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The reac t ion  of a ry l idene -2 -naph thy lamines  with cyclanones r e su l t s  in the fo rmat ion  of f i - s ry lamino  ke-  
tones,  which a re  then cycl ized to f o r m  de r iva t ives  of benzo[f]quinoline [1]. As a continuation of these  inves t i -  
gat ions,  in the p re sen t  work  we examined the in te rac t ion  of a ry l idene-2 -naph thy lamines  with ~ - (I) and 1t. 
t e t ra lone  (II). 

It  may  be postulated that  the p re senc  e of a benzene r ing in the t e t ra lone  molecule  lowers  the mobil i ty  of 
the s - h y d r o g e n  a toms  in the reac t ion  under  study in compar i son  to that  of the cyclanones  [2]. In addition, the 
two nucleophil ic cen te r s  in f l - te t ra lone (at C 1 and C3) de t e rmine  the two possible  d i rec t ions  for  addition a c r o s s  
the double bond of an azomethine .  
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Compounds I and II r equ i re  more  s e v e r e  conditions for  the rea l iza t ion  of r eac t ions  with azometh ines  than 
do cyelanones ,  and it was not poss ib le  to effect  reac t ions  with azometh ines  containing e l ec t ron -donor  subs t i -  
tuents .  Te t ra lone  I is  l e ss  ac t ive  than II .  This  is c l e a r l y  a t t r ibutable  to the conjugation of the carbonyl  with 
the benzene r ing in I, which causes  s ignif icant  lowering of the C=O f requency (1690 and 1723 e m  -1 for  I and II, 
respect ive ly}  and lowering of the act ivi ty  of the hydrogen a tom at  C 2 [3]. Benzyl idene-2-naphthylamine  r e a c t s  
with I only upon heating to f o r m  amino  ketone IIIa.  At the s a m e  t ime,  significant  amounts  of B-naphthylamine,  
whose fo rmat ion  probably  occurs  e i ther  as  a r e su l t  of the hydro lys i s  of the azomethine  or  as  a r e su l t  of  the 
"hydramino"  spli t t ing of the amino ketone,  a r e  a lso  detected.  The IR spec t r a  of amino ketones !IIa and IIIb con-. 
ta in absorp t ion  bands of the s t re tch ing  v ibra t ions  of NH (3385, 3380 c m  -1) and C--O (1670, 1660 c m  -1} bonds. 
The e lec t ron ic  spec t r a ,  which a r e  s i m i l a r  in c h a r a c t e r  to the spec t r a  of amino  ketones of the cyclohexane s e r i e s  

Inst i tute  of Phys ica l  Organic  Chemis t ry ,  Academy of Sciences of the Be lo russ i an  SSR, Minsk 220072. 
Trans la t ed  f r o m  Khimiya Getero ts ik l ichesk ikh  Soedinenii,  No. 9, pp. 1243-1246, Sep tember ,  1979. Original  
a r t i c l e  submit ted  J a n u a r y  8, 1979. 

0009-3122/79/1509..1007507.50 �9 1980 Plenum Publishing Corpora t ion  1007 



[1], contain two pr inciple  m ax i m a  (248 and 252 nm).  The data f r o m  the P l ~  spec t r a  a r e  a lso  in a g r e e m e n t  
with the proposed s t ruc tu re .  The m a s s  s pec t r a  of these  compounds a r e  cha rac t e r i zed  by low-intensi ty  peaks 
of  the molecu la r  ions (377 and 422) and intense peaks of the [M- te t r a lone ]  + ions (232 and 277, respec t ive ly) .  

We were  able to obtain the cycl iza t ion product  of amino ketone IIIb by heating in the p resence  of a ca ta lys t  
and an oxidizing agent. The s a m e  product  can be obtained in one s tep f rom the or iginal  azomethine  and ~ - t e t -  
ra lone .  In the IR s p e c t r u m  of  product  IV the re  a r e  no bands which co r re spond  to v ibra t ions  of NH or  C--O, 
and the PMR s p e c t r u m  shows a broadened s inglet  of the equivalent methylene protons at  2.64 ppm (4 H). The 
UV s p e c t r u m  has  a f o r m  c h a r a c t e r i s t i c  of the benzo[f]quinoline s t ruc tu re  [4]. The m a s s  spec t rum shows an in- 
tense  peak of the molecu la r  ion, and the s y s t e m  is  s table .  These  findings allow us to a s s e r t  that  the cyc l iza -  
t ion of IIIb to  dibenzazaphenanthrene der iva t ive  IV took place.  Ketone IHa could not undergo cyclizat ion,  ap-  
paren t ly  because  of the Complete "hydramino  n spli t t ing of the amino ketone. 

