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The problem of the par t ic ipat ion of a N-atom of the pyr ro le  type in s i x -membered  he te roaromat ic  sys tems  
has been considered  within the f ramework  of Htickel 's molecu la r  orbi ta l  method. The ~-e lec t ronic  
cha rac te r i s t i c s  of heterocycl ic  analogs of pleiadiene and a number  of he teroaromat ic  compounds re la ted to 
them have been considered f rom the point of view of react iv i ty ,  s t ruc ture ,  and physical p rope r t i e s ,  

The chemis t ry  of pleiadiene (I) a nonal te rnant -nonbenzenoid  hydrocarbon has sca rce ly  been studied because of its 
poor avai labi l i ty  [2]. Heterocycl ic  analogs of pleiadiene a re  more  readi ly  acces s ib l e - - i n  the f i r s t  place,  pe r imid ine  (II) 
and naphtho[1,8-d,  e ] t r iaz ine  (III). Because chemis t ry  of he te roaromat ic  compounds r e semble s  the chemis t ry  of their  
carbocycl ic  p r e c u r s o r s  in many respec ts ,  we have undertaken a study of these analogs of pleiadiene,  in this work the 
resu l t s  of quan tum-mechan ica l  calculat ions by the MOH method of heteroanalogs of pleiadiene containing a pyr ro le  
ni t rogen atom are  subjected to ana lys is .  

! H 
I1-V 

This fami ly  includes,  bes ides  compounds II and III, the hi therto unknown 1H-benzo[d, e]quinotine (IV) and 3H- 
benzo[d, e]cinnoline (V). 

Calculat ions and resu l t s .  All the calculat ions were ca r r i ed  out in Htickel 's approximation with all  the overlap 
in tegra l s  neglected.  The p a r a m e t e r s  recommended  by St re i tweiser  [3] were used for the he teroatoms:  

ar~=cr176176 a~=czO+l,5~o; a~+=ao+2.0~o; 
c~5 =cr247 1.06~ a/~=a0+2.0~0; c~o --=a~176 
C~S =c~~ 

l~(c-~l = ~ ( c - o > = 0 . 8 1 3 o ,  

where ~0 and fl0 a re  the s tandard Coulomb and resonance  in tegra l s ,  respect ively .  

The resolu t ion  of the secu la r  de te rminan t s  was obtained on a "Minsk-]2"  e lect ronic  computer .  

The calcula t ions  of the 7r-electronic charges  and the orders  of the mobile bonds for the heteroanalogs of 
p le iadiene and the naphthazoles i somer ic  with them are  given in Tables  1 and 2. The values of the total 7r-electronic 
energy Elr and the energy of the f i r s t  e lec t ronic  t r ans i t ion  E ~r-Tr* (in fl0 units} calculated by a known proceduce [3] a re  
given in Table 3. The electronic  p a r a m e t e r s  of the other subs tances  are  given in the form of molecu la r  d iagrams and, 
in par t ,  in the summar i z ing  Table 3. 

DISCUSSION OF THE RESULTS 

For  sys tems  I I -V  to sat isfy  the 4n + 2 ru le ,  one of the ni t rogen heteroatoms in each of them must  supply two 
r - e l ec t rons  to the a romat ic  ensemble ,  as is the case in pyr ro le .  However, the par t ic ipat ion of a N-atom of the pyrro le  
type in a s i x -membered  sys tem is an unusual  phenomenon and we must  dwell especia l ly  upon this problem,  which has 
not hi therto been subjected to special  considera t ion.  

*For  par t  I, see [1]. 
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T a b l e  1 .  r - E l e c t r o n  C h a r g e s  o f  t h e  A t o m s  o f  t h e  H e t e r o c y c l i c  A n a l o g s  o f  P l e i a d i e n e  a n d  o f  t h e  N a p h t h a z o l e s  

Compound 
, I 

Perimidine (lI) + 0.244 

Naphtho [ 1,8-de ] tria zinc (IIl) + 0.254 

H-Benzo[de] quinoline (IV) +0.227 

3H-Benzo[delcinnoline (V) [ +0.221 I 

3H-Benzo[e]indole (XVIa) [ +0.247 { 

3H-Naphtho[2,11pyrazole (XVlb) I +0.258 t 

3H-Naphtho[ 1,2 limidazole (XVIc) +0.266 

3H-Naphtho[ 1,2 ] triazole (XVId) + 0.293 

Atom No. 

