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5,6-Benzoquinoline derivat ives  are formed by the reaction of cycloheptanone with ary l idene-  
fl -naphthylamines.  The o rde r  of activity of cycl ic  ketones in this react ion (C5 > C 6 > C 7) is 
d iscussed,  and the UV spec t ra  are presented.  

5,6-Benzoquinoline derivat ives  condensed with the alicyclic hydrocarbon at the 3-  and 4-posit ions [1] 
are  formed by the react ion of cyclopentanone or  cyclohexanone with Schiff bases obtained f rom/3-naphthy l -  
amine and aromat ic  aldehydes. 

In this investigation we have introduced cycloheptanone into the react ion.  

F-1 o ,..v~ 
t l O ~ . r .  C6H4~ 

D C 

R=H, p-CI. p-B~', p-NO 2, m-NO,z, p-OCH 3 

It turned out that amino ketone A is formed by the react ion of cycloheptanone with benzylidene-fi - 
naphthylamine (R = H) under  mild conditions (acid catalyst ,  10 rain at 100~ A mixture of aminoketone A 
and 5,6-benzoquinoline derivative D was obtained when the heating t ime was increased to 1 h. In te rmed i -  
ates B and C, previously  obtained in the react ion with cyclohexanone [1], could not be detected. 

A mixture of the dihydrobenzoquinoline (C) and the 5,6-benzoquinoline (D) could be obtained by the r e -  
action with nitrobenzylidene-fi  -naphthylamine (R = NO 2) under mild conditions. 

Compounds with e lectron-donat ing substituents (R = C1, Br,  OCH3) do not reac t  with cycloheptanone 
under mild conditions.  Cyclizat ion to form the 5,6-benzoquinoline derivative occurs  under more  severe  
conditions (30-60 rain, 100 ~ in the presence  of an acid catalyst) .  An amino ketone could be obtained only 
for p-chlorobenzyl idene-f i -naphthylamine f rom an equimolecular  mixture of an alcohol solution of the azo-  
methine and ketone after  standing for  1 week at room tempera ture  in the presence  of a catalyst .  In te rmed i -  
ates B and C could not be isolated.  

*See [11] for communica t ion  IV. 

Institute of Phys ica l  Organic Chemis t ry ,  Academy of Sciences of the BelorussianSSR, Minsk: T r a n s -  
lated f rom Khimiya Geterotsikl icheskikh Soedinenii, No. 4, pp. 519-523, April ,  1971. Original ar t icle  submitted 
March 16, 1970. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

484 



0 

r..) 

I 

I 

0 

r/1 

r~ 

A 

~ ' ~  WW W W  ~ W W  ~ W ~  W W  W ~  W W  

d 

0.) 

.--;., 

o 
U 

i , ~ - ~ 5 ~ ., 

s ~.~ o ' ' i~'~ ' ~ . . ~  ~ ~ ? 

~.~ ~ ~ 

- "  ~ ' ~  u::, ~ ~ " o  ,~","6~ '~ 

~o ~ o  o , 

~,~ ~ ~ .~ ~ ~ 
~ ~. ~ ~. ~ ~o ,' 
Cq 5"q 5",I Cq 5',I 5"q ~ ~ 5~ 

._q 
O) 

v..-t 

o 
r 

r 

r~ 

r 

r 

0 

0 

r 

r 

* 

485 



TABLE 2. Posi t ion of the UV Absorption Maxima in the Long-Wave 
Region for 5,6-Benzoquinoline Derivatives 

Compound 

/ / N  I 

N 

R=H 

360 
(7,1) 

354 
(3,82) 

360 
(5,85) 

R=p*NO2 

;moothed 
}ut maxi- 
flum 

354 
(5.55) 

358--350 
(7,05) 

)~,nax, n m  (8. 10 a) 

R=m-NO= R=p-CI 

362 362 
(5,40) (5,50) 

354 354 
(4,03) (4,00) 

360 358 
(4,98) (5,90) 

R=p-Br R=p-OCHa 

362 ] 360 
(5,57) (6,61) 

354 
(4,08) 

355--358 
(5.38) 

358 358 
(5,80) (5,60) 

In cont ras t  to the s imi la r  compounds f rom cyclopentanone and cyclohexanone, the dihydro derivat ives 
of 5,6-benzoquinolines condensed with cycloheptanone are apparently unstable compounds. 

The cyclanones form the following activity se r i e s  in an evaluation of the comparat ive  react ivi ty  of 
ketones in the nucleophilic addition to the azomethine double bond: 

Cs>Co>Cr. 

In fact,  cyclopentanone reac t s  with benzylidene-f i-naphthylamine without a catalyst  and heating to form the 
dihydroquinoline derivative;  under the same conditions, cyclohexanone forms an amino ketone, while cyc lo -  
heptanone does not reac t .  Cyclopentanone reac ts  to form dihydroquinoline C in the presence of catalyst  at 
45-50 ~ cyclohexanone gives a mixtqre of amino ketone A and a hydroxy derivative of tetrahydroquinoline D, 
while cycloheptanone forms amino ketone A. Similar  resul ts  are  also observed in the react ion of cyc lan-  
ones with benzylidene-fi -naphthylamine derivat ives (R = CI, Br, OCHa). The dependence of the react ivi t ies  
of the cycl ic  compounds on the ring size is cur ren t ly  explained f rom the point of view of the concept of J 
s train,  which takes into account the change in the inner s te r ic  s t r e s s  during the formation and breaking of 
bonds [2, 3]. However,  J s t ra in  is not always the determining factor .  There  are s imultaneously data r e -  
garding the effect of the s ter ic  fac tor  on the rate of addition of cyclic compounds to multiple bonds [4, 5]. 
For  cycl ic  compounds,  the overal l  s ter ic  effect increases  with increas ing ring size from four-  to seven-  
membered  r ings .  Our investigations apparently confirm the effect of the s ter ic  factor  in the addition r e a c -  
tions of cycl ic  ketones at the azomethine double bond. The s te r ic  factor  probably affects the stabili ty of in- 
te rmedia te  B, which could not be isolated in the' case of cycloheptanone. 

