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Abstract  - The syntheses and proper t ies  o f  the t r i c y c l i c  azaphenalenes are reviewed. 

Azaphenalenes are t r i c y c l i c  molecules which conta in  a completely conjugated perimeter o f  

2  2  sp -hybr id ized carbon atoms and/or sp -hybr id ized n i t rogen atoms he ld  l a r g e l y  planar by a  

2  c e n t r a l l y - l y i n g  sp -hybr id ized a t ? n ~ ' - ~  ( X  = C o r  N ) .  The basic molecular skeletons of the  

4 
simplest azaphenalenes are depicted below. Boekelheide has proposed tha t  t h i s  c lass  of 

heterocycles be termed cycl-[3.3.3]-arines, when the n i t rogen atom i s  contained i n  the  center  

p o r t i o n  o f  the s t ruc ture .  The designat ion 13.3.31 re fe rs  t o  the number of atoms on the p e r i -  

phery of the cyc le  between po in t s  o f  bonding t o  the  i n te rna l  n i t rogen atom. Araphenalenes, i n  

general, were i n i t i a l l y  prepared t o  determine t h e i r  b i o l og i ca l  a c t i v i t y ,  p r i n c i p a l l y  as the  

corresponding quaternary s i l t s  which are more su i t ab le  f o r  t e s t i n g  than t h e i r  carbocyc l ic  

parent compounds. 5 

The 9b-azaphenalene (1). cycl-L3.3.31-azine, has been studied, i n  a  t heo re t i ca l  sense, hy 

several  invest iga torszs4 who have pred ic ted t h a t  the  resonance energy of 1 w i l l  be greater 

than t h a t  of the  s tab le  and wel l -studied azat r icyc le ,  cycl-12.2.31-azine (3) .  The azine (2) was 

prepared prev ious ly  i n  order t o  evaluate cur rent  theor ies and methods f o r  ca l cu la t i ng  resonance 

energies of aromatic molecules. 5 



6 Leaver and coworkers reported the synthesis of cycl-[3.3.3]-azine (1) from 4-chloro~uino~ 

lizinium perchlorate fi the route illustrated below (Scheme I): 

The NMR spectrum of compound (1) contained a triplet centered at 63.65 (protons 2,5,8) and 

a doublet centered at 62.07 (protons 1.3.4.6.7.9); these 8-values are among the highest yet 

reported for protons so joined to a trigonal carbon. This high degree of shielding is regarded 

7 .  as evidence of a paramagnetic ring-current l o  the peripheral non-aromatic system of 12 n- 

electrons. Despite the lack of aromatic character, according to the foregoing criteria, the 

diester (% R=Et) does undergo substitution reactions with certain electrophilic reagents, most 
notably tetranitromethane, N,N-dimethylformarnide/phasphoryl chloride, and acetyl chloride. 

These reactions were regarded as analogous to those known to occur for a typical enamine and 

not regarded as electrophilic aromatic substitution. 

8 In 1976, Ceder and coworkers reported that the reaction between 6-substituted P-methyl- 

pyridines and a variety of reagents led to 1,9b-diazaphenalene (2)  and 1,9,9b-triazaphenalene 
(5) derivatives, as shown in Schemes I 1  and 111, respectively. 

SCHEME I 

NaCH(C02R)C02t& - 
THF 

C1 

c10; 
HClIPhH (for R = Et) 

or 
~ h s 0 ~ H ; k Q H  (for R = g u )  

NaOH 
1 
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SCHEYE I I  

y o=Ji or CH, 

CH3 NH 
CH3 

At tempts t o  remove t h e  cyano g roup  frm 3-cyano-l,9-diazacycl-[3.3.3]-azine w i t h  polyphos-  

p h u r i c  a c i d  t o  p r o v i d e  t h e  p a r e n t  & w e r e  unsuccessfu l .  Decarbe thoxy la t ion  o f  t h e  correspond 

i n g  3 -ca rbe thory  d e r i v a t i v e  i n  d i p h e n y l  e t h e r  which con ta ined  t r a c e s  o f  p - t o l u e n e s u l f o n i c  

a c i d ,  on t h e  o t h e r  hand, gave t h e  p a r e n t  d i a z a c y c l a z i n e  4 as a  b lue -g reen  c r y s t a l l i n e  s o l i d ,  

r a t h e r  i n s o l u b l e  i n  " o n - ~ o l a r  s o l v e n t s  and f a i r l y  u n s t a b l e  b o t h  i n  a i r  and i n  s o l u t i o n .  

