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A number of ethyl e s t e r s  of 2, 5-diaryl-4--hydroxy- 1, 2, 5 ,6- te t rahydrobenzo [ a] phenanthridine- 
3-carboxyl ic  acid were  obtained by condensation of ethyl es te r s  of 6-phenyl-  and 6-(p-  
methoxyphenyl) -2 ,4-dioxocyclohexane-  laearboxylic  acids with N-benzyl idene-2-naphthyla-  
mines,  and their  spec t ra l  cha rac te r i s t i c s  were  studied. It was established that the lumines-  
cence proper t ies  of these compounds and the cha rac t e r  of their  react ion with the solvent a re  
determined by the p ro ton-accep to r  proper t ies  of the carbonyl  and hydroxy groups. 

Continuing our  r e s e a r c h  on the effect  of s t ruc tura l  factors  on the spec t ra l - luminescence  proper t ies  of 
dihydro derivat ives  of benzo [f]quinoline [ 1, 2] we synthesized ethyl es te rs  of 2 ,5 -d ia ry l -4 -hydroxy- l ,2 ,5 ,6 -  
t e t rahydrobenzo[a]phenanthr id ine-3-carboxyl ic  acid (I-XV), which can be regarded  as analogs of dihydro-  
substituted benzo[f]quinol ines .  Compounds I-XV were obtained by condensation of ethyl e s t e r s  of 6-phenyl-  
or  ~-(p- methoxyphenyl)-  2,4-dioxocyclohexane- 1- carboxylic acids with N-benzylidene- 2-naphthylamines.  

It foll'ows f rom the l i t e ra tu re  data [3, 4],  as well as data f rom the IR and PMR spectra ,  that ethyl es te r s  
of ~-phenyl-  and 6- (p-methoxyphenyl ) -2 ,4 -d ioxocyc lohexane- l -ca rboxyl ic  acids, which have a fl-diketone 
s t ruc ture ,  can undergo enolization. The IR spec t rum of ethyl 6- (p-methoxyphenyl) -2 ,4-d ioxocyclohexane-1-  
carboxylate  in KBr contain the following charac te r i s t i c  bands of s tretching vibrat ions:  1610 (CO, C = C); 
1730, 1250 (COOC2H5) ; 2500 ~= 10, 3400 cm -1 (OH). Absorption at 3630 cm -~ appears  in the spec t rum of a solu- 
tion in CC14. In all likelihood, the react ion of es te r s  of cyclic fl-keto enols with N-benzyl idene-2-naphthyla-  
mines proceeds  with the format ion of the corresponding fl-amino keto es te rs  [51, which undergo cyelizat ion 
to substituted te trahydrophenanthridines with the splitting out of water.  

I C6H4 r "] 

I-VII 

~6 H 4 R  

~ ~ ' ~  COOC'~H5 

I-XV 

R=It; V||I-XV R=p-CNaO; R' see Table 1 

The s t ruc tures  of I-XV (Table 1) were  confirmed by the set  of spect ra l  data. The IR spect ra  in KBr 
contain absorption bands at 3300 ( N - H ) ,  1730 and 1250 (COOC2H5) , and 3200 cm -1 (charac ter i s t ic  for the enol 
form [4]). The PMR spec t rum of XII in (CD3)2SO contains signals of an ethyl group (0.96, t; 3.90, q) and a 
CH30 group (3.7~, s) and a multiplet  of a romat ic  protons (~.8-8.0 ppm).  Maximally intense M + and ( M -  1) + 
ion peaks a re  observed in the mass  spec t ra  of I-XV. The agreement  between the m/e values of the molecu la r -  
ion peaks and the molecular  masses  confi rms the proposed s t ruc tures  for the synthesized compounds. The 
p resence  of an (M - R 'Ar )  + ion peak with m/e 39~ in the mass  spec t ra  is charac te r i s t i c  for I-VIII. The f rag-  
mentation of the substituted tetrahydrophenanthridines under the influence of e lect ron impact  occurs  via a 
genera l  scheme that is s imi la r  to the scheme of the fragmentat ion of two-ring sys tems  of the 1,2,3,4- tetrahy-  
droquinoline, dipyridyl, quinoline, and 3-arylazoquinoline type [6-8] .  
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TAB LE 1. E thy l  2, 5 - D i a r y l -  4-  h y d r o x y -  1,2, 5, 6-  t e t r a h y d r o b e n z  o 
[ a ] p h e n a n t h r i d i n e -  3 - c a r b o x y l a t e s  ( I -X V) 

