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--- The nitration, bromination, acylation, and alkylation of 1,6- 
diazaphenalene It)  havebeen investigated as well as the reaction of the 

title compound with singlet oxygen. These transfoemations have been compared 

to similar reactions known to take place with imidazoles. 

~ecently we have had occasion to synthesize1 the heterocycle, 1,6-diazaphenalene (11, as a 

template for preparation of potential antimalarial This brightly colored yellow solid, 

the first diazaphenalene to be prepared, is of special interest because of its similarity to 

imidazole in some of its chemical and physical properties. For instance, the proton transfer $a 
to is more rapid than the nmr time scale4 which results in a much simplified mr spectrum 

analogous to the case of imidazole.5 Moreover, the p& of I, as measvred by a potentiometric 

titration, was found to be 6.56 while the value for imidazole is 6.95.6 In contrast the pK, of 

winoline measured under analogous conditions has been reported to be 4.94.' Clearly the Mu spec- 

trum and pKa data recorded for 1 indicate the compound bears a strong resemblance to imidazole. 

Because of continuing interest in the physical and chemical properties of imidazole, expecial- 

1Y those related to the catalysis of hydrolytic reactions,' we have investigated a number of 

different reactions of 1 in an attempt to compare the chemical properties of 1 with those reported 

for imidazole. As we have previously noted1 ; appears to behave in many of its reections as though 



it were an imidazole vinylogue. 

When 1.6-diazaphenalene was stirred with nitric acid in either acetic acid or sulfuric acid. 

under a variety of conditions, the major product was 3.7-dinitro-1.6-diazaphenalenn Z with only 
traces of the 7lnononitro derivative ! present. The failure to isolate significant munts of the 

mononitro derivative 2 was not unexpected, and we turned to milder conditions under which to per- 

form the nitration. It has been proposed9 that nitration of aromatic substrates with sodium 

nitrite, in the presence of trifluoroacetic acid, proceeds through the weaker electrophile +NO 

rather than +N02.and we therefore turned our attention in this direction. In fact, when equimolar 

amounts of sodim nitrite and 1 were stirred at -60° in a solution of trifluoroacetic acid/chloro- 

Xl 

form, the major product (68% yield1 war 7-nitro-1,6-diazapheeelene !. In establishing the struc- 

ture of 2 ,  we compared the chemical shifts and coupling constants of ! with those of 2.5-dichloro- 
1.6-diazaphenalene and 7-nitro-2,5-dichloro-1,6-diazaph~aleee 5.4 The 7-nitro-dichlorodia.a- 

phenalene 2 had been prepared previously by treatment of 44 under conditions analwous to those 

discussed ahve (lTAA/NaN02). ~pparently, under the milder nitration conditions, the mononitro 

derivative 3 was formed predominantly from !. =his indicated the pyridine nitrogen was protonated 

and electrophilic substitution occurred by way of resonance structure A. This was not surprising 

since protonation of the pyridine portion of 1 serves to deactivate this ring to electrophilic 

sub~titution~~ while electron release from position -1 activates position -7 to attack. It mustbe 

remembered that Wth nitrogen containing rings of 1.6-diaraphenalene at one time or another have 

PYridine character (la 2 lbl and hence would be deactivated to an equal extent in trifluoroacetic -- -- 
acid. Moreover, because of the rapid tautomerim of the type (la f lbl positions -3 and -4 can be -- -- 
considered equivalent. and in like manner positions -7 and -9 are interchanqeable. For this 

reason nitration of 1 at either position -7 or -9 leads to the same mononitro derivative !. 
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In contrast to the behavior on nitration, the 2-3 double bond, (resonance structure B), was 

the most reactive portion of the molecule in a medium of lesser acidity, as illustrated in Scheme 