SCHEME I1 I 

decomposi t ion 
p roduc ts  



The parent 1,9,9b-triazaphenalene [ ( I ) ,  also called 1 ,9-diazacyl-[3.3.3]-azine], prepared by 

Ceder and coworkers, was the first isomer of the seven possibilities in the diazacycl-[3.3.3]- 

azine group to be synthesized. With respect to aromaticity, the chemical shifts for the protons 

(64.3-6.2) in the NMR spectrum are between those for the "corresponding" protons in 2-methyl- 
9 1-azacycl-[3.3.3]-azine [ ( z ) ,  63.75-5.61 and 1.3.4-triazacycl-[3.3.3]-azine [(c), 

65.3-6.91. This order indicates that the degree of aromaticity increases with the number of 

peripheral N-atoms in the azaphenalenes; treatment of I?), however, with N-bromosuccinimide 

(NBS) effected decomposition of the compound and no brominated products were isolated. 

I n  1978, Kuya and coworkerslOa reported the synthesis of 1 ,4,9b-triazaphenalene derivative 

(?I by a route which employed palladium on carbon (Pd/C) as the reagent for one of the key reac- 

tions in the pathway, as illustrated in Scheme IV. Furthermore, degradation of (2) generated 

the parent compound [(!I, Scheme IV]. Comparison of the chemical shifts in the NMR spectrum of 

[I!), 64.55-6.341 to those of cycl-[3.3.3]-azines indicated that (8 )  may well be antiaromatic. 

SCHEME IV 
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I n  a somewhat s i m i l a r  s tudy  Awaya e t  a l .  have prepared the  cycl - r3.3.31-azine d e r i v a t i v e  

4-cyano-1,3,6-triaracycl-[3.3.3]-azine by reac t i on  o f  2.6-diaminopyridine w i t h  ethoxymethy- 

lene  ma lonon i t r i l e ,  moreover, t h i s  b lue-colored need le - l i ke  s o l i d l o b  was converted i n t o  t e t r a -  

methyl 1,6-dizazcycl-[3.3.3]-azine-2,3,4,5-tetracboxylat1oc On heat ing  w i t h  d imethyl  

acety lenedicarboxylate i n  a c e t o n i t r i l e  (see below). 

The r e l a t e d  1,3,6,9b-tetraazaphenalene [(w, 1 ,3,6-triazacycl-t3.3.31-azine] and i t s  

d e r i v a t i v e s  have been synthesized, and t h e i r  p rope r t i es  were thoroughly s tud ied  by Ceder and 

13-17 Cowo~kers . The rou te  chosen fo r  the  p repara t ion  o f  the 1,3,6,9b-tetraaraphenalene system 

was based on t h e  observa t ion  by ~apper , "  Adams and pachter l2  t h a t  2-aminopyridine r e a c t s  

w i t h  ethoxymethylenemalonic es te r  t o  form 4H-pyrido(1 ,2-a)-pyr imidin-4-one (2) as shown below: 

Ceder and coworkers13 synthesized t h e  des i red  t e t r aaza  d e r i v a t i v e s  (m-a) i n  s i m i l a r  fash- 

ion, as shown i n  Scheme V. 

The tetraazaphenalenes (&-El underwent fragmentation i n  the mass spectrometer a l o ss  

of  hydrogen cyanide from t h e  paren t  ion;14 a pathway common t o  N-contain ing he te rocyc l i c  sys- 

tems. I f  a C-methyl group was placed adjacent  t o  a he te rocyc l i c  n i t r ogen  atom, these molecules 

then l o s t  the  u n i t s  of a c e t o n i t r i l e .  The proposed Scheme f o r  these t rans format ions  was i n  com- 

p l e t e  accord w i t h  the  repor ted  s t ruc tu res ,  as i l l u s t r a t e d  a f t e r  Scheme Y .  



