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R E S E A R C H  O F  N A P H T H Y R I D I N E S  

IX.t A C I D - B A S E  TRANSFORMATIONS OF 

BENZO[b]-I ,8-NA1)HTHYRID-10-ONES 

A.  I .  M i k h a l e v  a n d  M. E .  K o n s h i n  UDC 547.836.3.541.124.7 : 543.422.6 

It is shown by means  of the UV s pec t r a  that a singly charged ion due to protonat ion at the N0) 
a tom develops when benzo[b ] - l , 8 -naph thyr id -10-ones  a r e  dissolved in dilute minera l  acids.  
The oxygen of the carbonyl  group is also protonated in 96~c sulfur ic  acid. Salts of the phenoxide 
type a r e  f o rm ed  in the reac t ion  of these compounds with aqueous sodium hydroxide solutions.  
]?he PKa values  of benzo[b ] - l , 8 -naph thyr id -10-ones  de te rmined  spec t ropho tomet r i ca l ly  in a sul-  
fur ic  a c i d - w a t e r  s y s t e m  range f r o m  - 4 . 6 9  to - 5 . 6 9 ,  depending on the subst i tuent  in the 8 pos i -  
tion, and c o r r e l a t e  with the H a m m e t t  ~p constants .  

It is known that 9 -acr idone  displays  weak bas ic  p r o p e r t i e s  and gives a cat ion of the acr id in ium type 
when it is d issolved in sulfur ic  acid. In this case  the proton adds to the oxygen a tom of the carbonyl  group [2 ]. 
In o r d e r  to study the p rev ious ly  uninvest igated a c i d - b a s e  t r ans fo rma t ions  of benzo[b] - l ,8 -naph thyr id -10-ones  
and to c o m p a r e  the i r  p r o p e r t i e s  with those of 9"acr idone  we accompl i shed  the synthes is  of s eve ra l  compounds 
of this s e r i e s  (Ia-e) by cycl izat ion of 2-ani l inonicot inic  acids in polyphosphoric  acid (1)1)A) o r  sulfuric  acid.  

O 

I i l  R=H; b R=CH3; c R=CH30; d R=CI; e R =Br 

Like 9-acr idone  [2, 3], benzonaphthyridones Ia ,  e exis t  in the oxo r a the r  than hydroxy form,  as evidenced 
by the data f r o m  the lit s p e c t r a  of solutions in CC14, which contain a VNH band at 3440 cm -1 and a VCO band at 
1640 cm -1 but no hydroxyl  group band.$ Maxima a re  obse rved  in the UV spec t r a  of benzonaphthyridones I a - e  
(see the spec t r a  of Ia in Figs .  1 and 2) at 235 ,256 ,  385, and 400 nm, and they a re  ve ry  s i m i l a r  to the spec t rum 

tSee  [1] fo r  communica t ion  VIII. 
$ The bands were  ass igned in accordance  with [3]. 

1)erm 1)harmaceutical  Institute,  1)erm 614600. Trans la ted  f r o m  Khimiya Getero ts ik l icheskikh  Soedinenii, 
No. 9, pp. 1241-1244, September ,  1977. Original  a r t i c le  submit ted July 13, 1976; rev is ion  submit ted January  
26, 1977. 
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TABLE 1. Corre la t ion  P a r a m e t e r s  of the Logar i thms of the Indi- 
ca tor  Ratios with the H 0 and pK a Values of Benzo[b]- l ,8-naphthy-  
r i d - i 0 - o n e s  in a Sulfuric A c i d - W a t e r  System 

I ~'max'] 1 

pound I nm'l" I !~ ~ interval 

lal. 
I b C H : ~  

ld 
I e {Br 

336 4,38 
344 4,36 
350 4,35 
344 4,37 
348 4,38 

6,48-- 4,90 
5,92--4,56 
5.92--4,40 
7,12---5,28 
7.12--5,28 

5,30 
4,94 
4.74 
5,79 
5,79 

i 
1,014 I 5,22 • 
1,0261 4,81 =0,01 
1,0101 4,69 _,-2z_ 0.02 
t,020 [ 5,68 50J)2 
!,0191 5.69 :~ 0,02 