2 3 4 5 8 9 10 [ I I ,  1 2 1 1 3  

+ 0 2 5 6  

+0.018 

+0.104 

-0 .155  

+0.016 

-- 0.230 

+0.152 

- -  0 . 0 9 5  

--0.301 

--0.I46 

- 0.099 

+0.073 

--0,113 

+0.031 

-- 0.302 

--0,172 

+0,048 

+0.036 

+ 0.027 

+0.013 

- -  0.052 

- 0 . 0 6 0  

- -  0.023 

- 0 . 0 2 5  

- 0 .084  [ 

-0.0501 

- 02801 

- 0 . 0361  

- -  0.006 ] 

+ 0.0051 

-0.0,I01 

- O .OOl  I 

I 6 7 

+ 0.006 - 0.068 

+0.005 - 0,038 

+0.065 -0 .069  

+0,004 -0 .080  

--0,008 -0 .007  

-0 .069  + 0.001 

--0.004 --0.007 

-0 .065  0,000 

0.000 

0.006 

0.000 

0.060 

- 0 , 0 0 9  

- 0.069 

- O . ( E , 7  

-0 .006  

--0.073 

--0,072 

-- 0.080 

--0.076 

--0.005 

+ 0.002 

- 0.004 

+ 0.062 

+0.00'7 -- 0.093 

+ 0.0071 -- 0.092 

++~.~6 ~ -0 ,099  

--0.0,12 --0,096 
-0 .027  

--0:0'121 + 0.006 

-0 .010 [ --0.026 

-0 .006  ] +0.0O4 

+ 0 2 6 3  --0.008 

+ 0.064 +0.013 

+0.061 --  0.064 

+0.061 t +0.015 

-0.0161 --0.007 

--0.019 t +0.035 
--0 0161 --0.007 

--010181 +0.032 

Table 2. Mobile Bond Orders of the Heteroeycl ic  Analogs of Pleiadiene and the Naphthazoles* 

Compound 

Perimidine (II) 

Napht ho[ 1,8-de I triazine (III) 

H-Benzo [de ] quinoline (IV) 

3H-Benzo[de] einnoline (V) 

3H-Benzoic] indole (XVIa) 

3H-Naphtho[2,1 ] pyrazole (XVIb) 

3H-Naphlho[ 1,2 ] imidazole (XVle) 

5H-Naphthol 1,2 ] triazole (XVld) 

1-2 

0.437 

0.406 

0.382 

0.327 

0.417 

0.373 

0.469 

0.442 

2--3 3--4 4 - - 5  ] 5 - - 6  

0.788 

0.826 

0,828 

0.839 

0.807 

0.793 

0.771 

0.774 

0.629 

0.628 

0,633 

0.629 

0.580! 

0 . 5 8 2  

0.577 

0.582 

6-7 t 

Bond 

9--10 ]10--11 

0.621 

0.620 

0.624 

0.522 

0,530 

0,526 

0.532 

0.526 

11--12 [ 12--13 1--12'* ] 4--13 

0,437 

0.444 

0.460 

0.450 

0.504 

0.520 

0.482 ] 

