
1~ 
2. 
3. 
4. 
5. 
6. 

L I T E R A T U R E  C I T E D  

8. Katayama, Y. Akahori, and H. Mori, Chem. Pharm. Bull., 21, 2622 (1973). 
A. Corsini, W. L. Louch, and M. Thompson, Talanta, 21, 252 (1974). 
R. J. Pugmire, D. M. Grant, M. J. Robins, and R. K. Robins, J. Am. Chem. Soc., 91, 6381 (1969). 
L. Ernst, Chem. Ber., 108, 2030 (1975). 
P. Granger and M. Maugras, J. Magn. Res., 2_~2, 405 (1976). 
A. R. Katritzky and Y. Takeuchi, J. Chem. Soc., Perkin Trans., 2, 1682 (1972). 

SPECTRAL LUMINESCENCE P R O P E R T I E S  OF 1 -  

2-ALKYL(CYCLOALKYL) DERIVATIVES O F  

B E N Z  O [ f ] Q U  I N O  L I N E  

N.  S. K o z l o v ,  L .  F .  G l a d c h e n k o ,  
V.  A.  S e r z h a n i n a ,  G .  V .  V o r o b ' e v a ,  
O. D.  Z h i k h a r e v a ,  G .  S. S h m a n a i ,  
a n d  R.  D.  S a u t s  

AND 

UDC 547.832 : 543.426 

The absorption and fluorescence spectra of alcohol solutions of 3-aryl-substituted benzo[f]- 
quinolines were investigated, and the fluorescence quantum yields were measured. It was 
established that the indicated compounds have intense absorption in the UV region and fluo- 
rescence at 350-450 nm. The fluorescence quantum yields range from 5 to 70%, depending on 
the substituents. The introduction of aromatic substituents in the 1 and 3 positions of benzo- 
[f]quinoline ring raises the fluorescence quantum yields. A methyl group in the 2 position of 
the molecule leads to a decrease in the fluorescence quantum yield. Benzo[f]quinoline de- 
rivatives that contain a cyclopentene ring in the 1 and 2 positions fluoresce intensely (y = 40- 
60%), while cyclohexene and cycloheptene condensed in the same positions cause a decrease 
in the fluorescence yield to 7-13%; this is associated with the three-dimensional structure of 
these molecules. 

It is known that mos t  of the organic  luminophores  that a r e  in use have he te rocyc l ic  s y s t e m s .  The use of 
a ry l - subs t i t u t ed  pyrazo l ines ,  oxazoles ,  imidazoles ,  and o the r  compounds as optical  b leaches ,  f luorescen t  p ig-  
ments ,  and the ac t ive  subs tances  of l a s e r s  [1] has s e rved  as an impetus fo r  numerous  new studies of the opt i-  
cal p r o p e r t i e s  of complex  organic  molecu les .  

Lit t le  study has been  devoted to the s pec t r a l  luminescence  c h a r a c t e r i s t i c s  of beazo[f]quinoline and its 
de r iva t ives .  The l i t e r a tu r e  contains informat ion regard ing  the  exis tence  of f luorescence  in solutions of benzo-  

I,C 

0, ~ - ~ f ~ ~  

Fig. 1. Absorpt ion (a) and f luorescence  (a') 
s p e c t r a  of alcohol solutions of benzo[f]quin- 
oline (I) and 3-phenylbenzo [f]quinoline (II). 
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TABLE 1. Spectral-Luminescence Characteristics of Ethanol 
Solutions of 1- and 2-Alkyl(cycloalkyl)-Substituted 3-Arylbenzo- 

R" 

R" I~R"' 
[ f lqu ino l ines  ~ N  

C o r n  = 

pound R "  R"' 
Absorption spectrum, 
)'max, nm (log s) 

Fluorescence I Quantum 
spectrum, )yield, 
kma x, nm ] % 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XTX 