The reac t ion  of a ry l idene-2 -naph thy lamines  with II  p roceeds  more  ac t ive ly  than with I to fo rm cycl ic  prod- 
ucts Va-Vb and VL In the IR s p e c t r a  of  compounds Va and Vb, bes ides  the bands cha r ac t e r i s t i c  of the ben- 
zene and pyridine r ings ,  the re  a r e  c h a r a c t e r i s t i c  bands of the s t re tch ing  vibra t ions  of NH and C = C  groups.  
The re  is no absorp t ion  a t t r ibutable  to v ibra t ions  of  a carbonyl  group. The shape of the absorp t ion  curve  in the 
UV s p e c t r u m  is  s i m i l a r  to the curve  of te trahydronaphthoquinol ine [5]. I ts  s ignif icant  ba thochromic  shift  is 
evidence-of  the p r e s ence  of conjugation between the naphthyl and phenyl nuclei ,  i .e . ,  of the format ion  of adouble  
bond in the t e t ra lone  f r agmen t  of the molecule .  

The PMR s p e c t r u m  of Va shows s ignals  of methylene protons at  2.28 ppm (2 H, spli t  doublet) and methine 
protons  a t  3.15 (1 H, doublet) and 4.1 ppm (1 H, doublet). The a s s ignmen t  of the s ignals  was conf i rmed by the 
double r e sonance  method. When the H c spin s y s t e m  was per turbed  a t  a f requency of 410 Hz, the H a doublet 
(with J ~ 9 Hz) r ema ined  unchanged, the the Hb mult ip le t  took on the c h a r a c t e r  of a t r ip le t  (with J ~ 9 Hz) .  When 
the spin s y s t e m  of the H a pro tons  was per tu rbed  a t  a f requency of 228 Hz, the Hc doublet (with J ~11 Hz) r e -  
mained unchanged, and the H b mul t ip le t  took on the f o r m  of a broadened doublet (with J ~11 Hz). When the Hb 
spin s y s t e m  was pe r tu rbed  a t  a f requency  of 315 Hz, the H a and Hc s ignals  took on the f o r m  of broadened sing- 
le ts .  

The fo rmat ion  of VI in a mix ture  with Va apparen t ly  occurs  as a r e su l t  of the d ispropor t ionat ion  of Va, 
which is a t t r ibutable  to the sens i t iv i ty  of the dihydro de r iva t ives  of ni t rogenous he te rocyc les  to acids  [6]. The 
IR s p e c t r u m  of VI does not contain absorp t ion  bands of NH or  C = C .  _In the UV s p e c t r u m  the long-wave banda t  
325-368 nm has a c l ea r  v ibra t ional  s t ruc tu re .  The  shape and a r r a n g e m e n t  of the bands a r e  cha rac t e r i s t i c  of 
benzo[f]quinoline, indicating that  there  is  no conjugation between the a r o m a t i c  te t ra lone  ring and the benzoquino- 
line r ing s y s t e m .  The PMR s p e c t r u m  has two sl ight ly spl i t  (homoallyl  interact ion) s inglets  of identical  cha r -  
a c t e r  at  2.6 and 3.5 ppm. When double r e sonance  with f requencies  equal to 260 and 350 Hz was used, the s ig-  
na ls  a l t e rna te ly  took on the f o r m  of c l e a r  s ingle ts .  

Prolonged heating of t e t r ahyd ro  de r iva t ives  of azaphenanthrene Va and Vb in an acid medium in the p r e s -  
ence of an oxidizing agent  r e su l t s  in the fu r the r  a romat i za t ion  of the azaphenanthrene  sys t em.  The bands a s -  
socia ted  with v ibra t ions  of  the a l i cyc l ic  CH and CH 2 groups  vanish in the IR spec t ra  of VIIa and VIIb. A cha r -  
a c t e r i s t i c  fea ture  of the PMR s p e c t r u m  is  the absence  of resonance  s ignals  in the 0 -6 -ppm range.  The UV 
s p e c t r u m  of VIIa is  s i m i l a r  to the s p e c t r u m  but has undergone a significant  ba thochromic  shift,  which is evi-  
dence of the elongation of the conjugation chain. The m a s s  spec t r a  of compounds IV-VII  contain intense (maxi-  
mal)  peaks  of the molecu la r  ions,  providing evidence of a s table  cycl ic  s t ruc tu re .  

