhat unexpectedly shifted to the short-wave side as compared with the band of dimethoxy- 
indoles [61]. Proceeding from these observations, it may be concluded that the position of 
the charge-transfer band for compounds that contain bulky donor groups is a reflection of the 
compromise between the true T-donor character of the compound and steric factors that hinder 
electron transfer. 

Another disadvantage of the method is the sometimes-observed dependence of the position 
of the absorption bands of the complexes on the nature of the acceptor. Thus, the X values 
for phenothiazine and phenoxazine complexes with TNB provide evidence for the somewhat greater 
donor character of phenoxazine, while the same data for complexes with TCE and CA lead to the 
opposite conclusion (Table 12). The complexes of 5- and 6-methoxyindoles with TNB and TCE 
constitute another e~ample [61]. 

In principle, these anomalies are not surprising, since different accep=ors should dif- 
fer from one another with respect to their geometric and electrostatic requirements for the 
formation of CTC; the fine structure of one donor may be in greater conformity with the re- 
quirements of a given acceptor, while the same acceptor may prove to be less suitable for 
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TABLE 13. Formation Constants of Some Complexes (liter.mole -~) 
[47] 

Donor 

i- Methylpyrrole 
Furan 
Thiophene 
Benzene 

TCE 

0.35 
0,53 
1.03 

Acceptors 

CA 

1,04 
0.13 
0,22 
0,33 

iodine 

6,50 
0,20 
0.59 
0,16 

IP, (eV) 

8,09 
8,90 
8,86 
9,25 

charge transfer for a second donor. In this connection, in order to avoid incorrect conclu- 
sions in the evaluation of the actual n-donor character of compounds it is necessary to use, 
as far as possible, a sufficiently extensive set of acceptors. 

The formation constants of CTC have extremely limited value in the evaluation of ~- 
donor character. Thus, the K s values of complexes of benzene with TCE and CA considerably 
surpass those of thiophene and furan (Table 13). However, if one judges from the ionization 
potentials and position of the charge-transfer bands, the n-donor properties of benzene are 
considerably weaker than for any of the examined five-mambered heterocycles. Many such ex- 
amples can be found among indole complexes [59, 61]. The inapplicability of stability con, 
stants as a criterion of n-donor character is explained by the fact that they are determined 
not only by the UOMO energy of the donor but to an even greater degree by electrostatic 
interaction and van der Weals forces [61]. 

Ease of Oxidation Reactions. Inasmuch as they have high-lying UOMO, ~-surplus hereto- 
cycles are distinguished by a considerable ~endency to undergo oxidation. Thus phenothia- 
zinc is converted by the action of FeCla to deeply colored phenothiazone (XVII), which in 
alkaline media is formed by simple aeratlon:of a suspension of phenothiazine [62]; this is 
evidently due to the prior formation of the anion: 

FeCI 3 

H NaOH XVII 

The in t roduct ion of electron-donor subst i tuents in  the phenothiazine molecule increases 
the tendency to undergo oxidat ion;  fo r  example, 3,6-bis(dimethylamino)phenothiazine (leuco- 
methylene blue) read i ly  undergoes autoxidat ion [63].  S imi la r ly ,  perimidine i t s e l f  is stable 
in air but its N-anion is almost immediately converted to a black slightly soluble oxidation 
product, which evidently has a dimeric quinoid structure [64]. Both 6(7)- and 4(9)-aminoperi- 
midines are oxidized in air in the form of the bases [65]. It is curious that per~m~dines 
with an amino group in the electron-deficient 2 position are resistant to autoxidation [66]. 
Instances of autoxidatlon in alkaline media have been described for indole [67] and pyrrole 
(68, 69] derivatives. 

