
R E A C T I V I T Y  O F  4 , 9 - D I A Z A P Y R E N E  

K .  V.  V e k s l e r  a n d  L .  S.  l ~ f r o s  UDC 547.837 

Heating 5 ,10 -d ime thy l -4 ,9 -d i azapy rene  with n i t r i c  acid to 200~ does not br ing  about d i s r u p -  
tion of the he t e ro r ing  but leads to the format ion  of n i t ro  de r iva t ives  of 5 ,10-dioxo-4 ,5 ,9 ,10-  
t e t r a h y d r o - 4 , 9 - d i a z a p y r e n e .  4 ,9 -Diazapyrene  is a weak base  that  f o r m s  q u a t e r n a r y  sa l t s  
only under s eve re  condit ions.  P ipe r id ine  r ep l aces  two chlor ine  a toms in 5 ,10 -d i ch lo ro -4 ,9 -  
d i azapyrene ,  whereas  only monosubst i tut ion occurs  in the ca se  of 1 , 6 - d i b r o m o - 5 , 1 0 - d i m e t h y l -  
4 ,9 -d iazapyrene .  Calcula t ions  by the H~ickel MO method, in ag reemen t  with the expe r imen ta l  
data,  c h a r a c t e r i z e  4 ,9 -d iazapyrene  as a s t rong e lec t ron  accep to r  and indicate  that the effect  
of conjugation is propagated  p r i m a r i l y  along the p e r i p h e r y  of the molecule  r a t h e r  than be-  
tween the he t e ro r ings .  

The inact iv i ty  in e l ec t roph i l i c  subst i tut ion r eac t i ons  and the cons ide rab le  s tab i l i ty  with r e s p e c t  to oxi -  
dation of 4 ,9 -d i azapyrene  (Ia) and its de r iva t i ve s  were  demons t ra ted  in [1-3]. In a continuation of the s tudies  
mentioned above we followed the effect on d iazapyrene  Ia and 5 ,10 - d i m e t hy l - 4 ,9 - d i a z a py r e ne  (Ib) of a num- 
b e r  of s t rong oxidizing agents .  In o rde r  to evaluate  the e l ec t roph i l i c  and nucleophi l ic  r e a c t i v i t i e s  of d i aza -  
pyrene  we measu red  the b a s i c i t i e s  of In,b, c a r r i e d  out r eac t ions  of the i r  halo de r iva t ives  with amines ,  and 
a l so  made an a t tempt  to n i t r a t e  d ime thy ld iazapyrene  N,N ' -d iox ide .  The Hi~ckel MO method in a number  of 

cases  enabled us to i n t e rp re t  the expe r imen t a l  data obtained. 
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In our invest igat ion of the s tab i l i ty  o fd i azapy rene  Ia with r e s p e c t  to oxidation, this  he t e rocyc le  was 
t r ea t ed  with a ch romic  acid mixture  under the condit ions used for the oxidation of pyrene  to naphthalene-  
t e t r a c a r b o x y l i c  acid [4] and a l so  with po tass ium pe rmangana te  in neu t ra l  media .  In both cases  d iazapyrene  
Ia was r e c o v e r e d  f rom the reac t ion  or was pur i f ied  to remove  impur i t i e s .  

A yel low c rys t a l l i ne  subs tance  (IIl) was isola ted  under more  s e v e r e  condit ions as a r e s u l t  of the ac -  
tion of 54% n i t r i c  acid  on d imethy ld iazapyrene  Ib at  170 ~ for  3 h. The s t rong bands at  ~ 1670 and 1540 cm -I 
in the IR spec t rum of III can be ass igned,  r e spec t i ve ly ,  to the s t r e tch ing  v ibra t ions  of a ca rbonyl  group and 
the a s y m m e t r i c a l  s t re tch ing  v ibra t ions  of a n i t r o  group.* The reduct ion of III with sodium hydrosul f i te  gives 
IV, the IR spec t rum of which contains bands of an amino group at ~ 3350 and 3250 cm -1, whereas  the band of 
a n i t ro  group at  1540 cm -1 is absent .  The s p e c t r a l  data, in ag reemen t  with the r e s u l t s  of e l emen ta ry  ana ly-  
s i s ,  make it poss ib le  to depict  the desc r ibed  t r a n s f o r m a t i ons  as  fol lows:  

