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The r - e l e c t r o n  charges ,  bond o rde r s ,  energ ies  of the singlet  and t r ip le t  e lec t ronic  t r an s i -  
t ions,  and the PMR s pec t rum  of 4 ,9-diazapyrene  were  calculated by the se l f - cons i s t en t -  
field (SC F) method with allowance for  the coulombic repulsion,  and the resu l t s  a re  com-  
pa red  with the exper imenta l ly  found posi t ions  of the long-wave bands in the UV spec t rum 
and the exper imenta l  PMR spec t rum.  4 ,9-Diazapyrene  he ta ry la tes  act ivated a romat i c  and 
he t e roa roma t i c  r ings .  

Until recent ly  there  was no theory that enabled one to p red ic t  the behav ior  of any of the ni t rogeneous 
he te roa romat i c  sy s t em s  in he tary la t ion  reac t ions  of organic compounds in the p r e sence  of aeylat ing agents .  
The f i r s t  step in this react ion  is the fo rmat ion  of a roma t i c  N-acy lcyc lammonium sal ts  [2]. A neces sa ry ,  
but not always sufficient,  condition for  the par t ic ipa t ion  of the he terocycle  in the he tary la t ion  reac t ion  is 
the re fo re  the p r e s ence  in it of a pyridine ni t rogen a tom that is capable of in teract ing with the acyl halides.  
Of no less  impor tance  is the magnitude of the e lec t rophi l ic i ty  of the resul t ing hetary la t ing  agents,  which, 
all o ther  conditions being equal, depends on the magnitude of the effect ive posi t ive  charge  on the a (or y - ) -  
carbon a tom of the ring of the s ta r t ing  molecule  of the he terocycle  and the polar izabi l i ty  of the N = C bonds 
in the course  of the reac t ion  during the fo rmat ion  of N-acy lhe t e roa roma t i c  cat ions.  It was recent ly  shown 
that  an exocycl ic  C H = N  group is more  p red i sposed  to such reac t ions  than a ring C H = N  group [3]. Aromat ic  
Schiff bases  in the p r e s ence  of acyl halides p rove  to be convenient a -amidomethy la t ing  agents for  many 
nucleophilic organic compounds [3]. In this  connection, it was expedient  to examine the behav ior  in this 
react ion  of 4 ,9-d iazapyrene ,  in which the tendency for  an increase  in the o r d e r  of the  r i n g n i t r o g e n - c a r b o n  
bond is c lea r ly  expres sed .  To es t ima te  the reac t iv i ty  of 4 ,9-d iazapyrene ,  we calculated the bond o rde r s  
and dis t r ibut ion of the 7r-electron density; the coulombic repuls ion between the e lec t rons  was taken into 
account in o rde r  to obtain the mos t  re l iable  data. 

We also used the previous ly  developed method of d i rec t  calculat ion of the charge-bond  o rde r  ma t r ix  
[4] without p r i o r  distr ibution of the orbi ta l  coeff icients ,  which makes  it poss ib le  to achieve se l f -cons i s t ency  
with a high degree  of accuracy .  The p r o g r a m  in [5] which makes  it poss ib le  to d i rec t ly  obtain analogous 
values that cha rac t e r i ze  the t rans i t ion  f r o m  the ground state  to the exci ted state was used in the ca lcu la -  
tion of the excited s ta tes .  This method is equivalent to a cons iderable  extent to the P a r i s e r - P a r r  method 
for  excited s ta tes ,  but with the conditon that  the set  of excited configurat ions used is a s tandard set  that 
includes all of the singly exci ted configurat ions,  r e g a r d l e s s  of the size of the sys t em.  This  insured identi-  
cal physica l  conditions for  the introduction of the p a r a m e t e r s  and makes  the calculat ion m o r e  re l iable .  We 
selected the p a r a m e t e r s  that cha rac t e r i ze  the carbon a tom f r o m  the spec t r a  of a l a rge  group of hyd roca r -  
bon molecules  [5, 6]: the resonance  integral  flCC = - 2 . 4 5  eV and the function that c h a r a c t e r i z e s  the cou- 
lombic repuls ion is 

10.1397 0.1460 
~,(R) ~ _ _  (ev), (1) 

*See [1] for  communicat ion  XXVII. 
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where a C = 2.2 and R is in "bond length" units of 1.4 A. 