0.516 

0.641 

0.64I 

0.630 

0,638 

0.482 

0,477 

0.488 

0.477 

7--8 8--9 

0.554 

0,553 

0,554 

0.553 

0,716 

0,714 

0317 

0.714 

0,707 0,551 

0.708 0.550 

0.704 0.551 

0,707 1 0.551 

0.710 [ 0.614 

0,709 1 0,616 

0.712 0,613 

0.709 0.616 

0,712 

0.713 

0.710 

0.711 

0,564 

0,566 

0.563 

0.566 

0.671 0.547 

0.671 0,544 

0.664 0.550 

0.667 0.545 

0.741 0.566 

0.748 0.557 

0.741 0.566 

0.749 0.556 

0.381 

0.322 

0.329 

0.330 

0.534 

0,536 

0.502 

0.536 

0,552 

0.569 

0,514 

0,514 

0.372 

0.402 

0.369 

0.399 

8--13 

0.600 

0.527 

0.581 

0.525 

0,612 

0.605 

0.617 

0,593 

*All the compounds in the text and in the tables are named in accordance with the "Chemical Abstracts" and "Ring Index" rules. The noncanonieal numbering 
of the atoms in formulas II-Y and XVI is for convenience in giving the information in the tables. 

**The 1--12, 4--13, and 8 - 1 3  bonds in compounds II-V correspond to the 5--10, 1--13, and 4--13 bonds in compounds XV1. 

T a b l e  3 .  E n e r g i e s  o f  t h e  H i g h e s t  O c c u p i e d  M o l e c u l a r  O r b i t a l s ,  E h .  o . ,  

T o t a l  v - E l e c t r o n i c  E n e r g i e s ,  E r ,  E n e r g i e s  o f  t h e  F i r s t  E l e c t r o n i c  

T r a n s i t i o n s ,  E v ~ v * ,  a n d  P o s i t i o n  o f  t h e  L o n g - W a v e  A b s o r p t i o n  

M a x i m a  o f  t h e  C o m p o u n d s  S t u d i e d *  

Compound Eh.o. E 35 E ~I-->~* ~max' nm 

Pleiadiene (I) 
Anthracene 
Phenanthrene 
Perimidine (II) 
Naphtho [ 1,8-de ]triazine (hi) 
1H-Benzo [ de ] quinoline (IV) 
3H-Benzo [ de ] cinnoline (V) 
3H-Benzo [ e ]indole (XVIa) 
3H-Naphtho[ 2,1 ]pyrazole (XVIb) 
3H-Naphtho[ 1,2 ]imidazole (XVIc) 
Naptho [ 2,3 ]imidazole 
3H-Naphtho [ 1,2 ]triazole (XVId) 

--0.241 
--0.414 
-- 0.605 
--0.328 
--'0.352 
--0.273 
--0,321 
- -  0.486 
-0.581 
--0.520 
--0,482 
--0,589 

19.145 
19.314 
19.44~ 
20.283 
20.723 
19.,692 
20.204 
19.808 
20.362 
20.412 
20.346 
20.898 

--0.698 
-0 .828  
- -  1.210 
-- 1.002 
--0.835 
--0.955 
-0 .870  
- -  1.123 
- -  1.148 
--I.156 
- -  1.037 
- -  1 , 1 2 4  

Bipyridylidene (VIII) 
Pyrid-4-one (IXal 
Pyrid-4-one (IXb) 
2H-2-Pyrindine (Xa) 
,2H-2-Pyrindine (Xaa) 
3-Vinylpyridine (Xb) 
4-Vinylpyridine (Xe) 
1-Vinylfulvene (XI) 
1 H - l - P y r i n d i n e  (XII) 
Phenoxazine (XIII) 
Phenothiazine (XIV) 
Diphenylamine (XV) 

+0.149 
--0.776 
+0.085 
-- 0.376 
--0.374 
--0.668 
--0.734 
--0.441 
--0,466 
- -  0 , 4 4 0  

+0.146 
--0.507 

19.036 -- 0.562 
12.058 -- 1.387 
10.793 -- 0.835 
13.768 --0.943 
14.981 -- 1.010 
10.973 -- 1.318 
10.975 -- 1.315 
9.929 --0.668 