XX 

XXI 

113 

H 

H 

H 

CI-.18 H 

CIla II 

1,2-Cyclo- 
pentene 

The same 

1, 2- cylfo-, 
hexene 

The same 

1 2-Cvclo- 
'lieptene 

The same 

H H 

tt C6Hs 

H p-CHsOC6H4 

H C6H5 

H p-CI-IaOC6H4 

H C~.Ft5 

H p-C11_~0C~[-I~ 

H p-CH3OC~t 1~ 

C~I:13 

p-CI I,~O('Gt'I4 

p-CIt~OCOC6H4 

p-t IOC6FI4 

p-CIC6H4 

p-N H..CA-I, 

p-NO2C,~H4 

CGI-I~ 

p-CI-13OC6t I~ 

C6Hs 

p-CH3OC~[t~ 

C6H3 

p-CH3OC~H4 

267, 317, 330, 346 
(4,29; 3,45; 3,53; 3,58) 

280, 328, 343, 359 
(4,78; 3,77; 3,99; 4,02) 

285, 346, 364 
(4,60; 4,12; 4,14) 

282, 347, 363 
(4.69; 3,70; 3,72) 

287, 354. 367 
(4,62; 3,93; 3.96) " 
278, 328, 343, 360 

(4,68; 3,47; 3,70; 3,74) 
284, 346. 362 

(4,60; 3,94; 3,95) 
285, 347, 364 

(4.57: 3,88: 3,89) 
258, 326, 338, 355 

(4.63: 3,41; 3,66; 3,71) 
258, 328, 341, 356 

(4,54; 3.50; 3,70; 3.74) 
280, 329, 345. 361 

(4,69: 3,53; 3,76: 3,78) 
285, 346, 364 

(4.61; 3,97; 3,97) 
280, 330. 344. 362 

(.t,73: 3,63; 3,82; 3,82) 
294, 326, 364 

(4,53: 4,45; 4,21) 
286, 318 (4,41; 4.12) 

260, 342. 360 
(-t,46; 3,46; 3,52) 

265, 344, 360 
(4,54; 3,83; 3,89) 
258, 322, 338, 354 

(4,19: 3.00; 3,14: 3,20) 
263, 340, 358 

(4,64: 3,70: 3,73) 
260, 320, 342, 357 

(4.58: 3.50: 3.78: 3,85) 
263, 326, 344. 358 

(4,6.t; 3,60; 3,78; 3,82) 

352,369,388 

369,386,407 

376,393,418 

393 

402 

370,386,408 

374,392 

377,393 

372,384 

374,388 

371.388,412 

384.395 

373.389,413 

475 

Does not 
fluor~ce 
370,386 

370,387 

370,384 

374,385 

373,385 

377,391 

17 

50 

71 

34 

45 

46 

66 

66 

12 

7 

48 

50 

30 

29 

49 

6(I 

7 

5 

13 

10 

[ f ]quinol ine  and i ts  3 - p h e n y l  and 3 - (p - to ly l )  d e r i v a t i v e s  [2]. The effect  of the so lven t  and the c o n c e n t r a t i o n  of 
the h y d r o g e n  ions on the a b s o r p t i o n  and f l u o r e s c e n c e  s p e c t r a  of benzo[ f ]qu ino l ine  was  s tud ied  in [3]; it was ob-  
s e r v e d  that  a b a t h o c h r o m i c  shif t  of the s p e c t r a  a c c o m p a n i e d  by an i n c r e a s e  in the f l u o r e s c e n c e  in t ens i ty  o c c u r s  
in ac id ic  m e d i a  and p o l a r  so lven t s .  The s p e c t r a l  l u m i n e s c e n c e  p r o p e r t i e s  of s o m e  amino  d e r i v a t i v e s  of 1 ,3-  
d i a r y l b e n z o [ f ] q u i n o l i n e  w e r e  ana lyzed  in de ta i l  in [4]. 

Up unt i l  now the re  has  b e e n  no s y s t e m a t i c  s tudy of the dependence  of the opt ica l  p r o p e r t i e s  on the mo-  
l e c u l a r  s t r u c t u r e  in the benzo [ f ]qu ino l i ne  s e r i e s .  The p r e s e n t  r e s e a r c h  was  devoted to an inves t iga t ion  of the 
s p e c t r a l  l u m i n e s c e n c e  c h a r a c t e r i s t i c s  of 3 - a r y l  d e r i v a t i v e s  of benzo[ f ]qu ino l ine  that  con ta in  a lkyl  and cyc lo-  

a lkyl  s u b s t i t u e n t s  in the 1 and 2 pos i t i ons .  