* In connection with the low so lub i l i t i e s  and vo la t i l i t i e s  of the produc ts  of oxidat ive  n i t ra t ion ,  it was neces -  
s a ry  to r e s t r i c t  ou r se lves  to IR spec t roscopy  in the es tab l i shment  of the i r  s t r u c t u r e s .  The IR s p e c t r a  under 

d i scuss ion  a r e  presented  in Fig .  1. 
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The f i r s t  s tep in the oxidat ive  n i t ra t ion  of Ib is p robab ly  the format ion  of 5 ,10 -d ioxo -4 ,5 ,9 ,10 - t e t r ahyd ro -  
4 ,9 -d i azapy rene  (II). The fact  that  we obtained a subs tance  whose c h e m i c a l  p r o p e r t i e s  (in con t r a s t  to II, 
it  is  soluble  in sodium carbona te  and a lka l i  solutions) and IR spec t rum a re  ve ry  c lo se  to those of III by r e -  
action of II [3] with 54% ni t r ic  acid at  170 ~ for  3 h s e r v e s  as a conf i rmat ion  of th is .  

We were  unable to d e s t r o y  the d iazapyrene  r ing  even under  the more  s e v e r e  condit ions of t r e a t m e n t  
of d ime thy ld i azapyrene  Ib with 54% n i t r i c  acid at  200 ~ for  5 h. As a r e su l t  of this  expe r imen t  we i so la ted  
a b r i g h t - y e l l o w  c r y s t a l l i n e  subs tance  (V), which, judging f rom its IR s p e c t r u m  (carbonyl  band at  ~ 1710 cm -1 
and bands of a n i t ro  group at  1550 and 1300 cm -1) and the r e s u l t s  of e l e m e n t a r y  ana lys i s ,  is a mix ture  of 
t r i -  and t e t r a n i t r o  d e r i v a t i v e s  of II (Va and Vb), 

The produc ts  of the oxidat ive  n i t ra t ion  of III and V a re  soluble in aqueous a lka l i  solut ions.  P r o c e e d -  
ing f rom the as sumpt ions  that have been advanced r ega rd ing  the s t r u c t u r e s  of III, Va, and Vb, this  may oc-  
cur  due to ionizat ion in a lka l ine  media  of the t a u t om e r i c  - N H - - C O -  amide  f ragment  of the - N = C O H  - hy-  
droxy form.  In fact ,  when we t r e a t e d  V with po ta s s ium hydroxide we obtained b r i g h t - r e d  c r y s t a l s  of, ap -  
pa ren t ly ,  the po ta s s ium de r iva t ive ;  the band of a ca rbony l  group is absent  in the IR s p e c t r u m  of this  d e r i v a -  
t ive.  

The f i r s t  ionizat ion constants  of d i azapyrene  Ia (pK a 2.64 ~-0.11) and d ime thy ld iazapyrene  Ib (pK a 
3.52 =L 0.06) were  found by po t en t iome t r i c  t i t r a t ion  in 50% alcohol.  We were  unable to de t e rmine  the second 
ionizat ion constants  because  of the i r  low values .  F o r  compar i son  under the s ame  condit ions,  we a l so  t i -  
t r a t ed  6 -methy lphenanthr id ine  (pK a 4.48 + 0.02). The low bas i c i ty  is in a g r e e m e n t  with the n e c e s s i t y  of s e -  
ve r e  condit ions inthe N-a lky la t ion  of d i azapyrene  Ia. Mono- and d iqua t e rna ry  sa l t s  of the l a t t e r  were  ob- 
tained by the method used to p r e p a r e  s a l t s  of Ib by the action,  r e s p e c t i v e l y ,  of d imethy l  sul fa te  (130 ~ and 
methyl  p - to luenesu l fona te  (120~ (sal ts  VI and VII) [5]. 