SCHEME V 

e 
\ '  \',, 

(l&) (E) (pg) 

a = Acetic-formic anhydride i n  pyr id ine  a t  room temperature 
b = Acetic anhydride i n  pyr id ine  a t  room temperature 
c = Acetic anhydride i n  g l a c i a l  a c e t i c  ac id  a t  r e f l u x  
d = Reflux i n  toluene over anhydrous magnesium su l fa te  
e = Reflux i n  diphenyl e ther  or  biphenyl-diphenyl e ther  
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Hiickel molecular orbital  calculation^'^ have been carried out on the systems (.I&) and 

(c), the values for the charge densities and free valences predict both electrophilic substi- 

tution and radical attack will occur at the same positions; C-4 (preferred), C-7 and C-9 in the 

parent system (&) and at C-7 and C-9 i n  the case of the 4-substituted compound. The bond 

orders obtained indicated that these systems show little tendency for alternation, which sug- 

gests a lack of alternate single and double bonds.13 The charge-density values for the cen- 

tral nitrogen atom, N-10, of the compounds studied indicated a delocaliration of electrons from 

the central nitrogen atom. This, together with the bond-order values obtained for the bonds 

between the peripheral positions and the central nitrogen atom (3a-10. 6a-10, and 9a-10). which 

indicate rather strong bonding, support the assumption that the 1,3,6-triazacycl-[3.3.3]-azine 

system is aromatic. 

ihe experimental data are in agreement with the predictions based on calculations for Ceder 

and coworkers'5916 have shown that electrophilic bromination of (G) with N-bromosuccinimide, 
under mild conditions, occurs preferentially (80%) in position-4. Treatment of with more of 



the electrophile, or under similar conditions, then gave bromination at carbon atoms -7 and 

-9, as illustrated in Schemes VI and VII, respectively. Likewise, bromination l7  of (10e) - 
under photochemical conditions, known to favor the bromine atom, gave a similar result. 

Charse densities 

Free valences 

0.465 

Bond Orders 

Determination of the position of bromination in the two rnonobromo isomers (Jl-) and ((1?! was 

accomplished using NMR spectroscopy for protons adjacent to an amino group in an aminopyridine 

undergo a downfield shiftl'lb upon acylation of the amino group due to the diamagnetic 

anisotropy of the carbonyl group. 
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As i l l u s t r a t e d  i n  Scheme V I I I ,  a c y l a t i o n  of  t h e  5-bromo d e r i v a t i v e  (m would provide a 

system i n  which such a s h i f t  f o r  H-3 would occur; whereas i n  (14)  t h e  f r e e  amino group lacks  an - 
adjacent  proton,  t h e r e f o r e ,  no such s h i f t  would be expected. 

SCHEME V I I  



SCHEME V I I I  

p r o t o n  Acps 

H-3 91 

11-4 26 

Br cn) 

The 1,3,6-triazacycl-[3.3.3]-azine l& i s  s t a b l e  b o t h  i n  t h e  s o l i d  s t a t e  and i n  s o l u t i o n ,  and 

t h e  compound i s  e a s i l y  s o l u b l e  i n  ch lo ro fo rm,  a c e t i c  and t r i f l u o r o a c e t i c  ac ids .  The NMR s p e c t r a  

of & ( i n  CDCl and CF3COOH) con ta ined  an ABX-mu l t i p le t  (H-7, H-8, and H-9), an AX q u a r t e t  
3 

(H-4 and H-5). and a one p r o t o n  s i n g l e t  (H-2). The c o u p l i n g  c o n s t a n t s  and c h e m i c a l - s h i f t  va lues  

show good c o r r e l a t i o n  w i t h  t h e  c a l c u l a t e d  charge-dens i t y  v a l u e z o n  t h e  a d j a c e n t  carbon atoms 

and a r e  l i s t e d  i n  Tab le  1. 