0,999 
0.999 
0:997 
0,999 
0,998 

0,025 
0.021 
0.040 
0,028 
0,039 

The data for  solutions of Ia-e  in 96% sulfuric acid are  presented.  

of 9-acr idone [2] and differ f rom the l a t t e r  only with respec t  to a small  bathochromic shift; this also indicates 
their identical s t ruc tu res .  Maxima at 232, 252, 365, and 385 nm are observed in the spect rum of naphthyridone 
Ia in hexane, and the spec t rum is shifted hypsochromical ly  as compared with the spect rum of an ethanol solu- 
tion. This provides  evidence that the absorption of Ia-e  in the UV region is due to 7r-Tr* e lectron transit ions.  
The spec t ra  of solutions of naphthyridone Ia in hydrochlor ic  acid in a base - to -ac id  ratio of 1 : 1 and of solutions 
of the same compound in 0.1 N HC1 are  identical. As compared with the spect rum of an ethanol solution of Ia, 
they contain an inflection at 290 nm, the maximum at 385 nm is absent, and the curves  of these spec t ra  undergo 
a bathochromic shift. The spec t ra  of naphthyridone Ia in 30% sulfuric acid and dilute hydrochloric  acid are  en- 
t i rely s imilar .  Some of the differences in the intensities and positions of their  bands are  probably associa ted 
with the effect of the medium. 

The changes in the cha rac t e r  of the spec t ra  on passing f rom ethanol solutions of naphthyridone Ia to solu- 
tions in dilute minera l  acids are  evidently associa ted with protonation of N0) and the format ion of cation IL 

! a - e  

o 
II o H  

H H 

[11 

O- 

IV 

Since the pK of pyridine is considerably higher than the pK of 9-acridone [4], protonation of N{4 } should precede  
protonation of the carbonyI  group. 

Beginning with 60% sulfuric acid concentrat ion,  a band with a maximum at 336 nm, the intensity of which 
increases  as the acidity of the medium increases  and reaches  its maximum value in 85% sulfuric acid, appears  
in the spec t rum of naphthyridone Ia. A bathochromic shift of the long-wave maximum to 425 nm is also ob- 
served.  When the acidity of the medium is increased further,  the cha rac te r  of the spec t rum does not change. 
the  spec t ra  of solutions of 9-aer idone in concentrated acids also contain a band at 340 nm [2]. and they are  
entirely s imi lar  to the spec t rum of naphthyridone Ia in 96% sulfuric acid. This provides a basis for  the conclu- 
sion that the product  of the react ion of concentrated sulfuric acid with Ia is s imi lar  in s t ruc ture  to the product  
of protonation of 9-aer idone and is a doubly charged ion {III) in which the second proton is attached to the oxy- 
gen 'a tom of the carbonyl group. It is c lear  f rom the above that the a c i d ' b a s e  t ransformat ions  of Ia-e  at  media 
acidities ranging f rom - 4 . 4 6  to - 8 . 1 4  H 0 units are  determined by the equilibrium II ~ III. The pK a values 
"{Table 1) were calculated f rom the equation pK d = H 0 + log ([III]/[II]). They range f rom --4.69 to - 5 . 6 9  units 
on the H 0 scale [5] and are  four to five logari thmic units lower than the PKa of 9-acr idone [4]. 