The cha rac t e r i s t i c s  of the compounds obtained are presented in Table 1. The s t ruc ture  of the synthe-  
s ized products were conf i rmed by the IR and UV spec t ra .  The IR spec t ra  of A contain an intense absorp-  
tion band at 3400 cm -1, which cor responds  to the valence vibrations of the N - H  group, and at 1695 cm -~, 
which is cha rac te r i s t i c  for the C ~ O  group of cycloheptanone [6]. The absorption band of the carbonyl  
group vanishes in the IR spec t ra  of C, while the absorption band of the secondary  amino group is retained.  
The complete cycl izat ion of D was judged f rom the IR spectrum,  in which bands charac te r i s t i c  for the C = 
O and N - H  groups are  absent. 

The UV spec t ra  of the amino ketones of cycloheptanone, like the amino ketones of cyclohexanone, are 
s imi la r  to the spec t rum of fi -naphthylamine [7]. The UV spect ra  of the amino ketones of cyclohexanone and 
cycloheptanone are  ve ry  close with respec t  to the positions and intensities of the absorption maxima.  The 
UV spec t ra  of 5,6-benzoquinoline derivat ives are cha rac te r i s t i c  for such s t ruc tu res  (see Fig. 1). 
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Fig.  1. UV s p e c t r a  (in dioxane): 
1) 2-[(phenyl) (fl -naphthylamino)-  
methyl]cycloheptanone;  2) 2-  
pheny l -3 ,4 -  ( l ' , 2 ' - c y c l o h e p t y l e n e ) -  
5,6-benz o quinoline. 

The p re sence  of an a l icycle  condensed with the 5 ,6-benzo-  
quinoline r ing induces a ba thochromic  shift  of the absorpt ion 
m a x i m a  with a s imul taneous  i nc r ea se  in the i r  in tens i t ies  as c o m -  
pa red  with unsubst i tuted 5,6-benzoquinoline (hmax 348 l~n, e , 10 -3 
2.97) and 4-phenyl-5 ,6-benzoquinol ine  (~max 352 nm, e �9 10 -3 
2.80). This is explained by the posi t ive inductive effect  of the a l l -  
cyc le .  The long-wave m a x i m u m  for  the benzoquinoline der iva t ive  
in compounds with cyclohexene is shifted hypsochromica l ly  in c o m -  
pa r i son  with the analogous compounds condensed with cyclopentene 
and cycloheptene.  The band in tens i t ies  change in the s a m e  fashion 
(Table 2). Th i s  is apparent ly  assoc ia ted  with the hyperconjugat ion 
of the CH 2 groups adjacent  to the a roma t i c  s y s t e m  [8]. The s ize  of 
the r ing condensed with the a romat i c  s y s t e m  and the posit ion of 
the remain ing  CH 2 groups of the r ing affect the in tensi ty  and pos i -  
t ion of the long-wave m a x i m u m  [9, 10]. 

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

The puri ty  of the synthes ized  compounds was moni to red  by 
ascending t h in - l aye r  ch roma tog raphy  on a loose  l a y e r  of act ivi ty II 
(Brockmann) a luminum oxide. The eluant was benzene,  and the 
ch roma tog raphs  were  developed with iodine vapor s .  The Rf  values 
for  all of the synthes ized  compounds were  obtained as a r e su l t  of 

r epea ted  m e a s u r e m e n t s  under  s tandard  condit ions.  The UV spec t r a  in dioxane (10 -4 m o l e / l i t e r )  were  ob-  
tained with an SF-4  s pec t ropho t om e t e r .  The IR s p e c t r a  of KBr  pel le ts  were  r eco rded  with a UR-20 s p e c -  
t r o p h o t o m e t e r  at 400-3600 cm -1. 

Synthesis  of I -X .  This  was accompl i shed  via the following genera l  method: s e v e r a l  d rops  of concen-  
t r a t ed  HC1 and an equ imolecu la r  amount of cycloheptanone were  added to a solution of 0.01 mole  of the ap-  
p rop r i a t e  Schiff base  in alcohol,  and the mix tu re  was heated.  Compounds II, IV, and VI were  synthes ized  
in an ampule with the addition of 0.01 mole  of n i t robenzene .  Cooling prec ip i ta ted  a c rys ta l l ine  product  
which was f i l te red ,  t r ea t ed  with ammonium hydroxide,  and r e c r y s t a l l i z e d  f rom alcohol or  toluene.  

Compound II .  This  compound was also synthes ized  f rom I: a mix tu re  of 1 g of I, 1 ml  of n i t robenz-  
ene, and 5 drops  of concent ra ted  HC1 was heated fo r  1 h at 140 ~ in an ampule .  The subsequent  workup was 
s i m i l a r  to that  desc r ibed  above.  

A benzoyl  de r iva t ive  was obtained fo r  III by the Schot ten-Baumann method and had mp 217-218 ~ 
Found %: C 78.30, 78.46; H 5.50, 5.63. C31H26N203. Calcula ted  %: C 78.50; H 5.49. 
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