The a b s o r p t i o n  s p e c t r a  of the s i m p l e s t  r e p r e s e n t a t i v e  of this s e r i e s  - b e n z o [ f ] q u i n o l i n e -  and its 3 - a r y l  
d e r i v a t i v e s  a r e  s i m i l a r  to the s p e c t r u m  of the i s o e l e c t r o n i c  p h e n a n t h r e n e  [5]. They a r e  r e p r e s e n t e d  by a s y s -  
t em of t h ree  e l e c t r o n i c  bands :  fl {212-233 nm),  p {258-290 nm),  and a (328-370 nm).  The l a t t e r  band has a d i s -  
t inc t ly  e x p r e s s e d  v i b r a t i o n a l  s t r u c t u r e  (Table 1). In the p r e s e n t  pa pe r  we wil l  d i s c us s  only the a abso rp t i on  
b a n d s  and the f l u o r e s c e n c e  s p e c t r a  of the inves t iga ted  compounds .  The abso rp t i on  ( long-wave bands) and f luo-  
r e s c e n c e  s p e c t r a  o f u n s u b s t i t u t e d  benzo[ f ]qu ino l ine  (I) and i ts  3 -pheny l  d e r i v a t i v e  0"I) a r e  p r e s e n t e d  in F ig .  1. 
It is  a p p a r e n t  f r o m  Fig.  1 and Tab le  I that  the a b s o r p t i o n  and f l u o r e s c e n c e  s p e c t r a  of benzoqu ino l ine  I have a 
s h a r p l y  e x p r e s s e d  v i b r a t i o n a l  s t r u c t u r e  and l ie  in the UV region .  The in t roduc t ion  of s u b s t i t u e n t s  in the 
benzo[ f ]quinol ine  m o l e c u l e  l eads  to a long-wave  shift  of the s p e c t r a  and a c e r t a i n  degree  of smooth ing  out 
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of the s t ruc tu re .  The ba thochromic  shift  p rov ides  evidence that the long-wave absorpt ion band and the f luore -  
scence  band of benzo[f]quinolines a r e  due to t rans i t ions  of the Ir-~r* type [5]. The cons iderable  magnitude of 
the extinction coeff icient  of the long-wave band indicates  that the t rans i t ion  is allowed. 

A v ibra t iona l  s t ruc tu re  also shows up dis t inct ly in the f luorescence  spec t r a  of m o s t  of the compounds.  
The v ibra t iona l  s t ruc tu re  fo r  the absorpt ion s p e c t r a  is de te rmined  p r i m a r i l y  by the p r o g r e s s i o n  of the band at 
1400 cm -I ,  whereas  the s t ruc tu re  of the f luorescence  spec t r a  is de te rmined  p r i m a r i l y  by the p r o g r e s s i o n  of 
the band at 1300 cm -1. The indicated f requenc ies  pe r ta in  to the fully s y m m e t r i c a l  v ibrat ion of the skele ton of 
the molecule  [5]. This fac t  s e r v e s  as another  conf i rmat ion  of the 7r-Tr* e lec t ron  nature  of the examined ab-  
sorp t ion  and f luo rescence  bands of benzo[f.]quinoline der iva t ives .  Lengthening of the conjugation chain by the 
introduction of two phenyl g roups  in the 1 and 3 posi t ions  leads to the d i sappea rance  of the v ibra t ional  s t r u c -  
ture  of the f luo rescence  spec t r a .  A s i m i l a r  effect  with a s imul taneous  cons iderable  ba thochromic  shif t  is ob-  
ser-r for  benzoquinoline XIV, which contains an amino group. 