The diperimidine molecule (XVilI) has exceptionally high n-donor character. Its UOMO 
energy is a+ 0.104B~ which isconsiderably higher than that of perimidine (EuoMo = u + 
0.328B). It is not surprising that red diperimidine is oxidized very rapidly in air to give 
the colorless and stable tetraazapyrene [65, 70]: 

//" ~ [o] 

XVlll 

Many n-surplus heterocycles form cation radicals under controllable oxidation conditions 
[anodic oxidation [71, 72], oxidation with Pb(OAc)4--CFsCOOH [73] and CHsNO2--CFsCOOH [74] sys- 
tems, etc. ]. Thus the electrochemical oxidation of phenothiazine leads to the formation of 
the completely stable (in the absence of moisture and air) orange cation radical XIX, which 
on further oxidation is converted to red dicatlon XX [71]: 

+ 

XIX XX 
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TABLE 14. Polarographic Oxidation Potential (with respect to 
a saturated calomel electrode with acetonitrile as a solvent) 

Compound 

Carbazole [72] 
9-Methylcarbazole [72] 
9-Ethylcarbazole [72] 
9-1$opropylcarbazole [TP~] 
9-Phenyldarbazole [72] 

EI/: ~ V 

1,16 
1,10 
1,12 
1,14 
1,21 

Compound 

Phenothiazine [76] 
1 o- Methylphenothiazine [761 
Phenoxaiifie [77] 
Phenoxathiin [77] 

0.59 
0,73 
0,59 
1.25 

TABLE 15. Rate of Electron Transfer between Cation Radicals 
and Neutral Molecules and UOMO Energies of the Latter [77] 

Compound k EUOMO (8) 

Phenothiazine 
Phenoxazine 
i0 - Methyip.henothiazine 
Phenoxathlin 

6,7 �9 109 
4.5 �9 109 
2,2 �9 109 
0.36.109 

0,129 
0,270 
0,312 
0,412 

Another unusual reaction of cation radicals is their dimerization. The cation radical 
of carbazole is converted to 3,3'-dicarbazolyl and a small amount of N,N'-dicarbazolyl [72]. 

In principle, the tendency of q-surplus heterosystems to undergo oxidation can be used 
for the quantitative evaluation of their q-donor character by means of oxidative polaro- 
graphy. In fact, the polarographic oxidation potential is directly related to the ioniza- 
tion potentials, the spectra of the CTC, and the UOMO energy [41, 75]. A necessary condi- 
tion of correlation of the polarographic potentials with any other parameter is reversibility 
of the electrode process. 

The litera=ure contains little information regarding the polarograpnic oxidation of 
heterocycles, although it characterizes the q-donor character of a compound in solution. It 
follows from the data in Table 14 that phenothiazine and phenoxazine are oxidized with equal 
ease, while phenoxathiin is oxidized with considerably greater difficulty. This is in agree- 
ment with the evaluation of the relative q-donor character and q-surplus character of these 
heterocycles according to the data from the spectra of the CTC and the results of MO calcula- 
tions. 

Carbazole is oxidized with greater difficulty than phenoxazine and phenothiazine; this 
is not in agreement with the experimentally found ionization potentials (Table 7) but is in 
agreemeng with the relative ease of formation of CTC (Tables ii and 12). The fact that the 
ionization potential of phenothiazine, determined by electron spectroscopy [35, 78], is too 
high is not excluded. One should also take into account the fact that irreversible waves 
were obtained in the polarographic oxidation of carbazole and 9-alkylcarbazole. 9-Alkyl 
groups in carbazole lower the oxidation potential, evidently owing to the +I effect. The 
small increase in the E~2 value for 9-phenylcarbazole also seems completely logical, since 
the N-phenyl group in a number of five-membered heterocycles usually displays weak electron- 
acceptor properties [22]. However, 10-methylphenothiazine is oxidized with greater diffi- 
culty tha~ phenothiazine, evidently, as in the formation of a CTC (Table 12), because of 
steric factors (see [79] for steric effects in polarography). 

