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L U M I N E S C E N C E  A N D  M A S S - S P E C T R O M E T R I C  

I N V E S T I G A T I O N  O F  I N D O L Y L O U I N O L I N E S  

A N D  I N D O L Y L A C R I D I N E S  

P .  B .  K u r a p o v  a n d  N. A .  K l y u e v  UDC 535.37:543.51:547.759.3~831' 835 

The quan tum-chemica l  calculat ions in [1] show t h a t t h e  ni t rogen a tom in the pyridine ring is s imul taneous-  
ly a a and a ~ accep tor  of e lec t rons ,  while the pyr ro le  ni t rogen a tom is a ~ donor and a a accep tor ,  i ts  s t rong 
~-donor p rope r t i e s  more  than compensa t ing  the a - a c c e p t o r  effect .  The p resence  in one s y s t e m  of in teract ing 
u - e l ec t ron -dono r  and 7r-e lec t ron-acceptor  nuclei  should r e su l t  in s ignif icant  i n t r amolecu la r  interact ions,  which 
inc rease  the e lec t ron  densi ty  inthe region of the in te rnuc lea r  bond. The o rder  of this bond, which is equal to 
~0.4,  indicates  that it has a s ignif icant  double-bond c h a r a c t e r  [2]. 

With the aid of m a s s  s p e c t r o m e t r y  it has p rev ious ly  been es tabl i shed that the molecu la r  ion (M +) in in- 
dolylquinolines [2] has conjugation between he ta ry l  nuclei.  Cr i t e r i a  which make it poss ible  to evaluate  the con- 
jugation in M + a r e  enumera ted  in [3-5]. This  fact  has also been noted in the ground s ta te  for other b i she te ro -  
cycles  [6, 7]. 

The conjugation in compounds with such a s t ruc tu re  is due to the nea r ly  coplanar  or ientat ion of the r ings ,  
since the magnitude of the m e s o m e r i c  effect  (eM) is s ignif icantly dependent on the rota t ion angle of the conju- 
gated groups re la t ive  to one another  [8]. 

The energ ies  of the b a r r i e r  to in ternal  rota t ion in b i she t e rocyc le s ,  which have been calculated or de te r -  
mined exper imenta l ly ,  a re  3 to 12 k c a l / m o l e  [9, 10]. Such energy  values suggest  the r ea l  exis tence  of s table 
c o n f o r m e r s ;  however ,  the i r  isolat ion is poss ible  only a t  low t e m p e r a t u r e s .  

The purpose  of the p resen t  invest igat ion was to d e t e r m i n e  the energy  of the s inglet  t rans i t ion  (E s) and 
the f luorescence  quantum yield (Of) of a number  of indolylquinolines and indolylacr idines .  In these compounds 
the ~-donor and ~ -accep to r  he te rocyc l ic  r ings a r e  joined to one another  by a s imple  C-C bond. A re la t ionship  
between the value of E s and the p lanar i ty  (or conjugation) of the molecule  is known [11]: T h e  s m a l l e r  is the 
angle of rota t ion between the planes of the r ings  compr i s ing  the or iginal  molecule ,  the lower is the value of E s. 
An inc rease  in the conjugation in the compounds invest igated should cause an inc rease  in the f luorescence  quan- 
tum yield, s ince the probabi l i ty  of i n t e r s y s t e m  c ros s ing  d e c r e a s e s  [12]. In this case ,  a compar i son  of the 
values of E s and r  independently by invest igat ing the luminescence  spec t r a  and the mass  s p e c t r o m e t -  
r i c  data cha rac t e r i z ing  the conjugation in the s y s t e m s  under invest igat ion is of definite in teres t .  