The d i f ferent  nucleophi l ic  l ab i l i t i e s  of halogens in the benzene and pyr id ine  f ragments  of d iazapyrene  
were  demons t r a t ed  in r eac t i ons  of 5 , 1 0 - d i c h l o r o - 4 , 9 - d i a z a p y r e n e  VIII* and 1 , 6 - d i b r o m o - 5 , 1 0 - d i m e t h y l - 4 , 9 -  
d iazapyrene  (IX) with amines .  Disubst i tu t ion p roduc t s  (X and XI) a re  fo rmed  in high y ie lds  as a r e s u l t  of 
ref luxing solut ions of d i ch lo r ide  VIII in p ipe r id ine  and morphol ine .  Only one ha logen is r ep l aced  on t r e a t -  
ment of d ib romo  de r iva t ive  IX with p ipe r id ine  at  180 ~ to give XII [6]. 

Ln view of the inac t iv i ty  of d i azapyrene  in e l ee t roph i l i e  subs t i tu t ion  reac t ions  we made an a t tempt  to 
subjec t  d i azapyrene  N-oxide  r a t h e r  than d iazapyrene  i t se l f  to this  so r t  of reac t ion .  With this  end in mind, 
we subjec ted  d ime thy ld i azapy rene  N,N ' -d iox ide  [2] to n i t ra t ion  under  the condit ions of n i t r a t ion  of pyr id ine  
N-oxide  [7]. As a r e su l t ,  we obtained an unidentif ied re s inous  substance,  the IR spec t rum of which con- 
tained s t rong  bands of ca rbony l  (1690 cm -1) and n i t ro  (1540 cm -1) groups .  The in tense  band of an N-oxide  
group that is p r e s e n t  in the s p e c t r u m  of the s t a r t i ng  N-oxide  at  1250 cm -1 is absent  here .  The s p e c t r a l  
data make it pos s ib l e  to a s sume  that  although n i t r a t ion  does occur ,  it is accompanied  by profound oxidation 
of the N,N ' -d iox ide .  

* In view of the unsuccess fu l  a t t empts  to syn thes ize  VIII by reac t ion  of II with phosphorus oxychlor ide  in 
d imethylan i l ine  [3], d ich lo r ide  VIII was obtained by reac t ion  of II with phosphorus  pen tach lo r ide  and phos -  
phorus oxychlor ide  under  p r e s s u r e .  

595 



C l a n  R 2 N ~ -  

VIII X. Xl 

Brx~ H,oCsN ~ 
G HS~'~-~ N CaH,oNH CHs'~I"~ N 
~ C.3 ' I N l ~ c x a  

" ~ \ B r  ~ ~Br 

IX XII 

X R2=CsHIo ; XI R2=C4HsO 

The molecular  diagram calculated with the pa ramete r s  in [8] (Fig. 2) is in agreement  with the exper i -  
mental data regarding the c lear ly  expressed electrophil ici ty of diazapyrene Ia. It follows f rom an examina- 
tion of Fig. 2 that nucleophilic substitution react ions should be charac te r i s t ic  for diazapyrene Ia, and the 5 
and 10 positions should be the most  active positions. 

The molecular  diagrams of halo derivatives VIII and XI and of monosubstitution products A and XII 
(Fig. 3) make it possible to evsluate the effect of conjugation between the nitrogen atom of the piperidine 
substituent and the diazapyrene ring.* It is apparent f rom Fig. 3 that replacement  of the chlorine atom at-  
tached to C 5 by a piperidine residue in dichloride VIII leads to a very  insignificant increase  in the electron 
density on Ct0 in A (0.0011 charge unit). It follows f rom the experiments that this is not reflected in the 
lability of the residual  chlorine atom. At the same time, replacement  of the bromine atom attached to C~ 
in dibromo derivative IX causes a sharp increase  in the electron density on C 6 (~0.0155 charge unit), as a 
consequence of which replacement  of the remaining bromine atom becomes difficult. Let us note that the 
electron density in the 13 and 14 positions remains  pract ical ly  unchanged on passing f rom IX to XII. 

The resul ts  presented above and the data in [5] on the insignificant cha rac te r  of conjugation between 
heteroatoms in cations of the quaternary salts of dimethyldiazapyrene Ib constitute evidence that the effect 
of conjugation is propagated mainly along the per iphery  of the diazapyrene molecule and to a considerably 
lesser  degree between the heterorings.  