Com- 
pound 

I 
II 

Il l  
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

* Found: 

H 
4-NO2 
3-NO2 
4-CHaO 
2-HO 
4_C1 
4-Br 
H 
4-NO2 
3-NO2 
2-HO 
4-C1 
4-Br 
4-(CtI3)2N 
4-F 

mp, ~ Found, % 

C It N 

247--248 81,2 5,4 
_)50--251174,01 5,0 
245--246]74,0 ] 5,1 
202--203 78,7 / 5,8 

251 78,3 5,2 
254--255175,6 ] 5,0 
249--250169,4 ] 4,6 
289--290~78,7 [ 5,6 
247--250[72,41 4,8 

237 /72,31 418 
I67 [76,41 5.4 

21 !--2!2|73,8 t 5,0 
212 213|68,01 4,6 

24o 241/76,2 / 

F 3.6%. C a l c u l a t e d :  F 3.6%. 

Empirical formula 

C32H27NO3 
C3~H~6N205 
Ca2H26N2Os 
�9 CaaH29N 04 
Ca2FI27NOs 
Ca2H2sCINO,~ 
Ca2H~6BrNO3 
CaaH29NO4 
C~aH28N=O6 
CaaHzsN206 
CaaH29NOs 
C3aH28ClNO4 
C~3112sBrNO4 
CasH34N204 
Ca~H28FNO4* 

Calc., % 

C It N 

81,6 5,7 
74,1 5.0 
74,1 5,0 
78,9 [ 5,(; 
785] 53 
7517 5.1 
69,6 4,7 

178,9l 5,8 
172,4l 4,9 
172,41 4,9 
/76,5/5,4 
I73,9 / 5,0 
/68,2/4,7 
177,1l 6,2 
/7<2 / 5,3 

Yield 
90 

74 
61 
58 
63 
56 
64 
63 
71 
59 
57 
49 
55 
53 
51 
58 

The c h e m i c a l  s t r u c t u r e s  of  the  s y n t h e s i z e d  c o m p o u n d s  a r e  s i m i l a r  to the c h e m i c a l  s t r u c t u r e s  of  the  d i -  
h y d r o - s u b s t i t u t e d  b e n z o  [ f ] - q u i n o l i n e s ,  which  w e r e  i n v e s t i g a t e d  in  [ 1]. The s p e c t r a l  c h a r a c t e r i s t i c s  of  the 
l a t t e r  a r e  due to h y d r o g e n a t i o n  of  the  C = N  bond and the n a t u r e  of  the s u b s t i t u t i n g  g r o u p s  in  the m o l e c u l e .  
The l u m i n e s c e n c e  p r o p e r t i e s  of  d i h y d r o - s u b s t i t u t e d  benzo  [ f ] q u i n o l i n e s  tha t  c o n t a i n  an  e s t e r  g r o u p s  a r e  d e t e r -  
m i n e d  b y  the p r o t o n - a c c e p t o r  p r o p e r t i e s  of  the c a r b o n y l  g r o u p  of  th i s  g r o u p i n g  [ 1]. The  i n d i c a t e d  e f f ec t s  

should  a l so  be  d i s p l a y e d  in  the c a s e  of I -XV.  

The t h r e e  i n t e n s e  bands  in the  a b s o r p t i o n  s p e c t r a  of  the  s u b s t i t u t e d  t e t r a h y d r o p h e n a n t h r i d i n e s  (Tab l e  2) 
c o r r e s p o n d  to t r a n s i t i o n s  of  the  7r-~* type  (220-235,  270-300,  and 330-375 n m ) .  F o r  m o s t  of  the  compounds  
the  bands  a t  270-300 and 330-375 n m  have  a v i b r a t i o n a l  s t r u c t u r e .  