]?he lower basici t ies  of ions 1I as compared  with acridone are  due to the e l ec t ron-accep to r  proper t ies  of 
the protonated pyridine ring. The pK values of benzo[b] - l ,8 -naphthyr id-10-ones  depend on the effect of the 
substltuent in the benzene rm  and cor re la te  with the Hammett  o" cons n r 0 9 0 . �9 " " g " n t a t s  ( = . 96, P = - 2 . 8 4 , p K , ,  calc = 
- 5 . 2 4 ,  and S = 0.037). The cor re la t ion  with o: but not with o "+ provides  evidence for  considerable cha~ es de- P P g 
localization due to interaction with the rr-electron sys tem of the pyridine ring and conjugation with the hydroxyl 
group attached to C {I0). 
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Fig.  1. UV s p e c t r a  of Ia: 1) in ethanol; 2) in 0.1 M HCI; 3-5) in, r e -  
spect ively ,  30, 70, and 96% sulfur ic  acid. 

Fig.  2. UV spec t r a  of Ia: 1) in ethanol; 2) in hexane; 3 and 4) in 0.1 
N and 1 N NaOH, respec t ive ly ;  5) 10-aminobenzo[b] - l ,8 -naphthyr id ine  
in 0.1 N ethanolic NaOH. 

Compounds I a - e  also display acidic p r o p e r t i e s  and a re  soluble in concent ra ted  sodium hydroxide solu-  
tions. In analogy with the acr idola te  ion [2], the benzo[b] - l ,8 -naph thyr id -10-o la te  s t ruc tu re  (ion IV) should be 
ass igned to the product  of the reac t ion  of Ia with alkali .  

In connection with the fact  that the effects  of a negat ively charged oxygen atom and an amino group on the 
UV spec t rum a re  s i m i l a r  [2], fo r  proof  of the s t ruc tu re  of the IV ion we obtained the spec t r a  of 10-amino-  
benzo[b] - l ,8 -naphthyr id ine  V [6J and Ia in sodium hydroxide solutions with var ious  concentra t ions  (Fig. 2). The 
curves  p re sen ted  in Fig. 2 show the s imi l a r i ty  in the s p e c t r a  of alkaline solutions of Ia and V and the difference 
f r o m  them of the spec t rum  of Ia in ethanol; this conf i rms  the s t ruc tu re  ass igned to ion IV. 

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

The IR spec t r a  of carbon te t rach lor ide  solutions of the compounds were  recorded  with a UR-20 s p e c t r o m e -  
te r .  The UV spec t r a  we re  obtained with a spectroMOM-202 spec t rophotomete r .  The ionization constants  in a 
sulfur ic  a c i d - w a t e r  s y s t e m  were  de te rmined  spec t ropho tomet r i ca l ly  with the s ame  appara tus  fo r  2 �9 10 -5 M 
solutions at 20 • 1 ~ The analyt ical  wavelength cor responded  to the max imum at 336-350 am.  The p a r a m e t e r s  
of the dependence of the logar i thm of the indicator  ra t ios  on the H 0 values  we re  calculated by the method of 
l ea s t  squares .  The PKa values  were  calcula ted f r o m  seven points at a fixed rel iabi l i ty  of 0.98. 

8 -Methoxybenzo[b] - l ,8 -naphthyr id -10-one  (Ic). A 0.01-mole  sample  of 2-(p-anis idino)nicot inic  acid was 
heated in 10 g of polyphosphoric  acid (PPA) at  1600C for  5 h, a f t e r  which the mix ture  was cooled, diluted with 
wate r ,  and neut ra l ized  with 10% sodium hydroxide solution. The resul t ing prec ip i ta te  was c rys ta l l i zed  f r o m  
ethanol to give 0.97 g (43%) of a product  with mp 280-282~ Found: C 69.05; H 4.50; N 12.41%. C13HIoN20. 
Calculated:  C 69.02; H 4.47; N 12.38%. A s i m i l a r  p rocedure  was used to obtain Ia,b,d, the composi t ions  and 
s t r u c t u r e s  of which were  conf i rmed  by the r e su l t s  of e l emen ta ry  analys is ,  the IR spec t ra ,  and compar i son  of 
the i r  mel t ing points with the melt ing points of p rev ious ly  obtained samples  [7-9]. 