We studied the following compounds :* 2- (indol- 3-yl)quinoline (I), 4- ( indol-3-yl)quinoline (II), 4- (1- 
methylindol-  3-yl)quinoline (III), 2- (1- methylindol-  3- yl)quinoline (IV), 2- (2- methylindol-  3- yl)quinoline (V), 2- 
(indol- 3-yl}- 7- methylquinoline (VI), 2- (indol- 3-yl) -  8- methylquinoline (VII), 1-benzoyl-  1,2- dihydro- 2- (indol- 3- 
yl)quinoline (VIII), 9- ( indol -3-y l ) -acr id ine  (IX), 9- (1- methylindol-  3-yl )acr id ine  (X), and 9- (2- methylindol-  3-yl) -  
acr id ine  (XI). The values of  E s and Cf and some m a s s - s p e c t r o m e t r i c  c h a r a c t e r i s t i c s  for the compounds just  
l is ted a r e  presented  in Table 1. 

According to this table ,  compounds I - IV,  VI, and VII, in which ~-e lec t ron  conjugation between the r ings 
is poss ib le ,  f luoresce  wel l  in polar  solvents  under conditions for  the exis tence  of these  molecules  in a nea r ly  

*We thank Prof .  A. K. Sheinkman for  supplying the compounds for  the exper iment .  

K. A . T i m i r y a z e v a  Moscow Agricul tura l  Academy,  Moscow 127550; All-Union Sc ien t i f i c -Resea rch  Ins t i -  
tute of Antibiotics,  Moscow 113105. T rans l a t ed  f rom Khimiya Getero ts ik l icheskikh  Soedinenii,  No. 9, pp. 1237- 
1242, Sep tember ,  1979. Original  a r t i c le  submit ted November  12, 1978. 
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T A B L E  1. 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  and Some M a s s - S p e c t r o -  
m e t r i c  Data  for  I n d o l y l q u i n o l i n e s  I -VI I I  and I n d o l y l a c r i d i n e s  IX-XI  

[ Literature Com- E~, ~ 
pound kcal/mole (PY wM / ~I +/113[- 1:[ 1+ t'~t~ 111 ~'-2n I + Icited f~ mass 

(A) 03) [spectrum 
I 

Indo le 98,6 Is 0,19( 293 39,3 [ --  15 
Quinoline 92,219 0,05~ 9 293 34,5 [ 5,7 66,6 t5 
Acridine Y2,919 0,02~ 293 15 35,2 I 7.0 14,0 

1 76,0 0,54( 293 19,3 I 1,6 3,6 2 
77,0 0,60 77 I 

II 69,570,0 0,29~0,22 293 77 22,6 2,0 3,6 2 

IlI 73,0 0,35( 293 I 21,7 3,3 10,8 16 
73,0 0,24 77 I [ 

IV 74,5 0,41I 293 21,9 I 2,9 12,8 ]6 
74,3 0,25 77 I 

V --  <<0,1 293 7,0 [ 1,9 ~7,0 
<<0,1 77 

78'O 
I 

VI 0,17( 293 20,6 I 2,9 9,0 16 
77,5 0,37 77 

VII 72,8 0,25 293 I 27,9 I 4,9 16,6 
73,0 0,25 7 7  

VIII - -  <<0,1 293 1,1 [ - -  - -  17 
82,0 0,09 77 

IX 62,0 0,05 293 22,4 I 1,9 3,5 
58,5 0,21 77 I 

X --  <<0,1 293 18,1 [ 2,6 10,0 
58,5 0,23 77 L XI - -  <<0,1 293 7,1 1,3 2,2 
58,5 0,11 77 I 

p l a n a r  c o n f o r m a t i o n .  The  v a l u e s  of  gof a r e  1.5 to 2 t i m e s  h i g h e r  than  for  indole  and 4 to  10 t i m e s  h i g h e r  than  
fo r  qu ino l ine .  A c c o r d i n g l y ,  the  v a l u e s  of  E s a r e  20-25  k c a l / m o l e  l o w e r  than  i n t h e  c a s e  of  indo le  and  ~ 2 0  k c a l /  
mo le  l o w e r  than  in the  c a s e  of qu ino l ine .  

T h e  w e a k  d e p e n d e n c e  of  the  s p e c t r a l  c h a r a c t e r i s t i c s  on the  t e m p e r a t u r e  s u g g e s t s  t ha t  the  e x i s t i n g  con-  
f o r m e r s  of I - I V ,  VI, and VII in p o l a r  s o l v e n t s  a r e  r e l a t i v e l y  s t a b l e .  