I n  1977, Ceder and coworkersi9 completed t h e  s y n t h e s i s  of ano ther  te t raazaphena lene  

d e r i v a t i v e ,  1,3,4,9b-tetraazaphenalene (5 by Condensation o f  2-amino-6-methylpyridine w i t h  two 

moles o f  N-cyanoformamidate (Scheme IX). 
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Table 1. Charge density values,13 NMR chemical shifts, and coupling constants (in Hz) for FA. 

- ~ ~ -- - -- 

Charge-density values -0.148 -0.136 -0.132 t0.099 +0.164 +0.231 

6CDC13 4.86 5.2ga 5.75a 6.68 6.99 6.50 

6CF3COOH 6.16 6.75 7.13 7.88 8.04 7.40 

Multiplicity doublet multiplet multiplet triplet doublet singlet 

Coupling constants J4-5=5.2 J7-8=7.6 J8-9=8.5 J7-9=1 .3 

(CDCIJ) 

a The assignment of chemical-shift values to H-7 and H-9 are based on results of 

lanthanide shift-reagent studies on 2-methyl-l,3,6-triazacycl-13.3.31-azine. 19 

The proton chemical shift values in the NMR spectrum o f  (El are in the same region 

(65.3-6.9) as those of the isomeric 1,3,6-triazacycl-[3.3.3]-azine (64.9-6.51,'~ which 

indicate that (E) possesses a similar degree of aromatic character. Electrophilic substitution 

in (E) occurred at positions -6, -7 and -9, as expected,on the basis of the resonance struc- 
tures outlined below: 

SCHEME IX 



When (9 was t reated with.N-brwnosuccinimide (NBS),  a mix ture  o f  three monobromo isomers 

and two dibromo der iva t ives  were isolated; however, no t r ibromo der iva t ives  were found. This 

was ra t i ona l i zed  by cederP0 i n  terms o f  s t e r i c  arguments, the  pe r i  r e l a t i onsh ip  of bromine 

atoms i n  the 6- and 7-posi t ions i n  ( E ]  would'be expected t o  cause bond and angle deformation of 

the  r i n g  system, and therefore, may p r o h i b i t  o r b i t a l  over lap of the p i  bonds. 

I n  1972, attempts were made t o  prepare an azaphenalene which contained f i v e  n i t rogen atoms 

al igned i n  a s y m e t r i c a l  arrangement. This would provide a su i t ab le  substrate f o r  e lec t ron  spin 

resonance if the molecule contained no subst i tuents.  Ceder and ~ i t t e , ' ~  how- 

ever, have succeeded on l y  i n  prepar ing ( 3 1 ,  which can be considered a 1,3,6,7,9b-pentaazaphena- 

lene der iva t ive .  The general approach u t i l i z e d  f o r  the  synthesis o f  (2) was employed f o r  

preparat ion of (16). The condensation could and d i d  occur e i t h e r  a t  the 2- o r  4- amino group, 

consequently the  isomeric system 1,3,4,7,9b-pentaazaphenalene (17) was a lso  formed (Scheme X I .  

C O O E t  I 
O E t  CI I  

SCHEME X 

I p-TsOH i n  
r e f l u x i n g  (Ph)20 1 " 
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It was not poss ib le  t o  d i s r i ngu i sh  d i r e c t l y  between the two condensation products (x) and 

(19) using nuclear magnetic resonance spectroscopy o r  any other conventional spectroscopic tech- 

nique. It was apparent, however, t h a t  i n  the  spectrum of the  monocondensation products (18) o r  

(19). the  chemical s h i f t  o f  H-5, was located a t  h igher f i e l d  than H-6since H-6 was adjacent t o  

N-1 i n  the pyr imidine r ing .  This was d r a s t i c a l l y  a l t e red  on acy la t i on  of the remaining f r e e  

amino group, wh i le  the  corresponding change i n  chemical s h i f t  of H-6 was on ly  about one-half as 

large. This type of simple c o r r e l a t i o n  was again employed t o  conf i rm the s t ruc tures  o f  ( 1 s  and 

(I?) since acy la t i on  of E l e d  t o  a l a rge  downfield s h i f t  ( ~ 9 9  cps) for  H-5, wh i le  a s i m i l a r  

s h i f t  ( 4 6  cps) was not observed on acy la t i on  of E. Conversion o f  18 and 19 i n t o  16 and z, 
respect ively,  therefore, unambiguously confirmed the s t ruc tures  o f  these two pentazaphenalenes. 