Pa rame t r i za t ion  of the ni trogen atom, the difference of which f rom the carbon atom w a s  as usual, 
charac te r i zed  by its e lectronegat ivi ty & a N = - l . 6 8  eV, by f lCN=-2.57 eV, and the shielding coefficient a N =  
1.3558 for  the determinat ion of TNN f rom express ion  (1), was  in addition necessa ry  for  the calculation of 
diazapyrene.  The TcN(R) value when a C N  = (a Nta C)/2 = 1.7779 is s imi lar ly  obtained. These pa rame te r s  
were also selected f rom the e lect ronic  spec t ra  of a ser ies  of ni t rogen heterocycles  of the 1,4-bis(2-vinyl-  
pyridyl)benzene and benzoquinoline types. 

0 , 0 0 0 8  ~ - - 0 , 0 0 6 0  

- - 0 , 0 3 3 8  

N ~  --0.1236 ~0,00fi5 

~ - - 0 , 0 1 3 5  

0.000~ 

In o rde r  to verify the e lec t ron  distr ibution of 4,9-diazapyrene,  which is represented by the molecular  
d iagram above, we simultaneously calculated its e lectronic spec t rum and compared it with the experimental  
spect rum.  The e lect ronic  spec t rum of pyridine was also calculated for  compar ison (Table 1). In the known 
calculations of the spec t ra  of polycycl ic  ni trogen-containing heterocycles  [7], the e lectronic  interaction is 
taken into account with respect  to per turbat ion theory with the superimposi t ion of two to four configurations.  
As it turned out, our method of computation [4] is applicable to a more  extensive number of investigated 
objects and is more  sys temat ic  in a theore t i ca l  respect .  A s seen f rom Table 1, not only are  the three  lower ab- 
sorpt ion bands in the pyridine molecule,  the ass ignment  of which cor responds  to the data in other studies 
[10, 11], in sa t i s fac tory  agreement  with the exper iments  [8, 9], but the lower triplet level is also in good 
agreement  With the f luorescence maximum [9]. Two close and quite intense bands of the same symmetry ,  
which can be compared with the a and p bands of pyrene,  which are  also close to one another (3.24 and 3.50 
eV) are observed in the spec t rum of 4 ,9-diazapyrene.  

The PMR spec t ra  of 4 ,9-diazapyrene and pyridine which are  in good agreement  with the exper imen-  
tal spec t ra  {Table 2) were also calculated by the method adopted for  hydrocarbons [13], but with additive 
addition to the ni t rogen atom. 

TABLE I. Energies  of the Elec t ron  Transi t ions  (eV) 

Compound 8 ymmetry 

Pyridine 

4,9-Diazapyrene 

A 

B 

B 

A 

B3,,- (a) 
B2,, + (p) 

PMR Spectra 

talc. 

6,30 
7,47 
4,65 
8,05 
3,21 
3,36 
4,20 
5,88 
3,24 
3,50 

Singlet Triplet 

exptl, calc. exptl. 

6,368 
7,04 
4,96 

3,3--3,5 TM 

4,07 
5,24 

3,3--3,5 
3,5--3,6 

3,78 
4,49 
4,26 
5,24 
1,19 
3,35 
3,20 
4,23 

1,94 
Pyrene 

TABLE 2. 

Hydrogen atom 

0,01 
0,91 
0,03 
0,12 
0,291 
0,214 

O,542 

calc. 

8,44 
7,t15 
7,09 

Pyridine, 6, ppm 

exptl, data [14] 

3,699, ~o 

2,08 

2-H 
3-H 
4-H 
5-H 

8,29 
6,77 
7,15 

4.9-Diazapyrene, 5, ppm 

expfl, data calc. 

8,23 8,18 
9,13 9,49 

8;5 85% 
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T A B L E  3. 
.~ React. condition: 

llg! 80 

IIc 1t111--110 10--19 
lid 100--110 1O~-~l: 
IIel 110~120 

IIf~l 1101-~120 101--~11~10 

Acyl D e r i v a t i v e s  of  T e t r a h y d r o d i a z a p y r e n e  (II-IV) 

~mpirical ' ,~ "2- 
.rap, ~C /~f formula H, ~" 
- " ~ ~ i  '~ I~ N , o ~  ,~ 

l ~,-L 

229--230al 0,24J C44HsoN402 
180--181b] 0,14] Cs4J-I~N402 
16D---161c] 0,75[ C46H~4NJ, O2 
175--176d / 0,17] C46Hs4~N40~ 
153~154e| 0,66J C44HssN40 2 
155~156f[ 0,58[ C38H3oN40~ 
145--146 e[ 0,18/CasHscN402 
216----217f.I 0,27[ C~HI~N202 
221--222f. / 0.40~ C~sH2oN202 