T h u s ,  the  e x p e r i m e n t a l  da t a  p r e s e n t e d  in T a b l e  1 p r o v i d e  e v i d e n c e  of  the  s i g n i f i c a n t  con juga t i on  b e t w e e n  
h e t a r y l  n u c l e i .  The  i n t r o d u c t i o n  of a m e t h y l  g r o u p  in to  the  ~ p o s i t i o n  of the  indo le  r i n g  (V) d e s t r o y s  the  c o -  
p l a n a r i t y  o f  the  s y t e m  due to  the  s t e r i c  i n t e r a c t i o n  and r e s u l t s  in quench ing  of  the  f l u o r e s c e n c e .  A s i m i l a r  e f -  
f e c t  i s  o b s e r v e d  fo r  compound  VIII,  in wh ich  the i n t e r n u c l e a r  bond i s  a s i m p l e  ~ bond and t h e r e  i s  no c o n j u g a -  
t ion .  

The  s a m e  r u l e  a l s o  fo l lows  f r o m  the  m a s s - s p e c t r o m e t r i c  da t a .  A l l  the  c o m p o u n d s  I - I V ,  VI, and  VII have  
a h i g h r e s i s t a n c e ( W M )  to e l e c t r o n  i m p a c t  (~20% of  the  t o t a l  ion  c u r r e n t ) ,  p r o v i d i n g  i n d i r e c t  e v i d e n c e  of the  7r 
c h a r a c t e r  of  the  i n t e r n u c l e a r  bond~ The  p e a k s  of  the  [ M - H ]  + and [ M - 2 H ]  + ions  have  a p p r e c i a b l e  i n t e n s i t i e s .  
Whi l e  in indo le ,  qu ino l ine ,  and  a c r i d i n e  the  p r o c e s s e s  r e s u l t i n g  in the  e l i m i n a t i o n  of h y d r o g e n  a t o m s  f r o m M  + 
a r e  g o v e r n e d  by  r a n d o m i z a t i o n  f a c t o r s ,  the  f o r m a t i o n  of  the  s a m e  ions  d u r i n g  the f r a g m e n t a t i o n  of  I - IV ,  VI, 
and  VII i s  due to  d e h y d r o g e n a t i o n  r i n g  c o n d e n s a t i o n  p r o c e s s e s  ( a c c o r d i n g  to  the  p a t t e r n  for  the  f o r m a t i o n  of d i -  
pheny lene )  [2, 3, 5, 18]. T h i s  p r o c e s s  i s  n a t u r a l l y  e n e r g e t i c a l l y  m o r e  f a v o r a b l e  when M + has  a c o p l a n a r  con -  
f o r m a t i o n .  The  v a l u e s  of WM and the i n d i c a t e d  r a t i o s  of the  i n t e n s i t i e s  (I) of the  p e a k s  of the  ions  IM+/I [M_H]+ 
(A) and IM+/I [M_2H]+ (B) can  s e r v e  to  s o m e  e x t e n t  a s  c r i t e r i a  in the  e v a l u a t i o n  of t he  p l a n a r i t y  of  the  m o l e -  
cu le  a s  a whole .  

The  v a l u e s  of  WM for  c o m p o u n d s  V and VIII a r e  s h a r p l y  r e d u c e d  by  f a c t o r s  of  ~3  and ~20,  r e s p e c t i v e l y .  
The  s i m i l a r  v a l u e s  of  A and  B fo r  V and fo r  I - I V ,  VI, and VII a r e  due to  the  o r d i n a r y / 3  e l i m i n a t i o n  of  a h y d r o -  
gen  a t o m  f r o m  the  m e t h y l  g r o u p  fo l lowed by  the  e x p a n s i o n  to  the  indo le  r i n g  to  f o r m  a qu ino l ine  c a t i o n  [3]. 