Examination o f  the mass spectrum of ( 5 )  ind ica ted t h a t  the molecule underwent fragmentation 

i n  a manner e n t i r e l y  analogous t o  t ha t  o f  the corresponding 1,3,6,9b-tetraazaphenalene der iva- 

t i v e  prev ious ly  discussed. Simple HJckel molecular o r b i t a l  ca l cu la t i ons  were a lso  ca r r i ed  out 

on (16); charge densi t ies,  f ree valences and bond orders are as shown below. 

Charge dens i t ies  Free Valences Bond Orders 

The highest e lec t ron dens i ty  on carbon was found a t  pos i t i on  -9 o f  (2) as was the case w i t h  

(s) and i t s  der ivat ives.13 i n  order t o  ve r i f y  these theo re t i ca l  predict ions,  Ceder and 

~ o s e n ' ~  t rea ted (16) w i t h  NBS which resu l ted  i n  a 60% y i e l d  o f  the  desired 9-bromo de r i va t i ve  

(20).  The condi t ions,  however, necessary t o  monobrominate ( 5 )  were somewhat more vigorous than 

those needed t o  produce the 7-  o r  9-bromo de r i va t i ves  of (E). Ef fo r t s  t o  brominate (5) by 

treatment w i t h  bromine i n  g l a c i a l  acet ic  ac id  were unsuccessful s ince (5) was unstable i n  the 

medium. Attempts t o  decarboxylate (E), analogous t o  the  method employed t o  prepare (9) i n  

order t o  obta in  the symnetrical system, f a i l e d  because (E) was a lso  unstable under these condi- 

t ions .  The observations reported above i nd i ca te  t h a t  the  1,3,6,7,9b-pentaazaphenalene system 

(g was less  suscept ib le t o  e l e c t r o p h i l i c  subs t i t u t i on  and, i n  some respects, chemically more 

unstable than the corresponding 1.3,6,9b-(10a-K) systems. 



F r m  an argunent employing resonance s t ruc tures ,  one can p red i c t  t h a t  an e lec t roph i l e  (Et )  

should at tack a t  pos i t i on  -7 i n  (17). For the  intermediate r e s u l t i n g  from s u b s t i t u t i o n  a t  t h i s  

pos i t i on  one can draw s i x  resonance forms w i th  the  p o s i t i v e  charge on carbon as represented by 

(E), as we l l  as th ree s t ruc tures  w i t h  the  charge on the cen t ra l  n i t rogen atom. The l a t t e r  

set, represented by (z), are the on l y  ones i n  which a l l  carbon and n i t rogen atoms possess f u l l  

oc te ts .  

C O O E t  

I n  order t o  study t h i s  hypothesis, exper imental ly,  (x) was t reated w i t h  NBS and t h i s  pro- 

vided h igh y i e l d s  o f  the 7-bromo de r i va t i ve  (21) as predicted. 

I n t e r e s t i n g l y  the monobromo compound (;) was found to  be much more s tab le  than the corre- 

sponding 9-bromo de r i va t i ve  [ ( E ) ,  from ( 9 1 .  The greater s t a b i l i t y  o f  system (17) was a lso  - 
demonstrated on treatment w i t h  bromine i n  g l a c i a l  acet ic  ac id  a f t e r  which the dibromo compound 

(22) was isolated; however, i n  t h i s  medium (5) was completely destroyed. 