M o s t  of the  i n v e s t i g a t e d  c o m p o u n d s  f l u o r e s c e  i n t e n s e l y .  The  f l u o r e s c e n c e  quan tum y i e l d  07) v a r i e s  o v e r  
a wide  r a n g e  as  a func t ion  of the s t r u c t u r e  of  the compound  and the c h a r a c t e r  of the i n t e r a c t i o n  with  the s o l -  
vent .  The 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  a r e  d e t e r m i n e d  p r i m a r i l y  by  the p r o t o n - a c c e p t o r  p r o p e r t i e s  of  the 
c a r b o n y l  and h y d r o x y  g r o u p s  in the 3 and 4 p o s i t i o n s .  A c c o r d i n g  to the  da t a  in  [9 ] ,  the  f o r m a t i o n  of  a c h a r g e -  
t r a n s f e r  c o m p l e x  in  the  e x c i t e d  s t a t e  in p r o t i c  s o l v e n t s  shou ld  l e a d  to n o n r a d i a t i v e  d e a c t i v a t i o n .  This  i s  p r e -  
c i s e l y  wha t  we o b s e r v e d  f o r  a l coho l  s o l u t i o n s  of  d i h y d r o - s u b s t i t u t e d  b e n z o  [f] qu ino l ine s  tha t  con ta in  one e s t e r  
g r o u p  [ 1].  H o w e v e r ,  I - X V  have  h i g h e r  f l u o r e s c e n c e  quan tum y i e l d s  in  e thano l ,  which  i s  c a p a b l e  of f o r m i n g  
h y d r o g e n  bonds  wi th  the c a r b o n y l  and h y d r o x y  g r o u p s  of  the  m o l e c u l e ,  and f l u o r e s c e  w e a k l y  in  a p r o t i c  s o l -  
ven t s  (DMSO and b e n z e n e ) .  The i n d i c a t e d  f ac t  can  b e  due on ly  to s p a t i a l  s t a b i l i z a t i o n  of the  m o l e c u l e  [ 10] due 
to the f o r m a t i o n  of  i n t e r m o l e c u l a r  h y d r o g e n  bonds  v i a  the  c a r b o n y l  and h y d r o x y  g r o u p s .  

It i s  a p p a r e n t  f r o m  T a b l e  2 tha t  the  p - O C H  3 and p-C1 s u b s t i t u e n t s  in the pheny l  r i n g s  of the m o l e c u l e  
have  v i r t u a l l y  no e f fec t  on the l u m i n e s c e n c e  p r o p e r t i e s .  Th is  can  e v i d e n t l y  b e  e x p l a i n e d  by  the f ac t  tha t  the  
pheny l  r i n g s  a r e  not  i n c l u d e d  in  the o v e r a l l  c o n j u g a t i o n  chain .  An o - h y d r o x y  g r o u p  s h a r p l y  r e d u c e s  the 
f l u o r e s c e n c e  y i e l d  (V and X I ) .  The p r e s e n c e  of a n i t r o  g r o u p  l e a d s  to c o m p l e t e  quench ing  of  f l u o r e s c e n c e  (II, 
III, IX, and X ) .  

F o r  a l l  of  the  s y n t h e s i z e d  c o m p o u n d s  the  p o s i t i o n  of  the  f l u o r e s c e n c e  s p e c t r u m  d e p e n d s  on the n a t u r e  
of  the so lven t .  The t r a n s i t i o n  f r o m  b e n z e n e  to e thano l  l e a d s  to a c o n s i d e r a b l e  b a t h o c h r o m i c  sh i f t  of  the  
f l u o r e s c e n c e  ( A k f l  = 53 r im) ;  the  a b s o r p t i o n  s p e c t r a  a r e  s h i f t e d  ~ 10 nm. The a d d i t i o n a l  sh i f t  of  the f l u o r e s -  
c e n c e  s p e c t r a  a s  c o m p a r e d  wi th  the  a b s o r p t i o n  s p e c t r u m  (A)~ad d = 43 nm)  c o n s t i t u t e s  e v i d e n c e  fo r  the a d d i -  
t i ona l  e f f ec t  of  the s o l v e n t  on the  e x c i t e d  t e t r a h y d r o p h e n a n t h r i d i n e  m o l e c u l e .  