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

The IR spec t r a  were  r eco rded  on a UR-20 spec t ropho tomete r  in table ts  with KBr,  and the UV spe c t r a  
were  r eco rded  on a Specord UV-vis  ins t rument .  The m a s s  spec t r a  were  obtained on an MAT-311 m a s s  spec-  
t ropho tomete r  a t  an ionization ene rgy  of 70 eV in the 100-180~ t e m p e r a t u r e  range.  The PMR spec t ra  were  r e -  
corded on a Jeo l  JNM-PS-100  ins t rumen t  (Japan) in the f o r m  of 10% solutions in t r i f luoroaee t ie  acid.  The in- 
t e rna l  r e f e r e n c e  was TMS. The mel t ing points were  de te rmined  on a Kof ler  device.  

2-[(Phenyl)  (2w-naphthyiamino)methyl] -a- te t ra loue (HIa). A reac t ion  m a s s  consis t ing of 2.31 g (0.01 mole) 
of benzyl idene-2-naphthylamine ,  1 ml  of compound I,  5 ml of ethanol,  and 10 drops  of BF 3 e thera te  was heated 
in a sea led  Ampul for  1 h at  100~ After  cooling and t r e a t m e n t  with NIt4OH, a white prec ip i ta te  was c ry s t a l -  
l ized f r o m  ethanol.  

2-[(p-Nitrophenyl)  (2 ' -naph thy lamino)methy l ] -~ - te t ra lone  (IIIb). A mixture  of 1.4 g (5 mmole)  of p - n l t r o -  
benzyl idene-2-naphthylamine ,  0.5 ml  of I,  10 drops  ofconc.  HCI, a n d 1 0  mI of ethanol was heated for 20 min at 
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TABLE 1. C h a r a c t e r i s t i c s  of Amino Ketones IIIa and iIIb and Aza- 
phenanthrenes  IV- VII 

mp, 
0 
o 

*~ UV speclxum, Xrna x, 
nm (log ~) 

Found, % 

C H N 

Emph:ical 
for mu la 

_Ca Ic__., q0_. 

I l ia  149--150 

IIIb 179--180 

IV 274--275 

Va 203--204 

Vb 268--269 

VI 214--215 

Vlla  183--184 

VIII: 226--228 

209 (4,59); 248 (4,73): 
283 (4,03); 293 (3,98) 

248 (4,90); 272 (4,42); 
282 (4,45); 291 (4,39); 
345 (3,79) 

239 (4,48); 298 (4,58); 
340 sh. (4,15); 361 
(4,04); 381 (3,97) 

210 (4,57); 257 (4,48); 
286 (4,40); 327 sh. 
(4,04); 409 (4,15) 

257 (4,47); 284 (4,56); 
320 sh. (4,08); 404 
(4,10) 

237 (4,41); 271 (4,62); 
325 (4,24); 351 (3,86) 
368 (3,89) 

229 (4,61): 262 {4,35) 
308 (4,611; 345 (3,71); 
361 (3,85}; 380 (3,81) 

222 (3,97); 306 (4,67); 
364 (3,92); 431 (3,88) 

85,416,4 3,9 C271123NO 

76,4/5,2 p6  C271122N20:, 

80,5/4,6[ 7,0 C27I t~8N202 

90,1/5,813,8 C27H2~N 

79,915,0/6,5 C271-I2oN202 

90,7/5,0/3,4 C27ItI~qN 

859 61 3 7 3 7 7  

i80 ,0 : 7,0 404/ 

:o 

35 

52 

55 

60 

60 

22 

90 

80 

*The UV s p e c t r a  of IIIa,  Va, Via, and VIIa were  measu red  in e tha-  
nol, and the o thers  were  measu red  in dioxane. 

60~ After  cooling, the res inous  prec ip i ta te  was t r ea t ed  with NH4OH and c rys ta l l i zed  f rom toluene. PMR 
s p e c t r u m  (C~D~N): 1.8-2.5 (m, 2 H CH2), 2.65 (d, 2 H, CH2), 3.0 (s, t H, CH), 5.45 (s, i H, CH), ~.4-7.8 (m, 15 
H, a r o m a t i c  H and NH). 

5 ,6 -Dihydro-7-p-n i t rophenyld ibenz[c ,  d ] -8-azaphenanthrene  (IV). This  compound was a lso  synthesized 
and t r ea t ed  as IHb with heating for  1 h (120~ in an ampul  in the p re sence  of 10 drops  of conc. HCI and 1 ml of 
C6HsNO 2. IR s p e c t r u m :  2950, 2860 (CH2), 1520, 1346 cm -1 (NO2). PMR spec t rum:  2.64 (s, 4 Hi  2CH2), 6.56- 
8.35 (m, 14 H, a r o m a t i c  H). 