Another approach t o  the synthesis of pentaazaphenalenes was ca r r i ed  out  by Shaw and 

coworkers, 25'26 and i s  i l l u s t r a t e d  i n  Schemes X I  and XII, respect ive ly .  
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SCHEME XI 

The construction of the parent compound was realized; as illustrated in Scheme X I I ,  and the 

new heterocycle, 1,3,4,6,9b-pentaazaphenalene (23). does undergo some reactions with electro- 

philes typical of aromatic molecules (see Scheme X I I I ) . ~ ~  A similar approach to the synthesis 

of 1,3,4,6,8,9b-hexaazaphenalene (24) and 1,3,4,6,7,9b-hexaazaphenalene (25) systems was also 
reported by Shaw and c o w ~ r k e r s , ~ ~ , ~ ~ ~ ~ ~  as shown in Schemes XIV and XV. However, no further 

work has been reported as regards the properties of (2) and (5). 



SCHEME XlII 

2 

NBS 

B r  

SCHEME X I V  

HC(NCN)DE~ 

NH2 DMF - a 9&5b 7 G 5 

Certain heat-stable, inso lub le  and chemical ly i nac t i ve  compounds, such as melon, melem and 

melanic acid, a l l  of which conta in  the nucleus C6N7H7, have been known since 1835. T r i -  

potassium melonate (g) was f i r s t  described as an undesirable by-product obtained when s u l -  

fur,28 potassium fer r icyan ide and potassium carbonate were heated t o  a h igh temperature dur ing 
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the  prepara t ion  of potassium thiocyanate. This area of chemical inves t iga t ion ,  however, l a y  

dormant f o r  almost a century u n t i l  Paul ing and s tu rd i van tZ9  es tab l ished the  s t r uc tu re  of t h i s  

nucleus by phys ica l  methods. I t  was found t o  be a coplanar arrangementof three fused-s-t r iazine 

r i n g s  represented by s t r uc tu re  (g). 

t r i - s - t r i a z i n e  (g) R =  C1 

(E) R= N(K)CN 

(XC) R=OK 

(266) R=OH 

Chemical support for  Pau l ing 's  hypothesis was rea l i zed  w i t h  the synthesis of cyameluric 

ch lo r i de  ( a )  from the  polymeric melon by way of potassium melonate (Zm, potassium cyamel. 

u ra te  (m and cyameluric ac id  (m repor ted  by Redemann and Lucas. 30 

fus ion  
5 + K3Fe(CN)6 + K2C03 - P 

The i n f r a red  spectra o f  the heptaazaphenalene de r i va t i ves  (%)-(=) contained a s t rong 

absorpt ion near 6.5" which has been assigned t o  a C=N s t r e t c h i n g  mode. A l l  the compounds 

o f  which i n f r a r e d  spectra were recorded d i d  conta in  sharp and very s t rong maxima3' i n  t h i s  

region,  and i t  i s  assumed t h a t  t h i s  c h a r a c t e r i s t i c  frequency represents the  in -p lane v i b ra -  

t i o n  o f  the t r i - s - t r i a z i n e  system. 31 



All of the above azaphenalener, however, contain an internal nitrogen and have generally 

been synthesized from pyridine or pyrimidine derivatives. Recently, a new heterocycle, 

1.6-diazaphenalene (a),33 has been synthesized from cyclohexane-1.3-dione in relatively 

straightforward fashion (Scheme XVI). This compound contains no internal nitrogen atom, and is 

of special significance because of the similarity in its chemical and physical properties to 

those (properties) of irnida~ole.~~ The proton transfer from (m to (e) has been shown to be 

more rapid than the NMR time scale,35 which results in amuch simplified NMR spectrum analogous 

to the behavior observed for i m i d a ~ o l e . ~ ~  The pKa o f  (I) as measured by a potentiometric 

SCHEME XVI 

pHz5.45 
ci trate- 
phosphate 

OH 

NaO Ac 

EtOH/H20 ,A 
2 )  10% HC1 ,A I I 

I 
H 

titration3' was found to be 6.56, while the value for imidazole was 6.95 in the same solvent, 

moreover, some substituted 1.6-diazaphenalenes have been shown to form acyldiazaphenalenes which 

are very unstable,37 analogous to the stability, or lack thereof, of acylimidazoles. 38 
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Examination of the two tautomers of  (2) . ind ica ted t h a t  1.6-diazaphenalene i t s e l f  i s  no t  

aromatic i n  terms of the  Htickel rule32b; however, t he  two qu ino l i ne  po r t i ons  (square) o f  the  

heterocycle are aromatic and equal i n  energy. The pro ton  NMR data [ (g ) ,  6 5.97-7.421~~ 

does suggest t h a t  27 possesses aromatic character and t h a t  tautomers (2) and !277k) are  degen- 

e ra te  i n  energy and there fore  i d e n t i c a l .  Although t he  s i m i l a r i t i e s  i n  the  p rope r t i es  o f  (7) 