The exis tence  of the intense luminescence  of benzo[f]quinoline de r iva t ives  in ethanol cart be explained, 
as in the case  of quinoline [6], by the fo rmat ion  of a hydrogen bond between the ni trogen a tom and the solvent.  
The hydrogen bond d e c r e a s e s  the effect  of the nonbonded e lec t rons  of ni t rogen on the 7r-electron cloud of the 
molecule  and thereby reduces  the s p i n - o r b i t a l  in teract ion and consequently the probabi l i ty  of in terconvers ion .  

The f luo rescence  quantum yields  of the invest igated compounds range  f rom 5 to 70% (Table 1). Lengthen- 
ing of the conjugation chain  by the introduction of a phenyl group in the 3 posi t ion of benzo[f]quinoline leads to 
a cons iderab le  i nc rea se  in the f luo rescence  yield (from 17 to 50%, I and II). The introduction of a bulky phenyl 
group in the 1 posi t ion of 3-phenylbenzo[f]quinol ine leads to a dec r ea se  in the quantum yield  (IV, V); this is 
evidently assoc ia ted  with s t e r i c  hindrance~ Alkyl groups  in this posit ion have prac t ica l ly  no effect  on the 
f luo rescence  yie ld  WI-VIII) .  The p r e s e n c e  of another  methyl  group in the 2 posit ion c r ea t e s  s t e r i c  hindrance,  
which causes  disrupt ion of the coplanar i ty  of the molecule;  this should lead to an inc rease  in the probabi l i ty  of 
intercombination transitions and consequently to quenching of the fluorescence (IX-X). 

Alicyclic hydrocarbons condensed in the 1 and 2 positions give rise to a bathochromic shift of the long- 
wave absorption bands with a simultaneous increase in their intensities. The fluorescence quantum yield in 
this case increases considerably for XVI and X-VII, which contain a cyclopentene ring. The introduction of six- 
and seven-membered rings leads to weakening of the fluorescence (X-VIII-XXD. This is evidently associated 
with the fact that the four carbon atoms in the five-membered ring connected to the ben.zoquinoline ring are 
found in a single plane, and this promotes the greatest manifestation of the hyperconjugation effect. The hyper- 
conjugation effect is displayed considerably more weakly in the less strained six- and seven-membered rings. 
In this case the steric effect, which increases as thesize of the ring increases, is first and foremost. The 
certain increase in the fluorescence quantum yield of XX and XXI as compared with XVIII and XIX is evidently 
explained by an increase in the internal energy of cycloheptane as compared with cyclohexane [7, 8]. 

One should note the effect of substituents in the para position of the 3-phenyl ring on the fluorescence. 
Thus CH3OCO and OH have practically no effect on the quantum yield, whereas C1 and NH 2 decrease it some- 
what. The presence of a nitro group leads to complete quenching of the fluorescence; this is due to the high 
probability of intercombination conversion. The OCH 3 group (III, VII, and X-VII) causes a considerable in- 
crease in the quantum yield. 

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

The absorpt ion s pec t r a  of solutions of the compounds were  r eco rded  with Unicam SP-800 and Specord 
bW-Vis  spec t ropho tome te r s .  The excitat ion and f luorescence  spec t r a  and the quantum yields  we re  m e a s u r e d  
with a Fika-55 absolute s p e c t r o f l u o r i m e t e r .  The luminescence  was excited at 350 nm (II-XXI). The lumi-  
nescence  of benzo[f]quinoline I was exci ted at 346 nm. The solvent  was absolute ethanol. A solution of 3- 
amino-N-methy lph tha l imide  [9] was used as the s tandard  in the m e a s u r e m e n t  of the f luorescence  quantum 
yie lds .  

The 1- and 2-a lkyl (cycloa lkyl ) -3-phenylbenzo[f ]quinol ines  were  obtained by reac t ion  of a ry l idene -2 -  
naphthylamines  with aliphatic,  a l i pha t i c - a roma t i c ,  and cyclic ketones [10-12] and were  purif ied by repea ted  
c rys ta l l i za t ion  f r o m  alcohol and toluene. The individuality of the products  was moni tored by th in - layer  ch ro -  
matography in a loose l aye r  of AI~O 3 (elution with benzene and development  with iodine vapors)  and also by 
means  of the exci ta t ion spec t ra .  
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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]. 
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