13.792 --0.901 
23.826 -- 1.440 
20.686 --0.854 
19.465 -- 1.607 

560 
375 
342 
406 
451 

~4 
342 
324 

~8 

if7 
3t7 
285 

*We measured the UV spectra on an SF-4A instrument in methanolic solution. The spectral data for 
pleiadiene and 3-vinylpyridine were taken from the literature [3,15 ]. For the MOH data for pleiadiene, 
anthracene, and phenanthrene, see [ 16 ]. 
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Prob lem of the par t ic ipa t ion  of a py r ro le  n i t rogen atom in a s i x - m e m b e r e d  r ing.  The s imples t  conceivable six- 
membered  sys tem with a N-atom of the pyr ro le  type (VI) is unstable  because  of its rad ica l  na ture  (seven 7r-electrons). 
Such compounds,  cons is t ing  essen t ia l ly  of cation radica ls  (Via), are  formed as in te rmedia tes  in the reduct ion of 
pyr id in ium sal ts  [4]. 

t Vtl 
R VI R Via  

In more  complex sys tems  including a s i x - m e m b e r e d  r ing  of type VI as a f ragment  conditions may a r i s e  for the 
s tabi l izat ion of a s t ruc ture  with a pyr ro le  n i t rogen atom. Thus,  the violet  cation radica ls  VII are  completely stable [4]+ 
The reduct ion of the cation rad ica l s  VII leads to the diamagnetic  bipyr idyl idenes  VIII. In spite of the p resence  of ]4 
v -e lec t rons ,  the par t ic ipa t ion  of the pyr ro le  ni t rogen atoms in such quinoid s t ruc tu res  does not promote the 
s tabi l iza t ion of the molecule .  

- - 0 . 0 7 I  +0.018 

0,839 VIII 

A quantum-mechanica l  calculat ion shows that in the ground state of the molecule VIII two v-e lec t rons  are  p resen t  
in the antibonding level  with an energy x = +0.149.* This mus t  lead to very  ready oxidizabili ty.  The low value of the 
energy of the f i r s t  e lec t ronic  t r ans i t ion  (-0.562 fl 0) sa t i s fac tor i ly  explains the deep color of these compounds. 

The a -  and ~/-pyridones, the thioxopyridones,  and compounds re la ted  to them belong to another  poss ib le  c lass  of 
s t ruc tu re s  containing a py r ro l e - l i ke  N-atom.  

0 --0,726 

--0,07+ 

+0.184 

+0.330 

t IXa IXk 

Since in these compounds (for example IX) seven 7r-electrons a re  fo rmal ly  p resen t  in the hetero  r ing,  a tendeney 
to eject the "superf luous" e lec t ron  favors  an inc rease  in the contr ibut ion of bipolar  s t ruc tu res  of type IXb. This is 
shown in all  the physica l  and chemical  p roper t i e s  of the pyr idones  [5] and a lso  in the r e su l t s  of quan tum-mechan ica l  
ca lcula t ions:  the high values  of the charges on the N- and O-atoms,  the low order  of the C=O bond, etc. F r o m  the 
energy point of view, taking into cons idera t ion  the value of the total v -e lec t ron ic  energy (Table 3), the l imi t ing 
s t ruc ture  IXa is cons iderably  more  stable than Ixb.  This means  that the r ea l  state of the valence bonds in the molecule  
of py r id -4 -one  is in te rmedia te  between the quinoid and benzoid configurat ions.  

A re la ted  problem is encountered in thepyr ind ines  - n i t r o g e n  analogs of azulene.  Calculat ions by the MOH 
method show that par t ic ipat ion of the pa i r  of e lec t rons  of the N atom in the format ion of an aromat ic  ten r - e l ec t ron ic  
s t ruc ture  is  energe t ica l ly  favorable for the pyr ind ines ,  s ince the 7r-electronic energy of the model XI (1-vinylfulvene) 
with the n i t rogen atom excluded f rom conjugation is cons iderably  lower than that for the conjugated 2H-2-pyr indine  
(Xa, Table 3). 