Two m e c h a n i s m s  f o r  th i s  p h e n o m e n o n  a r e  known: the  f o r m a t i o n  of  a c o m p l e x  wi th  the  s o l v e n t  in  the e x -  
c i t e d  s t a t e  [ 11],  and  a c h a n g e  in  the  o r i e n t a t i o n  i n t e r a c t i o n s  in  the e x c i t e d  s t a t e  a s s o c i a t e d  wi th  an i n c r e a s e  
in  the d ipo l e  m o m e n t  of  the  f l u o r e s c i n g  m o l e c u l e  [12] .  A c c o r d i n g  to [ 11],  the  f o r m a t i o n  of  a c o m p l e x  wi th  the  
s o l v e n t  in  the  e x c i t e d  s t a t e  l e a d s  to a b a t h o c h r o m i c  sh i f t  of  the f l u o r e s c e n c e  s p e c t r u m .  As  a c o n s e q u e n c e  of 
t h i s ,  the  f l u o r e s c e n c e  s p e c t r a  of  the  i n v e s t i g a t e d  compounds  in e thano l ,  which  e n t e r s  in to  the  f o r m a t i o n  of a 
h y d r o g e n  bond  wi th  the  c a r b o n y l  and h y d r o x y  g r o u p s  in  the 3 and 4 p o s i t i o n s ,  l i e  in a l o n g e r - w a v e  r e g i o n  than 
in  the  m o r e  p o l a r  DMSO. The  sh i f t  o f  the  m a x i m u m  in the  f l u o r e s c e n c e  s p e c t r u m  is  ~ 4 5  nm,  w h e r e a s  the  

759 



TABLE 2. 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 I -XV 

Corn- nm ( 5.10 -4) in 
pound ethanolUV spectrum. ~vaax, 

I 

II 
III 
IV 

V 

VI 

VII 
VIII 

IX 

X 

X] 
XII 

XII! 

XIV 

XV 

233, 
4,05; 4,22; 4,29; 3,22; 3,99) 

232, 288, 370 (4,51; 4,29; 3,84) 
232, 281, 294 (4,65; 4,23; 4,34) 
230, 283, 294. 343, 373 (4,68; 4,30; 

4,31; 3,94; 4,06) 
233. 271. 284, 295, 377 (4,66; 4,27: 

4,38; 4,42; 4,09) 
234, 281, 293, 342, 373 (4,67; 4,23; 

4.31; 3,93; 3,99) 
226, 274, 328 (4,68; 4.54; 4,20) 
232, 271, 288, 293. 342. 373 (4,65; 4,10; 

4,23; 4,30; 4,03; 4,09) 
230. 283, 294, 370 (4,61; 4,37; 4,33; 

3.92) 
233, 271, 281, 293, 341, 373 (4,70; 

4,25; 4,31; 4,28; 3,95; 4~01) 
227, 285 (4,55; 4,29) 
226, 273, 281, 294, 330, 357 (4,73; 

4,52; 4,50; 4,32; 4,18; 4,13) 
232, 282, 294, 344, 374 (4,75; 4,40; 

4,34; 3,97; 4,02) 
232, 282, 292, 343, 371 (4,65; 4,23; 

4,23; 4,09; 4, I6) 
230, 277, 291, 344, 374 (4,50; 4,26: 

4,22; 3,45; 3,52) 

Luminescence, ~max' nm (11. %) 

ethanol DMSO 

413 (38,5) 

- -  CO) 

, - -  C0) 
413 (34) 

413 C1,2) 

413 (40) 

413 (14,7) 
414 (23,0) 

- -  ( o )  

- -  CO) 
415 (23) 

413 (13) 

414 (5,5) 

415 (2) 

412 (21) 

271, 282, 293, 343, 373 (4,63: 457 (42) 

- -  ( 0 )  
- -  C0) 

457 C40) 

458 C2) 

457 (42,5) 

457 (26) 
457 C39,4) 

- -  CO) 

- -  ( 0 )  

455 (28) 

457 (33) 