This conclusion is also confirmed by the closeness  of the react ivi t ies  of diazapyrene Ia, pbenanthri-  
dine, dimethyldiazapyrene Ib, and 6-methylphenanthridine during oxidation [9, 10] and in condensations in- 
volving the activated methyl group. The indexes, calculated by the Hiickel MO method, that charac ter ize  the 
heteroatom and the non-nodal C 6 atom bonded to it in phenanthridine [11] (according to our data, A n 2.045, 
A e 2.539, and Ar 2.292 for  the C 6 atom in phenanthridine) are  very  close to the indexes for  diazapyrene Ia. t  

E X P E R I M E N T A L  M E T H O D  

Thin- layer  chromatography (TLC)on activity II aluminum oxide was used to monitor the homogeneity 
of the substances,  and the spots were detected by means of UV irradiation.  The IR spectra  of KBr pellets 
of the compounds were obtained withanIKS-22 spec t rometer .  Potent iometr ic  t i tration was accomplished 
with an LPU-01 pH-mete r  at 25 • 0.1 ~ 

Dini t ro-5 ,10-dioxo-4,5 ,9 ,10- te t rahydro-4 ,9-diazapyrene (IID. A 0.5-g sample of dimethyldiazapyrene 
Ib [2] and 15 ml of 54% nitr ic  acid were heated in a sealed tube at 170 ~ for 3 h, af ter  which the mixture was 
f i l teredto  give 0.45 g (64%) of III. Crystal l izat ion of the product f rom dimethyl sulfoxide (DMSO) (1 : 2000) 
gave color less  c rys ta ls  with m p >  360 ~ The product was soluble in dimethylformamide (DMF), hexametapol, 

*The inductive effect exerted by the heteroatom on the adjacent carbon atom in VIII, IX, A, and XII and the 
hyperconjugation of the methyl groups with the diazapyrene ring in IX and XII were disregarded.  
t The electron distribution in the 4 ,9-diazapyrene molecule found by the self-consis tent-f ie ld  (SCF) method 
[12] is in qualitative agreement  with the data presented in the present  paper.  This, it seems to us, confirms 
the possibili ty of the use of the Hiickel MO method for the evaluation of the react ivi t ies  and electronic ef- 
fects in 4,9-diazapyrene and closely related heterocycles .  
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Fig. 2. Molecular diagram of 4,9-diazapyrene (Ia); 
An, Ar, and A e are,  respect ively,  the energies of 
anionic, radical ,  and cationic localization in (-/3o) 
units. 

alkalis, and concentrated H2SO 4 (1 : 75). IR spectrum, cm-l: 3180, 3050, 2950, 2900, 1670 (C=O), 1620, 
1570, 1540 (NO2) , 1470, 1430, 1380, 1355, 1270, 1180, 1140, 1090, 960, 870, 740, 710, and 670. Found: C51.8; 
H2.4; N 17.0%. CI4H6N40 ~. Calculated: C 51.5; H 1.9; N 17.2%. 

Diamino-5,10-dioxo-4,5,9,10-tetrahydro-4,9-diazapyrene (IV). A 0.2-g sample of III was dissolved 
by refluxing in 100 ml of 10% KOH solution, after which 0.8 g of Na2S204 was added, and the mixture was 
refluxed for 3-5 rain. It was then cooled, and 0.1 g (70%) of IV was removed by filtration. Three reprecipi- 
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tations f rom CF3COOH (1 : 600) by the addition of ammonia (with decolorizat ion by activated charcoal) gave 
yellow crys ta l s  with mp > 360 ~ The product was insoluble in alkalis but soluble in concentrated H2SO 4. IR 
spectrum, cm- l :  3350, 3250 (NH2), 3050, 2950, 2980, 1650 (C=O), 1560, 1490, 1410, 1380, 1270, 1160, 1040, 
860, and 820. Found: C 63.3; H 4.0; N 21.0%. Ct4Hi0NtO 2. Calculated: C 63.2; H 3.8; N 21.1%. 