2 -Pyr ind ine  (H) and 1-pyr indine  (XII) can each exist  theore t ica l ly  in the fo rm of three tautomer ic  fo rms  (for 
example,  Xa-Xe)  of which the most  in te res t ing  is the tau tomer  with the hydrogen atom on the n i t rogen (Xa, R = H, and 
XII, R = H). However, in an equi l ibr ium mixture  the concentra t ion of the la t te r  is negligible.  At f i r s t  sight, this appears  
s t range since the v-e lec t ron ic  energy of the more  stable tautomeYs Xb and Xc, which are  the 7r-electronic analogs of 
the v inylpyr id ines ,  a re  cons iderably  lower.  The explanation must  be sought in the high polar iza t ion  of the molecules  of 
the pyr indines  as a resul t  of which the bas ic i ty  of the C-a toms  of the f i ve -membered  r ing  become g rea te r  than the 
bas ie i ty  of the nitrogeu atom in pyridine i t se l f  or in the vinylpyr idines .  Thus, for example,  the 

* Here and below, the values of the energies  of the orbi ta ls  are  given in the units x = (a ~ - e)/fl ~ 
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+0257  --0,184 +0,001 +O,OOI 

~. ~ -o.o~, ,"=~ ~[ ~ -o.oo, 

+o.o. ~- +o.o~2 

-o,04O --0,196 --O.OOS I 
~ a  x b  

t 
+0.074 

+0,032 

+0,310 
x a a  x c  

+'0,348 --0,084 

I-I / ' /  ~ ~ ,v~'z o 

i ~ -o.o59 
i = -o.oos ~- 

--0,037 : ~ , ~  
0 , ~ 0 0 ~ . ~ %  ~ ' 6 ~  "J ~ 

+O,OLO --0,073 
Xl 

+ 0 . [ 7 7  --0.211 
%~ 0'r162 0'%%0 o 

--0,060 --0,000 "7~ 

=.~,os2 :p 
+ o':~' o~L~,. ~, _ /~  ~ ~ - ~ ' ~  

�9 /r  N ~ --0,228 J 
R ;(11 

pK a va lues  of compounds XII with R = CH 3 and H a r e ,  r e s p e c t i v e l y ,  8.7 and 5.7 [7]. In ag reemen t  with th is ,  the 
unsubst i tu ted  pyr indine  XII p ro tona te s  and a lky la t e s  at  the n i t rogen a tom while the he te roana logs  of azulene with a 
f ixed s t r u c t u r e  Xa or  XYI (R = CH~, CGHs) pro tona te  in acco rdance  with our  ca lcu la t ions  at  the C - a t o m s  of the f ive -  
m e m b e r e d  r ing .  The m a r k e d  po la r i za t ion  of the mo lecu l e s  of the pyr ind ines  is  a l so  r e f l ec t ed  in the anomalous ly  high 
pos i t ive  charge  onthe  n i t rogen a toms  and in the high o r d e r  of the C--N bonds as  c o m p a r e d  with f i v e - m e m b e r e d  p y r r o l e -  
l ike s t r u c t u r e s  [9]. It i s  s ignif icant  that the magni tude of the ~ -e l ee t ron ic  energy  a l so  indica tes  a g r e a t e r  s t ab i l i ty  of 
the b ipo la r  benzoid s t ruc tu r e  Xaa as  c o m p a r e d  with the quinoid s t ruc tu re  Xa. 

In addi t ion to the b ipy r idy l idenes ,  py r idones ,  and pyr ind ines ,  many o ther  s i x - m e m b e r e d  he t e rocyc l i c  s t r uc tu r e s  
in which the n i t rogen  a tom p rov ides  two 7r-electrons for  cyc l ic  conjugation a r e  known. The m a j o r i t y  of them a lso  have 
the quinoid type of s t r uc tu r e  and fo rm only m o r e  compl ica ted  copies  of the compounds cons ide red  (for example ,  the 
anhydrobases  of the ca rbo l i ne s  and of the aza indo les ,  e tc . ) .  