8O,5 
76,3 
80,5 
79,1 
79,3 
78,2 
80,7 
78,2 
80,4 

5,~ 8,7 625 81,7 4,7 
52 11,11536t78,2 5,0 
5,~ 7,6 670181,8 5,1 
5,3 8,6 671181,8 5,1 
5,8 9,2 625 ] 80,7 5,8 
5,5 7,71587179,5 5,2 
5,1 7,81701182'5 4,9 
5,8 8,3 378 ] 80,0 4,6 
4,8 8,3 430 80,7! 4,6 

8,7 6461 60 
10,7 50.31 50 
8,3 6751 4~ 
8,3 6751 45 
8,5 6551 51 
9,7 5~61 50 
8,0 6981 40 
7~2 ~901 35 
6,7 4P51 50 

a . . . . . . . . .  .~  , 

F r o m  p e t r o l e u m  e t h e r - - p e n t a n o l ,  b F r o m  pentanol .  F r o m  aque -  
ous me thano l ,  d F r o m  c h l o r o f o r m ,  e F r o m  e t h e r - p e t r o l e u m  e t h e r .  
f F r o m  aqueous  ace tone .  

The r e s u l t s  of the ca l cu la t ion  of the s p e c t r a  of 4 , 9 - d i a z a p y r e n e  and py r id ine  s a t i s f a c t o r i l y  r e p r o d u c e  
the en t i r e  e x p e r i m e n t a l  p i c t u r e ,  and f o r  th is  r e a s o n  the ca l cu la t ed  d i s t r i bu t ion  of the e l e c t r o n  dens i ty  of 
t he se  m o l e c u l e s  p r e s e n t e d  in the d i a g r a m s  m a y  p r o v i d e  the b a s i s  f o r  a d i s c u s s i o n  of t h e i r  c h e m i c a l p r o p -  
e r t i e s .  

In  addi t ion  to  th is ,  the b a s i c i t y  of  4 , 9 - d i a z a p y r e n e ,  which p r o v e d  to be  s o m e w h a t  l o w e r  than the pK a 
va lue  of py r id ine  and a p p r o x i m a t e l y  equal  to  the b a s i c i t y  of a n i l i n e  d e t e r m i n e d  in a s i m i l a r  m a n n e r  [16] 
(10.40, 12.33, and 10.56, r e s p e c t i v e l y ) ,  was  a l so  m e a s u r e d  by the me thod  in [15]. 

Thus ,  the s e t  of ca lcu la ted  and e x p e r i m e n t a l  data,  which c o n f i r m  the high C - N bond o r d e r ,  the r e l a -  
t ive ly  high b a s i c i t y ,  and the c o n s i d e r a b l e  def ic i t  of ~ - e l e c t r o n  c h a r g e  on the s - c a r b o n  a tom,  made  it p o s -  
s ib le  to  a s s u m e  tha t  4 , 9 - d i a z a p y r e n e  has  h igh  ac t iv i ty  in h e t a r y l a t i o n  r e a c t i o n s .  

In fact ,  the c o r r e s p o n d i n g  5 ,10-d i subs t i tu t ed  4 , 9 - d i a c y l - 4 , 5 , 9 , 1 0 - t e t r a h y d r o - 4 , 9 - d i a z a p y r e n e s  (Table 3) 
R" 

+ R C O C I  + R ' H  

R' 
II 

a R=CsH~, R~=3-indolyl;,(b)R=CH3, R'=3-ind01yl; (c)R=C~H~, R'=l-methyl-3-indolyl 
(d)R=C6H~ R =2-methyl-8-indolyl(e)R=CoHs, R'=C6H4N (CHa)2-p;(f) R=C6Hs, 

R' = l-methyi-2-p~rolyl (g)R = C6H 5, R' = l-phenyl-2-p)~rolyl 

were obtained at room tempera~re or on brief heating of a mixture of 4,9-diazapyrene and acyl halides 
with nucleophilic aromatic and heteroaromatic compounds. 