I. When 1.6-diazaphenalene 1 was reacted with bromine, under conditions analogous to the bromina- 

,!T. 
scheme I 

tion of imidazole,12 the tribromo and dibromo derivatives 6 and ! were isolated as the major 

products of this experiment accompanied by -11 w u n t s  of three other halo compounds and a con- 

siderible m u n t  of ;. The structures of E, and ! were established by spectroscopy. Again, com- 

parisbli of chemical shifts and coupling constants of the brow compound$3 to the dichloro-deriva- 

tive 4 was ofmajorimport~ce in the structural assignments. The substitution of bromine at g o d -  

tions -3 and -4 of diazaphenalenes f, and ?, respectively, is not exceptional and probably reflects 

the reactivity of the free base 1 (CH3Co2H, NaOAc) rather than the protonated form which was gre- 

sent during nitration (CF3C02H). The incorporation of bromine at position -2 of 11 however, re- 

quires some c m e n t ,  for pyridines do not readily react with positive bromine at this position. 14 

It is felt the 2.3-double bond may have reacted as an isolated double bond and underwent electro- 

philic addition of brmine to provide g followed by oxidation to reform the conjugated system. 

Indirect evidence for this process has been recently observed.15 Thus, 2.3-dihydeo-1.6-diara- 

phenalene 2, on standing in solution, lost the elements of hydrogen to reform the parent diaza- 

phenalene &, albeit in low yield, accompanied by other products of decomposition. A11 attempts to 

monobrominate under mildly acidic conditions were unsuccessfuli however, when 1 was dissolved in 

? 8. X - Br 1, X=H 

2, X s  H 

trifluoroa~eti~ acid and then reacted with bromine.7-brow-1.6-diazaphenalene was obtained in 

better than 80% yield.   his is consistant with results  resented earlier on nitration of ? in tri- 

fluoroacetic acid, although it should be pointed out that monobromination of imidazole has, to 

date, not been achieved. 
16 



  he reactions of 1 with acyl halides was next explored for comparison with the parallel 

reactions of imidazoles, which are known to lead to N-acyl derivatives. In this study two 

of 1,b-diazaphenalene ? in dimethylfomide were stirred with one equivalent of the 

acyl halide, as illustrated in Scheme 11. In each reaction lCH3COC1, PhCOC1) nearly one equiva- 

lent of 1,b-diazaphenalene hydrochloride was isolated which indicated that the acylation had 

taken place; howwer, we were never ahle to isolate the acyl derivative either in the acetyl 

;JI OT benzoyl is series. The presumed intermediates, acyl diazaphenalenes 19 and ;;, respectively, 

appeared to revert to 5 and the corresponding acid even on standing in air. The stability, or lack 

there of, of amides and 11 is not surprising, for acyl imi&zolesl' are extremely reactive in -- 
the presence of nvoleophiles such as water. These experiments thus lend support to the view that 

; behaves as a vinylogous imidazole. 19 

Scheme 11 

Attempts to Acylate 1,b-Diazaphenalene I1 ) - 

mist / 

In a related study we investigated the alkylation of 1 with various alkyl halides. In fact, 

when A was heated with benzyl bromide in acetone 1K2CO3), under conditions analogous to these re- 

ported for the preparation of N-ben~ylimidazole,~~ only starting material was recovered. This 

sugsests that the amino group of 4 is not as nvcleophilic as the corresponding nitrogen function of 

imidazole. Consequently, 1,b-diazaphenalene (11 was treated with lithium diisoproyl amide (see 

scheme 111) to generate the anion, followed by addition of benzylbromide to provide a 608 yield of 

N-benzyl-1,b-aiaraphenalme &?.*I The m spectrum2' of this material was quite complex which in- 

dicated that the pseudo plane of symetry present in 1,b-diazaphenalene was absent in &?. More- 

over, it was quite apparent from their spectrum InoN-Habsorption) a n d m s p e c t m  lmethylene func- 
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tion of N-benrylimidazole appears at 5.08 65 while that of 12 -- is located at 4.60 6'l) of 12 that -- 
alkylation had occurred on nitrogen and not carbon. In addition, ?? was readily soluble in 

chloroform (no hydrogen bonding) while ! was nearly insoluble in the same solvent further indica- 

ting that alkylation had occurred on nitrogen. The yield of this benzylation reaction improved to 