The polarographic oxidation of phenylpyrroles and triarylimidazoles was studied in ex- 
tremely great detail in [80, 81]. 

Other Methods for the Evaluation of q-Donor Character. Studies of the kinetics of elec- 
tron transfer between cation radicals and neutral molecules in compounds of the phenothia- 
zine group (Table 15) have shown that the higher the q-donor character of neutral molecules, 
the higher the rate of the process [77]. In this case there is agreement with other methods 
in the evaluation of the relative ~-donor character of, these heterocycles, as well as corre- 
lation with the UOMO energies. 

Good correlation between the ionization potentials, spectra of the CTC, and the energy 
of the firs= electron transition (E ~-~*) of the donor, which is easily measured [82], has 
previously been observed for alternate condensed hydrocarbons. No such studies have been 
made for heteroaromatic compounds. However, a satisfactory relationship between the posi- 
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tion of the charge-transfer band in the spectra of CTC of perimidine and dihydroperimidine 
structures and the position of the long-wave absorption band in the spectra of their 6-nitro 
derivatives (XXI-XXIV) has been found in =he author's laboratory: 

]r ~II -XXIV 

XXI! X--OH2-; XXIII X=O ; XXIV X--.S 

The existence of this sort of conformity is evidently explained by the similar character 
of the interaction of the nitro group and the electron acceptor (in the case of CTC) with ;: 
the w system of perimidines and dihydroperimidines. In both cases the interaction cakes 
place through =he m-donor centers of the naphthalene ring; this reflects the relative m-donor 
character of the compounds: XXI > XXII > XXIII, XXIV. 

Electrophilic Substitution Reactions of w-Surplus Heterocycles 

Inasmuch as w-surplus character, like w-donor character, is a reflection of the w-elec- 
tron distribution in the molecule, it should be related primarily to the ground state of the 
molecule. Nevertheless, the usual practice is to identify the w-surplus character with the 
concrete reactivity: with the ease of electrophilic substitution and oxidation reactions and, 
to some extent, with the ease of the formation of CTC and w complexes with metal carbonyls 
(the latter are known for pyrrole [83], indole [84], and thiophene [85]). Although the re- 
activity is determined by the difference in the energies of the ground state of the reagents 
and the transition state of a reaction, there are probably situations in which the kinetic 
data or data on the position of an equilibrium may prove to be useful for the evaluation of 
the relative w-surplus character of compounds. For this it is necessary that the reactions 
in all cases proceed via an identical mechanism and that the energies of the transition com- 
plexes for the various substrates be close. 

Despite the wealth of kinetic information on electrophilic substitution reactions in a 
series of w-surplus heterocycles, only a small part of this information is suitable for the 
comparison of reactivities. This is explained mainly by the diversity of the investigated 
reactions and the differences in the conditions of the kinetic measurements. Nevertheless, 
a number of studies in which the authors specially set out to make a quantitative comparison 
of the reactivities of w-surplus heterosystems on the basis of data from kinetic experiments 
are known. Thus it has been found that the rates of acylation of five-membered heterocycles 
with trifluoroacetic anhydride (in dichloroethane at 75 ~ in the 2 position are related to 
one another as follows [86, 87]: thiophene:selenophene:furan:pyrrole = 1:6.5:1.4"102:5.3"107 �9 
Correspondingly, the ratio of the rates of protodesilylation of a-trimethylsilyl derivatives 
of benzene, thiophene, and furan is 1:4810:17',200 [88]: 

HC104 

HetSi (CH3) 3-----+Her- H + (CH3) aSiOCH3 
CH3OH 

Acidic deuterium exchange and mercuration take place six to i0 times more rapidly in 
selenophene than in thiophene [89, 90]. The reactivity of cellurophene lies between the 
reactivities of selenophene and furan [91]. The relative reactivities of the heterocycles 
in these reactions change in the same order as the w-donor character: the lower the first 
ionization potential of the substrate, the higher the reactivity. It has been proposed [92] 
that this conformity is determined by the similarity of the structure of the molecular ions 
formed during detachment of an electron from the molecules and the intermediate c complex 
in the reaction. 