SCHEME X V l l  

TFAA ( m a j o r )  



and imidazole are, perhaps, fo r tu i tous ,  they have prompted a  study o f  the  chemical behavior of 

t h i s  molecule toward e l e c t r o p h i l i c  reagents. 39 

A number of react ions have been ca r r i ed  out  on (27) and a b r i e f  survey o f  these are i l l u s -  

t r a ted  i n  Scheme X V I I .  For the present discussion a t t en t i on  i s  d i rec ted toward the react ion  of 

(g) w i t h  bromine i n  neut ra l  and ac id i c  media which provides a  q u a l i t a t i v e  means by which t o  

t 
study the di f ference i n  the r e a c t i v i t y  of !27) ys. the protonated form (u) . The react ions 

were ca r r i ed  out i n  acet ic  ac id  -- sodium acetate so lu t i on  w i t h  one equivalent o f  bromine.3g 

Because s i g n i f i c a n t  amounts of d i -  and t r i - s u b s t i t u t e d  diazaphenalenes were formed i n  t h i s  

process, y i e l d s  were low due t o  recovery of unreacted (2); however, the  r e l a t i v e  amounts o f  the  

isomer present are q u i t e  representative. When a  l a rge  excess o f  sodium acetate was employed 

(40/1) the ma jo r  product was the 3.4.7-tribromo de r i va t i ve  (28) fo l lowed by the  2,3,4-tribromo - 
diazaphenalene (2) and the 2.3 dibromo compound (28)3gb. Upon reducing the amount o f  sodium 

acetate (1:1), the  7-bromo isomer (2) became the major product, accompanied by small amounts o f  

other isomers (see Scheme XVIII). Furthermore when the bromination was ca r r i ed  ou t  i n  

t r i f l u o r o a c e t i c  ac id  (on l y  2 7 ~ +  present)39b an 81% y i e l d  of the 7-bromo d e r i v a t i v e  (31) was - - 
real ized.  Apparently the neut ra l  species reacts w i t h  e lec t roph i l es  p r e f e r e n t i a l l y  a t  the 3-  and 

7- pos i t ions  wh i le  the Protonated form reacts  se lec t i ve l y  a t  pos i t i on  - 7 .  This pat tern  o f reac t -  

i v i t y  i s  i n  good agreement w i t h  t heo re t i ca l  ca lcu la t ions  ca r r i ed  out i n  the neut ra l ,  an ion ic  and 

40 protonated forms of (c) . The t o t a l  charge dens i t ies  obtained f o r  these compounds a re  given 

i n  Table 1. The HOMO and LUMO e lec t ron  dens i t ies  are given i n  Table 2, and the ca lcu la ted bond 

orders are l i s t e d  i n  F igure  1. The t o t a l  charge dens i t ies  i n  the neu t ra l  molecule (27) p red i c t  - 
a r e l a t i v i t y  t o  e l e c t r o p h i l i c  subs t i t u t i on  i n  the  order o f  pos i t i ons  3  > 4 > 9 > 7. 40 

For the portonated form (pl)+ the  Wheland model o f  the  t r a n s i t i o n  s ta te4 '  was u t i l i z e d  t o  

ca l cu la te  n l o c a l i z a t i o n  energies (n bonding between the atom undergoing subs t i t u t i on  and 

the r e s t  o f  the  molecule i s  c u t  o f f ) .  The r e s u l t i n g  l o c a l i z a t i o n  energies i nd i ca te  t h a t  the  

lowest energy sigma complex i s  reached f o r  subs t i t u t i on  a t  the  2- pos i t ion ,  fo l lowed by 
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40 NaOAc 
\ N' d 