82% when LDA was replaced with butyllithivm C-6S0). I" similarfashion theanion of1 wasalkylatedwith 

Scheme I11 

HMPA, PhCHpr W A ,  CH31 

T M ,  I D A ,  !I HMPA, -10'C 

I! 

methyliodide to provide N-methyl-1,6diazapheealene 13, as sham in Scheme 111. Correlations of -- 
the spectral data and solubility of ;!22 with ?? were sufficient to demonstrate that methylation 

(methyl function of N-methylimida~ol~ is located at 3.73 6' while the analogous signal for I! was 

observed at 3.05 6) had occurred exclusively on the nitrogen atm. In tandem with the above 



reactions a more complex alkyliodide &? has also been employed as a substrate for the alkylation 

of . ~reatment of the phthalimid~ derivative23 111 with the lithium anion of t provided a 67% 
yield of the ~-substituted-l,6-diara~h~~al~~e t!,2* a 5-aminoquinoline analog which may demonstrate 

potential antimalarial activity. In contrast to 1,  the anion of 7-nitro-2,5-dichloro-1,6-diaza- 

phenalene 5, prepared under analogous conditions,did not undergo alkylation with benryl bromide. 

apparently the anion, which formed in this case, is stabilized by the nitro and chloro groups, and 

will not react, at least under conditions (-10°c) that & undergoes alkylation. Steric factors may 

also play a role in this instance for the lithium mion of 5 is flanked by nitro and chloro 

moieties. 

In studying the chemistry of 1,6-diazaphenalene (:I there is special interest in its reaction 

with singlet oxygen particularly with respect to the analogous oxidation of imida~ole.~~ Dye- 

sensitized photooxidation of (11 was therefore studied under a variety of conditions. 

Like many electron-rich heterocyclic systems such as pyrroles and imidaz~les,~~ 1 suffered 

extensive decomposition when reacted with oxygen, Rose Bengal and light (650 w tungsten-halogen 

lamp) under moderate concentrations of CHC~~/E~OH. On the other hand, in dilute solution (100 mg 

in 500 m l  of solution) the photwxygenation took place smoothly yielding a single p r o k t  (19) in 

50% yield. The structure of g2' was established by infrared, NMR and mass spectrometry, all of 

the spectroscopic databeing uniquely consistent with a naphthyridine system incorporating an 

o,B-unsaturated ketone function. Under the same conditions of dilution. 2.5-dichloro-1,6-diaea- 

phenalene (4) yielded only tarry decomposition prodvcts on photooxygenation, 

In Scheme IV we picture the uptake of oxygen at the ?-position of (t) as an ene-like reaction 
facilitated by electron release from the nitrogen at position-1. Electron-availability at C-3 

might have rendered this position a competitive site for attack by the electrophilic oxygen, but 

reaction at C-7 has the advantage of a favorable 6-membered transition state for C-0 bond formation 

coincident with the breaking up of the N-H bond. 

Alternatively, a zwitterionic product (?Dl may be initially formed by release of electrons to 
oxygen from the enamine. Formed by either process, the intermediate hydroperoxide (35) would then 
suffer ready dehydration to yield the observed ketone ( 1 9 ) .  Loss of water would be expected to 
take place readily frcm ?& since the proton at C-9 of the hydroperoxide is relatively acidic. It 

is interesting to note that hydroperoxides of type 22 are formed as intermediates in the photo- -- 
oxygenation of aryl imidarole~.~~ 

 any, although not all, of the reactions of 1 discussed above resemble similar transformations 

Previon~ly carried out on imidazoles. ~urther work is in progress to examine this correlation in 

more detail. 
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Scheme IV 
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