The  m o r e  r i g o r o u s  p r o o f  of  the  e x i s t e n c e  of  c o n j u g a t i o n  b e t w e e n  the h e t a r y l  r i n g s  is  a s s o c i a t e d  with  the  
s t u d y  of the  f r a g m e n t a t i o n  of M + in the  c a s e s  of  I -V I I I .  In  the  a b s e n c e  of  con juga t i on  the  i n t e r n u c l e a r  bond i s  a 
s i m p l e  ~ bond,  and in the  f i r s t  f r a g m e n t a t i o n  s t e p  i t  shou ld  b r e a k  unde r  the  e f f ec t  of  e l e c t r o n  i m p a c t .  As  a r e '  
su l t  of t h i s  ac t ,  t he  m a s s  s p e c t r u m  shou ld  show ions  wi th  m a s s  n u m b e r s  c o r r e s p o n d i n g  to the  qu ino l ine  and in -  
dole  f r a g m e n t s  of  the  o r i g i n a l  m o l e c u l e  (with c o n s i d e r a t i o n  of  the  l o c a l i z a t i o n  of  the  p o s i t i v e  c h a r g e s  in the  ions 
on the  h e t e r o a t o m s  [3, 19]). I f  the  c h a r a c t e r  of t he  i n t e r n u c l e a r  bond i s  s i m i l a r  to an  o r d i n a r y  r bond (which is  
r e a l i z e d  unde r  the  c o n d i t i o n s  of a n e a r l y  p l a n a r  c o n f i g u r a t i o n  of the  m o l e c u l e ) ,  i t s  c l e a v a g e  does  not  o c c u r .  
T a b l e  2 p r e s e n t s  the  r e s u l t s  of  an  i n v e s t i g a t i o n  of  the  m a s s  s p e c t r a  of m e t a s t a b l e  ions  [20] of  s e v e r a l s p e c i m e n s  
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T A B L E  2. M a s s  S p e c t r a  of  M e t a s t a b l e  Ions Obtained by the DADI 

T e c h n i q u e  fo r  the  S p e c i m e n s  I n v e s t i g a t e d  of  I, IV, IX, and XI (the 
a c c u r a c y  is  �9 0.01 V) 

Corn- Mass numbez Initial 
pound of "mother" voltage, 

ion Ee. V 

I 244 M + 508,1 

508,1 

243 [hi- H]+ 507,4 

507,4 

IV 258 M+ 506,3 

506,3 

257 [M--H] + 507,1 

507,1 

V 258 M + 506,3 

506,3 

506,3 

506,3 

506,3 

257 [M--HI + 508,5 

508,5 

IX 294 M + 507,3 

507,3 

293 [M--H] + 506,0 

506,0 

X1 308 M + 506,1 

506,1 

506,1 

506,1 

307 [M-H] + 509,1 

509,1 

age, 

50622 

451,90 

505~2 

450,98 

504,32 

425,85 

505,12 

477,48 

504,32 

476,68 

425,85 

255,12 

251,18 

506,52 

455,1t 

505,58 

460.73 

504,28 

459,35 

503,43 

481,45 

292,48 

213,62 

507,42 

464,35 

Fragmentation process (mass num- 
ber of "daughter" ion) 

--H 
M+- ------~ [M-- H]+ (243) 

M 4 --HCN +[M--HCN] + (217) 

- H  
[M- H]+ . . . .  ~- [M-2H]+ (242) 

-HCN 
[M- H]+ ----------> [M - H2CN] + (216) 

--H 
/ v i ~ - - - - ~  [M- H] + (257) 

-CHaCN 
M § . . . .  -~ [M-CI%CN]+ (217) 

- H  
[M-H]+ .. . . . . . . .  ~[M--2H]+ (256) 

--CHa 
[M- H]+ - - - - - - - - +  [M-- CH4]+ (242) 

- H  
,~  . . . . . .  [,,,i- H]* (257) 

-CH~ 
M " ~ - -  ~[~'~- CH3] + (243) 

-CH3CN 
M 4- ' >[M-CH3CN]+ (217) 

-- CgH6N 
54+ . . . . .  § (130) 

- -  CgHsN 
M 4 . . . . . . .  "> [M- CgHsN]+ (128) 

--H 
[M-HI + . . . .  § (256) 

-HCN 
[M-H] +- § (230) 

- H  
M ~ . . . .  -+ [M- H] + (293) 