24 NaOAc 
\ 

Br 

(27) - 29 (8%) 30 (6%) - 31 (4%) 

&:Ic \ N /  NaOAc @+&+a+@ \ \ \ \ 9' 

Br Br 

(3) - 31 (10%) - 30 (6%) - 32 (4%) - 33 (3%) 

substitution at positions-7(9),-8 and-3(5) in that order.40 Since electrophilic attack at the 

2- position of (a)+ i s  electrostatically unlikely, the finding that substitution at position 

-7(9) i s  favored over the other possibilities is in complete agreement with the experimental 

observations. The localization energies relative to substitution at position -7 are given 

below. 40 

0 Kcallmole 7 Kcallmole 21 Kcal/mole 



Table 1. Total electron densities for 1.6-diazaphenalene (2). conjugate acid ( E ) ~ ,  anion 

(27)-, 3-chloro-1.6-diazaphenalene 2, and 2.3-dichloro-1.6-diazaphenalene E. - 

Table 2. Calculated densities and virtual densities of frontier electrons for electrophilic 

(HOMO) and nucleophilic (LUMO) reactions on 1.6-diazaphenalene (x), conjugate acid (m+, 
anion (c)-, 3-chloro-1.6-diazaphenalene (E), and 2,3-dichloro-1,6-diazaphenalene (3). 

Atom 

N1 

C2 

C3 

C4 

C5 

N6 

C7 

C8 

C9 

27 
HOMO LUMO 

.I70 

.212 

.001 

,088 

,213 

,328 

.I63 

.I16 

.041 

27~' - 
HOMO LUMO 

.348 .239 

.024 .382 

.273 .002 

.273 .002 

.024 ,382 

.348 .239 

.300 ,003 

,000 .088 

,300 .003 

2.F 
HOMO LUMO 

,361 .334 

.001 .244 

.314 ,021 

,314 ,021 

,001 .244 

.361 .334 

,323 .028 

,000 ,157 

.323 ,078 

34 
HOMO - LUMO 
.399 .I69 

.I20 .215 

,273 .002 

.215 .094 

.012 .211 

.277 .335 

.241 .I56 

.016 .I11 

.217 .041 

35 
HOMO I' LUMO 

.342 .I63 

,117 .208 

,313 .ooo 
.221 ,090 

.001 .211 

,282 .326 

,219 .I65 

,014 ,133 

.ZOO .044 

The ability to predict that .(m)' Gill react with electrophiles preferentially at 
the 7- position was employed to design and execute a number of experiments (see Scheme XVII). 

In all cases in which electrophilic substitution has been performed in acidic media, reaction 

occurred predominantly at the 7- position. These results correlate well with theoretical 

predictions and advantage can be taken of this phenomenon to prepare other substituted 

1.6-diazaphenalenes. 
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Fig.  1. Calculated bond orders (n) fo r  1.6-diaraphenalene (27). the  ca t i on  (27Jt), and anion 
(x) - ,  3-chloro-1.6-diazaphenalene 2, and 2.3-dichloro-1.6-diazaphenalene 35. 

F i n a l l y ,  the  pro ton  chemical s h i f t s  for a  number o f  azaphenalenes have been recen t l y  com- 

pared t o  aromatic cyc laz ines  i n  o rder  t o  examine t he  quest ion of a r o m a t i ~ i t y . ~ ' ~ ' ~ ~  I n  t h i s  

vein, ce r t a i n l y ,  1.6-diazaphenalene (27) possesses sane aromatic character,  as proposed e a r l i e r ,  

and compounds such as 1 l i e  a t  t he  o the r  extreme (paramagnetic r ing-cur ren t ) .7  Other aza- 

phenalenes demonstrate aromatic o r  ant iaromat ic charac ter  t o  vary ing  degrees and i t  i s  suggested 

t h a t  comparison o f  t he  pro ton  NMR spectra o f  new azaphenalenes t o  t he  data reported by Kurata e t  

a ~ . ~ '  may prov ide  a  simple measure o f  t he  q u a l i t a t i v e  degree of a roma t i c i t y  inherent i n  such 

molecules. 
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