Examples  of nonquinoid s i x - m e m b e r e d  s t r u c t u r e s  with N -a toms  of the p y r r o l e  type a r e  phenoxazine (XIII) and 
phenothiazine (XIV). If it i s  a s s u m e d  that in these  compounds each of the two he t e roa toms  cont r ibu tes  two e l ec t rons  to 
the conjugated cycl ic  sy s t em,  they do not obey HiickePs ru le  a s  a whole s ince  they contain 16 7r-electrons.  In 
acco rdance  with th i s ,  phenoxazine and, p a r t i c u l a r l y ,  phenothiazine,  tend to give up the "super f luous  ~ e l ec t rons ,  being 
oxidized to a cat ion r a d i c a l  o r  a d ica t ion [10, 11]. The ea se  of oxidation of compounds XIII and XIV is  in ha rmony  with 
the r e s u l t s  of m o l e c u l a r - o r b i t a l  ca lcu la t ions ,  acco rd ing  to which the i r  h ighes t  occupied m o l e c u l a r  o rb i t a l  is  
c h a r a c t e r i z e d  by an e x t r e m e l y  high energy:  x =  -0 .440  and +0.146, r e spec t ive ly .*  Neve r the l e s s ,  the degree  of 

4- O. IO? --0.041 + 0.590 ~0,131 

-0.03, c ~  2 (  ,(-0.0,, "--~-o.o,, 

X l l l  XIV 

XV 

* F o r  a quantum mechan ica l  ca lcula t ion  of the molecu le  of phenothiaz ine  using o ther  p a r a m e t e r s ,  see  [12]. Taking 
the d - o r b i t a l  of sul fur  into account ,  the h ighes t  occupied o rb i t a l  of the molecu le  XIV becomes  bonding, and in this  case  
it i s  c h a r a c t e r i z e d  by a f a i r l y  high energy  [13]. 
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par t ic ipat ion of the oxygen and sulfur  a toms in cyclic conjugation is apparent ly  very  smal l .  Thus, for example,  in 
the i r  reac t iv i t i es  phenoxazine and phenothiazine c losely r e semble  diphenylamine (XIV), and the absence of coloration 
sharply  d is t inguishes  them f rom the major i ty  of other s i x - m e m b e r e d  he te roaromat ic  s t ruc tu res  with a N atom of the 
pyr ro le  type. This can be explained both by the unsui tabi l i ty  of the 16 r - e l ec t ron ic  cyclic s t ruc ture  and by the 
acoplanar i ty  of compounds XIII and XIV [14]. 

In our calculat ions we did not take into account the la t te r  factor  or the par t ic ipat ion of the d -orb i ta l s  of sulfur .  
This is probably the reason  why the values  of the e lect ronic  densi ty  that we obtained for phenothiazine,  unlike those 
for compounds XIII and XV, do not sa t i s fac tor i ly  ref lect  its rea l  react iv i ty .  

Heteroeyelic  analogs of pleiadieneo In contras t  to the compounds considered above, the heterocycl ic  analogs of 
pleiadiene I I -V  do not possess  a quinoid sys tem of bonds and moreover  sat isfy the 4n + 2 rule .  Consequently the 
absence f rom them of paras i t i c  phenomena connected with t au tomer i sm,  acoplanar i ty ,  and the labi l i ty of the quinoid 
s t ruc ture  is to be expected. 

The fea tures  of these compounds appear very  c lear ly  against  the background of the p roper t i e s  of the naphthazoles 
(XVI) i somer ic  with them.* In this connection we have also ca r r i ed  out quan tum-mechan ica l  calculat ions of the angular  
heterocycl ic  sys tems  XVI. In the naphthoimidazole se r i e s ,  the l i nea r  i somer  and the 1H tautomer  of compound XVIc 
were also subjected to ana lys is .  

H 
XYla-d  

a X = Y = CH; 3H-benz[e]indole; 
b X CH, Y = N; 3H-naphtho[2, 1]pyrazole; 
c X N, Y = CH; 3H-naphtho[1, 2]imidazole; 
d X = Y = N; 3H-naphtho[1,2]tr iazole.  