-HCN 
M~ -----+ [M- HCN]+ (267) 

-H  
[M- H ] + - - - - - ~  [M--2H] + (292) 

-HCN 
[M-H] +- - '+[M- H2CN]+ (266) 

- H  
M -~ [M--HI + (307) 

- CH3 
M ~ - - - - -  ~[M=CI-]3] + (293) 

-CgHsN 
M ~ - - - - - - +  [M- CgHsN] + (178) 

-C,aHsN 
M~-------§ + (I30) 

- H  
[M-- H ]+- - - - - - - - '+ [M- -  2H] + (306) 

-- HCN . 
[M-HI+ . . . .  ~[M-H~CN]+. (280) 

of compounds  I -XI .  The  s p e c t r a  t h e m s e l v e s  w e r e  p a r t i a l l y  publ i shed  in [2, 16] and a r e  p r e s e n t e d  in the e x p e r i -  

m e n t a l  p a r t  of  the  p r e s e n t  r e p o r t .  

F r o m  the  data  in T a b l e  2 it  fo l lows  that  c l e a v a g e  of  the i n t e r n u c l e a r  bond in M + of compounds  I, IV, and 

IX does  not  o c c u r ,  c o n f i r m i n g  o u r  i d e a s .  On the  o the r  hand, in compounds  V and XI, in which the m e t h y l g r o u p  

d e s t r o y s  the  c o p l a n a r i t y  of  M +, c l e a v a g e  o f  the i n t e r n u c l e a r  bond is o b s e r v e d  (ions with m / e  128, 130, and 178 

form}.  

Thus ,  the s y m b a t i c  n a t u r e  of E s ,  ~f ,  and the m a s s - s p e c t r o m e t r i c  data  (WM, A, and B in the s p e c t r a  of  
the m e t a s t a b l e  ions)  i s  c l e a r l y  t r a c e d  in the s e r i e s  of  indolylquin01ines  c o n s i s t i n g  of  I -VII .  The  r e s u l t s  of  in-  
dependen t ly  c a r r i e d  out e x p e r i m e n t s  suppo r t  the  m a x i m u m  conjuga t ion  be tween  the h e t a r y l  nuc le i  of the s y s -  
t e m .  
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Fig .  1. U l t r a v i o l e t  s p e c t r u m  of  IX (the s o l v e n t  
was  a 2:1 e t h a n o l - d i e t h y l  e t h e r  m i x t u r e ) :  a) 
a t  293~ b) a t  77~ 

T A B L E  3. M a s s  S p e c t r a  of Compounds  V, VII, and  IX-XI  

Com- Values of m/e (intensities of ion peaks 
pound as percentages of the maximum) 

V 

VII 

IX 

X! 

63 (3,0), 77 (3,5), 89 (4,0), 102 (3,5), 108,5 (3,0), 114 (3,6), 115 (4,5), 116 
(4,0), 121,5 (3,3), 127 (3.8), 128 (10,1), 129 (4,1). 130 (100,0), 131 (10,2), 
216 (4,3), 217 (5,1), 230 (6,4), 243 (4,8), 256 (5,3), 257 (19,5), 258 (37,2); 
259 (6,o) 

63 (3,0), 77 (312). 89 (3,1), 102 {3.5). t15 (3,0}, 121, 5 (3,0), 122 (3,0), 128 
(3,0), 128,5 (4,6), 129 (ll,0), 216 (3,0), 228 (4.6), 229 (3,5), 230 (3,9}, 242 
(6,3), 243 (8,2}, 244 {5,3), 256 (6.0), 257 (20.4), 258 (100,0); 259 (22,0) 

51 (3,4), 63 (3,4}, 77 (4,1), 119 (3,5), 132 (4,0), 132,5 (10,1), 133 (8,2); 133,5 
(3,0), 146 (9,6), 146~5 (26,0). 147 (18,5). 147,5 (4,1). 238 (3,8), 264 (7,8), 
265 (8,1), 266 (10,2), 267 (5.0), 292 (28,6), 293 (52,6), 294 (100,0), 295 
(23,5} 