8 -Bromobenzo[b ] - l t8 -naph thyr id -10-one  (Ie); This compound, with mp 342-345~ (dioxane), was obtai~gd 
in 52% yield by cycl izat ion of 2- (p-bromoani l ino)nicot in ic  acid in concent ra ted  sulfuric  acid at 150~ Found: 
C 52.42; H 2.61; N 10.13%. C12HTBrN20. Calculated:  C 52.39; H 2.58; N 10.15%. 
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BENZO[f]-3-AZA- A N D  - 1 0 - A Z A F L U O R O A N T H E N E S  

N. S. P r o s t a k o v ,  G a b r i e l  
L .  A. G a i v o r o n s k a y a ,  V.  
a n d  M. A.  G a l i u l l i n  

A l v a r a d o  U r b i n a ,  
P .  Z v o l i n s k i i ,  

UDC 547.838 : 543.422.4.6~51~544 

Reduction of 3 - m e t h y l - 9 - ( o - t o l y l ) - 2 - a z a f l u o r e n - 9 - o l  (I) with tin in hydrochlor ic  acid gave 3- 
me thy l -9 - (o - to ly l ) -2 - aza f luo rene ,  dehydrocycl iza t ion  of which on a K-16 ca ta lys t  at 520- 
500~ gave a complex mixture ,  f r o m  which four  s u b s t a n c e s -  2 -me thy lbenzo [ f ] -3 - aza f l uo ran -  
thene, l l - m e t h y l b e n z o [ f ] - 1 0 - a z a f l u o r a n t h e n e ,  benzo[ / ' ] -3-azaf luoroanthene  (II), and I - - w e r e  
isolated and identified by means  of the IR, UV, and PMR, and m a s s  spec t ra .  It is shown that 
the dehydrocycl izacion p roceeds  through the hydrogen a toms of the methyl  group of the tolyl 
subst i tuent  and takes p lace  at the 8-C o r  1-C a tom of the azaf luorene  sys t em.  The fo rmat ion  
of p roducts  tI and I const i tutes  evidence that the reac t ion  is accompanied  by pa r t i a l  demethy l -  
ation or  oxidation. 

3 - M e t h y l - 9 - ( o - t o l y l ) - 2 - a z a f l u o r e n - 9 - o l  (I), which we descr ibed  in [1], was used as the s ta r t ing  compound 
fo r  the synthes is  of b e n z o [ f ] - 3 - a z a -  and -10-aza f luoran thene  s y s t e m s .  Reduction of this alcohol with tin in 
hydrochlor ic  acid gave 3 - m e t h y l - 9 - ( o - t o l y l ) - 2 - a z a f l u o r e n e  (11), which was subjected to dehydrocycl izat ion in a 
K-16 ca ta lys t  at 520-550~ Four  c rys t a l l i ne  compounds were  isolated f rom the resul t ing complex mix ture  of 
subs tances  by ch romatography .  

C II 3"~ ~"N~ ~/OH CH3"~ ~ 

3 4 5 

i i b) 
CN 3 

I I I  IV 

+ V  + I 

In all ca ses  involving the fo rmat ion  of a benzoazaf luoranthene s t ruc tu re  (HI-V) dehydrocycl izat ion p ro -  
ceeds  through the hydrogen a toms  of the methyl  group of the o- to ly l  subst i tuent  of azaf luorene IL Dehydrocy-  
cl izat ion in the o~ posit ion of the pyr idine ring leads to the fo rmat ion  of 2 -methy lbenzo[ f ] -3 -aza f luoran thene  

Pa t r i ce  Lumumba  Peoples  Fr iendship  Univers i ty ,  Moscow 117302. Trans la ted  f rom Khimiya Get-  
e ro ts ik l ichesk ikh  Soedinenii. No. 9, pp. 1245-1247, September ,  1977. Original  a r t i c le  submit ted November  11, 
1976. 
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