457 CII,9) 

457 (2,7) 

457 (41,4) 

benzene 

404 (15.5) 

, - -  (o) 
- -  ( o )  

404 (9,6) 

405 (1,2) 

404 (12,8) 

404 (3,8) 
402 (13,2) 

- -  ( o )  

470 co) (1,8) 

405 (5,6) 

405 (2,1) 

41o (o,7) 

404 (9,5) 

a b s o r p t i o n  m a x i m u m  is not  sh i f ted  a t  al l .  In ap ro t i c  so lven t s  with d i f f e r en t  p o l a r i t i e s  (DMSO and b e n z e n e )  the 
f l u o r e s c e n c e  m a x i m a  of the i n v e s t i g a t e d  compounds  a r e  sh i f ted  10 n m  r e l a t i v e  to one a n o t h e r  (Tab le  2) v i s - a -  
v is  AXabs = 10 rim. The a b s e n c e  of a d i f f e r e n c e  in  the sh i f t s  of  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  as the 
p o l a r i t y  of the so lven t  changes  c o n s t i t u t e s  ev idence  that  the dipole m o m e n t s  of the i n v e s t i g a t e d  m o l e c u l e s  do 
not  change  d u r i n g  exc i ta t ion .  

Thus,  the add i t iona l  sh i f t  of the f l u o r e s c e n c e  s p e c t r a  of the i nves t i ga t ed  compounds  is due only  to the 
f o r m a t i o n  of a complex  with the so lven t  in  the exci ted  s ta te .  

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

The IR s p e c t r a  of KBr  pe l l e t s  and CC14 so lu t ions  (10%) of the compounds  at  400-3600 c m  -I were  r e -  
co rded  with a UR-20  s p e c t r o m e t e r .  The PMR s p e c t r u m  of a 10% so lu t ion  of XII in  (CD3)2SO was r e c o r d e d  
wi th  a J N M - P S - 1 0 0  s p e c t r o m e t e r  with t e t r a m e t h y l s i l a n e  as  the i n t e r n a l  s t a nda r d .  The m a s s  s p e c t r a  w e r e  
ob ta ined  with a V a r i a n  MAT-311  s p e c t r o m e t e r  u n d e r  the fol lowing cond i t ions :  The  cathode e m i s s i o n  c u r r e n t  
was  1000 #A, and the i o n i z i n g - e l e c t r o n  e n e r g y  was 70 eV. The s a m p l e s  w e r e  i n t roduced  d i r e c t l y  in to  the ion  
s o u r c e  of the m a s s  s p e c t r o m e t e r ,  and the t e m p e r a t u r e  of the ion s o u r c e  was  200~ The a b s o r p t i o n  s p e c t r a  
of the so lu t ions  w e r e  r e c o r d e d  with U n i c a m  SP-8000  and Specord  UV-v i s  s p e c t r o p h o t o m e t e r s .  The f l u o r e s -  
cence  s p e c t r a  and q u a n t u m  y ie lds  w e r e  m e a s u r e d  with a F l e a - 5 5  abso lu te  s p e c t r o f l u o r i m e t e r .  Exc i t a t i on  of 
the l u m i n e s c e n c e  was  r e a l i z e d  a t  the l ong -wave  a b s o r p t i o n  band.  The so lven t s  w e r e  d r y  e thanol ,  DMSO, and 
benzene .  The f l u o r e s c e n c e  q u a n t u m  y i e ld s  w e r e  m e a s u r e d  by a r e l a t i v e  method;  a so lu t ion  of 3 - a m i n o - N -  
m e t h y l p h t h a l i m i d e  in  e thanol  was  u s e d  as the s t anda rd .  

The e thyl  e s t e r s  of 6 - p h e n y l -  and 6 - ( p - m e t h o x y p h e n y l ) - 2 , 4 - d i o x o c y c l o h e x a n e - 1 - c a r b o x y l i c  ac ids  we re  

ob ta ined  by  the me thods  in  [ 13, 14]. 