However, in our opinion, the indicated coincidence is accidental. There is hardly a 
theoretical basis to expect a strict correlation between the w-donor character of the sub- 
strafe and the ease of its entry into electrophilic substitution reactions in the case of 
the usual bimolecular addition-eliminatlon mechanism. For this to occur, the step involving 
the formation of the c complex should be the rate-determining step, whereas, insofar as we 
know, there are no reliably established cases of reactions of this sort in the heterocyclic 
series, and the race-determining step is, as a rule, the step involving the formation of a 
c complex. As a result, the relative ease of reactions in a series of monorypic substrates 
or =he reactivities of the various positions of the same substrate are determined by the 
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TABLE 16. Rate Constants of Acidic Deuterium Exchange, Effec- 
tive Atomic Charges (q), and Electrophilic Localization Ener- 
gies (L +) of Azaindenes [97] 

C o m p o u n d  

Indolr 
i- Methylindole 
Indolizine 
Indolizinr 
2-Methylisoindole 

Posi- 
tion 

1,3 

k, $ec-I 

2,0. tO --7 
2 , 5 . 1 0  ~ 
7 , 0 .  10 ; 
3 , 6 . ! 0  4 
2 , 4 .  lO --~ 

q (PPP) 

- 0,072 
- 0 , 0 7 3  
- 0 .090 
- - -0 . t05 
- 0 ,082 

L +, e V  

23.34 
23.30 
22 .27  
21,82 
21,63 

stability of the corresponding c complex or, if one draws the reactivity indexes into this 
examination, by the electrophilic localization energy [93]. 

The validity of the above is confirmed by a comparison of the reactivities of five- 
membered heterocycles with their benzologs. If ~-donor character played the decisive role, 
one should have expected an increase in the reactivities on passing from monocyclic compounds 
to condensed compounds, in conformity with the change in theirionization potentials and the 
ease of formation of CTC. In fact, this is not observed. Pyrrole:is twice as reactive as 
indole in the Vilsmeier reaction [94], while furan is more reactive than dibenzofuran by a 
factor of i000 in protodesilyation [88]. The reactivities decrease in the order thiophene > 
benzothiophene > dibenzothiophene in the same reaction and in acidic deutgrium exchange [95], 
i.e., an order that is the reverse of the order of decreasing IP,. Moreover, it is unimpor- 
tant whether one compares the partial rate factors of the individual positions or the over- 
all reactivities [88]. The ratio of the activities of the most reactive 3 position in di- 
benzothiophene, dibenzofuran, and 9-ethylcarbazole is 6.25:19.2:50,100 (data for protodesil- 
ylation; the reaction rate for trimethylsilylbenzene was taken as 1.00) [88]. 

The isomeric 9H- (XXV) and iH-imidazo[l,2-a]benzimidazole (XXVI) provide another example 
of the nonconformity between q-donor character and the reactivities [96]. According to the 
LCAO MO data, the IH isomer is a greater z-donor system, but it is considerably less active 
in electrophilic substitution reactions. The reason for this may consist in the different 
r-surplus character of the imidazole ring on the right in which these reactions take place. 
Whereas the q-electron density in the 9H isomer is shifted from the central ring (which con- 
tains seven v electrons) to the extreme imidazole ring (and to the benzene ring to a lesser 
extent), in the IH isomer, on the other hand, the ~ electrons are shifted in the opposite 
direction. In the case of XXVI, some electrophilic substitution reactions therefore take 
place even in the benzene ring [96]. 