51 (3.5), 63 (3,0), 76 (3,8), 133 (3,9), 133.5 (10,3), 146,5 (3.2). 147 (6,1), 
147,5 (4,6), 153,5 (4,7), 154 (10,7). ]54,5 (11.4), 238 (3,5), 264 (8,8), 265 
(8,3), 266 (7,5), 267 (3,3). 291 (11.3). 292 ~20.0) 293 (13,9), 294 (5,0), 305 
(4,3). 306 (iO,O), 307 (38,0), 308 (I00,0), 309 (26.l) 

51 (3,6), 76 (3.2), 77 (6,0), t03 (6,3), 129 (5,6), 130 (16,5), 132 (4,0), 132,5 
(8.6), 139,5 (3,5), 140 (4,1), 145,5 (24A), 146 (6,3), 146,5 (4,0), 151 (10,0), 
152,5 (4,8), 153 (8,0), 153,5 (4,2), t54 (3.0), 178 (11,6), 264 (6,3), 265 
(7,0), 280 (7.0). 291 (11,4), 292 (9,8), 293 (10,4), 304 (4,4), 305 (13,7), 306 
(45,4), 307 (76,9). 308 (100,0), 309 {24,4) 

Such a c l e a r  c o r r e l a t i o n  b e t w e e n  t h e  p a r a m e t e r s  p r e s e n t e d  in T a b l e  1 i s  not  o b s e r v e d  in  the  s e r i e s  of  in-  
d o l y l a c r i d i n e s  c o n s i s t i n g  o f  IX-XI .  F o r  e x a m p l e ,  the  v a l u e s  of  E s for  c o m p o u n d s  IX-XI  a r e  l o w e r  than  tha t  fo r  
a c r i d i n e  by  on ly  ~10  k c a l / m o l e ,  and the va lue  of  ~0f in a p o l a r  s o l v e n t  i s  a t  a m i n i m u m ,  s u g g e s t i n g  t ha t  t h e r e  
i s  no s i g n i f i c a n t  c o n j u g a t i o n  b e t w e e n  the  h e t a r y l  f r a g m e n t S .  H o w e v e r ,  when the  t e m p e r a t u r e  i s  l o w e r e d ,  the  
va lue  of  r i n c r e a s e s  s i g n i f i c a n t l y ,  and  E s d e c r e a s e s ,  s u g g e s t i n g  the f o r m a t i o n  of  a m o r e  p l a n a r  c o n f o r m a t i o n .  

In  add i t i on ,  the  p r e s e n c e  of  c o n j u g a t i o n  in  ~his s y s t e m  c a n  be v e r i f i e d  wi th  the  a id  of  e l e c t r o n i c  a b s o r p -  
t i on  s p e c t r a  r e c o r d e d  u n d e r  l o w - t e m p e r a t u r e  c o n d i t i o n s .  In  f ac t ,  i t  was  found t ha t  a t  77~ t h e r e  i s  a b a t h o c h r a -  
m a t i c  sh i f t  of  the  l o n g - w a v e  band  in the  UV s p e c t r u m  of  compound  IX (F ig .  1), which  i s  e v i d e n c e  of  a n  i n c r e a s e  
in con juga t i on .  