Ethyl  2- ( R - P h e n y l )  - 5- (R ' - p h e n y l  ) - 4 - h y d r o x y -  1, 2, 5 , 6 - t e t r a h y d r o b e n z o  [ a ] p h e n a n t h r i d i n e -  3 - c a r b o x y l a t e s  
( I -XV) .  A m i x t u r e  of 0.01 m o l e  of N - b e n z y l i d e n e - 2 - n a p h t h y l a m i n e  and 0.01 mole  of e thyl  6 - p h e n y l -  o r  6 - (p -  
m e t h o x y p h e n y l ) - 2 , 4 - d i o x o e y c l o h e x a n e - 1 - c a r b o x y l a t e  in  15.20 m l  of a lcohol  was  r e f luxed  for  5-10 rain,  a f t e r  
which i t  was  cooled,  and the c r y s t a l l i n e  p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n  and r e c r y s t a l l i z e d  f r o m  a l c o h o l -  

d ime thy l fo rmamide  ( 1 : 1 ). 
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S Y N T H E S I S  A N D  C H E M I C A L  P R O P E R T I E S  O F  

1-  E T H Y L -  3 - A R Y L -  2 -  I M I D A  ZO L I D I N O N E S  W I T H  

A H Y D R O X Y U R E A  F R A G M E N T  I N  T H E  4 P O S I T I O N  

T .  G. S i m o n o v a ,  S. P .  E p s h t e i n ,  
Y u .  C.  P u t s y k i n ,  a n d  Y u .  A .  B a s k a k o v  

UDC 547.781.3'783.07:543.422.4 

T r e a t m e n t  of 2 -e thy lamino-2 -me thy lp ropano l  oxime with a ry l  i socyana tes  leads to 4 - [N- (a ry l -  
c a rbamoy l )hyd roxyam i no  [ - 1 - e t h y l - 3 - a r y l - 5 , 5 - d i m e n t h y l - 2 - i m i d a z o l i d i o n o n e s ,  which a re  
aeyla ted  by acid chlor ides  and methyl  i socyana te  to give the cor responding  O-acy l  de r iva t ives  
and a r e  conver ted  to 2 - ( 2 - o x o - l - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 4 - i m i d a z o l i d i n y l ) - 4 - a r y l - l , 2 , 4 -  
oxadiazol idine-3,  5-diones by the act ion of methyl  eh lorocarbonate .  

Continuing our  invest igat ion of the cycl iza t ion of acyla ted  de r iva t ives  of a - s u b s t i t u t e d  ox imes ,  we have 
es tab l i shed  that t r ea tmen t  Of 2 -e thy l amino -2 -me thy lp ropana l  oxime (I) [1] with a ry l  i socyana tes  does not 
lead to N - a r y l c a r b a m o y l  de r iva t ives ,  as in the ca se  of 2 -hydroxyamino-2 -me thy lp ropana l  oxime [2],  o r  to 
the i r  cycl iza t ion  products ,  viz. ,  4 -hydroxyamino-2- imidazo l ind inones  [3,4],  but r a t he r  to products  of c a r -  
bamoyla t ion  of the l a t t e r ,  i .e . ,  to 4- [ (N-a ry l ea rbamoy l )hyd roxyamino  [- 1 - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 2 - i m i d a -  
zolidinones (II).  In addition, the reac t ion  mix tu re  contains s ta r t ing  L When an i socyanate  is also added, the 
reac t ion  goes to complet ion,  and only II a r e  fo rmed .  

The in t e rmed ia t e s  a r e  p robab ly  N - e a r b a m o y l  de r iva t ives  of I, which read i ly  undergo i n t r amo lec u l a r  
cyc l iza t ion  to give 4 - h y d r o x y a m i n o - l - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 2 - i m i d a z o l i d i n o n e s  (III) (hydroxyamino de-  
r iva t ive  IIId was i so la ted) ,  which undergoes  ca rbamoy la t ion  to give II. 

T r e a t m e n t  of  I all  at  once with a twofold excess  of phenyl i socyanate  gives  4 - [O-(phenylcarbamoyl )  
hyd roxyamino] -  1 -e thy l -3 -pheny l -5 ,5 -d ime thy l -2 - imidazo l id inone  (IV), which is p robab ly  the product  of i n t r a -  
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