The most  p rominent  proper ty  of pyr imidine  and naphtho[1,8-d,  e] t r iaz ine ,  as of pleiadiene,  is their  deep 
colorat ion (green and red,  respect ively) ,  which sharply dis t inguishes  them from the co lor less  compounds XVI. This 
color is  well explained by the calculat ions.  As in the p l e i a d i e ne - a n t h r a c e ne - phe na n t h r e ne  se r i e s ,  they show that the 
energy of the f i r s t  e lectronic  t rans i t ion  E v ~ v * ,  respons ib le  for  the long-wave absorpt ion band, is considerably  lower 
for the heterocycl ic  analogs of pleiadtene than for the i somers  XVI corresponding to them (Table 3). In general  there  
is a very  good quali tat ive re la t ionship  between the posi t ions of the long-wave absorpt ion bands and the values  of E v ~ v *  
for al l  the compounds that we have studied. Thus,  the resu l t s  obtained explain the deeper  colorat ion of 
naphtho[1,8-d,  e] t r iazine as compared with pyr imid ine .  On the basis  of the calculated values  of E ~r~v* it may be 
predicted that the color  of compounds I I - V  wil l  become deeper in the sequence II < IV < V <I I I .  

The color  of the heterocycl ic  analogs of ple iadiene also wi tnesses  the i r  re la t ive ly  low aromat ic i ty .  Exper imenta l  
r esu l t s  conf i rm this:  2, 3-dihydropyr imidines  are  aromat ized  to pyr imid ines  [17] with cons iderably  more  difficulty 
than dihydro der ivat ives  of other he te roaromat ie  sys tems  [18]. Correspondingly,  the total r - e l ec t ron ic  energies  of 
compounds I I - V  are  0.11-0.17 /30 lower than for the i r  benzoid analogs XVI (Table 3). 

The calculat ions also show that in compounds I I -V,  as in pleiadiene i tself ,  there  is a c lear  tendency to the 
expulsion of the "superf luous" 7r-electron f rom the per i  r ing  into the naphthalene sys tem with a resu l t ing  dis t r ibut ion 
of charges corresponding to the s t ruc ture  XVII: 

XV!l 

For  a quanti tat ive evaluation of this effect, it is convenient to compare  the magnitudes of the total v-e lec t ronic  
charges  on the atoms not included in the naphthalene part  of the molecule.  For  pleiadiene,  anthracene,  and 
phenanthrene these are  atoms 7-10  and 1-4 ,  respect ive ly ,  and for compounds I I -V  and XVI they are  atoms 1-3 .  As 
can be seen f rom Table 4, a shift in the e lec t ron  densi ty in the naphthalene r ing also takes place in the analogs of 
ple iadiene and in the naphthazoles.  However, in absolute magnitude it is  far  higher in the f o r me r .  On this basis  we 
must  expect a g rea t e r  read iness  for their  par t ic ipa t ion  in react ions  of nucleophilic substi tut ion at the atoms of the 
hetero r ing.  Pyr imid ine  in fact very  read i ly  undergoes aminat ion at posit ion 2 with sodium amide [1] and, according 
to our r e su l t s ,  naphtho[1,8-d,  e ] t r iaz ine  is readi ly  hydrolyzed by dilute hydrochloric  acid to 1-amino-8-naphthol .  

*Similar ly ,  it is  des i rab le  to compare  the p roper t i es  of pleiadiene with those of anthracene  and phenanthrene.  
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Table 4. Total 7r-Electronic Charges on the Atoms Not Par t ic ipa t ing  
in the Naphthalene Nucleus 

Peri system 1,2-system 2,3-system 
Group of atoms (pleiadiene ana!ogs) (angular) (linear) 

--CH=CH--CH=CH-- 
--CH=CH--NH-- 
--CH=N--NH-- 
--N=CH~I~H-- 
--N:N--NH-- 

+0,I54 
+0.232 
+0.139 
-t-0.199 
+0.126 

0.000* 
+0,150 
+ 0,059 
+0.116"* 
+ 0,026 

0.0~* 

+0.118 

*The zero values of the ~r-eleetronic charges for anthracene and phenanthrene follow from the 
alternant nature of these hydrocarbons. 