F r o m  the  m a s s - s p e c t r o m e t r i c  da t a  i t  fo l lows  tha t  M + of  compounds  IX and X has  a n e a r l y  p l a n a r  c o n f o r -  
m a t i o n :  1) the  va lue  of  WM i s  f a i r l y  h igh ;  2) the  d e h y d r o g e n a t i o n  p r o c e s s e s  a r e  i n t e n s e  and r e s u l t  in the  c y c l i -  
z a t i on  of  the  h e t a r y l  nuc l e i ,  a s  i n d i c a t e d  by  the  v a l u e s  of A and B and the a p p e a r a n c e  in  the  m a s s  s p e c t r a  of  in -  
t e n s e  p e a k s  fo r  the  doub ly  c h a r g e d  ions  [ M - H ]  2+ and [ M - 2 H ]  2+ [2, 3, 5]; 3) c l e a v a g e  of  the  i n t e r n u c l e a r  bond 
does  not  o c c u r  (Table  2). C o n v e r s e l y ,  M + for  compound  XI has  a l a r g e r  pack ing  a n g l e  b e t w e e n  the p l a n e s  of 
a c r i d i n e  and [ndole f r a g m e n t s  (owing to the  i n t r o d u c t i o n  of a m e t h y l  g r o u p  in the  c~ p o s i t i o n  of indo le ) .  As  a r e - .  
su i t ,  the  va lue  of  WM d e c r e a s e s  a p p r e c i a b l y ,  and  c l e a v a g e  of the  i n t e r n u c l e a r  bond i s  o b s e r v e d  (Table  2). I t  i s  
obv ious  tha t  in th i s  c a s e ,  too ,  the  v a l u e s  of  A and B a r e  in f luenced  by  the /3 e l i m i n a t i o n  of  a h y d r o g e n  a t o m  f r o m  
the  m e t h y l  g r o u p  (in a n a l o g y  to compound  V). 
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The luminescence  invest igat ions  a t  293~ were  c a r r i e d  out on an Hitachi model ESP-3T  spec t ropho tom-  
e t e r  e.quipped with a G-3 f ac to ry  f luorescence  a t tachment .  The spec t r a  at 77~ were  obtained on an SP-700 
spec t ropho tome te r  with a spec ia l  a t t achment  for  r ecord ing  the l ow- t empera tu r e  spec t ra ,  which was s i m i l a r  to 
tha t  desc r ibed  in [21]. The  luminescence  was exci ted with the aid of an Hg lamp at  ~ = 365 nm. At 293~ the 
re la t ive  f luorescence  quantum yields  (~f) were  de te rmined  according  to the method in [22]. A solution of 10 .5 
m o l e / l i t e r  quinine bisulfate  in 0.1 N sul fur ic  acid (~f  = 0.55) se rved  a s  a r e f e r e n c e  [22]. At 77~ a solution of 
benzophenone in a 2:1 e t h a n o l - d i e t h y l  e ther  s y s t e m  (~p = 0.71) [22] se rved  as the r e f e r e n c e  for the de t e rmina -  
t ion of ~f. The individuality of  the compounds was moni tored by th in - l ayer  ch romatography  in a loose layer  of 
A1203 (third ac t iv i ty  grade) .  The eluent  was a 1:6:1:30 methanol-~ b e n z e n e -  h e x a n e -  ch lo ro fo rm mixture .  Abso-  
lute ethanol s e r v e d  as  the solvent  a t  293~ and a 2:1 mix ture  of ethanol and diethyl e ther  se rved  as  the solvent 
a t  77~K. 

The low-reso lu t ion  m a s s  spec t r a  of V, VII and IX-XI were  obtained for the f i r s t  t ime and a r e  presented  
in Table  3.* The s tandard  conditions for  r ecord ing  the m a s s  spec t r a  were  as  follows: acce le ra t ing  voltage,  
3 kV; cathode emi s s i on  cur ren t ,  300 p~;  ionizat ion energy ,  70 eV; t e m p e r a t u r e  of the ion source ,  180~ A 
Var ian  model  MAT-311 m a s s  s p e c t r o m e t e r  was used.  

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

1. M. Ciureanu,  Rev.  Roum. Chim.,  2__11, 1007 (1976). 
2. N . A .  Klyuev,  A. K. Sheinkman, R. A. Khmel 'n i t sk i i ,  G. A. Mal ' t seva ,  and N. R. Kal 'n t tski i ,  Zh. Org.  