Heteroaromatic systems containlng two nitrogen atoms of the pyridine type usually form monosub- 
stituted compounds (for example, m-phenanthroline and phth~azine in reactions with benzoyl chloride and 
KCN [17]) in such reactions. For the first time we have apparently been able to obtain disubstituted If, but 
monosubstituted compounds, for example, HI and IV, are also formed in some cases: 

~ N ~ C O E 6  tls 
G H 2 C O G 6 H  5 

I l l  

OC6ti 5 

I 
Ctt a 

iv 

T h e r e  a r e  c h a r a c t e r i s t i c  bands  of UCO s t r e t c h i n g  v i b r a t i o n s  at  1670-1700 c m  -1 in the IR s p e c t r a  of 
I - IV.  In c o n t r a s t  to  II, III  and IV f o r m  p i c r a t e s ;  th is  c o n f i r m s  t h e i r  s t r u c t u r e s .  The s t r u c t u r e  of one of 
the compounds  (lie) was  p r o v e d  by  a l t e r n a t i v e  s y n t h e s i s  v ia  the s c h e m e  
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CsH4N(CH3)2-F 
NHCOC~H4NICH3}2_ p 

P-(CH3)'NC6H4CO C I ~  " < ~ / ~ / ~  ",L~/ / x ~ /  NaCI+A250_2GO_Cl,. ~Ol'- l ie  

Ntt 2 p-(CH3) 2 NCGH4COHN 
J 

C6H.; N (CH3)~-P 

Y VI 

The LR and UV spec t ra  of I Ia-g are  s imi la r  to the spec t ra  of He; this conf i rms the s t ructure  assigned to 
them. 

E X P E R I M E  N T A L  

The IR spec t ra  of chloroform solutions were recorded with a UR-10 spec t rometer .  The PMR spec-  
t rum of a dimethyl sulfoxide solution was recorded with a YaMR-5535 spec t romete r  (40 MHz) with cyclo-  
hexane as the internal standard.  Chromatography in a loose thin layer  of AI203 was accomplished with 
b e n z e n e - h e x a n e - c h l o r o f o r m  (6 : 1 : 30). 

4 ,9-Diazapyrene was obtained by fusing 2,2 ' -diformamidodiphenyl  with NaC1 and A1C13 at 250 ~ The 
product  had mp 218-220 ~ (from ethanol) (nap 220-221 ~ [12]). 

Typical method of hetarylation. A solution of 0.005 mole of thoroughly dried 4,9-dtazapyrene,  0.01 
mole of acyl chloride, and 0.01 mole of the compound to be hetarylated in 25 ml of anhydrous benzene was 
held at 25 ~ or  100 ~ fo r2  to 12 h, depending on the nucleophilicity of the compound to be hetarylated (see 
Table 3), af ter  which the solution was made alkaline with ammonia and s team distilled. The residue in the 
flask was separated,  washed with water,  dried, and recrys ta l l i zed  f rom suitable solvents. The yields and 
charac te r i s t i c s  of the compounds obtained are  presented in Table 3. 

5,10-Di (p-dimethylaminophenyl)-4,9-diazapyrene (VI). A. A solution of 2.5 g (45 mmole) of KOHin 
20 ml of 70% ethanol was added to 0.5 g (0.8 mmole) of lie, and the mixture was refluxed for 20 h. It was 
then cooled, and the precipi ta te  was removed by fi l t rat ion and recrys ta l l i zed  f rom alcohol to give 0.18 g 
(4070) of a product  with mp 277-278 ~ and Rf  0.83. Found: C 80.8; H 7.4; N 12.1%. C~0H28N 4. Calculated: 
C 81.1; H 6.3; N 12.670. 

]3. A m i x t u r e o f l . 9 g  (0.01mole) of 2,2 '-diaminodipheny],  4.6 g (0.025 mole) of p-dimethylamino-  
benzoyl chloride,  and 2 g of potass ium carbonate in 20 ml of e ther  was refluxed for  3 h, after  which it was 
diluted with water .  The result ing precipi ta te  was separated,  washed with water,  dried, and recrys ta l l ized  
f rom ethanol to give 2.4 g (50%) of 2,2 ' -bis(p-dimethylaminobenzamido)diphenyl  (V) with mp 166-167 ~ and 
Rf  0.35. Found: C 74.4; H 6.6; N 12.07o. C30H30N402. Calculated: C 73.8; H 6.1; N 11.4%. 

A 0.82-g (0.05 mole) sample of V was added in port ions to a melt  consist ing of 3.7 g of NaC1 and 17.7g 
of A1C13 at 150 ~ af ter  which the tempera ture  was ra ised to 250-260 ~ and maintained there f o r 8 h .  The 
mixture was then poured over  ice, and the aqueous mixture was made alkaline and extracted with benzene. 
The ext rac t  was dried, the benzene was removed by distillation, and the residue was separated with a col-  
umn filled with A1203 with elution with b e n z e n e - h e x a n e - c h l o r o f o r m  (6 : 1 : 30) to give 0.1 g of diazapyrene 
VI with mp 272-274 ~ which proved to be identical to the sample descr ibed above. 
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