**For the N(3) -H tautomer of  naphtho[ 1,2 ]imidazole' the analogous value for the N( I)--H tautomer 
is +0.115. 

It is in te res t ing ,  however, that the difference in the values  of the rr-charges in the hetero sys tems I I -V and XVI 
is due a lmost  exclusively to the atom in posi t ion 2. F u r t h e r m o r e ,  the posi t ive charge on the pyr ro le  N-atom and the 
mul t ip l ic i ty  of the N(0--C(2 ) bond in the naphthazole se r i e s  a re  considerably  higher.  In agreement  with the higher 
a romat ic i ty  of compounds XVI as compared with I I -V,  this shows the g rea te r  par t ic ipat ion of the e lectron pa i r  of the 
pyr ro le  ni t rogen atom of the naphthazoles in the format ion of a 14 7r-electron aromat ic  s y s t e m .  It becomes c lear  f rom 
this why the acidic p roper t i es  of the NH group of pyr imid ine  a re  weakened in compar i son  with those of naphtho- 
[1,2] imidazole .  

In respect  of electrophil ic  subst i tut ion reac t ions ,  mo lecu la r -o rb i t a l  calculat ions give approximately the same 
pat te rn  foi" pleiadiene i tself  and for  its heteroanalogs.  The charge densi t ies  show the p re fe ren t i a l  attack by an 
electrophi l ic  reagent  of the C(ll) atom of compounds I I -V.  An exception is 1H-benzo[de]quinoline in which, as in 
indole and benzoindole,  the greates t  e lec t ron  densi ty is concentrated on the C(3 ) atom. Compound IV will  probably take 
par t  in an electrophil ic  subst i tut ion reac t ion  with somewhat g rea te r  difficulty than its i somer  f rom the XVI se r i e s  in 
which the e lect ronic  densi ty in posi t ion 3 is higher; for  the other pleiadiene analogs the pa t te rn  will be the opposite. 
Unfortunately,  until  now not only quanti tat ive but also re l iab le  quali tative informat ion on its electrophit ic  subst i tut ion 
in the s e r i e s  of ple iadiene and its analogs has been lacking. Compounds I I - V  may  also r e a c t  with eleetrophil ic  reagents  
in the protonated form.  However, as calculat ion has shown, in the pyr imidine  cation,  as  compared with the neut ra l  
molecule ,  the dis t r ibut ion of e lec t ron densi ty is  qual i tat ively unchanged. 

Thus, the invest igat ion ca r r i ed  out has shown that the par t ic ipat ion of a N atom of the pyrro le  type in 
s i x - m e m b e r e d  aromat ic  s t ruc tu res  is achieved in the major i ty  of cases  by the format ion of unstable  quinoid s t ruc tu res ,  
the nonobservance of the 4n + 2 ru le ,  or  a d is turbance  of the coplanar i ty  of the molecule .  Exceptions are  the more  
stable heterocycl ic  analogs of pleiadiene I I -V  which can be considered at the p resen t  t ime as the most  typical  
r epresen ta t ives  of he te roaromat ic  sys tems  with a py r ro le - l ike  ni t rogen atom. In addition, as we shall  show 
subsequently,  in view of the p resence  in the hetero r ing  of seven 7r-electrons these compounds possess ,  in addition to 
the i r  color,  a whole se r ies  of other ex t remely  unusual  p roper t i e s .  

The authors express  the i r  thanks to Prof .  V. I. Minkin for providing resu l t s  of calculat ions on the angular  and 
l inear  naphthoimidazoles and for  consultat ion onques t i ons  connected with the application of the method of molecu la r  
orbi ta ls .  
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