Product  of Oxidative Nitration (V). A 0.3-g sample of dimethyldiazapyrene 11o and 10 ml of 54% nitric 
acid were heated in a sealed tube at 200 ~ for 5 h, after  which the mixture was fil tered to give 0.2 g of bright-  
yellow crys ta ls  with mp ~ 380 ~ (dec.). The product was soluble in DMF, pyridine, alkali, and concentrated 
H2SO 4. A sample was purified for e lementary analysis by reprecipitation f rom potass ium carbonate solution 
by the addition of hydrochloric acid. IR spectrum, cm- l :  3300, 3100, 1710 (C=O), 1620, 1550 (NO2) , 1470, 
1430, 1380, 1350, 1330, 1300 (NO2) , 1230, 1170, 1000, 900, 890, 840, 810, 790, 770, 740, 680. Found: C 41.5; 
H 1.6; N 19.4%. C14HhN508 (Va). Calculated: C 45.3; H 1.4; N 18.9%. Ci4H4NsOI0 (Vb). Calculated: C 40.4; 
H 1.0; N 20.2%. 

4 -Methy l -4 -azon ia -9-azapyrene  ~ethosulfate  (VI). A solution of 0.3 g (1.5 mmole) of diazapyrene Ia 
[2] in 20 ml of chlorobenzene was refluxed with 1 ml (10 mmole) of dimethyl sulfate for 4 h, af ter  which the 
substance that precipitated during the react ion was removed by fi l tration to give a quantitative yield of prod-  
uct. Colorless  c rys ta ls  with mp 297-310 ~ (dec.) were isolated by reprecipi tat ion of the product f rom a solu- 
tion in 90% alcohol (1 : 60) by the addition of acetone. Found: N 8.7%. C16Hi4N204S. Calculated: N 8.5%. 

4 ,9-Dimethyl-4,9-diazoniapyrene Ditosylate (VII). A mixture of 0.1 g of diazapyrene Ia and 5 g of 
methyl p-toluenesulfonate was heated at 180 ~ for 1.5 h, after  which it was worked up to give a quantitative 
yield of pale-yel low crys ta ls  with mp 268-270 ~ (from alcohol, 1 : 100). Found: N 4.7%. C30H28N206S 2. Cal-  
culated: N 4.9%. 

5 ,10-Dichloro-4 ,9-diazapyrene (VIII). A mixture of 0.3 g of dioxoderivat ive II, 1 g of phosphorus pen- 
tachloride, and 1 ml of phosphorus oxychloride was heated in a sealed tube at 160 ~ for 3 h, after which it 
was treated with ice water,  and the resul t ingprecipi ta te  was removed by filtration. Sublimation of the prod-  
uct at 280 ~ and 3 mm gave 0.06 g (20%) of shiny color less  needles with mp >360 ~ and Rf 0.8 (chloroform, 
blue luminescence). The product  was soluble in DMF and chlorobenzene but insoluble in alcohol. Found: 

N 10.3%. CI4H~C12N 2. Calculated: N 10.3%. 

5,10-Dipiperidino-4,9-diazapyrene (X). A solution of 0.12 g of dichloride VIII in 10 ml of piperidine 
was refluxed for 1 h, after  which the mixture was treated with water, and 0.15 g (93%) of X was removed by 
filtration. Crystal l izat ion of the product f rom 1-butanol (1 : 100) gave shiny yellow crys ta ls  with mp 234- 
235 ~ and Rf 0.8 [ e t h e r - c h l o r o f o r m  (7 : 3), blue luminescence]. The product was soluble in alcohol, carbon 
te t rachlor ide,  and benzene. IR spectrum, cm- l :  1370 (C-N) .  Found: N15.1%. C24H26N 4. Calculated: 
N 15.1%. 

5,10-Dimorphol ino-4,9-diazapyrene.  The method in the preceding experiment was used to obtain this 
compound in 94% yield. Two crystal l izat ions f rom 1-butanol gave yellow crys ta ls  with mp 244-255 ~ and Rf 
0.8 [benzene-e thy l  acetate (2 : 1), blue luminescence].  LR spectrum, cm-1; 1360 (C-N) and 1110 (C-O).  
Found: N 14.8%. C22H22N402. Calculated: N 15.0%. 
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