Khtm.,  1,.33, 1079 (1977). 
3. N . A .  Klyuev,  R.  A. Khmel ,n i t sk i i ,  G. A. Mal ' t s eva ,  A. K. Sheinkman, V. A. Ivanov, and B. M. Zolo tarev ,  

Khim. Getero ts ik l .  Soedin. ,  No. 7, 979 (1973). 
4. N . A .  Klyuev,  A. K. Sheinkman, and A. N. Smirnov,  Khim. Geterots ik l .  Soedin., No. 6, 812 (1976). 
5. N . A .  Klyuev,  R. A. Khmel 'n i t sk i i ,  O. N. Chupakhin, G. A. Mal ' t seva ,  V. L. Rusinov, and I.  Ya. Postovski i ,  

Khim. Gete ro t s ik l .  Soedin.,  No. 7, 983 (1975). 
6. I . I .  Grandberg ,  Zh. Obshch.  Khim. ,  33~ 504 (1963). 
7. I . I .  Grandberg ,  S. B. Nikitina, A. N. Kost ,  and G. K. Faizova,  Izv.  TSKhA, No. 6, 219 (1968). 
8. E . A .  Braude,  F. Soudhetmer,  and W. F. Fo rbe r ,  Nature,  London, No. 173, 117 (1954). 
9. I . B .  Ber lman ,  J .  Phys .  Chem. ,  74, 3085 (1970); I .  B. Ber lman ,  H. O. Wirth,  and O. S. S te ingraber ,  J .  

Phys .  Chem.,  75, 318 (1971). 
10. H . J . Z .  Hofmann, Z. Chem. ,  15, 76 (1975). 
11. Yu. S. Mangutova, L. S. Mal ' t s eva ,  F. G. Kamenev ,  V. B. Leon t ' ev ,  S. Mukhamedkhanova,  O. G. Ot rosh-  

chenko, and A. S. Sadykov, Izv.  Akad. Nauk SSSR, Ser .  Khim. ,  No. 7, 1510 (1973). 
12. N . S .  Kozlov,  L. F. Gladchenko, V. A. Serzhanina,  G. V. Vorob 'eva ,  O. D. Zhikhareva,  G. S. Shmana[, 

and R. D. Sauts, Khim. Getero ts ik l .  Soedin., No. 9, 1237 (1977). 
13. T . K .  Ef imova ,  L. G. T r e t ' y a k o v a ,  N. N. Suvorov,  L. B. Shagalov, A. V. Karyakin ,  L. I. Anikina, 

V. M. P ivovarov ,  and T. A. Tkachenko,  Khim. Geterots ik l .  Soedin., No. 7, 950 (1975). 
14. R . W .  Warne r ,  P.  Hochmanu,  andA. J .  Bayoumi,  Mol. Spect r . ,  5__44, 167 (1975). 
15. Amer i can  P e t r o l e u m  Inst i tute ,  R e s e a r c h  P ro j ec t  44, M a s s S p e c t r a l D a t a ,  New York (1952), Nos. 623, 

625, 639. 
16. A . K .  Sheinkman, V. A. Ivanov,  N. A. KlYUeV, and G. A. M~tl'tseva, Zh. Org.  Khim.,  9 ,  2550 (1973). 
17. N . A .  Klyuev,  A. K. Sheinkman, and V. G. Zhi l 'n ikov,  Dokl. Akad. Nauk SSSR, 232, 618 (1977). 
18. P . B .  T e r e n t ' e v ,  R.  A. Khmel 'n i t sk i i ,  I. S. Khromov,  A. N. Kost ,  I. P. Gloriozov,  and M. I s l am,  Zh. Org.  

Khim. ,  6, 606 (1970). 
19. N . A .  Klyuev,  G. A. Mal ' t s eva ,  R. A. Khmel 'n i t sk i i ,  A. K. Sheinkman, A. A. Deikalo, and T. V. Stupnikowa, 

Izv.  TSKhA, No. 3, 200 (1974). 
20. V. Lohle and C. Offinger,  Int .  J .  Mass  Spec t rom.  Ion Phys. ,  5 ,  265 (1970). 
21. V . S .  Gurman  and V. I. Pergushov ,  Zh. Fiz.  Khim.,  4_99, 1839 (1975). 
22. C.  P a r k e r ,  Photoluminescence  of Solution~ E l s e v i e r ,  New York (1968). 

*The  ion peaks  with an i n t e n s i t y g r e a t e r  than 3% of the m a x i m u m  peak in  the m a s s  s p e c t r u m  a r e  indicated. 
t T h e  admiss ion  of the spec imens  into the ion source  was moni tored according  to the total  ionic cu r r en t  (~I = 

480 to  520 pAL 

1006 