6 ,6 ' , 7 ,8 -Te t r ahydre -7 -pheny ld ibenz [b  , d ] -8-azaphenanthrene  (Va). A hot ethanolic solution of 2.31 g 
(0.01 mole) of benzyl idene-2-naphthylamine  was given an addition of 2 drops  of conc. HC1 and 1 ml of ketone 
and heated for  3 rain at 70~ Upon cooling, br ight  g reen i sh  yellow c r y s t a l s  prec ip i ta ted .  They were  t r ea t ed  
with NH4OH and r e c r y s t a l l i z e d  f o r m  CH3NO 2 and toluene.  IR spec t rum:  3391 (NH), 2930-2840 (CH2), 1620cm "1 
(C=C).  PMR spec t rum:  2.29 (d, 2 H, a-CH2), 3.15 (q, 1 H, b-CH),  4.1 id, 1 H, c-CH), 6.4-7.54, 8.1 (m, 17 H, 
a r o m a t i c  H and NH). 

6 ,6 ' , 7 ,8 -Te t r ahydro -7 -p -n i t ropheny ld ibenz [b ,  d ] -8-azaphenanthrene  (Vb). This  compound was synthe-  
s ized f r o m  1.4 g of p -n i t robenzy l idene-2-naph thy lamine  under the conditions for  Va. It  was c rys t a l l i zed  f r o m  
toluene in the f o r m  of da rk  and red c r y s t a l s .  IR s p e c t r u m  3365 (NH), 2930-28~0 iCH2) , 1615 (C=C),  1510, 1340 
cm -1 (NO2). 

1,6-Dihydra-7-phenylbenz[b ,  d ] -8 -azaphenan threne  (VI). This  compound was synthes ized  under  the condi- 
t ions for  the synthes is  of Va with an addition of 5-6 d rops  of conc. HCI. It  was sepa ra ted  f r o m  an admix ture  of 
Va by f rac t ional  c rys ta l l i za t ion  on the bas i s  of the g r e a t e r  solubil i ty of Va in ethanol,  i t  was c rys ta l l i zed  f r o m  
ethanol and toluene in the f o r m  of white p la tes .  IR s p e c t r u m :  2920-2840 cm -1 (CH~). PMR spec t rum:  2.6 is, 
2 H, a-CH2), 3.5 is, 2 H, b-CH2), 6.3-8.22 ppm (m, 15 H, a r o m a t i c  H). 

7-Aryldibenz[b,  d ] -8 -azaphenan th renes  (VIIa and VIIb). A mix ture  of 1 g of Va or Vb, 0'.5 ml  of C6HsNO2, 
five d rops  of  conc. HCI, and 5 ml  of ethanol was heated in an ampul  a t  120~ for 3 h, cooled, t r ea t ed  with 
NH4OH, and c rys ta l l i zed  f r o m  toluene.  PMR s p e c t r u m  of Va: 7.65-8.40 (m, 13.5 H), 8.99 (s, 1 H), 9.1 (d, 1H), 
9.57 ppm is, 1 H), i .e . ,  r e sonance  s ignals  of a r o m a t i c  protons .  
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17.* 10-SUBSTITUTED 9,9-PENTAMETHYLENEHYDRO_ 

ACRIDINES 
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Rather few examples of the synthesis of 4,4-disubstituted 1,4-dihydropyridines [2, 3] and only a few cases 
of the synthesis of such derivatives which do not contain electron-acceptor  groups [4] are  known. 

OH 

I ~ , . , ~ y  ~ / N H 2  

- ' 7  

J V, V 

. .~o~.__ + _ 

) i 
R C~H~ 

II a - c  

t lICN 

NC I CN 
R 

~,'i a - c  

IX 

COOCH~ 
VIi 

IIc 
NaO__._ .  

I �9 
COONa 

VIII 

II, Vl a R=C~Hs: b R=C6H~OCH~4: 
r R = CGII4COOs 

IV x~O: Y X=NH 

For the purpose of obtaining and studying the properties of compounds of the latter type, we reacted the 
product of the tr imolecular  self-condensation of cyclohexanone, i.e., 8,8-pentamethylenetricyclo-[7, 3, 1, 02,7]- 
t r idecan-2-ol-13-one (I) [5, 6], with pr imary amines. In thepresent  reaction~ ketol I behaved similarly to the 
previously studied self-condensation products of 1,5-diketones [7]. With aniline and its para-substituted deri-  
vatives we obtained the corresponding 10-substituted 9,9-pentamethylenedecahydroacridines (ila-IIc), and with 
ethanolamine, o-aminophenol, and o-phenylenediamine we obtained products of double cyclization [8] (III-V). 

*For repor t  16, see [1]. 
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