�9 ~ 7 ~ ' _ _ ~  N 7 'g 

XXV XXVI 

The considerable decrease in the reactivities on passing from five-membered heterocy- 
cles to their benzologs can also be linked to a decrease in the r-surplus character of con- 
densed systems. Thus ~-surplus character to a greater extent than q-donor character deter- 
mines the reactivities of compounds with respect to electrophiles. In addition, there is no 
universal correlation between the r-surplus character and the reactivities. Thus, for ex- 
ample, furan, benzofuran, and dfbenzofuran undergo electrophilic substitution reactions more 
readily than their more r-surplus sulfur analogs. Similarly, the rate of deuterium exchange 
in the azaindene series [97] does not completely correlate with the charge densities but is 
in good agreement with the electrophilic localization energies (Table 16). 

The above discussion shows that the concept of q-surplus character, despite its qualita, 
rive lucidity, is extremely difficult to characterize in quantitative terms. Nevertheless, 
it has valuable classifica=ional as well as theoretical and practical significance. The es- 
tablishment of the q-surplus character of a compound makes it possible to predict its high 
r-donor character and activity in reactions with eleczrophiles and makes its study with re- 
spect to a number of practically valuable properties promising. 

It should be emphasized that there is no quantitative relationship between q-surplus 
character and q-donor character. These two concepts must be clearly distinguished. In con- 
trast to ~-surplus character, q-donor character is readily amenable to quantitative deter- 
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mination. The most accurate method for its evaluation is determination of the ionization 
potential. The CTC method gives good results, although it does have some limitations, and 
oxidative polarography is a promising method. It is obvious that systematic studies of all 
of the problems touched upon above encompassing, insofar as possible, a large number of 
heterocyclic compounds, particularly bridged compounds, are needed. 

Theauthor sincerely ~anks Professor ~.l.~inkinand:Master's~degree candidates I. V. 
Boroviev~ E. G. Kovalev, B. A~Te:rtov, :and O.~.=~hupakhinzfo~ :their:ca m merits_ on-the manu- 
script :and~heir~useful:.disnussions. 
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SYNTHESIS OF NITROPHENYL DERIVATIVES OF 1,3,4-OXADIAEOLE 

G. P. Sharnin, B. I. Buzykin, and R. Kh. Fassakhov UI)C 547.793.4.07 

Acyiation of nitrobenzhydrazides with nitrobenzoyl chlorides and ethyl chloro- 
carbonate yielded a number of corresponding 1,2-diacylhydrazines, which were con- 
verted by the action of phosphorus oxychloride to nitro-substituted 2,5-diphenyl- 
and 2-phenyl-5-ethoxy-l,3,4-oxidazoles. 

2,5-Diphenyl-l,3,4-oxadiazole derivatives containing various substituents (CI, Br, Alk, 
OAlk) in the phenyl rings are finding extensive application in scintillation technology and 
in other fields of science and technology [1-3]. 

The present paper is devoted to the synthesis of the little-studied nitro-substituted 
2,5-diphenyl- and 2-phenyl-5-ethoxy-l,3,4-oxidiazoles via the scheme 

POCI 3 N - - N  
RCONHNH: + R'COC! - - - -  RCONnNHCOR' ~.R ]~L..O [~,.R, 

T-vt vu-x~ x . - x x l  x x . - x x l x  

We obtained starting 1,2-diacylhydrazines XII-XXI by acylation of the hydrazides of 
benzoic (I), 2-nitro- (II), 3-nitro- (III), 4-nitro- (IV), 3,5-dinitro- (V), and 2,4,6-tri- 
nitrobenzoic (Vl) acids with the appropriate benzoyl chlorides, as well as ethyl chlorocarbo- 
nate. They were subsequently cyclized to oxidiazoles by the action of POCIs. 

The formation of nitro derivatives of 2-phenyl-5-ethoxy-l,3,4-oxadiazole is possible 
when there is only one nitro group in the benzene residue of the starting hydrazone (oxidia- 
zoles XXVIII and XXIX). Di- and trinitro-substituted l-benzoyl-2-carbethoxyhydrazines (XX 
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